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Abstract

Purpose: Previous research has indicated that patients with anorexia nervosa (AN) or atypical 

AN with premorbid history of overweight/obesity have greater weight loss and longer illness 
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duration than patients with no such history. However, little is known about the association of 

premorbid overweight/obesity and receiving inpatient medical care during treatment for an eating 

disorder.

Methods: Using logistic regression, we sought to determine if history of overweight/obesity was 

associated with receiving inpatient medical care in a sample of 522 patients (mean age 15.5 years, 

88% female) with AN/atypical AN.

Results: Binary results demonstrated greater percent weight loss (27.4% vs. 16.2%) and higher 

percent median body mass index (%mBMI, 99.8% vs. 85.2%) at presentation in those with a 

history of overweight/obesity (p < .001) but no difference in duration of illness (p = .09). In 

models adjusted for demographics and percent weight loss, history of overweight/obesity was 

associated with lower odds of receiving inpatient medical care (odds ratio .60 [95% confidence 

interval: .45–.80]) at 1-year follow-up. However, these associations were no longer significant 

after adjusting for %mBMI. Mediation results suggest that %mBMI fully mediates the relationship 

between history of overweight/obesity and inpatient medical care, in that those with a history of 

overweight/obesity are less likely to receive care due to presenting at a higher weight.

Conclusions: Our findings suggest that, despite greater degree of weight loss and no difference 

in duration of illness, participants with a history of overweight/obesity are less likely to receive 

inpatient medical care.

Keywords

Anorexia nervosa; Atypical anorexia nervosa; Adolescents; Overweight; Obesity; Percent weight 
loss; Percent median body mass index; Inpatient medical care; Eating disorder

Although child/adolescent obesity and its comorbidities have been the focus of much public 

health scrutiny for the last decade, its overlap with eating disorder behaviors and diagnoses 

remains understudied. In fact, adolescents with overweight/obesity have an elevated risk for 

weight and shape concerns compared with their normal weight peers [1] and are equally at 

risk for engaging in extreme weight control practices and disordered eating, such as purging, 

binge eating, and laxative and diet pill use [2]. Given these risks, there is need for research 

to better understand how premorbid overweight/obesity status (i.e., a history of overweight 

or obesity) in adolescent patients with anorexia nervosa (AN) or atypical AN (AAN) may 

affect the course of illness and treatment. Studies show that 11%–36% of adolescent patients 

with AN or eating disorder not otherwise specified with dietary restriction (EDNOS-DR) 

have a history of overweight/obesity and that this rate is rising [3,4]. In addition, Lebow 

et al. [3] found that patients with AN or EDNOS-DR and a history of overweight/obesity 

had longer duration of illness, greater percent weight loss, and a higher body mass index 

(BMI) at intake compared with those who started in the normal weight range. These findings 

are particularly worrisome because longer duration of illness and higher percent weight loss 

have both been found to be predictive of poorer medical and psychological outcomes [5–7]. 

Thus, there is a critical need for studies that specifically examine the influence of premorbid 

overweight/obesity on the course and treatment of adolescents with AN/AAN.

To address this gap in knowledge, we used patient data from the National Eating Disorders 

Quality Improvement Collaborative (NEDQIC), a multisite collaborative of adolescent 
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medicine programs that treat patients with eating disorders. Specifically, we set out to 

(1) examine differences in clinical markers of severity of illness (e.g., duration of illness 

and percent weight loss) in adolescent patients with AN and AAN by history of overweight/

obesity and (2) investigate the association of premorbid overweight/obesity and likelihood 

of receiving inpatient medical care over 1-year follow-up. Based on prior studies, we 

hypothesized that patients with a history of overweight/obesity would have worse clinical 

markers of severity of illness than those with no history of overweight/obesity, including 

having had a longer duration of illness and greater weight loss at intake to an eating disorder 

program. We also hypothesized that despite having greater percent weight loss, patients with 

a history of overweight/obesity would present with a higher percent median BMI (%mBMI). 

Finally, we hypothesized that patients with AN/AAN and a history of overweight/obesity 

would be more likely to require intensive medical care during 1-year follow-up than those 

without a history of overweight/obesity.

Method

Sample

The NEDQIC is a multisite quality improvement collaborative of adolescent medicine–

based eating disorder programs, with past studies exploring predictors of weight outcomes 

in adolescent patients with eating disorders [8–10]. As part of the NEDQIC, 14 eating 

disorder programs took part in a retrospective chart review of patients presenting to their 

clinics in the calendar year 2010. Patients’ charts were reviewed at intake and at 1-year 

follow-up. One-year follow-up was defined as the visit between 9 and 15 months after the 

intake visit that was closest to 1 year. Participants meeting criteria for AN or AAN per 

DSM-5 criteria were included in the chart review. Chart review was performed by each 

site and combined into a database by the lead site (Boston Children’s Hospital). While 

geographically diverse, all sites had medical providers specializing in adolescent medicine 

working with a multidisciplinary team. However, levels of care available varied by site. 

Diagnoses were retroactively assigned by a local eating disorder expert based on DSM-5 

criteria for AN and AAN [9]. The institutional review board approval was obtained at each 

site involved in data collection. A Health Insurance Portability and Accountability Act data 

sharing agreement was signed between each site and the lead site.

Measures

Chart review was performed and coded by each site using a 90-item data collection 

form previously published in the literature [9]. All programs provided information about 

participants at intake, including participants’ sex, age, race/ethnicity, eating disorder 

diagnosis, BMI (kg/m2), %mBMI, duration of illness, height, and highest self-reported 

weight. Sites also provided information at 1-year follow-up including height, weight, and 

type of eating disorder treatment received over the past year. Duration of illness was 

reported at intake by either the parent or patient and was defined as the amount of 

time eating disorder symptoms had been present. Percent weight loss was calculated by 

subtracting weight at intake from reported highest weight ever, dividing by highest weight 

ever, and multiplying by 100. Eating disorder–related treatment received during the last 

year was divided into two categories: medically specified care (inpatient medical and/or 
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joint inpatient medical/psychiatric) and all other treatments including, inpatient psychiatric 

hospitalization, day treatment program/partial hospitalization, intensive outpatient program, 

psychotherapy, taking psycho-pharmacologic medications, family-based therapy, adolescent

focused individual therapy, nutritional therapy, and outpatient adolescent medical care [9]. 

Participants who received both inpatient medical care and other care were categorized as 

receiving inpatient medical care.

Data analysis

Participants’ intake BMI, age, and sex were used to calculate BMI percentile for age and 

sex according to Centers for Disease Control and Prevention growth charts [11]. Reported 

highest weight and intake height, age, and sex were used to calculate the highest BMI 

percentile that individual patients had ever reached. Two groups were created based on this 

highest BMI percentile. BMIs which were at or above the 85th percentile for age and sex 

[11] or ≥25 kg/m2 for participants aged 18 years or older were categorized as having a 

history of overweight/obesity, meaning that their highest weight was above the normal range 

[12]. Participants with BMI below the 85th and above the fifth percentile or those with 

BMI <25 and ≥18.5 kg/m2 if 18 years or older were categorized as having no history of 

overweight/obesity. A small number of participants (n = 18) had a highest weight in the 

underweight range (BMI percentile <5 or BMI <18.5 kg/m2 if over 18 years). Owing to the 

small sample size and aim of analyses, these participants were excluded. Participants were 

categorized as missing (n = 72) if they had missing or incomplete weight history data. The 

final sample consisted of 522 participants.

To address aim 1, participants with a history of overweight/obesity were compared to 

those with no history of overweight/obesity on duration of illness and %mBMI using Mann

Whitney U tests and on percent weight loss at intake using an independent t test. Participants 

were further compared on eating disorder diagnosis, sex, race/ethnicity, and treatment 

received at 1-year follow-up using chi-square tests. To address aim 2, we performed a series 

of logistic regression models with history of overweight/obesity as the primary predictor 

and inpatient medical care as the outcome. Given that data came from 14 outpatient sites 

that differed in availability of care as well as potential differences in criteria for referral to 

inpatient care, analyses were controlled for clustering in the data. In model 1, history of 

overweight/obesity was entered adjusting for age, sex, and race/ethnicity. Model 2 further 

adjusted for percent weight loss and model 3 for %mBMI at presentation. While diagnosis 

was also significantly correlated with history of overweight/obesity in bivariate correlations, 

it was not included as a predictor of care as it was significantly correlated with %mBMI (at r 

= .60) with potential for collinearity.

We also performed a mediation analysis testing the hypothesis that weight at presentation 

(i.e., %mBMI) may mediate the relationship between history of overweight/obesity and 

receiving inpatient medical care given the focus on weight for admission [13,14]. To 

establish mediation, we followed the four steps proposed by Baron and Kenny [15]. We also 

calculated the indirect effect of history of overweight/obesity through %mBMI on inpatient 

medical care using the delta method in MPLUS 7.4 (Muthén & Muthén, Los Angeles, CA) 

[16,17].

Kennedy et al. Page 4

J Adolesc Health. Author manuscript; available in PMC 2021 August 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Finally, as a sensitivity analysis, we performed tests to assess the difference between patients 

who had a highest weight ever and those who were missing weight history data. Patients 

with missing data did not differ from those with a reported highest weight by sex, diagnosis, 

%mBMI, or duration of illness; however, they were younger (p < .001) than those with 

a reported highest weight. Regression analyses were performed using Mplus version 7, 

and bivariate analyses were performed using IBM Statistical Package for Social Sciences, 

version 23 (IBM Corp., Armonk, NY).

Results

Table 1 shows clinical characteristics by the presence or absence of overweight/obesity 

history. Bivariate results reveal that at intake, participants with a history of overweight/

obesity had significantly greater percent weight loss and higher %mBMI than those with 

no history of overweight/obesity (p < .001). Participants who were males (30.2% males vs. 

17.9% females; p = .02) and nonwhite (26.8% nonwhite vs. 17.6% white; p = .04) were 

more likely to have a history of overweight/obesity. In addition, participants with a history of 

overweight/obesity were more likely to have an AAN diagnosis (66.3% AAN vs. 33% AN; 

p < .001). There was no statistically significant difference between weight history groups 

on duration of illness (p = .09); participants with a history of overweight/obesity were ill, 

on average, for 16.2 months, compared with 13.7 months for those without. Similarly, there 

were no statistical differences between weight groups on level of care received at 1-year 

follow-up, with 25.7% of those with a history of overweight/obesity receiving inpatient 

medical care compared to 26.6% of those without history of overweight/obesity (p = .86). 

Finally, of note, among the 101 participants with a history of overweight/obesity, 7.9% (n = 

8) were still overweight/obese at intake.

Table 2 contains results from regression models testing the association of overweight/obesity 

with receiving inpatient medical care at 1-year follow-up. In the initial logistic regression 

(model 1) adjusting for age, sex, and race/ethnicity, history of overweight/obesity did not 

predict inpatient medical care (p = .70, odds ratio [OR]: .95 [95% confidence interval {CI}: 

.56–1.52]). However, in model 2, after further adjustment for percent weight loss, history 

of overweight/obesity was associated with lower odds of receiving inpatient medical care 

(p < .001, OR: .60 [95% CI: .45–.80]). In model 3, adjusting for sex, age, race, percent 

weight loss, and %mBMI, history of overweight was no longer significantly associated with 

inpatient medical care; however, percent weight loss (p < .001, OR: 1.02 [95% CI: 1.01–

1.03]) and %mBMI (p = .01, OR: .97 [95% CI: .95–.99]) were significantly associated with 

inpatient medical care. That is, in the final model, higher %mBMI was associated with lower 

odds of receiving inpatient medical care and greater percent weight loss was associated with 

higher odds of receiving care.

We tested the hypothesis that %mBMI at intake may mediate the relationship between 

history of overweight/obesity and receiving inpatient medical care by 1-year follow-up 

(Figure 1). Our mediation hypothesis was supported. When adjusting for covariates, history 

of overweight/obesity was significantly related to both inpatient medical care (OR: .60, 

standard error [SE] = .15, p < .01, step 1) and %mBMI (β: .49, SE = .03, p < .001, step 

2). In addition, %mBMI was significantly related to inpatient medical care (OR: .97, SE 
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= .01, p < .01, step 3). To test for mediation, we entered history of overweight/obesity 

and %mBMI as predictors of inpatient medical care. The association between %mBMI and 

inpatient medical care remained significant, whereas the relationship between history of 

overweight/obesity and inpatient medical care was not significant (OR: 1.07, SE = .193, 

p = .71, step 4). Furthermore, the indirect effect of history of overweight/obesity through 

%mBMI on inpatient medical care was significant (OR: .65, SE = .21, p < .05), indicating 

full mediation.

Discussion

To our knowledge, this is the first study to investigate the association of premorbid history of 

overweight/obesity and intensity of eating disorder treatment received over 1-year follow-up 

in a cohort of patients with AN or AAN. Contrary to our hypotheses, we found that patients 

with a history of overweight/obesity were less than half as likely to receive inpatient medical 

care once we accounted for the percent of body weight they had lost. However, when 

we accounted for %mBMI, history of overweight/obesity was no longer associated with 

receiving inpatient medical care. Mediation analyses revealed that %mBMI fully mediated 

the relationship between history of overweight/obesity and inpatient medical care, meaning 

that those with a history of overweight/obesity were less likely to receive inpatient medical 

care due to presenting at a higher weight. Our findings highlight the persistent focus on 

weight status at presentation, rather than degree of weight loss, in clinical decision-making 

in eating disorder care.

The finding that percent weight loss is a unique indicator of inpatient medical care is in 

line with a recent position paper by the Society for Adolescent Health and Medicine, which 

highlighted the need to take into consideration not only %mBMI but also degree and rate 

of weight loss, when establishing level of malnutrition resulting from a restrictive eating 

disorder [13,14]. In our study, those patients with a history of overweight/obesity lost, on 

average, 27.5% of their body weight, which further supports this position. According to 

Peebles et al. [6], adolescent patients who lost more than 25% of their body weight through 

food restriction, but were not underweight at intake, presented to eating disorder care with 

more severe medical sequelae, such as bradycardia and orthostasis, than other patients with 

AN, bulimia nervosa (BN), or other subthreshold AN and BN diagnoses [6]. Furthermore, 

a study of adolescents and adults with AN found that patients who presented to treatment 

with greater weight loss relative to their highest weight and at a higher BMI had more severe 

psychological AN symptomatology at treatment discharge [5]. The authors posited that these 

patients were more likely to have been overweight or near-overweight before their eating 

disorder. Therefore, relying on % mBMI as the defining indicator for medical treatment 

of eating disorder care has the potential to miss those who may have severe psychological 

symptomatology and potentially significant medical sequelae.

While it is recommended that percent and rate of weight loss are considered when 

establishing malnutrition [13], approvals from insurance companies for more intensive 

treatments are often based on degree of malnutrition at intake; this is one potential 

explanation for those with a history of overweight/obesity being less likely to receive 

inpatient medical care [13,14] compared to those with no history of overweight/obesity. 
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Furthermore, there was a greater proportion of males and nonwhite participants in those 

with a history of overweight/obesity than in those without. AN has historically been under

recognized in men and in racial/ethnic minorities [18], which has contributed to documented 

treatment disparities, with most treatment facilities being geared toward women [19] and 

individuals from minority groups being underdiagnosed and/or undertreated [20]. Given 

these disparities, it is possible that a history of overweight/obesity was associated with lower 

odds of inpatient medical care not only because of a high intake weight but also because 

of gender and race/ethnicity. Finally, an alternative explanation of the findings may be that 

participants who enter into care at a higher weight are able to be treated in outpatient care 

without needing to go into inpatient medical care. Indeed, in an article previously published 

by the NEDQIC, % mBMI was the only predictor of weight recovery regardless of the level 

of treatment received [9], thus indicating that for weight restoration, outpatient care may 

be appropriate for those with a higher intake weight. However, given that recovery from 

an eating disorder encompasses more than weight restoration, future research is needed to 

elucidate the medical and psychiatric outcomes of patients by weight history and level of 

care received.

Of note, our results were somewhat divergent from a similar study by Lebow et al. [3] who 

had found that participants with a history of overweight/obesity with AN or EDNOS-DR 

had a longer duration of illness [3] than those with a normal weight history at eating disorder 

treatment intake. In the present study, participants with a history of overweight/obesity also 

had a longer duration of illness; however, this difference was not statistically significant. 

This inconsistency requires further research, as length of illness is a marker for recovery, 

with early detection and treatment indicating a better outcome [7].

Strengths and limitations

Our findings contribute to the emerging body of literature on the intersection of overweight/

obesity and restrictive eating disorders. Given the low prevalence rate of AN and AAN [19–

21], the present study provides a large sample size to detect differences by weight history. 

In addition, while previous literature has focused on the intersection of overweight/obesity 

and binge eating disorder and BN [22–25], few studies have examined the association of 

overweight/obesity and AN or AAN. This study represents a critical step in understanding 

this understudied phenomenon of restrictive eating disorders in individuals with overweight 

or obesity.

There are a number of limitations in this retrospective study, most notably the way in 

which a history of overweight/obesity was established. In the present study, history of 

overweight/obesity was calculated using participants’ self-reported highest weight and 

current height and age; we used current height and age as participants were not asked 

timing of their highest ever weight nor their height at that time. While this is a limitation, 

it likely contributed to an underestimation of participants with a history of overweight/

obesity. Indeed, the prevalence of a history of overweight/obesity was much higher (36% 

compared with 16.5% in the present study) in a similar sample in a study by Lebow et 

al. [3] which used growth charts to establish historical weight. Furthermore, we did not 

have information on other medical or psychological indicators of illness severity, such 
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as electrolyte disturbances, cardiac dysrhythmia, or overevaluation of weight and shape 

concerns [13,26], thus limiting our ability to determine which patients met medical criteria 

for hospitalization. In addition, not all sites were able to offer the same types of care; 

however, we controlled for clustering in our data to account for these differences by site [9]. 

Finally, we used DSM-5 diagnoses in bivariate analyses; however, DSM-4 was in use when 

the data were collected. Thus, while our findings suggest that participants with a history 

of overweight/obesity are more likely to receive an AAN diagnosis, our findings should be 

interpreted with some caution. Given these limitations, future research should examine the 

ways in which other medical and psychological indicators may differ by weight history and 

how those may contribute to level of care received once in treatment. Finally, while the 

sample is representative of patients presenting to adolescent medicine–based eating disorder 

clinics, it is an entirely clinically based sample. This sample cannot be generalized to the 

community where adolescents may struggle simultaneously with concerns of overweight/

obesity and restrictive eating disorders but have not yet or may never enter treatment.

Implications and contribution

AN and AAN are debilitating disorders, which are both mentally and medically harmful. It 

is imperative that these disorders are ideally prevented, but at least caught early, given their 

high mortality rate and effect on quality of life [26,27]. While historically a relationship 

between overweight/obesity and restrictive eating disorders has been minimally investigated, 

our study highlights the need for further research and awareness of this intersection. This 

is especially true for adolescents with overweight/obesity as these young people are often 

subjected to weight stigma and are encouraged by friends, family, and society to lose weight, 

often at any cost [28]. Our findings suggest the potential suboptimal treatment of individuals 

with a history of higher weights who develop restrictive eating disorders, thereby putting 

them at risk of poorer prognosis.
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IMPLICATIONS AND CONTRIBUTION

The present study found that the history of overweight/obesity in adolescent patients 

with anorexia nervosa or atypical anorexia nervosa was associated with lower odds of 

receiving inpatient medical care despite greater percentage weight lost and no difference 

in illness duration.
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Figure 1. 
Mediation of association between history of overweight/obesity and inpatient medical 

care by %mBMI. 1Step 1: Significant association between history of overweight/obesity 

(predictor) and inpatient medical care (outcome). 2Step 2: Significant association between 

history of overweight/obesity (predictor) and %mBMI (mediator). 3Step 3: Significant 

association between %mBMI (mediator) and inpatient medical care (outcome). 4Step 4: 

Association between history of overweight/obesity (predictor) and inpatient medical care 

(outcome) no longer significant after adjusting for mediating variable, %mBMI indicating 

full mediation. 5%mBMI = percent median body mass index. *p < .05, **p < .01, ***p < 

.001.
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Table 1

Descriptive statistics for participants with AN or AAN at eating disorder treatment intake according to weight 

history

Entire population (N = 
522), n (%)

History of normal 
weight (n = 421)

History of overweight/
obesity (n = 101) p value

a

Gender

 Female 459 (87.9) 377 (89.5) 82 (81.2) .03

 Male 63 (12.1) 44 (10.5) 19 (18.8)

Race/ethnicity

 White 425 (81.4) 350 (83.1) 75 (74.3) .04

 Nonwhite 97 (18.6) 71 (16.9) 26 (25.7)

Diagnosis

 AN 316 (60.5) 282 (67.0) 34 (33.7) <.001

 AAN 206 (39.5) 139 (33.0) 67 (66.3)

Mean (±SD)

 Age in years 15.6 (2.3) 15.7 (2.3) 15.3 (2.3) .07

 Duration of illness in months 14.2 (16.9) 13.7 (15.7) 16.2 (21.0) .09

 %mBMI 88.1 (11.5) 85.2 (9.2) 99.8 (12.8) <.001

 Percent weight loss 18.4 (9.5) 16.2 (7.9) 27.4 (10.3) <.001

Comparison of care at 1-year follow-up; n (%)

 Inpatient medical care versus all 

other care
b

  Inpatient medical care 138 (26.4) 112 (26.6) 26 (25.7) .86

  All other care 384 (73.6) 309 (73.4) 75 (74.3)

AN = anorexia nervosa; AAN = atypical anorexia nervosa; %mBMI = percent median body mass index; SD = standard deviation.

a
Comparison between those with a history of overweight/obesity and those with a history of normal weight.

b
All other care = inpatient psychiatric hospitalization, day treatment program/partial hospitalization, intensive outpatient care, and outpatient care.
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Table 2

Logistic regression analysis predicting receiving inpatient medical care at 1-year follow-up: ORs (95% CI)

Model 1 Model 2 Model 3

Variables

 Age 1.00 (.94–1.06) .96 (.93–1.04) .98 (.93–1.04)

 Sex .96 (.94–1.43) 1.02 (.73–1.57) 1.10 (.74–1.60)

 Race 1.47 (.94–1.86) 1.11 (.94–1.84) 1.33 (.94–1.87)

History of overweight/obesity .95 (.56–1.52) .60** (.45–.80) 1.06 (.67–1.68)

Percent weight loss 1.04*** (1.02–1.06) 1.02*** (1.01–1.03)

%mBMI .97* (.95–.99)

*
p < .05;

**
p < .01;

***
p < .001.

CI = confidence interval; %mBMI = percent median body mass index; ORs = odds ratios.
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