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ABSTRACT
BACKGROUND: We examined the incidence of cancer types among individuals with eating disorders (EDs).
METHODS: A nationwide longitudinal study of 6,807,731 individuals born between 1940 and 2015 was conducted
using the Danish National Registries. Cox models with ED diagnosis as exposure and cancer diagnoses as outcomes
were used to estimate hazard ratios (HRs) and 95% CIs while adjusting for sex, birth year, and comorbidities. The
primary analysis comprised ICD-8 and ICD-10 codes for anorexia nervosa (AN) and other ED (OED). The secondary
analysis comprised ICD-10 codes and included AN, bulimia nervosa (BN), and eating disorders not otherwise
specified (EDNOS).
RESULTS: AN was associated with a reduced incidence of breast cancer while adjusting for sex and birth year (HR,
0.80; 95% CI, 0.66–0.97) and elevated incidence of respiratory (HR, 1.59; 95% CI, 1.24–2.04), cervical (HR, 1.45; 95%
CI, 1.05–1.98), and esophageal (HR, 4.77; 95% CI, 2.82–8.06) cancers. OED was associated with an elevated
incidence of respiratory (HR, 1.57; 95% CI, 1.20–2.06) and cervical (HR, 1.60; 95% CI, 1.20–2.14) cancers. ICD-
10–only analyses confirmed the association of AN with reduced incidence of breast cancer and elevated incidence
of respiratory and cervical cancers. BN was associated with reduced incidence of breast cancer in sensitivity
analysis. EDNOS was associated with reduced incidence of breast cancer and elevated incidence of respiratory
and cervical cancers.
CONCLUSIONS: All EDs were associated with a reduced incidence of breast cancer. All EDs except BN were
associated with a higher incidence of respiratory and cervical cancers. AN was associated with a higher incidence of
esophageal cancer.

https://doi.org/10.1016/j.bpsgos.2025.100483
Eating disorders (EDs) are serious psychiatric disorders that
involve dysfunctional thoughts, behaviors, and attitudes to-
ward food, eating, and body shape and size (1). Restrictive
eating disorders such as anorexia nervosa (AN) are charac-
terized by an intense fear of weight gain, excessive concern
about body weight and shape, dietary restriction, and insuffi-
cient caloric intake (2). Adverse somatic and mental health
conditions associated with EDs include gastroparesis, damage
to liver and kidneys, increased mood disorders such as
depression and anxiety, and elevated mortality (3–5). A
nascent literature has also suggested an association between
EDs and later cancer incidence (6–8), encouraging subsequent
studies to further elucidate the nature of the relationship.

Specifically, evidence supports an association between AN
and a reduced rate of breast cancer (6,9,10) but elevated rates
of esophageal and liver cancers (6). In a systematic review,
Michels et al. (8) observed elevated mortality in patients with
ED for overall cancer, breast cancer, female genital cancer,
and melanoma. A retrospective cohort study that utilized lon-
gitudinal health insurance data from 2 million individuals in
Taiwan revealed that individuals diagnosed with AN, bulimia
nervosa (BN), and eating disorder not otherwise specified
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(EDNOS) faced elevated rates of developing esophageal and
stomach cancers in adulthood (7). Chronic self-induced vom-
iting in BN has been linked to a higher risk of esophageal
cancer and stomach cancer (8), although examination of the
contribution of BN to cancer risk has been limited. Data from
hospital admissions revealed no significant associations or
altered cancer rates in individuals with BN (9). It is plausible
that the risk of developing various cancers may differ across
EDs depending on the presence and duration of amenorrhea or
oligomenorrhea (reduced breast cancer) and the presence and
frequency of vomiting (elevated rate of esophageal cancer)
(11,12). Accordingly, when possible, diagnostic separation
may yield a clearer picture of the association between EDs and
individual cancers.

The aim of this study was to examine cancer incidence in
individuals with EDs using Danish population registers. An
exploratory aim was to examine whether mortality rates in in-
dividuals with EDs differ within certain cancer types. Mortality
is an important end point to consider because it reflects long-
term health consequences of EDs, including the cumulative
impact of psychiatric and physical comorbidities. Michels et al.
(8) called for future research on EDs and cancers to include
y of Biological Psychiatry. This is an open access article under the
C-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1. Definition of the ED Exposure Groups

ICD-8 Codes ICD-10 Codes Criteria

Primary Analysis

AN 306.50 F50.0, F50.1 First diagnosis after age 6 or 1969, whichever came last;
not mutually exclusive, first AN and first OED diagnosisOED 306.58, 306.59 F50.2, F50.3, F50.8, F50.9

Secondary Analysis

AN – F50.0, F50.1 Diagnosed after age 6 or 1994, whichever came last; not
mutually exclusiveBN – F50.2, F50.3

EDNOS – F50.8, F50.9

AN, anorexia nervosa; BN, bulimia nervosa; EDNOS, eating disorder not otherwise specified; OED, other eating disorder.

Table 2. Definition of the Cancer Outcome Groups

Cancer Site ICD-8 Codes ICD-10 Codes

Breast 174 C50

Respiratory System 160–163 C30–C39

Lung 162 C33–C34

Esophageal 150 C15

Stomach 151 C16

Cervical 180 C53

Liver 155.0–155.1 C22

Brain 191 C71
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large-scale studies that focus on BN and several cancer types.
Therefore, we examined the occurrence of breast, esophageal,
cervical, respiratory, and brain cancers in individuals with AN,
BN, and other EDs (OEDs) or EDNOS using longitudinal Danish
population registry data.

METHODS AND MATERIALS

Registry

All individuals born between 1940 and 2015 who were still alive
and in Denmark in 1969 were included. A unique number
assigned to all individuals is used in all national registers and
permits linkage among them. All demographic information was
collected from the Danish Civil Registration System (13). In-
formation on ED diagnosis, cancer diagnosis, and mortality
was collected from the Danish Psychiatric Central Research
Register and the Danish National Patient Register (14–16). Two
separate analyses were conducted; one was aimed at
capturing shifts in diagnostic systems utilized throughout the
studied time frame, and another was designed to accommo-
date a sizable cohort within the OED group, thereby facilitating
the investigation of incidence of esophageal and brain cancers.
The first analysis used diagnoses based on ICD-8 and ICD-10,
which give the largest possible sample size. The second
analysis used ICD-10 diagnoses only. This provided a smaller
sample size and also enabled disaggregation of BN from other
EDs because BN was not included as an independent diag-
nosis in ICD-8. In the primary analysis, the diagnostic groups
are AN and OED whereas in the secondary analysis, the
diagnostic groups are AN, BN, and EDNOS (Table 1).

Participants and Follow-Up

The primary and secondary analysis both include all individuals
born between 1940 and 2015. In the primary analysis, we fol-
lowed individuals from age 6 years or from the year 1969 (the
Psychiatric Central Register started in 1969), whichever came
last, and until the cancer of interest, death, emigration, or the
end of follow-up (December 12, 2021), whichever came first.
For the secondary analysis, we followed the individuals from
age 6 years or the year 1994, whichever came last, and until
the cancer of interest, death, emigration, or the end of follow-
up (December 31, 2021), whichever came first. The AN and
OED groups were not mutually exclusive; 7396 individuals
were diagnosed with both AN and OED. The AN, BN, and
EDNOS groups were also not mutually exclusive; 2004 in-
dividuals were diagnosed with both AN and BN; 6124 in-
dividuals were diagnosed with both AN and EDNOS; and 3303
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individuals were diagnosed with BN and EDNOS. Finally, 1078
individuals were diagnosed with AN, BN, and EDNOS.
Statistical Analysis

The exposure of interest was ED diagnosis. The outcome of
interest was cancer diagnosis (breast, respiratory, esophageal,
cervical, and brain). The ED as exposure was handled as a time-
dependent covariate in a Cox model with death as a competing
risk and time until diagnosis as the underlying time scale;
therefore, an individual’s ED status changed from control to
case at diagnosis, and the person was considered exposed
from that point onward. All analyses were adjusted for sex and
birth year; we also adjusted for comorbidities (disease of the
circulatory system, chronic obstructive pulmonary disease
[COPD], substance use disorder, mood disorder, and anxiety
disorder) as time-dependent covariates (Tables 2 and 3).

Mortality analyses were conducted in which the study
population was restricted to individuals diagnosed with the
cancer type of interest. We performed a Cox regression to
estimate the mortality rate ratio (hazard ratio [HR]) for ED
exposure adjusted for birth year and sex. A threshold of .10
observations was used for all analyses.

Two sensitivity analyses were conducted, one in which the
population was restricted to individuals born after 1961 to
account for missed ED diagnosis and another where follow-up
starts at age 20 to address the low prevalence of cancer in
adolescence. For the second sensitivity analysis, we also
restricted the population to individuals born after 1961 to be
able to adjust for education measured at age 20 as a proxy for
socioeconomic status. The percentage of missing data for
educational attainment was ,5%, and any individuals with
missing data were excluded from the analyses.

All analyses were done using R version 4.4.1.
.sobp.org/GOS
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Table 3. Definition of Comorbidities

Comorbidity ICD-8 Codes ICD-10 Codes Criteria

Disease of the Circulatory System 390–458 I00–I99 –

COPD 490–492 J40–J44 –

Mood Disorder 296.x9 (excluding 296.89), 298.09, 298.19,
300.49, 301.19

F30–F39 Minimum age of diagnosis at 10 years

Anxiety 300.x9 (excluding 300.49), 305.x9 305.68,
307.99

F40–F48 Minimum age of diagnosis at 10 years

Diabetes 249–250 E10–E14 –

Substance Use Disorder 291.x9, 294.39, 303.x9, 303.20, 303.28,
303.90, 304.x9

F10–F19 Minimum age of diagnosis at 10 years and
excluding diagnoses given in the
emergency department

COPD, chronic obstructive pulmonary disease.
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RESULTS

Under the ICD-8 and ICD-10 criteria, 18,377 individuals (93%
female) were diagnosed with AN, and 25,841 individuals (92%
female) were diagnosed with OED. Under the ICD-10–only
criteria, 16,051 individuals (94% female) were diagnosed with
AN, 10,792 individuals (97% female) were diagnosed with BN,
and 17,702 individuals (90% female) were diagnosed with
EDNOS. Demographic information collected from the Danish
Civil Registration System on place of origin, age at diagnosis,
year of diagnosis, education level, highest education level, and
prevalence of comorbidities is presented in Table 4 for the
primary analysis and in Table 5 for the secondary analysis.

ICD-8 and ICD-10 criteria were used to examine individuals
with AN and OEDs. After adjusting for sex and birth year, in-
dividuals with AN had a significantly reduced rate of breast
cancer (HR, 0.80; 95% CI, 0.66–0.97). Adjusting for comor-
bidities, individuals with AN (HR, 0.76; 95% CI, 0.63–0.92) had
a significantly reduced rate of breast cancer. We observed an
elevated incidence of respiratory cancer in individuals with AN
(HR, 1.59; 95% CI, 1.24–2.04) and OEDs (HR: 1.57; 95% CI,
1.20–2.06) and an elevated incidence of cervical cancer in in-
dividuals with AN (HR, 1.45; 95% CI, 1.05–1.98) and OEDs
(HR, 1.60; 95% CI, 1.20–2.14) after adjusting for sex and birth
year. These results were no longer significant after adjusting
for comorbidities. We observed a significantly elevated inci-
dence of esophageal cancer in individuals with AN (HR, 4.77;
95% CI, 2.82–8.06). Our results remained significant after
adjusting for comorbidities (HR, 3.07; 95% CI, 1.81–5.20).
Fewer than 10 individuals with OED were found to have
esophageal cancer, and therefore prevalence was not
analyzed. We did not observe an elevated incidence of brain
cancer in individuals with AN or OED (Table 6).

Next, we restricted the analyses to individuals diagnosed
with ICD-10 criteria to examine AN, BN, and EDNOS. We
observed a reduced incidence of breast cancer while adjusting
for birth year, sex, and comorbidities in individuals with AN
(HR, 0.63; 95% CI, 0.46–0.85) and EDNOS (HR, 0.75, 95% CI,
0.58–0.98). Individuals with BN did not have a significantly
reduced incidence of breast cancer. We observed a signifi-
cantly elevated incidence of respiratory cancer in individuals
with AN (HR, 1.65; 95% CI, 1.11–2.44) and EDNOS (HR, 1.59;
95% CI, 1.11–2.28) when adjusting for sex and birth year. After
adjusting for comorbidities, the results were no longer signifi-
cant. Individuals with BN did not have a significantly elevated
Biological Psychiatry:
incidence of respiratory cancers. We observed a significantly
elevated incidence of cervical cancer in individuals with AN
(HR, 1.92; 95% CI, 1.21–2.80) and EDNOS (HR, 2.09; 95% CI,
1.44–3.03). Our results remained significant after adjustment
for comorbidities. Individuals with BN did not have a signifi-
cantly elevated incidence of cervical cancer. We did not
observe an elevated incidence of brain cancer in individuals
with AN. The observed counts of brain cancer in the BN and
EDNOS cohorts were ,10 and were not analyzed (Table 7).

Using ICD-8 and ICD-10 criteria, we observed a significant
increase in breast cancer–related mortality in individuals
diagnosed with AN (HR, 1.96; 95% CI, 1.38–2.79) and OEDs
(HR, 1.71; 95% CI, 1.16–2.53). Individuals with AN diagnosed
with respiratory or brain cancer did not show elevated cancer-
related mortality. We did not observe elevated respiratory
cancer–related mortality in individuals with OED. In a mortality
analysis restricted to ICD-10 criteria, we did not observe
elevated breast or respiratory cancer–related mortality in in-
dividuals with EDNOS or elevated respiratory cancer–related
mortality in individuals with AN. The remaining observations
were #10 and therefore were not analyzed (Tables 8 and 9).

Sensitivity analyses adjusting for sex, birth year, and edu-
cation were also conducted. In analyses that included ICD-8
and ICD-10 criteria, we did not observe significantly elevated
or reduced rates of breast, cervical, or respiratory cancers in
individuals with AN or OED. In analyses restricted to ICD-10
criteria, we observed a significantly reduced risk of breast
cancer in individuals with AN (HR, 0.62; 95% CI, 0.39–0.97),
BN (HR, 0.64; 95% CI, 0.42–0.97) and EDNOS (HR, 0.59;
95% CI, 0.38–0.93). We did not observe a significant difference
in the incidence of respiratory cancer for AN, BN, or EDNOS.
Individuals with EDNOS were not found to have an elevated
incidence of cervical cancer. The remaining observations were
too low to perform mortality analysis (Tables S1 and S2).

DISCUSSION

In this large Danish population study, we examined the asso-
ciations between EDs (AN, BN, and OEDs or EDNOS) and
cancer rates (breast, respiratory, esophageal, cervical, and
brain). After adjusting for covariates, the incidence of breast
cancer among individuals with AN and EDNOS was signifi-
cantly lower than among individuals without an ED diagnosis.
In a sensitivity analysis, individuals with BN and individuals
with AN or EDNOS had a reduced incidence of breast cancer.
Global Open Science July 2025; 5:100483 www.sobp.org/GOS 3
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Table 4. Characteristics of Individuals Diagnosed With AN or OEDs

Characteristic

AN OED

Unexposed, n = 6,789,354 Exposed, n = 18,377 Unexposed, n = 6,781,890 Exposed, n = 25,841

Sex, Female 3,298,870 (49%) 17,157 (93%) 3,292,143 (49%) 23,884 (92%)

Urbanicity at Birth

Capital 885,172 (13%) 3022 (16%) 884,350 (13%) 3844 (15%)

Capital suburb 493,975 (7.3%) 2332 (13%) 492,982 (7.3%) 3325 (13%)

Provincial city 630,994 (9.3%) 2396 (13%) 630,260 (9.3%) 3130 (12%)

Provincial town 1,542,662 (23%) 4857 (26%) 1,540,592 (23%) 6927 (27%)

Rural area 1,545,455 (23%) 4570 (25%) 1,543,538 (23%) 6487 (25%)

Outside Denmark 1,628,728 (24%) 1164 (6.3%) 1,627,810 (24%) 2082 (8.1%)

Missing 62,368 (0.9%) 36 (0.2%) 62,358 (0.9%) 46 (0.2%)

Low Educational Level at Age 20

Yes 2,076,671 (31%) 9992 (54%) 2,071,145 (31%) 15,518 (60%)

No 712,045 (10%) 3958 (22%) 710,477 (10%) 5526 (21%)

Missing 4,000,638 (59%) 4427 (24%) 4,000,268 (59%) 4797 (19%)

Age Groups at Diagnosis, Years

,20 – 11,108 (60%) – 11,265 (44%)

20–29 – 5193 (28%) – 9879 (38%)

30–39 – 1340 (7.3%) – 2917 (11%)

40–49 – 480 (2.6%) – 1088 (4.2%)

50–59 – 192 (1.0%) – 464 (1.8%)

$60 – 64 (0.3%) – 228 (0.9%)

Year of Diagnosis

#1980 – 735 (4.0%) – 106 (0.4%)

1981–1990 – 1195 (6.5%) – 191 (0.7%)

1991–2000 – 2550 (14%) – 3533 (14%)

2001–2010 – 4859 (26%) – 7693 (30%)

$2011 – 9038 (49%) – 14,318 (55%)

Education as a Proxy for SES, Highest Educational Level the Year Prior to Diagnosis

Elementary school – 8202 (45%) – 11,881 (46%)

High school/vocational school – 3081 (17%) – 6802 (26%)

Academic degree – 928 (5.0%) – 2264 (8.8%)

Missing—diagnosed prior to 1982 – 858 (4.7%) – 117 (0.5%)

Missinga – 5308 (29%) – 4777 (18%)

Comorbidities

Circulatory system 1,362,661 (20%) 3011 (16%) 1,361,410 (20%) 4262 (16%)

COPD 180,932 (2.7%) 456 (2.5%) 180,815 (2.7%) 573 (2.2%)

Diabetes 244,564 (3.6%) 341 (1.9%) 244,077 (3.6%) 828 (3.2%)

Substance use disorder 351,304 (5.2%) 2243 (12%) 349,941 (5.2%) 3606 (14%)

Mood disorder 307,749 (4.5%) 5394 (29%) 304,109 (4.5%) 9034 (35%)

Anxiety disorder 489,107 (7.2%) 7171 (39%) 484,617 (7.1%) 11,661 (45%)

Values are presented as n (%).
AN, anorexia nervosa; COPD, chronic obstructive pulmonary disease; OED, other eating disorder; SES, socioeconomic status.
aMissing could be due to either having no education because of age or year not being present in the register.

Eating Disorders and Risk of Cancer
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The incidence of respiratory cancer was significantly elevated
in AN, OED, and EDNOS; however, after adjusting for comor-
bidities, the results were no longer significant. Individuals with
AN had a 4.7-fold increased incidence of esophageal cancer.
An increase in mortality was found in individuals with breast
cancer diagnosed with AN or OED.

Our findings demonstrating a significantly reduced inci-
dence of breast cancer in individuals with AN and EDNOS are
consistent with previous studies that have reported this pattern
4 Biological Psychiatry: Global Open Science July 2025; 5:100483 www
in females with AN (6,8–10,17). In the sensitivity analysis, our
findings are consistent with a reduced incidence of breast
cancer in individuals with AN and EDNOS. We observed a
reduced incidence of breast cancer in individuals with BN. This
suggests that the relationship between BN and incidence of
breast cancer may be influenced by birth year and education
level. Factors that could contribute to reduced incidence
include hormone exposure, reproductive status, and physical
activity level (18). Many individuals with EDs experience
.sobp.org/GOS
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Table 5. Characteristics of Individuals Diagnosed With AN, BN, or EDNOS

Characteristic

AN BN EDNOS

Unexposed,
n = 6,511,656

Exposed,
n = 16,051

Unexposed,
n = 6,516,915

Exposed,
n = 10,792

Unexposed,
n = 6,510,005

Exposed,
n = 17,702

Sex, Female 3,178,401 (49%) 15,018 (94%) 3,182,921 (49%) 10,498 (97%) 3,177,408 (49%) 16,011 (90%)

Urbanicity at Birth

Capital 858,430 (13%) 2583 (16%) 859,368 (13%) 1645 (15%) 858,510 (13%) 2503 (14%)

Capital suburb 487,388 (7.5%) 2150 (13%) 488,054 (7.5%) 1484 (14%) 487,242 (7.5%) 2296 (13%)

Provincial city 619,473 (9.5%) 2077 (13%) 620,279 (9.5%) 1271 (12%) 619,344 (9.5%) 2206 (12%)

Provincial town 1,513,726 (23%) 4112 (26%) 1,514,937 (23%) 2901 (27%) 1,513,134 (23%) 4704 (27%)

Rural area 1,516,776 (23%) 4044 (25%) 1,518,306 (23%) 2514 (23%) 1,516,227 (23%) 4593 (26%)

Outside Denmark 1,458,097 (22%) 1062 (6.6%) 1,458,195 (22%) 964 (8.9%) 1,457,793 (22%) 1366 (7.7%)

Missing 57,766 (0.9%) 23 (0.1%) 57,776 (0.9%) 13 (0.1%) 57,755 (0.9%) 34 (0.2%)

Low Educational Level at Age 20

Yes 2,067,460 (32%) 9012 (56%) 2,069,656 (32%) 6816 (63%) 2,065,875 (32%) 10,597 (60%)

No 708,485 (11%) 3582 (22%) 709,112 (11%) 2955 (27%) 708,787 (11%) 3280 (19%)

Missing 3,735,711 (57%) 3457 (22%) 3,738,147 (57%) 1021 (9.5%) 3,735,343 (57%) 3825 (22%)

Age Groups at Diagnosis, Years

,20 – 9823 (61%) – 3265 (30%) – 8629 (49%)

20–29 – 4494 (28%) – 5677 (53%) – 5651 (32%)

30–39 – 1076 (6.7%) – 1355 (13%) – 2028 (11%)

40–49 – 404 (2.5%) – 384 (3.6%) – 803 (4.5%)

50–59 – 191 (1.2%) – 93 (0.9%) – 385 (2.2%)

$60 – 63 (0.4%) – 18 (0.2%) – 206 (1.2%)

Year of Diagnosis

#2000 – 2159 (13%) – 2202 (20%) – 1287 (7.3%)

2001–2010 – 4857 (30%) – 3565 (33%) – 4945 (28%)

$2011 – 9035 (56%) – 5025 (47%) – 11,470 (65%)

Education as a Proxy for SES, Highest Educational Level the Year Prior to Diagnosis

Elementary school – 7571 (47%) – 4773 (44%) – 8311 (47%)

High school/vocational school – 2826 (18%) – 3936 (36%) – 3898 (22%)

Academic degree – 877 (5.5%) – 1107 (10%) – 1567 (8.9%)

Missinga – 4777 (30%) – 976 (9.0%) – 3926 (22%)

Comorbidities

Circulatory system 1,349,501 (21%) 2197 (14%) 1,349,874 (21%) 1824 (17%) 1,348,930 (21%) 2768 (16%)

COPD 180,123 (2.8%) 285 (1.8%) 180,246 (2.8%) 162 (1.5%) 179,992 (2.8%) 416 (2.4%)

Diabetes 242,377 (3.7%) 245 (1.5%) 242,278 (3.7%) 344 (3.2%) 242,059 (3.7%) 563 (3.2%)

Substance use disorder 339,215 (5.2%) 1736 (11%) 339,419 (5.2%) 1532 (14%) 338,465 (5.2%) 2486 (14%)

Mood disorder 303,960 (4.7%) 4850 (30%) 304,816 (4.7%) 3994 (37%) 302,423 (4.6%) 6387 (36%)

Anxiety disorder 484,227 (7.4%) 6394 (40%) 486,058 (7.5%) 4563 (42%) 482,068 (7.4%) 8553 (48%)

Values are presented as n (%).
AN, anorexia nervosa; BN, bulimia nervosa; COPD, chronic obstructive pulmonary disease; EDNOS, eating disorder not otherwise specified; SES, socioeconomic

status.
aMissing could be due to either having no education because of age or year not being present in the register.
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delayed menarche, amenorrhea, or oligomenorrhea due to low
body mass index (BMI) and hormonal dysregulation (19,20).
The mechanism that underlies the established inverse rela-
tionship between age at menarche and the incidence of breast
cancer may be a reduction in the total number of reproductive
years that reduces lifetime exposure to estrogen (18,21). Cal-
orie restriction in EDs may be a contributing factor. Previous
studies have shown that energy restriction reduces sponta-
neous mammary tumor production in mice, potentially through
reduced production of epidermal growth factor, IGF-1 (insulin-
like growth factor 1), and estrogen (22–25). Increased
Biological Psychiatry:
circulating levels of IGF-1 are positively associated with breast
cancer in premenopausal women, and individuals with AN may
have lower circulating levels of IGF-1 (26,27). Additionally, in-
dividuals with AN and BN often engage in frequent driven
exercise (28,29), which, although often an intractable feature of
the illnesses, may paradoxically confer a degree of protection
against breast cancer occurrence (30–32). A greater number of
full-term pregnancies is associated with a reduced incidence
of breast cancer (33); however, individuals with EDs have been
found to have reduced parity (19,34). While parity was not
analyzed in this study, it is a potential mediating factor in the
Global Open Science July 2025; 5:100483 www.sobp.org/GOS 5
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Table 6. HR for Cancer in Anorexia Nervosa and Other Eating Disorders (ICD-8 and ICD-10)

Cancer

Anorexia Nervosa Other Eating Disorder

Unexposed
With Cancer

Exposed With
Cancer HR (95% CI)a HR (95% CI)b

Unexposed
With Cancer

Exposed With
Cancer HR (95% CI)a HR (95% CI)b

Breast 92,542 105 0.80 (0.66–0.97) 0.76 (0.63–0.92) 92,523 124 0.98 (0.83–1.17) 0.93 (0.78–1.11)

Esophageal 10,088 14 4.77 (2.82–8.06) 3.07 (1.81–5.20) 10,095 ,10 – –

Cervicalc 13,560 39 1.45 (1.05–1.98) 1.24 (0.90–1.69) 13,552 47 1.60 (1.20–2.14) 1.34 (1.00–1.79)

Respiratory 78,230 62 1.59 (1.24–2.04) 0.98 (0.76–1.26) 78,240 52 1.57 (1.20–2.06) 0.91 (0.70–1.20)

Brain 14,540 16 1.38 (0.85–2.26) 1.14 (0.70–1.86) 14,540 16 1.32 (0.81–2.16) 1.02 (0.63–1.67)

HR, hazard ratio.
aAdjusted for birth year and sex.
bAdjusted for birth year, sex, and comorbidities. Comorbidities were treated as time-dependent covariates.
cCervical cancer was analyzed in females only.

Eating Disorders and Risk of Cancer
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relationship between ED diagnosis and cancer incidence.
However, given the stronger evidence for other protective
factors, such as hormonal dysregulation and physical activity,
parity alone is unlikely to fully explain our findings. The rela-
tionship between body size in various life stages and the
incidence of breast cancer is a complex but important
consideration. A higher body mass in adolescence may be
associated with a lower incidence of premenopausal breast
cancer, but weight gain and obesity in adulthood is associated
with an increase in postmenopausal breast cancer (35–38).
Additionally, females diagnosed with an ED at a later age may
have a higher BMI than those diagnosed in adolescence, and
individuals diagnosed with an ED in adolescence tended to
avoid weight gain in adulthood (10). Although we were unable
to control for BMI, most individuals in our study were diag-
nosed with an ED before age 30, and over half of the in-
dividuals with AN were diagnosed before age 20 (see Tables 4
and 5). Previous studies have found a greater reduction in
breast cancer incidence in females diagnosed with AN at a
younger age (8,10,39). Therefore, it is possible that earlier age
of onset of an ED confers additional protective factors such as
reduced estrogen exposure and delayed breast development
that outweigh the positive relationship between low BMI in
adolescence on premenopausal breast cancer incidence.
Elevated breast cancer–related mortality was found in in-
dividuals with AN and OED. Previous studies have shown an
association between AN or being underweight and elevated
breast cancer mortality (40–42). Well-established prognostic
factors in breast cancer that were not assessed in this study
include tumor markers, tumor size, lymph node involvement,
and age at diagnosis (43). Future studies are needed to
examine these factors in individuals with breast cancer and an
ED diagnosis to better understand observed differences in
mortality.

We observed an elevated incidence of respiratory cancer in
individuals with AN, OED, and EDNOS and a nonsignificant
increase in the rate of respiratory cancer in individuals with BN.
These findings are consistent with those of previous studies
(6,8,9,44). Results were no longer significant after adjusting for
comorbidities. We did not observe an increase in mortality for
any group, although respiratory cancer mortality observations
for BN were too low to analyze. Risk factors for respiratory
cancer include tobacco use, exposure to environmental pol-
lutants, and a history of obstructive lung disease, asthma,
6 Biological Psychiatry: Global Open Science July 2025; 5:100483 www
tuberculosis, or pneumonia (45,46). We were not able to
determine rates of tobacco use in our cohort; however, to-
bacco use is a known risk factor for COPD and lung cancer
(47). Individuals with EDs tend to display a high prevalence of
tobacco use (48–51). In the absence of data on smoking sta-
tus, we cannot determine whether the increase in the incidence
of respiratory cancer is due to smoking. The association of AN
and respiratory cancer may be explained by smoking, but the
causal path may start with AN because smoking is used as a
method to downregulate appetite to control food intake and
weight (52). While individuals with BN have especially high
rates of tobacco use (53), our results found no significantly
elevated rate of respiratory cancer in individuals with a BN
diagnosis. Given that our results were no longer significant
after adjusting for comorbidities, including COPD—a risk factor
for lung cancers (45–47)—and a history of COPD, and there-
fore tobacco use, may explain our findings. COPD and a his-
tory of pneumonia may be more prevalent in individuals with
AN (54,55); however, in our study we observed a lower prev-
alence of COPD in individuals with EDs than in individuals
without EDs. We no longer observed an elevated incidence of
respiratory cancer in a sensitivity analysis, which suggests that
the relationship was influenced by birth year and education
level. Lower socioeconomic status is associated with higher
rates of lung cancer, although this relationship may be
explained by higher rates of smoking (56). Future studies that
assess which respiratory cancer subtypes are present in our
population could inform the risk factors involved. For example,
adenocarcinoma is the most common lung cancer found in
individuals who do not smoke while squamous cell carcinoma
and small cell lung cancer are more commonly found in in-
dividuals who smoke (47,57). Female sex is a favorable prog-
nostic factor in those diagnosed with lung cancer (58), which
may explain why we did not observe an increase in mortality.
Additionally, lung adenocarcinoma is the most frequently
diagnosed subtype in females, which makes up a majority of
our cohort, and has been found to have lower a mortality rate
than other types of lung cancers (46,59). Assessment of risk
factors is needed to further determine the underlying
mechanisms.

An elevated incidence of esophageal cancer in individuals
with AN in our study is consistent with previous findings
(6,7,9,60). Due to the low prevalence of esophageal cancer
counts, we were unable to analyze rates of esophageal cancer
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in other ED groups. We did not distinguish between histolog-
ical subtypes of esophageal cancers (adenocarcinoma and
squamous cell carcinoma). The subtype of esophageal cancer
informs which risk factors may be the contributing cause.
Squamous cell carcinoma is associated with tobacco and
alcohol use, and adenocarcinoma is associated with gastro-
esophageal reflux disease (GERD) and to some degree to-
bacco use (61). Self-induced vomiting and purging may lead to
inflammation, erosion, and metaplasia of the esophagus,
which can be a risk factor for esophageal cancer (11,62).
Multiple case studies have shown the development of Barrett’s
esophagus, a precursor to esophageal cancer, in individuals
with AN and BN following years of frequent purging (63–65).
Chronic exposure to acid leads to production of inflammatory
factors and altered gene expression that create an environ-
ment favorable for cancer cell formation (66). Individuals with
EDs may have a significantly higher prevalence of GERD (7,67),
which can lead to the development of Barrett’s esophagus and
subsequently esophageal adenocarcinoma (68). An important
factor in progression to esophageal carcinoma in individuals
with frequent reflux is bile acid content (69); however, no
studies have examined bile acid content in individuals with
EDs. Two case studies reported the development of esopha-
geal adenocarcinoma in individuals with BN (70,71). In
contrast, a previous cohort study of individuals with AN iden-
tified cases of esophageal cancer as being the squamous cell
subtype (60); therefore, the incidence of esophageal cancer
may be due to other risk factors such as alcohol and tobacco
use (72). Two case studies found that repeated vomiting was
potentially involved in the development of squamous cell car-
cinoma of the esophagus in individuals with self-induced
vomiting (73,74), although further exploration into this associ-
ation is needed. It remains unclear whether self-induced
vomiting and reflux or tobacco and alcohol use are causes of
the elevated incidence of esophageal cancer in individuals with
AN. A larger sample size is needed to determine whether an
elevated rate of esophageal cancer also exists in other ED
subtypes.

In contrast with previous work that demonstrated a reduced
incidence of cervical cancer in individuals with AN (5,75), we
found an elevated incidence of cervical cancer in individuals
with AN, OED, and EDNOS but no difference in BN. After
adjusting for comorbidities, our results remained significant in
the ICD-10–only analysis in individuals with AN and EDNOS. In
the sensitivity analysis, we did not find a similar result. This
may mean that the relationship between EDs and cervical
cancer rates is mediated by birth year and education level. We
were unable to assess cervical cancer–related mortality due to
low numbers. Risk factors for cervical cancer include increased
sexual activity, a greater number of full-term pregnancies, and
cigarette use (76,77). There may be an increase in engagement
in risky sexual behaviors and number of new sexual partners in
individuals with EDs (78,79). Having more than 4 full-term
pregnancies is associated with an increased risk of human
papillomavirus (HPV) and subsequent development of cervical
cancer (76); however, individuals with EDs may have reduced
parity (19,34). Cigarette smoking is associated with elevated
risk of squamous cell cervical cancer (77); therefore, tobacco
use may be a contributing factor in our cohort. Improvements
in screening and HPV vaccination have led to decreased rates
Global Open Science July 2025; 5:100483 www.sobp.org/GOS 7
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Table 8. Cancer Mortality Rates in Anorexia Nervosa and Other Eating Disorders (ICD-8 and ICD-10)

Cancer

Anorexia Nervosa Other Eating Disorder

Exposed With Cancer Deaths HR (95% CI)a Exposed With Cancer Deaths HR (95% CI)a

Breast 105 31 1.96 (1.38–2.79) 124 25 1.71 (1.16–2.53)

Respiratory 62 43 1.16 (0.86–1.56) 52 35 1.11 (0.79–1.54)

Brain 16 11 1.32 (0.73–2.40) 16 ,10 –

HR, hazard ratio.
aAdjusted for birth year and sex.
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of cervical cancer worldwide (80). We do not have data on
engagement in cervical cancer prevention in individuals with
EDs; however, given that individuals with EDs may engage in
more risky sexual behavior (78,79), there may be less
engagement with preventive care. A larger sample size to allow
for additional sensitivity analysis is needed to determine
whether an elevated incidence of cervical cancer really exists
in individuals with AN, OED, and EDNOS.

Our study found no significant increase in the prevalence of
brain cancer in individuals with AN and OEDs. In the ICD-10–
only analysis, brain cancer counts were too low to analyze in
the BN and EDNOS groups. Only one previous study found an
elevated incidence of brain cancer in men with EDs (6). Brain
cancer is most common in older adults (81), and our study only
follows individuals through December 31, 2021, thereby
limiting identification of later-life cancer incidence. Brain can-
cer is also more common in males (81), and our study is
comprised mostly of females. Genetic factors also seem to be
stronger predictors of brain cancer occurrence than lifestyle
factors (82,83). Nevertheless, the low occurrence of brain
cancer is a limitation of our findings.

Strengths and Limitations

Our study has the advantage of including over 30,000 in-
dividuals with EDs with information on cancer diagnosis
spanning 4 decades. Additionally, the large sample size
afforded analysis of cancer incidence among multiple ED di-
agnoses. The comprehensive data in the National Registries
are representative of the Danish population given universal free
and accessible health care. This and the standardization of
register data minimize detection bias and other potential bia-
ses that can distort associations.

Several limitations of the current study merit consideration.
First, we could not account for the smoking status of in-
dividuals in the registry, which is unfortunate given that several
of the observed associations may be related to smoking
behavior. Tobacco use is a known risk factor for respiratory,
esophageal, and cervical cancers (61,77,84,85), and because
Table 9. Cancer Mortality Rates in Anorexia Nervosa, Bulimia Ne
Only)

Cancer

Anorexia Nervosa Bu

Exposed
With Cancer Deaths HR (95% CI)a

Exposed
With Cancer

Breast 41 ,10 – 59

Respiratory 25 17 1.44 (0.89–2.31) 12

HR, hazard ratio.
aAdjusted for birth year and sex.
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nicotine reduces appetite and decreases food consumption,
smoking is sometimes used to control weight and appetite in
individuals with EDs (86,87). We also could not adjust for other
lifestyle factors including physical activity level and BMI. Ex-
tensions of this work using different data sources should
incorporate important lifestyle factors that may contribute to
cancer incidence in individuals with EDs. Second, although we
followed individuals from age 6 until cancer occurrence, death,
emigration, or the end of follow-up (December 31, 2021), a
longer follow-up period to capture later-life cancer outcomes
would be ideal. We were underpowered to examine other
cancers including stomach and liver cancer. After separating
BN from EDNOS and focusing only on ICD-10 diagnoses,
counts were too low to examine esophageal cancer across ED
groups. More population-level research is needed to ensure an
adequately powered sample size to study how certain EDs
could influence liver, esophageal, and stomach cancer inci-
dence. We also recognize that the shift from ICD-8 to ICD-10
might have introduced some variability in the diagnosis of
EDs by health care providers. Lastly, we were unable to
conduct sensitivity analysis in individuals with only one ED
diagnosis due to the limited number of cancer cases.

Conclusions

This study contributes to what is known regarding cancer
occurrence of multiple organ systems across AN, OEDs, BN,
and EDNOS. While our findings support previous evidence of a
reduced incidence of breast cancer in individuals with AN, we
also observed a similar trend in individuals with BN, although
power limitations warrant cautious interpretation of these
findings. A significantly elevated incidence of esophageal
cancer was found in individuals with AN, although estimates
for these cancers in individuals with BN were limited by low
power. A significantly elevated incidence of respiratory cancer
was observed in individuals with AN, OEDs, and EDNOS, and
these findings may be explained by comorbidities and lifestyle
factors. Finally, a modest but significant elevated incidence of
cervical cancer was found in individuals with AN, OED, and
rvosa, and Eating Disorder Not Otherwise Specified (ICD-10

limia Nervosa Eating Disorder Not Otherwise Specified

Deaths
HR

(95% CI)a
Exposed

With Cancer Deaths HR (95% CI)a

,10 – 55 13 1.70 (0.99–2.93)

,10 – 30 20 1.03 (0.66–1.60)
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EDNOS. These results illustrate long-term morbidities associ-
ated with EDs. Further research is needed to elucidate the
mechanisms, possibly related to hormone exposure and
caloric deficiency, that contribute to the reduction in incidence
of breast cancer. Consideration should be given to reducing
esophageal and respiratory cancer incidence. Providers who
encounter patients with esophageal cancer in the absence of
other common risk factors may benefit from inquiring about
past and current EDs. Individuals who treat EDs, especially
with long duration of illness and exposure to damaging be-
haviors such as vomiting and binge eating, should remain
vigilant for emerging cancer symptoms and provide psycho-
education to patients about elevated cancer incidence to
bolster motivation for treatment and recovery.
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