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Abstract 

Background:  Lower bone mineral density (BMD) increases the risk of osteoporosis in individuals with eating disor-
ders (EDs), particularly women with anorexia nervosa (AN), making them susceptible to pain and fractures throughout 
adulthood. In AN, low weight, hypothalamic amenorrhoea, and longer illness duration are established risk factors for 
low BMD, and in people with other EDs a history of AN seems to be an important risk factor for low BMD.

Purpose:  To conduct a systematic review and meta-analysis of BMD in individuals with EDs, including AN, bulimia 
nervosa (BN), binge-eating disorder (BED) and other specified feeding or eating disorders (OSFED) compared to 
healthy controls (HC).

Methods:  Following PRISMA guidelines, electronic databases were reviewed and supplemented with a literature 
search until 2/2022 of publications measuring BMD (dual-energy X-ray absorptiometry or dual photon absorptiome-
try) in females with any current ED diagnosis and a HC group. Primary outcomes were spine, hip, femur and total body 
BMD. Explanatory variables were fat mass, lean mass and ED clinical characteristics (age, illness duration, body mass 
index (BMI), amenorrhoea occurrence and duration, and oral contraceptives use).

Results:  Forty-three studies were identified (N = 4163 women, mean age 23.4 years, min: 14.0, max: 37.4). No study 
with individuals with BED met the inclusion criteria. BMD in individuals with AN (total body, spine, hip, and femur), 
with BN (total body and spine) and with OSFED (spine) was lower than in HC. Meta-regression analyses of women 
with any ED (AN, BN or OSFED) (N = 2058) showed low BMI, low fat mass, low lean mass and being amenorrhoeic 
significantly associated with lower total body and spine BMD. In AN, only low fat mass was significantly associated 
with low total body BMD.

Conclusion:  Predictors of low BMD were low BMI, low fat mass, low lean mass and amenorrhoea, but not age or ill-
ness duration. In people with EDs, body composition measurement and menstrual status, in addition to BMI, are likely 
to provide a more accurate assessment of individual risk to low BMD and osteoporosis.
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Background
Eating disorders (EDs) are characterised by aberrant eat-
ing patterns, significant psychopathology, distress and/
or impairment [1]. Anorexia nervosa (AN) is associated 
with low weight, fear of gaining weight and over influ-
ence of weight or shape on self-judgment. Two subtypes 
of AN are distinguished: a restricting type (AN-R) and 
a binge-eating/purging type (AN-BP). Bulimia nervosa 
(BN) is characterised by dieting, binge-eating and com-
pensatory behaviours (i.e. self-induced vomiting and lax-
atives or diuretics misuse), while in binge-eating disorder 
(BED), distressing episodes of loss-of-control eating are 
not followed by compensatory behaviours [1]. Other 
specified feeding or eating disorder (OSFED), previously 
called eating disorder not otherwise specified (EDNOS), 
is a diagnostic ‘hold-all’ category for all other EDs which 
do not meet the full diagnostic criteria for AN, BN or 
BED [1].

Eating behaviours and symptoms affect individu-
als’ growth, development, metabolism, and body com-
position (fat mass and fat-free mass) [2]. Decreased 
leptin secretion by a diminished adipose tissue inhib-
its the hypothalamic–pituitary–gonadal axis (HPG). 
This leads to low levels of oestrogen and testosterone, 
increased bone resorption, and decreased bone forma-
tion [3]. Osteoporosis and osteopenia are silent condi-
tions, characterised by decreased bone mineral density 
(BMD), increasing the risk of fractures [4]. Women with 
EDs have higher risk of developing osteopenia [5], oste-
oporosis, and bone fractures [6, 7]. In a study with 130 
women with AN, 54% had osteopenia and 38% osteopo-
rosis [8]. A large Swedish study by Axelsson et al. [9] with 
over 9000 patients with EDs of both male and female sex, 
found risk of fractures increased irrespective of age and 

sex. Longitudinal studies of patients with AN by Lucas 
et  al. [10] and Frølich et  al. [11] show that the fracture 
risk remains elevated several decades after initial diagno-
sis and even after remission compared to that in healthy 
controls (HC).

In AN, low nutrient intake, excessive physical activity 
and purging behaviours are associated with BMD loss 
[12, 13]. Known risk factors are low weight, hypothalamic 
amenorrhoea, and longer illness duration [6, 14, 15], with 
low weight being one important predictor of osteopo-
rosis and risk of fracture [12]. A previous meta-analysis 
showed lower BMD in individuals with BN than HC but 
only for those with a history of AN [14]. There is some 
temporal fluidity between these diagnoses, e.g. in one 
study 50–64% of women with AN experienced bulimic 
symptoms, and one-third of them crossed over from AN 
to BN when followed for 7 years [16]. However, the rela-
tionship between BMD in BED and OSFED/EDNOS, is 
less clear than in AN due to the paucity of studies [1, 6, 
14].

Osteopenia and osteoporosis in EDs are difficult to 
treat [17], with limited pharmacological treatments [18]. 
Thus, early identification of those most at risk and tar-
geted interventions are imperative for reducing the prob-
lem [18]. Previous systematic reviews and meta-analyses 
have shown lower BMD in individuals with AN than HC 
[6, 14, 19]. They also showed that lower BMD in AN was 
associated with lower fat-mass, fat-free mass [19] and 
longer duration of amenorrhoea [6]. Since the publi-
cation of DSM-5, in which amenorrhoea is no longer a 
criterion for AN diagnosis [1], multiple studies assessing 
BMD in EDs have been published. Therefore, there is a 
need to re-assess the literature, in relation to the poten-
tial role of amenorrhoea (presence and duration) and 
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Plain English summary 

Individuals with eating disorders (EDs) have an increased risk for developing osteoporosis and suffering fractures. To 
better understand this problem, we conducted a systematic review and meta-analysis comparing bone mineral den-
sity (BMD) of females with EDs with that of healthy people without an ED. We also tried to identify key factors linked 
with reduced bone mass in EDs. We included studies reporting BMD of individuals with anorexia nervosa (AN), bulimia 
nervosa (BN), binge-eating (BED) or other non-specified ED (OSFED), and of healthy controls. We found that people 
with AN had overall lower BMD than controls and also in the spine, hip, and femur. In people with BN, there was lower 
BMD overall and in the spine, but that must be only in those who previously had AN. In people with OSFED, BMD was 
lower in the spine. Having a low BMI, low fat mass, low lean mass and not having menstrual periods seem to nega-
tively affect BMD. Therefore, this systematic review supports the idea that people with current or past AN, irrespective 
of their current ED diagnosis, should have their bone health assessed. For early identification of those most at risk, 
body composition measurements, current menstrual status, duration of amenorrhoea and presence or absence of a 
history of AN should be considered in clinical practice.
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changes in body composition in the lowering of BMD in 
females with EDs, not only AN.

The aim of this study was to conduct a systematic 
review and meta-analysis of BMD by dual-energy X-ray 
absorptiometry (DXA) or dual photon absorptiometry 
(DPA) across commonly measured anatomical sites (total 
body, spine, hip, and femur) in females with any EDs 
(AN, both AN-R and AN-BP subtypes, BN, BN with a 
history of AN, BED, and OSFED/EDNOS) in compari-
son to HC. Secondly, we wanted to identify predictors of 
the difference in BMD between EDs and HC by means of 
meta-regression analyses involving age, illness duration, 
body mass index (BMI), fat mass, lean mass, occurrence 
and duration of amenorrhoea, and oral contraceptive pill 
(OCP) use.

Materials and methods
Study selection
This is a systematic review of the international literature 
based on searches of MedLine, EMBASE, and Psycho-
Info following the PRISMA guidelines [20] and regis-
tered in PROSPERO (CRD42019122053). Amendments 
were made in the registered protocol in order to conduct 
a meta-analysis of BMD, assessed by DXA scan in indi-
viduals with EDs (inclusion of BED and OSFED/EDNOS 
diagnoses and adolescents) and to identify predictors of 
BMD (secondary outcomes were limited to fat mass, lean 
mass, illness duration, BMI, amenorrhoea occurrence, 
duration of amenorrhoea and oral contraceptive use). 
Manual searches were conducted, and reference lists 
were searched for relevant articles. The following indexed 
descriptors were used and their combination for EDs 
(Anorexia nervosa*, Bulimia nervosa*, Eating disorders*, 
Binge-eating disorder*, EDNOS*, OSFED*) and bone 
health (Bone density*, Bone mineral density*, Bone min-
eral content*, Bone mass*, Fracture* and Osteoporosis*).

Inclusion and exclusion criteria
Publications in English were included if they were studies 
of adolescent (> 12  years) and adult females with a cur-
rent ED diagnosis (AN, BN, BED or OSFED/EDNOS) 
and a HC group, and measured BMD using DXA or DPA. 
The BN and OSFED/EDNOS groups included individu-
als with or without a history of AN. Studies with par-
ticipants recruited from the same population, institution 
and/or period had an independent sample selected only. 
Selection criteria were, in order: larger sample size, most 
recent publication date, and most recent ED diagnostic 
criteria adhered to upon recruitment. Study design (i.e. 
longitudinal, cross-sectional) was not used as an inclu-
sion criterion, but only baseline measures of BMD were 
included.

Studies using other methods for bone and body com-
position assessment, not including BMD, such as skinfold 
measurement, bioelectrical impedance analysis (BIA) 
and computerised tomography (CT) scan, magnetic reso-
nance imaging (MRI) were not included. The final search 
was performed on 2/2022. Following exclusion of dupli-
cates, articles were screened based on title and abstract 
and were excluded if they were reviews or did not match 
inclusion criteria. Original manuscripts were assessed by 
two independent reviewers (MPL and LR): disagreements 
were resolved by consensus or with a third co-author.

Data extraction
Information extracted from each included paper con-
sisted of: (1) article reference (study name, authors, 
year of publication, and country); (2) characteristics 
of participants with EDs and control group (number of 
participants, age, mean BMI, ED diagnosis, method of 
diagnosis, number of participants with amenorrhoea, 
duration of amenorrhoea, numbers using OCP, illness 
duration; sample source); (3) outcome measures of inter-
est: DXA or DPA scanning methods, BMD data (total 
body, spine, hip, and femur), fat mass and lean mass 
where available.

Quality assessment
The Newcastle–Ottawa scale (NOS) [21] was used for 
risk of bias assessment. This allows quality evaluation 
of non-randomised studies for meta-analyses based on: 
selection of the study group, group comparability, and 
ascertainment of exposure of interest for case–control 
studies. It includes the definition of cases and controls, 
method of control selection, representativeness of cases, 
and comparability of cases and controls. Exposure of 
interest is assessed as the diagnosis of the ED and the 
sample bias through non-response rate. For case–control 
studies, a NOS score below 5 suggests a high risk of bias 
(maximum of 9) [22].

Statistical analysis
Statistical analyses were conducted on STATA SE soft-
ware, version 16 [23]. Meta-analyses were performed 
using ‘meta set’ and ‘meta-summarize’ commands with 
random-effect models of total body, spine, femur, and 
hip BMD (where available) of ED groups and HC due to 
suspected heterogeneity. Standardised mean difference 
(SMD) was the primary outcome of the meta-analyses, 
generated by the ‘meta summarize’ command. Forest 
plots were generated using the ‘meta forest’ and funnel 
plots using the ‘meta funnel’ commands.

Meta-regression analyses were performed using 
the ‘metareg’ command to investigate the association 
between age, BMI, fat mass, lean mass, percentage of 
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participants with amenorrhoea, percentage using OCP, 
and illness duration and the SMD of total body, spine, 
femur, and hip BMD (in the whole ED group and in the 
AN group).

Due to the limited reporting of AN subtypes, different 
methods of determining ED diagnoses, and cross-over 
between ED diagnoses, heterogeneity was suspected. 
Heterogeneity was assessed using the Higgins I2 test, 
with > 25% as low, > 50% as moderate, and > 75% as high. 
Trim and fill correction was used to investigate potential 
publication bias [24]. An Egger test was applied to inves-
tigate small-study effects on the spine, femur, hip, and 
total body BMD [25].

Results
Search results
In the electronic database search, 911 full-text arti-
cles were found, resulting in 784 original articles after 
removal of duplicates. Following screening of titles and 
abstracts, 372 studies were excluded according to the fol-
lowing criteria: review or book, participants being male, 

no control group, females with athlete’s triad syndrome 
and exercisers, other diseases or non-DXA or DPA 
assessment or being a case-report. 176 full-text articles 
were reviewed and 43 original articles were included in 
the qualitative review and 37 in at least one of four meta-
analyses (Fig. 1).

Study characteristics
Publication dates ranged from 1989 to 2022. Literature 
sources were: USA (42.9%); Europe (40.5.5%), Australia 
and New Zeland (7.1%) and Asia (9.5%).

In total, 43 papers were included with 4163 partici-
pants from 61 different groups with AN, BN or OSFED/
EDNOS, and 43 healthy control groups. Participants 
mainly had AN diagnoses (N = 45 studies, 73.8% of the 
ED sample), with the remainder having BN (N = 15 stud-
ies, 24.6% of the ED sample) or OSFED/EDNOS diagno-
ses (N = 2 studies, 1.6% of the ED sample). No study with 
individuals with BED compared either to HC or to indi-
viduals with BED and a previous history of AN met the 
inclusion criteria. Of the 61 EDs groups included in this 

Fig. 1  Flow diagram of studies included in the systematic review and meta-analysis



Page 5 of 28Lopes et al. Journal of Eating Disorders          (2022) 10:173 	

review, 50.8% (31/61) were described as ‘AN’ and 13.1% 
(8/61) as ‘BN’. In relation to AN subtypes, 12.7% (8/61) of 
the groups were of the ‘AN-Restrictive subtype (AN-R)’ 
and 1.6% (1/61) the ‘AN-Binge Purge subtype (AN-BP)’. 
In 6.5% (4/61) of them, ‘BN with no previous AN his-
tory (BN-NPAN)’ and in 3.3% (2/61) ‘BN with previous 
AN (BN-PAN)’ were reported. The diagnosis of ‘AN with 
an additional diagnosis of BN (according to DSM-III-
R) (AN-BN)’’ was reported in 3.3% (2/61) of the groups. 
‘OSFED/EDNOS’ and ‘AN-Atypical’ corresponded 
to 1.6% (1/61) each of the groups included.

From the 61 EDs groups, data on BMD were available 
for the total body (N = 35 groups), spine (N = 54 groups), 
hip (N = 19 groups) and femur (N = 24 groups) in AN, 
BN and OSFED groups. Due to the limited BMD meas-
ures in BN and OSFED groups for the hip (N = 2), whole 
ED group (AN, BN and OSFED) analyses were conducted 
for the total body, spinal and femur regions, and for the 
hip (N = 19) with AN groups only.

AN
Participants with AN had a mean age of 22.4 years [14.6–
34.7], a BMI of 16.3 kg/m2 [14.4–19.1], an illness duration 
of 4.7 years [0.7–13.0] and 17.4 months of amenorrhoea 
[1.5–46.5]: 62.21% were amenorrhoeic and 24.4% used 
OCP. The majority of the studies (48.9%) used DSM-IV 
for diagnosis, followed by DSM-III-R (26.7%), DSM-5 
(11.1%), ICD-10 (6.7%), both DSM-IV/5 (4.4%) and one 
study did not report it. The number of groups in the stud-
ies with investigation of the different parameters were: 
total body BMD (n = 26, 57.8%), spine (n = 38, 84.4%), 
femur (n = 21, 46.7%), hip (n = 19, 42.2%), fat mass 
(n = 28, 62.2%) and lean mass (n = 27, 60.0%).

BN
The BN group had a mean age of 25.6 years [20.7–30.7], 
a BMI of 21.5  kg/m2 [19.0–22.3], an illness duration of 
8.1  years [2.8–16.6], and a duration of amenorrhoea 
(reported in three studies only and in one of them 
with participants with a previous diagnosis of AN) of 
62.4 months [19.1–132.0]: 35.7% were amenorrhoeic and 
35.7% were using OCP for contraception or for any other 
reason. Most studies (57.1%) used DSM-IV for diagno-
sis, followed by DSM-III-R (28.6%) and DSM-5 (14.3%). 
Body composition measurements investigated in the 
BN groups were: total body BMD (n = 7, 50.0%), spine 
(n = 14, 100.0%) femur (n = 3, 21.4%), hip (n = 2, 14.3%), 
fat mass (n = 7, 50.0%) and lean mass (n = 2, 14.3%).

OSFED/EDNOS
Only two studies included individuals with OSFED 
(EDNOS or atypical AN), with a mean age of 21.0 years 
[14.5–27.6] and a BMI of 16.9  kg/m2 [15.6–18.3] [26, 

27]. In the study by Bratland-Sanda et al. [27], 36% of the 
individuals reported a history of AN. Duration of illness 
and amenorrhea were reported by one of these studies 
(Table  1). One paper used DSM-IV [27] for diagnosis 
and the other [26] the DSM-5 criteria. Body composition 
measurements assessed were: total body BMD (n = 2), 
spine (n = 2), femur (n = 1), hip (n = 0), fat mass (n = 1), 
and lean mass (n = 1). The study by Bacopoulou et al. [26] 
did not present standard deviations from BMD measures, 
therefore was not included in the whole ED meta-analy-
sis and meta-regressions.

HC
The HC group had a mean age of 23.7 years [14.0–37.4] 
and a BMI of 21.9 kg/m2 [19.5–24.4]. They were females, 
with no history of ED, from the same community as the 
cases (n = 30) [27, 30–37, 39–41, 44–47, 49–53, 55–59, 
61, 62, 64, 65, 67] or hospital controls (n = 6) [26, 28, 
43, 48, 63, 68]. Six studies did not provide information 
on selection of controls [29, 38, 42, 54, 60, 66]. HC were 
matched for age (n = 15) [26–29, 31, 33, 37, 41, 42, 46, 
47, 55, 56, 58, 64, 68], age and BMI with BN participants 
[48, 53], age and bone age (n = 1) [49], age and fat mass 
(n = 1) [40], age and ethnicity (n = 1) [45] and age, lean 
mass and body fat (n = 1) [44].

Of the included studies, 14 adjusted their analysis for 
at least one of the following: age, race, BMI, bone age, 
height, weight, normal weight, age at menarche, fat and 
fat-free mass or sexual maturity [30, 36, 38, 39, 43, 50–52, 
59–62, 66, 67]. Seven studies did not mention any adjust-
ments for the control group [32, 34, 35, 54, 57, 63, 65].

Quality assessment
Quality assessment of the studies is presented in Table 1. 
NOS scale scores ranged from 3 to 8 out of 9, with a 
mean of 5.3. Across all 43 studies, eight had a high risk 
of bias (score < 5) [34, 47, 54, 60, 65–68]. All of these had 
a cohort design or a publication date before the 1990’s. 
However, selection of participants was valid and ade-
quate. Exposure assessment revealed only a few stud-
ies with the same methodology for ascertainment of ED 
and non-ED diagnosis, and none of the studies reported 
a non-response rate. The NOS score was not used to 
exclude articles from this review.

Meta‑analysis results
BMD in EDs
In the whole group analyses of AN, BN and OSFED/
EDNOS (compared to HC), BMD was lower at three 
sites, total body BMD (SMD = − 2.62 [− 3.39 to − 1.84], 
p < 0.001), spine BMD (SMD = − 3.31 [− 3.98 to − 2.63], 
p < 0.001) and femur (SMD = − 3.08 [− 4.33 to − 1.83], 
p < 0.001). Hip BMD was only measured in studies of AN 
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groups and is reported in the next section (Table 2 and 
Figs. 2, 3).

BMD in AN
The AN group had lower BMD than the HC in all the 
anatomical sites i.e. total body BMD (SMD = − 3.45 
[− 4.57 to − 2.33], p < 0.001), spine BMD (SMD = − 4.34 
[− 5.27 to − 3.40], p < 0.001), femur BMD (SMD = − 3.38 
[− 5.29 to − 2.21], p < 0.001) and hip BMD (SMD = − 4.95 
[− 6.78 to − 3.12], p < 0.001).

BMD in BN
The BN group had lower total body (SMD = − 0.29 
[− 0.46 to − 0.12], p = 0.001)] and spine BMD 
(SMD = − 0.49 [− 0.75 to − 0.21], p = 0.001) than the HC 
group, respectively. However, the three studies included, 
found no differences at the femur (SMD = − 0.19 [− 0.80 
to − 0.43], p = 0.552). Among those with BN (with or 
without previous history of AN), when compared to HC, 
only the group with a previous diagnosis of AN had sig-
nificantly lower spine BMD (SMD = − 0.74 [− 1.06 to 
− 0.43], p < 0.001)].

BMD in OSFED/EDNOS
In the only study included, the OSFED/EDNOS group 
had lower spine BMD than HC (SMD = − 2.44 [− 3.15 
to − 1.73], p < 0.001)]. No differences were found at total 
body BMD (SMD = − 0.04 [− 0.99 to 0.09], p = 0.109) and 
femur BMD (SMD = − 0.24 [− 0.76 to 0.31], p = 0.415).

Meta‑regression results
Analysis of the whole EDs group (Table  3), showed 
that fat mass and lean mass were significantly predic-
tive of a difference in total body BMD (β = 0.24; 95% CI 
0.09–0.39; p = 0.002 and β = 0.41; 95% CI 0.037–0.78; 
p = 0.03, respectively). Both BMI (β = 0.74; 95% CI 0.11–
1.38; p = 0.02) and fat mass (β = 0.26; 95% CI 0.04–0.48; 
p = 0.02) were positively associated with higher spine 
BMD but not lean mass. Presence of amenorrhoea was 
negatively associated with total body BMD (β = − 0.04; 
95% CI − 0.07 to 0.01; p = 0.01) and spine BMD 
(β = − 0.04; 95% CI − 0.07 to − 0.01; p = 0.01).

In individuals with AN, fat mass was significantly asso-
ciated with total body BMD (β = 0.32; 95% CI 0.04–0.60; 
p = 0.02), but not with spine, femur, and hip BMD. Meta-
regression analyses were not conducted on the BN and 
OSFED/EDNOS groups due to the limited number of 
studies measuring the predictors of interest.

Sensitivity analyses
The Higgins I2 test of total body BMD meta-analyses indi-
cates high heterogeneity of the total ED group (99.2%) 
and the AN group (99.1%) but not of the BN group 

(4.8%). Heterogeneity of spine analyses was high for all 
EDs (I2 = 99.4%), AN (I2 = 99.4%) and BN (I2 = 63.7%) 
groups. Funnel plots (Fig. 4) and Egger’s test (t = − 6.87, 
p =  < 0.001) suggest publication bias in meta-analyses on 
spine BMD.

Discussion
Summary of findings
We examined spine, hip, femur, and total body BMD data 
and identified key body composition and menstrual sta-
tus predictors of the difference between EDs and HC. 
Due to the limited number of studies, absence of papers 
and/or measurements of predictors of interest, our meta-
analyses and meta-regressions of total, spine and femur 
BMD included individuals with AN, BN and OSFED/
EDNOS and that of the hip BMD included individuals 
with AN only. The quality of the studies included was 
good with the majority of studies controlling or adjusting 
comparisons with HC for age.

Whilst in people with AN lower BMD than HC at all 
sites is consistent with previous reviews [6, 14, 15], what 
we have found is that lower total body, spine and femur 
BMD is not limited to AN. Specifically, a history of AN 
and having amenorrhoea may increase the risk of low 
BMD in individuals with BN and OSFED.

Our study helps clarify the somewhat inconsistent lit-
erature on BMD in women with BN in cross-sectional 
studies [53, 64] and previous meta-analyses [6, 14]. In 
individuals with BN, BMD was lower than in HC, at total 
body and in the spine. However, in a subgroup analysis 
of studies reporting the presence or absence of a history 
of AN, only those with a history of AN had lower spine 
BMD than HC. This is in accord with previous reports 
[14]. Only five of the studies with BN assessed whether 
there was a history of AN and 36% of the individuals 
included in the OSFED/EDNOS group reported a his-
tory of AN. This raises the question whether individuals 
with BN/OSFED without a history of AN are at risk for 
impaired bone health [14]. There is evidence from the 
ALSPAC study suggesting that not only a lifetime his-
tory of AN but also having ED behaviours (i.e. fasting and 
food restriction) are associated with a reduction in BMD 
by middle-adulthood [69]. Therefore, measurement of 
BMD should not be limited to those with a current AN 
diagnosis, but also be made in individuals with a history 
of AN, irrespective of their current ED diagnosis.

When AN, BN and OSFED/EDNOS groups were 
assessed as one ‘ED’ group, the greatest magnitude of the 
difference in BMD was at the spine. This is likely to be 
driven by the AN and OSFED/EDNOS groups (both with 
a mean BMI < 18.5  kg/m2), i.e. there were no significant 
differences at the femur when BN and HC groups were 
assessed alone. In the AN group compared to HC, SMD 
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at the hip and spine were greater than at the femur and 
total body. In the BN group versus HC, BMD was lower 
at the spine than in the total body. However, the major-
ity of studies reported spine BMD, with fewer measur-
ing total body BMD and, thus these two findings cannot 
be objectively compared. Spine BMD was lower than in 
HC in OSFED/EDNOS participants in the single study 
included with this diagnosis. While BMD at the hip was 
lowest in the AN group compared to HC, ~ 30% of stud-
ies involving participants with AN reported this measure. 
Oestrogen deficiency is more likely to affect trabecular 
bone, which can be detected by loss of spine BMD [70], 
while aging and peak mass accrual would more signifi-
cantly affect cortical bone and be detected by hip and 
femur BMDs [71, 72]. In people with EDs, there is a need 
for a more consistent assessment of bone anatomical sites 
to understand the pathophysiology and the specific risk 
of fractures and pain at different parts of the skeleton.

Associations between body composition, menstrual health 
and BMD in EDs
Low BMI was a predictor of lower BMD in the whole 
group. Calorie restriction results in extensive weight loss 
in AN [73] and associations between low BMI and lower 
BMD, reported previously [14, 15, 74], are supported by 
our study.

Calorie restriction in people with EDs could be a poten-
tial predictor of BMD loss. Energy deficits lead to hor-
monal changes, including decreased insulin-like growth 
factor-1 (IGF-1), growth hormone (GH) resistance, 
amenorrhoea, increased cortisol levels, and changes in 
hunger and satiety signalling (due to decreased levels of 
leptin, increased peptide YY, and ghrelin resistance) [75–
78]. In vitro and in vivo studies in EDs suggest an ‘uncou-
pling’ of bone turnover, with increased osteoclastic bone 
reabsorption activity in comparison to bone formation 
activity by osteoblasts [79]. In addition, calorie restric-
tion or starvation in animal studies and in individuals 
with AN has been shown to increase marrow adipose 
tissue (MAT) in the bone [80, 81]. As MAT cells derive 
from the same lineage as osteoblast precursors cells [82, 
83], it is speculated that MAT expansion in individuals 
with AN could potentially act as an ‘emergency storage’ 
of adipocytes to facilitate survival during starvation but 
leading to bone weakness [84].

Although caloric restriction is an essential feature for 
a diagnosis of AN, the study of Elran-Barak et  al. [85] 
showed that individuals with AN and BN did not differ 
in terms of fasting, number of meals per day, very small 
meals and low-calorie meals. The authors suggest that 
a subset of people with BN (who are able to maintain 
dietary restriction, low frequency of binge eating and 
ingesting high calorie foods only during binge episodes) 

are prone to inadequate nutrition. In our study, total and 
spine BMD were lower in the BN group than in HC, i.e. 
behaviour resulting in calorie restriction in people with 
BN may be associated with loss of BMD.

Low fat mass was a predictor of lower BMD in the 
whole group and in the AN group. This could be related 
to decreased plasma leptin levels [86, 87], especially 
because women with AN tend to lose more peripheral 
(subcutaneous, extremity) than central (visceral, trunk, 
android) fat [88, 89]. However, low weight does not nec-
essarily indicate low fat mass in all AN patients as it is 
also due to decreased muscle, organs and bone mass 
[90]. Lean mass was a predictor for lower BMD in indi-
viduals with EDs. However, we did not confirm previous 
evidence of a lower lean mass in AN being associated 
with decreased BMD [15]. Physical exercise (especially 
load-bearing) is important for gaining lean mass, and 
for achieving and maintaining peak bone mass in adults. 
However, the protective or detrimental effects of physi-
cal activity on BMD remain controversial in the ED field, 
where individuals are at a higher risk of excessive exercise 
[91]. People at very low weight, and with amenorrhoea, 
may be advised to limit physical activity and avoid high-
impact activities that increase the chance of falls and 
injuries [18].

Our findings provide support for the proposal that 
body composition and history of lowest-ever and highest-
ever BMI, in addition to BMI, should be used to deter-
mine individuals’ risk for low BMD and osteoporosis 
[92]. This could be particularly important for individu-
als with a history of AN, whose current body composi-
tion does not necessarily suggest that they have lowered 
BMD. Non-invasive, easy-to-operate, and reasonably 
accurate methods such as BIA could be used repeatedly 
to track individuals’ changes in fat and lean mass before, 
during, and after ED treatment.

Despite previous evidence, we found that duration of 
amenorrhoea, age and illness duration were not signifi-
cant predictors of BMD in our meta-analysis. This may 
reflect the fact that menstrual function and ED history 
were not well reported in many studies, and the lack of 
a standardised definition for estimating illness duration. 
Of the 61 groups with EDs included in the review, dura-
tion of amenorrhoea was reported in only 19 (31%) of 
them. As these were predominantly younger participants, 
the duration of both illness (M = 5.8 years, SD = 3.7) and 
amenorrhea (M = 23.9  months, SD = 28.7) were shorter, 
and for this reason they did not significantly associate 
with BMD. However, the percentage of participants with 
amenorrhoea was negatively related to total body and 
spine BMD, which was reported by part of the sample in 
5 of the 12 studies with BN participants.
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Any interruption of menstruation for a prolonged 
period results in bone loss and is the main determinant 
of osteoporosis risk in women [93]. The teenage years 
have the highest incidence of EDs [1] and are a critical 
growth period, when oestrogen has a role in the closure 
of epiphyseal growth plates [94]. Although resumption 
of menses in adult women with AN was a predictor of 
BMD recovery [76], the evidence of reduced BMD in 
both females with eumenorrhoea and amenorrhoea with 
a similar BMI [95] shows that low levels of oestrogen 
cannot solely explain the severity of bone loss in AN [76]. 
Therefore, longitudinal investigation of the relationship 
between ED onset and severity, menstrual function, and 
bone mass accrual is necessary to identify to what extent 
the ED impairs BMD and whether this can be reversed 
after ED recovery and throughout life.

In addition, there are not sufficient data to draw con-
clusions of how the exclusion of amenorrhoea from diag-
nostic criteria for AN in DSM-5 has affected differences 
in BMD of individuals with AN in comparison to HC. 
DSM-IV was the main method for AN diagnosis in the 
studies included and only 4 of them used DSM-5 [29, 33, 
59, 68]. In these studies, participants with AN had mean 

a BMI varying from 14.4 to 17.5 kg/m2 [29, 33, 59, 68] but 
in the study by Wu et al. [68] all participants were amen-
orrheic. OCP use was reported by 15.2% of participants 
in the study by Schorr et al. [59] only. Although there is 
consensus that the use of OCP is not indicated for the 
purpose of preventing bone loss in EDs [96], the lack 
of studies reporting it did not allow us to systematically 
assess it as a predictor of BMD in this ED group.

Figure  5 proposes an explanatory model of the pos-
sible interactions between body composition, hormo-
nal changes and bone remodelling in people with EDs 
in which dietary restriction leads to a negative energy 
balance.

Osteopenia and osteoporosis in people with EDs 
are difficult to treat. Bone loss may not be completely 
reversible even after ED recovery, and nutritional sup-
plements and oral contraceptives do not significantly 
increase BMD [17]. For people with long-term low body 
weight and low BMD, NICE guidelines consider the use 
of transdermal 17-β-oestradiol with cyclic progester-
one (by young women between 13 and 17  years with a 
bone age lower than 15  years) and of bisphosphonates 
(by adult women 18 + years after discussing benefits 

Table 2  Meta-analysis results of females with eating disorders (EDs) versus healthy control (HC) groups

P-value in bold indicates statistical significance (p < 0.05)

N sample number, ED eating disorder, HC healthy control, SMD standardised mean difference, L lower, U upper, CI confidence interval, Z z-scores, p p value, BMD bone 
mineral density, AN anorexia nervosa, BN bulimia nervosa, OSFED other specified feeding or eating disorder, EDNOS Eating disorder not otherwise specified, I2 Higgins 
I2 test

Anatomical site Groups in 
studies (N)

ED (N) HC (N) SMD L 95% CI U 95% CI Z p I2 (%) Egger p

All studies

 Total body BMD 32 996 963  − 2.62  − 3.39  − 1.84 6.59  < 0.001 99.2  − 5.76  < 0.001

 Spine BMD 49 1941 2299  − 3.31  − 3.98  − 2.63 9.61  < 0.001 99.4  − 6.87  < 0.001

 Femur BMD 24 894 1051  − 3.08  − 4.33  − 1.83 4.82  < 0.001 98.7  − 5.03  < 0.001

AN

 Total body BMD 24 683 676  − 3.45  − 4.57  − 2.33 6.04  < 0.001 99.1

 Spine BMD 36 1553 1743  − 4.34  − 5.27  − 3.40 9.11  < 0.001 99.4

 Femur BMD 20 788 954  − 3.38  − 5.30  − 2.22 4.78  < 0.001 98.8

 Hip BMD 19 1078 688  − 4.95  − 6.78  − 3.12 5.30  < 0.001 98.9  − 2.52 0.012

BN

 Total body BMD 7 291 253  − 0.29  − 0.46  − 0.12 3.27 0.001 4.8

 Spine BMD 12 366 522  − 0.49  − 0.77  − 0.21 3.45 0.001 63.7

 Femur BMD 3 84 63  − 0.19  − 0.80  − 0.43 0.60 0.552 66.6

BN with history of AN

 Spine BMD 4 67 21  − 0.74  − 1.06  − 0.43 4.58  < 0.001 0

BN without history of AN

 Spine BMD 2 85 96  − 0.07  − 1.05  − 0.90 0.14 0.885 89.7

OSFED/EDNOS only

 Total body BMD 1 22 34  − 0.04  − 0.99 0.10 1.60 0.109

 Spine BMD 1 22 34  − 2.44  − 3.15  − 1.73 6.77  < 0.001
 Femur BMD 1 22 34  − 0.24  − 0.76 0.31 0.82 0.415
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Fig. 2  Meta-analysis results of spine bone mineral density in eating disorder (EDs) versus healthy controls (HC)
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Fig. 3  Meta-analysis results of total body bone mineral density in eating disorder (EDs) versus healthy controls (HC)
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and risks, i.e. teratogenic effects) [18]. Weight gain and 
menses resumption remain the first line of treatment for 
decreased BMD in individuals with EDs [17].

Repeated DXA scans (no more than once per year) 
are recommended for individuals with ongoing and per-
sistent underweight (after 1  year in children and ado-
lescents, 2 years in adults or earlier if bone pain and/or 
recurrent fractures are observed) [18]. The International 
Osteoporosis Foundation recommends that the skeletal 
assessment should include a comprehensive history and 
complete physical examination [97]. Therefore, under-
standing the interplay between body weight, fat mass, 
lean mass, menstrual function, and BMD changes across 
the various ED diagnoses can help identify those most 
at risk for osteoporosis and provide targeted and early 
intervention. Bone studies in EDs should (when pos-
sible) assess menstrual function and history, providing 
relevant information including number of participants 
with amenorrhoea, menarchal age, date of last menstrual 
period, current and history of OCP/other hormonal ther-
apy use.

Strengths and limitations
We systematically reviewed the current literature assess-
ing BMD in individuals with EDs (AN, BN, BED and 
EDNOS/OSFED) versus HC. To the best of our knowl-
edge, this is the first review where age, illness duration, 
amenorrhoea, OCP use, BMI, fat mass, lean mass, and 
history of AN were investigated in the same meta-anal-
ysis as predictors for BMD difference for all EDs group. 
Studies with one or more eligible samples for the same 
ED diagnosis had the characteristics of each group pre-
served (ED subtype, menstrual status, OCP use, history 
of AN, diagnosis method) and outcome measures were 
included independently. Our findings provide strong 
evidence for conducting bone health assessments in 

individuals with a history of AN, irrespective of current 
ED diagnosis.

However, there was a limited number of papers with 
outcomes of interest for OSFED/EDNOS and BED 
derived from this review, and the only study focused on 
EDNOS did not allow a comparative analysis of BMD 
in those with or without a history of AN. Therefore, 
independent of the anatomical site, differences in BMD 
between EDs group and HC in OSFED/EDNOS were 
mostly driven by the AN group. Studies with BED did not 
meet the criteria for inclusion in this systematic review. 
The majority of studies did not use a structural clinical 
interview for distinguishing controls from individuals 
with EDs and bias in the selection of control may have 
influenced the accuracy of results. The results of our 
analyses were not controlled for race/ethnicity, symptom 
severity and variation in DXA machines. Therefore, the 
results of this present meta-analysis cannot be general-
ised beyond the populations studied within this review.

Our review includes studies with publication dates 
from 1989 to 2022. During this period several editions of 
DSM were published, and ED criteria changed between 
versions. However, except for amenorrhoea (which was 
removed in DSM-5 from the AN criteria) all the main 
elements of the diagnosis of an ED that might potentially 
affect BMD, remained relatively consistent across the edi-
tions (low weight/weight loss, food restriction, fear of 
weight gain, compensatory and purging behaviours).

Participants could not be classified and analysed sep-
arately according to menstrual status or illness duration 
in this meta-analysis. Lastly, physical activity data were 
not included in our review: as this is linked to protec-
tive and risk factors in relation to BMD, it could have 
helped clarify the effects of lean mass on BMD.

Conclusions
This review found lower BMD (total body, spine, and 
femur) in individuals with EDs (AN, BN and OSFED/
EDNOS). In those with a diagnosis of BN, the lower 
BMD (especially in the spine), may be due to a history 
of AN. Secondly, individuals with AN are at more risk 
of diminished bone health in their spine and hip rather 
than in other regions. Ideally, assessing BMD in the four 
main anatomical sites will provide a more global picture 
of the effect of an ED on vulnerabilities in different bone 
regions and to what extent changes in BMD in different 
regions are/can be reversed following recovery.

Meta-regression analyses showed that low BMI, 
low fat mass, low lean mass and being amenorrhoeic 
are predictors of lower BMD in people with an ED. In 
those with AN, low fat mass was the only predictor of 
low spine BMD. Therefore, individuals with current 

Fig. 4  Funnel plot of spine bone mineral density studies included in 
the meta-analysis
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or past AN should have their bone health assessed. 
To make more accurate assessments of individual risk 
of low BMD and osteoporosis, investigations should 
include measures that help predict body composition, 
menstrual function and history, physical exercise, and 
energy metabolism hormones.
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