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Abstract

Though previous studies have demonstrated an increased fracture risk in females with anorexia
nervosa (AN), fracture risk in males is not well characterized. The objective of this study was to
examine sex differences in fracture risk and site-specific fracture incidence in AN. We performed a
population-based retrospective cohort study using The Health Improvement Network. The median
calendar year for the start of the observation period was 2004-5. We identified 9,239 females and
556 males <60 years of age with AN, and 97,889 randomly selected sex-, age-, and practice-
matched participants without eating disorders (92,329 females and 5560 males). Multivariable Cox
regression was used to estimate the hazard ratio (HR) for incident fracture. Median age at start of
observation was 29.8 years in females and 30.2 years in males. The HR for fracture associated
with AN differed by sex and age (interaction p = 0.002). Females with AN had an increased
fracture risk at all ages (HR 1.59; 95% confidence interval [95% Cl], 1.45-1.75). AN was
associated with a higher risk of fracture among males >40 years of age (HR 2.54, 95% CI 1.32-
4.90; p = 0.005) but not among males <40 years. Females with AN had a higher risk of fracture at
nearly all anatomic sites. The greatest excess fracture risk was noted at the hip/femur (HR 5.59;
95% Cl, 3.44-9.09) and pelvis (HR 4.54; 95% ClI 2.42-8.50) in females and at the vertebrae (HR
7.25; 95% ClI, 1.21-43.45) for males with AN. AN was associated with higher incident fracture
risk in females across all age groups and in males >40 years old. Sites of highest fracture risk
include the hip/femur and pelvis in females and vertebrae in males with AN.
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INTRODUCTION

Anorexia nervosa (AN) is a condition characterized by intense fear of weight gain, severe
body image distortion, and self-induced weight loss (1). Estimated lifetime prevalence of
AN is 0.9% among women and 0.3% among men (2). AN is associated with a mortality rate
between 5% and 10% after 10 years of onset (3). AN may contribute to bone deficits
through several physiological mechanisms including low body mass index (BMI) and lean
mass, hypogonadism with low estradiol and testosterone, resistance to growth hormone, low
insulin-like growth factor 1 (IGF-1), and relative hypercortisolemia, which may all decrease
surrogate markers of bone formation and bone resorption (4-7). In adolescents, both bone
formation and resorption are suppressed, but studies have shown there is an uncoupling of
bone formation and resorption in adulthood, with a decrease in formation and increase in
resorption (8). Prior studies in women with AN have found significant deficits in bone
mineral density (BMD) compared to healthy female controls, particularly at the lumbar
spine (9-12). Although 5-15% of patients with AN are male (13), few studies have assessed
BMD in males with AN (14-17). The limited existing studies in adolescent males with AN
have found the most significant deficits in BMD at the hip, femoral neck, trochanter, and
intertrochanteric regions, compared to healthy male controls (14,15).

AN has also been shown to be associated with an increased risk of fracture. One review
pooled data from three prior fracture studies in AN (N=2,384) and reported a risk ratio of
2.6 for all fracture types, 5.3 for hip fractures, and 4.7 for spine fractures among patients
with AN compared to controls (18-21). Though several studies have demonstrated an
increased risk of fractures among females with AN (19-22), large population-based data is
limited, and fracture risk in males with AN has not been characterized. Two studies
examining fracture risk in AN were limited to females (21,22), one study did not stratify
results by sex (19), and the only study to report a fracture risk for males had a small sample
size (n=15 males) (20). Given increasing recognition of eating disorders among males (23),
there is a critical need to determine the risk of fracture in this understudied population.

The Health Improvement Network (THIN) comprises a robust source of population-based
data that has been used to characterize the risk of fracture associated with several chronic
conditions in adults and children and to delineate age and sex effects on fracture risk (24—
33). The objective of this large population-based study was to examine sex differences in
fracture risk associated with AN. A secondary aim was to assess site-specific fracture
incidence in AN and sex differences in site-specific fracture risk.

METHODS

Study Design/Data Source

We conducted a population-based retrospective cohort study using THIN (January 2012
version). THIN provides de-identified data including demographics, diagnoses,
prescriptions, procedures, and select laboratory measures of over 10 million people from the
electronic medical records of 553 general practices in the United Kingdom (UK). Medical
diagnoses were recorded using the standard Read Code classification system in the UK (34).

J Bone Miner Res. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Nagata et al.

Page 3

The study adhered to the Declaration of Helsinki, was approved by the THIN Scientific
Review Committee, and determined by the Institutional Review Board of the University of
Pennsylvania to meet eligibility criteria for IRB exemption authorized by 45 CFR 46.101,
category 4.

Study Population

Analysis

Participants with acceptable records for research based on checks performed by the data
vendor and at least one Read code for AN (E271.00 “Anorexia nervosa”, Eu50000
“[X]Anorexia nervosa”, Eu50100 “[X]Atypical anorexia nervosa”, 1467.00 “H/O: anorexia
nervosa”) were included as exposed. For each participant with AN, up to 10 randomly
selected participants who did not have codes for AN or other eating disorders were included
as unexposed after being matched on sex, age (3-year age groups up to 30 years and 5-year
age groups thereafter), and practice. Data on participants =60 years of age or older were
excluded. The timing of initial diagnosis of AN for all exposed participants was the date of
their first entry of a code for AN. Participants with a first entry of a code for AN at <7 years
of age were excluded (n=88). Covariates of interest included sex, age, age at initial
diagnosis, observation time, country (England, Ireland, Scotland, or Wales), BMI (closest to
but within two years of the start of the observation period), antidepressant use and alcohol
abuse (defined by Read codes indicative of excessive alcohol consumption, alcohol abuse or
alcoholism) within two years of the start of observation, and history of prior fracture.

As in our prior studies (32,33), fractures were identified using consistent Read diagnostic
codes and classified according to anatomic site as follows: vertebra, skull/face, pelvis, rib/
thorax, clavicle/scapula, humerus/elbow, forearm/wrist, hand, hip/femur, lower leg/ankle,
and foot. We excluded surgically induced fractures and fractures attributed to birth trauma or
metastatic bone disease. For the minority of first fracture events for which there were codes
for =2 sites on the same date, the fracture was categorized as multiple sites. Fractures were
categorized by the site-specific code if both site-specific and nonspecific codes were entered
for the date of first fracture.

The start of the observation period for ascertainment of incident fracture was the latest of:
the initial Read code for AN, 6 months after registration with the practice, and the date that
the practice started using the Vision software as the electronic medical record. The
requirement for the observation period to start after 6 months of registration and use of
Vision software is standard practice for ascertainment of incident diagnoses in THIN and
avoids inclusion of prevalent outcome events (32,33,35,36).

Descriptive statistics were reported as median and inter-quartile range (IQR) for continuous
variables and frequencies for categorical variables. Group differences in continuous
variables were assessed using the Wilcoxon rank sum test, and categorical variables were
assessed using the chi-square or Fisher’s exact test. Cox proportional hazards regression was
used to compare the incidence of fracture in participants with AN to that of matched
unexposed participants. We examined multiplicative interactions among age, sex, and AN.
Stratified Cox regression models were used to estimate age- and sex-specific hazard rations
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(HRs) with 95% confidence intervals (95% Cls). A two-sided p value of <0.05 was
considered statistically significant. Analyses were performed using STATA 13.0 (Stata
Corporation, College Station, TX). Given a sample size of males with AN (N=556) and
males without eating disorders (N=5,560), our study had statistical power (alpha=0.05, two-
sided) of >80% to detect a HR for fracture of 1.30 in males. Given a sample size of females
with AN (N=9,239) and females without eating disorders (N=92,329), our study had >80%
power to detect a HR of 1.09 in females.

Cohort Characteristics

Our cohort comprised 9,239 females and 556 males with AN and 92,329 female and 5,560
male unexposed participants (Table 1). Consistent with the epidemiology of AN, there were
more women with AN than men (ratio nearly 17:1). As expected, BMI was significantly
lower in the AN group (p <0.001). The median observation period was shorter in the AN
group compared to the unexposed group (p <0.001 in females, p = 0.06 in males). Among
females, death was a censoring event for 126 (1.4%) AN participants compared to 436
(0.5%) unexposed participants (p <0.001). Among males, death was a censoring event for 19
(3.4%) AN participants compared to 54 (1.0%) unexposed participants (p <0.001). A history
of fracture before the start of observation was more common among females with AN than
unexposed females (p <0.001), but there was no statistically significant difference in
prevalent fractures between males with AN versus unexposed males. Antidepressant use and
alcohol abuse were more prevalent among both males and females with AN compared to
those without eating disorders (all p <0.001).

Fracture Incidence

Over a median observation period of 3.4 and 3.7 years respectively, 507 incident fractures
(112 per 10,000 person years) occurred in participants with AN compared with 3455 in
those without eating disorders (73 per 10,000 person years). For participants with AN, the
median time from the initial code for AN to the first incident fracture event was 12.2 years
(IQR 5.0, 22.4). Figure 1 shows the incidence of first fracture in participants with AN versus
participants without eating disorders. The fracture incidence in females with AN was higher
than in unexposed females across all age groups. Of note, the incidence in males aged >40
years with AN was rate 142 per 10,000 person-years compared with rate 56 per 10,000
person years in their unexposed peers.

Cox Regression Analysis of Fracture Risk

Overall, the HR for incident fracture associated with AN was 1.54 (95% ClI: 1.40, 1.69; p
<0.001). However, a statistically significant three-way interaction was found among AN,
sex, and age (interaction p = 0.002, Table 2). Therefore, all analyses were stratified on sex
and age (Figure 2). Among female participants, there was a higher risk of fracture (HR 1.59)
in those with AN compared to participants without eating disorders (95% CI: 1.44, 1.75; p
<0.001), and this risk did not differ according to age (interaction p = 0.48). Among male
participants, the risk of fracture associated with AN varied according to age (p for
interaction with age >40 vs. <40 = 0.005). As shown in Table 2 and Figure 2, AN was
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associated with a significantly higher risk of fracture among males >40 years of age (HR
2.54, 95% CI 1.32 to 4.90; p = 0.005) but not among males <40 years (HR 0.82, 95% ClI:
0.54, 1.26; p = 0.37). There were 11 incident fractures in males 40 years of age or older and
23 fractures in males <40 years of age. As shown in Table 2b, antidepressant use and alcohol
abuse were independently associated with an increased risk of fracture in females. After
adjustment for these covariates, AN remained associated with a higher risk of fracture: HR
1.31 (95% CI: 1.10, 1.56; p = 0.002) in females >40 years of age and HR 1.49 (95% ClI:
1.32, 1.68; p <0.001) in females <40 years of age. In males >40 years of age, alcohol abuse
was independently associated with a more than 6-fold higher risk of fracture, but did not
substantially change model findings in terms of the higher risk of fracture associated with
AN (HR 2.21,95% CI: 1.11, 4.42; p = 0.02).

We performed sex-stratified and age-adjusted Cox regression analysis of fracture risk in the
subset of individuals with AN who had BMI data (n = 5994) and their matched individuals
without an eating disorder who had available BMI data (n = 27,409). Among female
participants, there was a higher risk of fracture (HR 1.46) in those with AN compared to
participants without eating disorders (95% ClI: 1.27, 1.69; p <0.001). Among male
participants, AN was not associated with an increased risk of fracture, even in those 40 years
of age or older. However, it should be noted that there were only 64 individuals and 3
fracture events in this age group. We also performed sex-stratified and age-adjusted Cox
regression analysis of fracture risk restricting the entire cohort to those with a BMI <25
(normal or underweight, n = 5302 with AN/n = 14,192 with no eating disorder). Among
female participants, there was again a higher risk of fracture (HR 1.54) in those with AN
compared to participants without eating disorders (95% CI: 1.31, 1.83; p <0.001). Among
male participants, AN was not associated with an increased risk of fracture. Among females,
there was a significant interaction between AN and BMI (p = 0.04); higher BMI was
protective in females with AN (HR 0.94, 95% CI: 0.90, 0.99; p = 0.02), but not in females
without eating disorders. Indeed, among females with AN, being severely underweight (BMI
<16) was associated with a HR for fracture of 1.71 (95% CI: 1.18, 2.48; p = 0.004).

Fracture Site

As shown in Table 3, females with AN had a higher risk of fracture at nearly all anatomic
sites, with a two- to three-fold higher risk of vertebral, skull/face, clavicle/scapula, humerus/
elbow, rib/thorax, and multi-site fractures. The greatest excess fracture risk (more than four-
fold higher) was noted at the hip/femur (HR 5.59; 95% CI, 3.44, 9.09) and pelvis (HR 4.54;
95% CI 2.42, 8.50). Males with AN had a significantly increased risk of vertebral fractures
(HR 7.25; 95% Cl, 1.21, 43.45) compared to unexposed males, but not at other sites.

DISCUSSION

This is the first study to examine sex differences in fracture risk in AN using a large
population-based cohort. We found that males with AN had an increased risk of fractures at
the vertebrae and that males over 40 years of age with AN had increased overall fracture risk
compared to males without an eating disorder in the same age group. Females with AN had
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increased fracture risk across anatomic sites and across all ages, with a particularly high risk
of fracture at the hip/femur and pelvis.

Though 5-15% of patients with AN are male (13), little is known regarding fracture risk in
males with AN. To our knowledge, only two previous studies have evaluated fracture risk in
males with AN. One Danish retrospective cohort study included 2,149 patients with AN and
found an increased risk for fractures compared to controls, but did not stratify results by sex
(19). The only study to include a separate fracture risk for males with AN, a retrospective
cohort from Minnesota, had a small sample size (n=15 males) and is dated (participants were
diagnosed between 1935 and 1989 and the paper was published in 1999) (20). Our study
therefore adds substantially to the literature on fracture risk among males with AN, finding
an increased risk in age >40 years and at the vertebrae.

Fracture risk in AN was increased among males over 40 but not among adolescent or young
adult males. The lack of increased fracture risk in this younger age group may be mediated
by other factors. In the general population, adolescent boys have a significantly increased
fracture risk compared to adolescent girls, thought to be secondary to injuries and activities
such as high-impact contact sports (37,38). Males with AN may be less likely to participate
in high-impact ball sports (such as football, rugby) that are associated with fractures,
although eating disorders are associated with excessive exercise and are observed in higher
proportions among athletes of endurance sports (such as running and cycling), aesthetic
sports (such as figure skating, diving, and gymnastics), and sports with weight classes (such
as rowing) compared to non-athletes (39,40). One prior study that assessed fracture risk in
adolescent females did not find a significant association with increased physical activity and
higher rates of fracture (22). In addition, exercise restrictions may be placed on many
adolescents with AN (22). Older unexposed males may not participate as much in behaviors
at high risk for fractures or injuries which may account for the increased fracture risk
observed in the >40 year age group. The median age at start of observation in our study was
around 30 years. Furthermore, males with eating disorders may be more likely than females
with eating disorders to present with atypical AN; therefore, despite significant weight loss
their weight and BMI may be above or within the normal range (41). Previous studies have
demonstrated that prior obesity is a risk factor among males with restrictive eating disorders
(41,42). This relatively larger BMI in males may also influence their fracture risk compared
to females.

Males with AN had an increased risk of vertebral fractures. \ertebral fractures are a
common type of fragility fracture and their presence indicates a substantial risk for
subsequent fractures, independent of bone mineral density (43,44). Vertebral fractures may
be underestimated, however, as they may be subclinical. The one previous study to include
stratified data for males with AN did not find an increased vertebral fracture rate, but had a
small sample size (0 incident vertebral fractures among 15 males) (20). One study of young
women with AN followed with dual-energy X-ray absorptiometry found that 12.5% had
incident vertebral fractures. Vertebral fractures, although generally asymptomatic, are
associated with a five-fold increased risk of future symptomatic fracture independent of
BMD (45). Although compared with a healthy population, vertebral fractures were higher in
males with AN, when compared to females with AN, the males tended to have a higher
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occurrence of fractures at other sites such as the rib/thorax, hand, hip/femur, foot, and skull/
face than of the vertebrae.

Previous studies on fracture risk mainly in females with AN demonstrated an increased
fracture rate (incidence rate ratio [IRR] 1.98, 95% CI 1.60 to 2.44) with the highest
increased fracture rate at the femoral neck (IRR 7.17, 95% CI 3.36 to 15.32) (18,19). One
study from Minnesota found the greatest increased rates of fracture at the pelvis
(standardized incidence ratio 4.8; 95% CI 1.3 to 12.0) (20). Our study confirms and expands
upon these findings among females with AN, finding the highest risk sites for fracture at the
hip/femur and the pelvis, sites that are traditionally associated with osteoporaosis (20).

Females with AN may have a higher risk of hip or pelvis fractures due to a few potential
mechanisms. Because of a low calorie intake, patients with AN may be at increased risk of
orthostatic vital sign changes, falling, or syncopal episodes, with subsequent hip or pelvis
fractures (18). In addition, severely malnourished patients with AN may have loss of the
natural “fat cushion” on the hips, which makes the hip in particular more vulnerable in a fall
(18). AN may be associated with increased fracture risk due to several physiologic
mechanisms. Profound undernutrition in AN deprives the skeleton of vital building
materials, such as calcium, vitamin D, and protein (18). Although approximately 30% of
patients with AN who were not previously supplemented with vitamin D have 25-
hydroxyvitamin D levels less than 20 ng/mL, the prevalence of vitamin D deficiency largely
depends on whether or not patients were receiving supplementation for vitamin D at the time
of testing (46—48). For instance, one study of adolescents with AN who were already in
treatment for their eating disorder at a tertiary medical center where supplementation of a
multivitamin containing vitamin D was the standard of care reported that only 2% of AN
patients were deficient, compared to 24% of healthy controls (49). In females, AN is also
associated with amenorrhea and estrogen deficiency which leads to loss of bone mass.
Antidepressant use (50,51) and consuming more than two alcoholic drinks per day (52) have
been previously shown to be associated with increased fracture risk. Our study confirms
these associations in the AN population, particularly among females.

In the analysis of normal or underweight females, higher BMI was associated with a
decreased fracture risk in those with AN. However, this association was not observed in
females without eating disorders. The relationship between BMI and fracture risk is most
pronounced at BMI levels below 20 kg/m? (53,54). Only small decreases in fracture risk
have been observed at BMI levels greater than 25 kg/m? (53,54). The association between
obesity and fractures reported in the literature may be site dependent; obese females have
been shown to be at higher risk of proximal humerus fractures but at lower risk of pelvic and
hip fractures compared to normal weight and underweight females (55).

Our study has several limitations. The THIN database does not include data on race.
Although this is the largest study to date examining fractures and AN, particularly in males,
there were relatively few fracture events in males; therefore, there were large confidence
intervals in the HR for males. The diagnosis of AN was based on Read codes which have not
been validated in THIN and as a result, there was potential for misclassification; however,
any inaccuracies would be unlikely to create systematic bias and more likely to bias towards
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the null. THIN data are documented by the general practitioner and are thus reliant on this
individual to accurately enter information from specialists, such as psychologists,
psychiatrists, and eating disorder specialists for our secondary utilization of this data. The
missing BMI data, though consistent with prior THIN studies (32,33), is a limitation of the
study. It should be noted that the degree of missing data was considerably lower in
individuals with AN (39%) than in those with no eating disorder (61%). Sensitivity analyses
limited to normal or underweight individuals confirmed the increased risk of fracture in
females with AN demonstrated in the full cohort and further demonstrated that having a
lower BMI was a risk factor for fracture in females with AN but not in those without eating
disorders, with a 71% higher risk in those with a BMI <16. Although AN was not found to
be associated with an increased risk of fracture among the subset of male participants 40
years of age or older with BMI data, it should be noted that there were only 64 individuals
and 3 fracture events in this age group with BMI data. This small subset was underpowered
to detect an increased fracture risk in males 40 years of age or older. There were only five
vertebral fractures reported in males with AN; thus, conclusions should be considered given
this relatively small number of events. Vertebral fractures may also be underestimated given
their propensity to be subclinical. Based on the coding, we were unable to discern whether
reported fractures were traumatic or fragility fractures. Dietary intake and physical activity
data were not available given the nature of the data. Finally, the data cannot establish a
causal mechanism, although it can confirm associations. Although the THIN database has
been shown to be representative of the UK, there is a possible lack of generalizability to
other geographic regions.

Our study has several strengths that expand upon and fill critical gaps in the previous
literature. First, the robust size of the THIN database allowed us to study over 9,500 patients
with AN and compare them with over 95,000 unexposed participants without an eating
disorder who were matched on sex, age, and practice. The only previous study in AN to
include a separate fracture risk for males had a sample size of n=15 males (20), compared to
the relatively larger sample size of n=556 males in this study. Second, we were able to
delineate age and sex effects, as the longitudinal nature of the study allowed us to assess the
risk of incident fracture in each decade of life. Third, we were able to discern more clearly
differences in the distribution of fracture site. Finally, the THIN database has been shown to
be representative of the larger UK population (56), making our findings generalizable to the
UK.

CONCLUSIONS

AN and fractures remain formidable health problems with broad public health implications
worldwide. This is the first large epidemiologic study to examine sex differences in fracture
risk in AN. We found that males with AN had an increased risk of fractures at the vertebrae
and that males over 40 years of age with AN had an increased overall fracture risk compared
to males without an eating disorder. Females with AN had increased fracture risk across all
ages and nearly all anatomic sites with a more than four-fold higher risk at the hip/femur and
pelvis. Sex differences in fracture risk among adolescents with AN may be behaviorally
mediated.
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Hazard ratio for fracture associated with anorexia nervosa stratified by age and sex.
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