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Abstract

Objective: To describe the clinical characteristics of male adolescents and young adults 

hospitalized for medical complications of atypical anorexia nervosa (atypical AN) and to compare 

their clinical characteristics with females with atypical AN and males with anorexia nervosa (AN).

Method: A retrospective review of electronic medical records for patients with atypical AN and 

AN aged 9–25 admitted to the UCSF Eating Disorders Program from May 2012 to August 2020 

was conducted.

Results: Among 21 males with atypical AN (mean age 15.1±2.7, mean %mBMI 102.0±11.8), 

medical complications evidenced by admission laboratory values included anemia (52.9%), 

vitamin D insufficiency/deficiency (52.6%), and zinc deficiency (31.6%). Compared with females 

with atypical AN (n=69), males with atypical AN had longer length of stay (11.4 vs 8.4 days, 

p=.004), higher prescribed kcal at discharge (4114 vs 3045 kcal, p<.001), lower heart rate nadir 

(40.0 vs 45.8, p=.038), higher aspartate transaminase (AST, 37.9 vs 26.2 U/L, p=.032), higher 

alanine transaminase (ALT, 30.6 vs 18.3 U/L, p=.005), and higher rates of anemia (52.9% vs 

19.4%, p=.005), with no differences in vitamin D, zinc, and vital signs. Compared with males 

Corresponding Author: Jason M. Nagata, 550 16th Street, 4th Floor, Box 0503, San Francisco, California 94143, 
jason.nagata@ucsf.edu.
Contributor roles:
J.N. conceptualized and designed the study, developed the methodology, drafted the initial manuscript, and reviewed and revised the 
manuscript. R.V. performed statistical analysis and reviewed and revised the manuscript. A.S., E.S. drafted the initial manuscript and 
reviewed and revised the manuscript. A.N. contributed to the data extraction, conducted the literature review, and reviewed and revised 
the manuscript. A.D., A.C., K.G., and S.B. critically reviewed and revised the manuscript. A.G. helped conceptualize the study and 
reviewed and revised the manuscript.

Conflicts of interest: The authors have no conflicts to disclose.

Ethics approval: This retrospective chart review study involving human participants was in accordance with the ethical standards 
of the institutional and national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable 
ethical standards. The Institutional Review Board (IRB) of the University of California, San Francisco approved this study.

Consent to participate: This research study was conducted retrospectively from data obtained for clinical purposes. We consulted 
extensively with the IRB of the University of California, San Francisco who determined that our study did not need informed consent.

HHS Public Access
Author manuscript
Int J Eat Disord. Author manuscript; available in PMC 2025 April 01.

Published in final edited form as:
Int J Eat Disord. 2024 April ; 57(4): 1008–1019. doi:10.1002/eat.24132.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



with AN (n=40), males with atypical AN had no significant differences in vital signs or laboratory 

assessments during the hospitalization.

Discussion: Atypical AN in males leads to significant medical comorbidity, and males with 

atypical AN require longer hospital stays compared to females with atypical AN. Rates of 

abnormal vital signs and abnormal serum laboratory values during hospital admissions do not 

differ in males with atypical AN compared to AN.

Keywords

Atypical anorexia nervosa; anorexia nervosa; feeding and eating disorders; female; male; 
refeeding

Introduction

Until 2013, the Diagnostic and Statistical Manual, fourth edition (DSM-IV) only contained 

diagnostic criteria for anorexia nervosa (AN) and bulimia nervosa. As a result, many patients 

who did not fall squarely within these diagnostic criteria were labeled as “eating disorder 

not otherwise specified” (Walsh et al., 2023; Walsh & Sysko, 2009). With the release of the 

DSM-5, atypical anorexia nervosa (atypical AN) was included to account for patients who 

meet all psychological criteria for AN, yet have a weight within or above the normal range 

(American Psychiatric Association, 2013).

Over the last decade, research comparing atypical AN and AN has increased. Compared 

to individuals with AN, adolescents with atypical AN experience more distress with eating 

and body image (Johnson-Munguia et al., 2023) and have higher bone mineral density 

Z-scores (Nagata et al., 2019). When hospitalized, individuals with atypical AN exhibit vital 

sign instability, including hypotension and bradycardia, at similar rates to those with AN, 

suggesting they are just as medically ill (Garber et al., 2019; Sawyer et al., 2016; Walsh et 

al., 2023; Zanna et al., 2021). While a recent systematic review found that males comprise 

a greater proportion of individuals with atypical AN compared to AN (Walsh et al., 2023), 

sex-specific differences among those with atypical AN have not been explored.

Sex differences in eating disorder behaviors (e.g., exercising behaviors, muscularity-oriented 

eating) and medical complications highlight the need for sex-specific research examining 

males with atypical AN. Lengths of stay among hospitalized patients with eating disorders 

are prolonged for males compared to females, in part due to higher estimated energy 

requirements and the need for higher caloric intake to achieve medical stability (Nagata, 

Bojorquez-Ramirez, Nguyen, Ganson, Machen, et al., 2022). Further, males with eating 

disorders are more likely to be anemic compared to females (Nagata, Bojorquez-Ramirez, 

Nguyen, Ganson, McDonald, et al., 2022). Males with AN have distinct changes in 

body composition compared to females with AN, which may highlight the unique 

psychopathology of males with eating disorders as it relates to muscularity-oriented goals 

(Nagata et al., 2017). Prior studies have reported presenting clinical characteristics of males 

with eating disorders in general, but have not focused on those with atypical AN (Coelho 

et al., 2018; Vo et al., 2016). Altogether, the interplay between sex and eating disorder 
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pathology influences sex-specific clinical care for individuals with eating disorders, allowing 

for effective and individualized treatment.

To our knowledge, no studies have described the clinical characteristics of hospitalized 

males with atypical AN. Therefore, the objectives of this study are to 1) describe the 

clinical characteristics of hospitalized males with atypical AN, 2) compare their clinical 

characteristics to females with atypical AN, and 3) compare their clinical characteristics to 

males with AN. Building on the growing body of literature describing sex differences in 

eating disorders more broadly, we hypothesize that males with atypical AN will have longer 

medical hospitalizations than females with atypical AN due to the differences in estimated 

energy requirements and similar vital sign instability on admission. We also hypothesize that 

clinical characteristics of males with atypical AN will be similar to those of males with AN.

Method

Study population

We conducted a chart review of 601 patients, aged 9–25, admitted to the Eating Disorders 

Program at the University of California, San Francisco (UCSF) between May 2012 and 

August 2020. The UCSF Inpatient Eating Disorders Program offers medical stabilization 

and diagnostic assessments by specialists. Indications for medical hospitalization are based 

on the Position Papers of the Society for Adolescent Health and Medicine (see Appendix A 

for full list of indications for hospitalization) (Golden et al., 2003; Society for Adolescent 

Health and Medicine et al., 2015). Patients diagnosed under DSM-IV criteria (8%) were 

reclassified to DSM-5 by our study team.

The criteria for inclusion were patients aged 9 to 25 years initially hospitalized for 

the medical management of atypical AN (n=90) and AN (n=355) through nutritional 

rehabilitation between May 2012 and August 2020. Exclusion criteria encompassed patients 

who did not meet DSM-5 diagnostic criteria for atypical AN or AN. The final sample 

included 445 participants.

Study design

We sourced data from electronic medical records to characterize demographic and 

physiologic characteristics of our study participants. This data spanned demographics, 

illness duration, anthropometric measures, vital signs, and laboratory analyses from standard 

clinical documentation.

Measurements

All measurements and evaluations followed established clinical protocols. At admission, 

vital signs and laboratory assessment were obtained per the standard admission protocol. 

All analyses were conducted at a Clinical Laboratory Improvement Amendments (CLIA)-

certified laboratory, adhering to federal standards. Our study adhered to the UCSF clinical 

laboratory’s reference ranges. Height measurements were performed using a wall-mounted 

stadiometer while patients were weighed in a hospital gown without undergarments on a 

standing scale before morning intake and post-voiding. Body mass index (BMI), presented 
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as kg/m², was derived from initial weight and height measurements taken at admission. The 

percent median BMI (%mBMI) was calculated from the median BMI for age and sex using 

the Center for Disease Control growth charts as a reference (Centers for Disease Control, 

2022). Licensed psychologists or psychiatrists made AN and atypical AN diagnoses based 

on clinical assessments during the hospital admission. For the weight criteria, atypical AN 

was defined as %mBMI >85% as has been defined in previous research (Garber et al., 2019, 

2021; Golden et al., 2023). The severity of weight suppression at admission was assessed by 

subtracting the admission weight from the patient’s highest recorded weight, then dividing 

by the highest recorded weight, from chart reviews. Duration of illness, length of hospital 

stay, and prescribed calories at admission and discharge were extracted by chart review. Per 

the UCSF inpatient admission protocol and the American Psychiatric Association’s clinical 

practice guidelines (American Psychiatric Association, 2023), zinc levels were obtained 

to monitor for deficiencies in individuals with AN or atypical AN. Prior studies have 

found the prevalence of zinc deficiency to range from 24.8% to 64.3% during inpatient 

medical admissions (Hanachi et al., 2019; Nagata, Bojorquez-Ramirez, Nguyen, Ganson, 

McDonald, et al., 2022). Refeeding hypophosphatemia, hypokalemia, or hypomagnesemia 

were defined as individuals with low phosphorous (<3.0 mg/dL), potassium (<3.5 mmol/L), 

or magnesium (<1.8 mg/dL), respectively, after 24 hours of hospitalization (hospital day 2) 

and the initiation of nutritional refeeding. Refeeding hypophosphatemia was defined by the 

Society for Adolescent Health and Medicine as serum phosphorus < 3.0 mg/dL, given that 

this threshold is associated with the development of other medical complications associated 

with refeeding syndrome (Society for Adolescent Health and Medicine, 2022b).

Ethics

This retrospective chart review study involving human participants was in accordance with 

the ethical standards of the institutional and national research committee and with the 

1964 Helsinki Declaration and its later amendments or comparable ethical standards. The 

Institutional Review Board of the UCSF approved this study (20–30323). A waiver of 

informed consent was granted given no more than minimal risk to participants, the study 

will not adversely affect the rights and welfare of participants, the retrospective chart review 

could not practicably be done without the waiver, and an adequate plan to protect the 

identifiers from improper use and disclosure.

Statistical analysis

Using Stata 18.0 (StataCorp LP, College Station, TX), we report descriptive statistics of the 

demographic and clinical factors for males with atypical AN, females with atypical AN, 

males with AN, and females with AN. We then compared groups using independent samples 

t-tests (continuous variables) and chi-squared or Fisher’s exact tests (categorical variables). 

Group comparisons were for males with atypical AN vs females with atypical AN, males 

with atypical AN vs males with AN, and females with atypical AN vs females with AN. 

For the comparisons of liver function tests among males with atypical AN vs females 

with atypical AN, we conducted additional regression analysis to adjust for %mBMI. We 

conducted linear regression analyses with sex (independent variable) and liver function 

tests (aspartate transaminase [AST] and alanine transaminase [ALT], dependent variables, 

adjusted for %mBMI. In a sensitivity analysis, we limited the sample to participants 
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who presented prior to the COVID-19 pandemic (prior to March 13, 2020). Statistical 

significance was evaluated after employing the Benjamini-Hochberg Procedure to adjust for 

a false discovery rate.

Results

Table 1 presents the demographic and clinical characteristics of hospitalized adolescents and 

young adults with atypical AN and AN by sex. Among males with atypical AN (n=21), 

average (SD) age was 15.1 (2.7), BMI was 20.6 (3.3), and %mBMI was 102.0% (11.8%). 

The average prescribed daily calorie intake was 2095 (531) kcal at admission and increased 

to 4114 (674) kcal at discharge. Average duration of illness prior to hospitalization was 15.0 

(22.8) months and length of hospital stay was 11.4 (4.2) days. The most common serum 

laboratory abnormalities in males with atypical AN included anemia (52.9%), vitamin D 

insufficiency or deficiency (52.6%), elevated alanine transaminase (ALT, 37.5%), elevated 

aspartate transaminase (AST, 25.0%), and zinc deficiency (31.6%).

Compared with females with atypical AN, males with atypical AN had longer length of stay 

(11.4 vs 8.4 days, p=.004), higher prescribed kcal at discharge (4114 vs 3045 kcal, p<.001), 

lower heart rate nadir (40.0 vs 45.8, p=.038), higher AST (37.9 vs 26.2 U/L, p=.032), higher 

ALT (30.6 vs 18.3 U/L, p=.005), and greater rates of anemia (52.9% vs 19.4%, p=.005). In 

linear regression models adjusted for %mBMI, male sex remained associated with higher 

AST (B=11.5, 95% CI 0.8–22.3, R2=0.06) and higher ALT (B=12.1, 95% CI 3.6–20.6, 

R2=0.11).

Compared with males with AN, males with atypical AN showed no significant differences 

in prevalence of vital sign instability or laboratory assessments during the hospitalization. 

Males with atypical AN did have higher BMI (20.6 vs 17.3, p<.001) and %mBMI (102.0 vs 

83.5, p<.001), concurrent with the diagnostic criteria for atypical AN. Sensitivity analyses of 

participants who presented prior to the COVID-19 pandemic are shown in Appendix B.

Discussion

The presenting clinical characteristics of male adolescents and young adults hospitalized for 

medical complications of atypical AN are described for the first time in this retrospective 

chart review. Despite a higher weight and %mBMI, significant medical complications were 

noted in males with atypical AN including anemia, vitamin D insufficiency or deficiency, 

elevated ALT, elevated AST, and zinc deficiency. Atypical AN can lead to significant 

medical consequences in male adolescents and young adults.

The analysis of sex differences among those hospitalized with atypical AN revealed unique 

clinical considerations for males with atypical AN, notably longer hospitalizations and 

higher prescribed calorie requirements to restore medical stability compared to females 

with atypical AN. Adolescent males have greater energy requirements than females due to 

the interplay between height, weight, metabolic demands, and physical activity (Whitelaw 

& Nagata, 2021). Higher nutritional requirements for males coupled with lack of sex- or 

weight-specific refeeding protocols could lead to longer hospital stays for males and a 

higher cost burden (Nagata, Bojorquez-Ramirez, Nguyen, Ganson, Machen, et al., 2022). 

Nagata et al. Page 5

Int J Eat Disord. Author manuscript; available in PMC 2025 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Prior studies in patients with AN (Garber et al., 2013; Golden et al., 2013) identified 

protracted length of stay as part of the so-called “underfeeding syndrome.” Further, a recent 

randomized controlled trial in patients with atypical AN and AN demonstrated that higher 

calorie refeeding restored medical stability three days faster and shortened hospital stay 

by four days, as compared to the lower calorie standard of care (Garber et al., 2021). 

These findings support future research examining higher caloric loads and/or faster caloric 

advancement in males with AAN.

Males with atypical AN had higher rates of anemia than females with atypical AN, similar 

to findings across eating disorder samples (Nagata, Bojorquez-Ramirez, Nguyen, Ganson, 

McDonald, et al., 2022), likely due to the sex-specific cutoffs for anemia. Males with 

atypical AN had higher liver enzymes than females with atypical AN, consistent with 

prior research in AN (Nagata et al., 2015). In a nationally representative sample of US 

adolescents, male sex has been found to be associated with a 7.7 times higher odds of 

elevated ALT than female sex (Fraser et al., 2007). Male sex was associated with higher 

ALT and AST even after adjusting for %mBMI. ALT and AST are markers of malnutrition 

in patients with eating disorders, as indicators of hepatic cell damage and muscle injury, 

respectively. About one-third of patients with AN have elevated ALT or AST (Fong et al., 

2008; Garber et al., 2019). ALT is increased in patients with lower weight (Nagata et al., 

2015), lower fat mass (Fong et al., 2008), and amenorrhea (Singhal et al., 2014). AST 

is elevated in proportion to greater lean mass, longer duration of illness, and amenorrhea 

(Garber et al., 2019; Singhal et al., 2014). In contrast, elevated BMI could lead to elevated 

liver function tests secondary to steatosis (Milić et al., 2014); however, mean BMI in our 

sample with atypical AN was within the normal range. There were not significant sex 

differences in vital signs or electrolytes at admission for males and females with atypical AN 

except the lowest heart rate was lower for males compared to females with atypical AN.

In comparisons of males with atypical AN vs AN, there were no significant differences 

in presenting vital signs or admission laboratory values, indicating that males hospitalized 

with atypical AN present with similar rates of medical complications as males hospitalized 

with AN. Consistent with prior research showing similar rates of medical complications of 

atypical AN compared to AN (Garber et al., 2019; Sawyer et al., 2016), our findings support 

these conclusions even when limited to males with atypical AN and AN.

Limitations/strengths

Limitations of this study include the relatively small sample size of males with atypical 

AN; however, prior studies have not specifically focused on males with atypical AN. 

Additionally, the retrospective and observational nature of the chart review precludes causal 

inferences and introduces the potential for incomplete documentation. Eating disorder 

diagnosis was ascertained by clinical interview rather than structured/semi-structured rating 

instruments during medical hospitalization. Findings were from a tertiary care hospital in 

Northern California and therefore may not be generalizable to other populations. Future 

research endeavors could involve larger, multicenter studies to validate these findings across 

diverse populations and healthcare settings.
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Conclusion

We report clinical characteristics of male adolescents and young adults hospitalized for 

medical complications of atypical AN, noting important medical consequences including 

anemia, vitamin D insufficiency, zinc deficiency, and elevated liver enzymes. It is 

noteworthy that the rates of abnormal admission vital signs and abnormal laboratory 

evaluations in males with atypical AN were not less common than in males with AN, despite 

a higher %mBMI, indicating that higher admission weight is not protective. Eating disorders 

in male populations remain under-researched and underdiagnosed, and this is particularly the 

case for males with atypical AN. Findings from this study can contribute to the limited but 

growing body of literature informing sex-specific medical management of eating disorders 

in male populations (Society for Adolescent Health and Medicine, 2022a). Future research 

should investigate sex-specific screening, prevention, and treatment for males with atypical 

AN.
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Appendix A.: Indications for medical hospitalization at UCSF.

The UCSF Eating Disorders Program follows the indications supporting hospitalization 

published by the Society for Adolescent Health and Medicine Position Paper.

Indications supporting hospitalization in an adolescent with an eating disorder for patients 

admitted to UCSF in 2015–2020

One or more of the following justify hospitalization:

1. ≤75% Median body mass index for age and sex

2. Dehydration

3. Electrolyte disturbance (hypokalemia, hyponatremia, hypophosphatemia)

4. EKG abnormalities (e.g., prolonged QTc or severe bradycardia)

5. Physiological instability
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Severe bradycardia (heart rate <50 beats/min daytime; <45 beats/min at night)

Hypotension (<90/45 mm Hg)

Hypothermia (body temperature <96°F, 35.6°C)

Orthostatic increase in pulse (>20 beats/min) or decrease in blood pressure (>20 

mm Hg systolic or >10 mm Hg diastolic)

6. Arrested growth and development

7. Failure of outpatient treatment

8. Acute food refusal

9. Uncontrollable bingeing and purging

10. Acute medical complications of malnutrition (e.g., syncope, seizures, cardiac 

failure, pancreatitis, and so forth)

11. Comorbid psychiatric or medical condition that prohibits or limits appropriate 

outpatient treatment (e.g., severe depression, suicidal ideation, obsessive 

compulsive disorder, type 1 diabetes mellitus)

EKG = Electrocardiogram; QTc = Corrected QT interval

Society for Adolescent Health and Medicine, Golden, N. H., Katzman, D. K., Sawyer, 

S. M., Ornstein, R. M., Rome, E. S., Garber, A. K., Kohn, M., & Kreipe, R. E. (2015). 

Position Paper of the Society for Adolescent Health and Medicine: medical management 

of restrictive eating disorders in adolescents and young adults. The Journal of adolescent 

health : official publication of the Society for Adolescent Medicine, 56(1), 121–125.

Indications supporting hospitalization in an adolescent with an eating disorder for patients 

admitted to UCSF in 2012–2014

One or more of the following justify hospitalization:

1. Severe malnutrition (weight ≤75% average body weight for age, sex, and height)

2. Dehydration

3. Electrolyte disturbances (hypokalemia, hyponatremia, hypophosphatemia)

4. Cardiac dysrhythmia

5. Physiological instability Severe bradycardia (heart rate < 50 beats/minute 

daytime; <45 beats/minute at night)

Hypotension (< 80/50 mm Hg)

Hypothermia (body temperature < 96° F)

Orthostatic changes in pulse (> 20 beats per minute) or blood pressure (>10 mm 

Hg)

6. Arrested growth and development
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7. Failure of outpatient treatment

8. Acute food refusal

9. Uncontrollable binging and purging

10. Acute medical complications of malnutrition (e.g., syncope, seizures, cardiac 

failure, pancreatitis, etc.)

11. Acute psychiatric emergencies (e.g., suicidal ideation, acute psychosis)

12. Comorbid diagnosis that interferes with the treatment of the eating disorder (e.g., 

severe depression, obsessive compulsive disorder, severe family dysfunction)

Golden, N. H., Katzman, D. K., Kreipe, R. E., Stevens, S. L., Sawyer, S. M., Rees, J., 

Nicholls, D., Rome, E. S., & Society For Adolescent Medicine (2003). Eating disorders 

in adolescents: position paper of the Society for Adolescent Medicine. The Journal of 

adolescent health : official publication of the Society for Adolescent Medicine, 33(6), 496–

503.

Appendix B.: Demographic characteristics and nutritional status of 

adolescents and young adults hospitalized with atypical anorexia nervosa 

and anorexia nervosa by sex (prior to COVID-19 pandemic)

Characteristic
Atypical 
Anorexia 
Nervosa

Anorexia Nervosa

Male 
(n = 
16)

Female 
(n = 56) p a Effect 

sizeb
Male 
(n = 
35)

p c Effect 
sizeb

Female 
(n = 
287)

p d Effect 
sizeb

Age, years, mean 
(SD)

15.1 ± 
2.9

15.3 ± 
2.6

.870 0.047 16.3 ± 
2.6

.141 0.452 15.7 ± 
2.9

.279 0.158

Race/ethnicity, n 
(%)

.129 0.179 .461 0.103 .374 0.048

 Asian or NHOPIe 0 (0) 3 (5.4) 3 (8.6) 21 (7.3)

 Hispanic 7 
(43.8)

7 (12.5) 11 
(31.4)

41 
(14.3)

 Multiracial 2 
(12.5)

5 (8.9) 1 (2.9) 10 (3.5)

 Non-Hispanic 
Black or African 
American

1 (6.3) 0 (0) ` 1 (2.9) ` 3 (1.1)

 Non-Hispanic 
White

6 
(37.5)

33 
(58.9)

17 
(48.6)

187 
(65.2)

 Other 0 (0) 7 (12.5) 2 (5.7) 15 (5.2)

 Unknown/
Declined

0 (0) 1 (1.8) 0 (0) 10 (3.5)

BMI, kg/m2, mean 
(SD)

20.5 ± 
3.5

20.3 ± 
2.4

.747 0.092 17.5 ± 
2.4

< 
.001

1.097 17.0 ± 
2.3

< 
.001

1.396

% median BMI, 
mean (SD)

101.7 
± 11.8

101.0 ± 
11.8

.837 0.059 83.9 ± 
12.3

< 
.001

1.439 83.9 ± 
10.9

< 
.001

1.537

Percent weight 
suppression at 

19.6 ± 
11.9

17.0 ± 
8.5

.347 0.284 22.5 ± 
12.2

.454 0.245 20.1 ± 
10.5

.042 0.307
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Characteristic
Atypical 
Anorexia 
Nervosa

Anorexia Nervosa

Male 
(n = 
16)

Female 
(n = 56) p a Effect 

sizeb
Male 
(n = 
35)

p c Effect 
sizeb

Female 
(n = 
287)

p d Effect 
sizeb

admission, mean 
(SD)f

Duration of illness 
in months, mean 
(SD)g

18.3 ± 
25.6

14.6 ± 
19.1

.538 0.181 14.7 ± 
13.9

.527 0.198 16.0 ± 
19.5

.643 0.069

Lowest vital 
signs during 
hospitalization

 Pulse (beats per 
minute)

41.4 ± 
10.6

45.2 ± 
11.1

.223 0.348 42.0 ± 
10.0

.847 0.059 44.8 ± 
10.0

.778 0.041

  Pulse <50 beats 
per minute

12 
(75.0)

42 
(75.0)

1.000 0.000 30 
(85.7)

.352 0.130 212 
(73.9)

.860 0.010

 Systolic blood 
pressure (mmHg)

92.0 ± 
11.1

87.3 ± 
11.2

.143 0.420 81.7 ± 
12.5

.007 0.849 82.3 ± 
8.9

< 
.001

0.539

  Systolic blood 
pressure <90 mmHg

7 
(43.8)

37 
(66.1)

.106 0.190 24 
(68.6)

.092 0.236 230 
(80.1)

.020 0.125

 Diastolic blood 
pressure (mmHg)

46.7 ± 
5.3

47.2 ± 
8.4

.808 0.069 42.4 ± 
8.2

.062 0.576 44.8 ± 
6.6

.016 0.355

  Diastolic blood 
pressure <45 mmHg

6 
(37.5)

17 
(30.4)

.589 0.064 18 
(51.4)

.355 0.130 127 
(44.3)

.054 0.104

Admission 
electrolyte 
laboratory values, 
mean (SD)

 Magnesium 2.1 ± 
0.2

2.1 ± 
0.2

.424 0.228 2.1 ± 
0.1

.486 0.212 2.1 ± 
0.2

.883 0.022

Hypomagnesemia 
(<1.8 mg/dL)

0 (0) 0 (0) -- -- 0 (0) -- -- 4 (1.4) .374 0.048

 Phosphorus 4.2 ± 
0.6

3.9 ± 
0.6

.070 0.522 3.9 ± 
0.8

.226 0.370 3.9 ± 
0.6

.912 0.016

Hypophosphatemia 
(<3.0 mg/dL)

0 (0) 1 (1.8) .590 0.063 3 (8.6) .227 0.169 16 (5.6) .232 0.065

 Potassium 3.9 ± 
0.5

3.9 ± 
0.8

.923 0.027 3.8 ± 
0.4

.380 0.267 3.9 ± 
0.5

.385 0.127

  Hypokalemia 
(<3.5 mmol/L)

4 
(25.0)

6 (10.7) .145 0.172 4 
(11.4)

.216 0.173 46 
(16.0)

.310 0.055

Refeeding 
electrolyte 
laboratory values, n 
(%)

 Refeeding 
hypomagnesemia 
(<1.8 mg/dL)

0 (0) 9 (16.1) .086 0.202 7 
(20.0)

.054 0.270 61 
(21.3)

.379 0.048

 Refeeding 
hypophosphatemia 
(<3.5 mmol/L)

1 (6.3) 5 (8.9) .732 0.040 1 (2.9) .562 0.081 25 (8.7) .958 0.003

 Refeeding 
hypokalemia (low 
potassium)

0 (0) 4 (7.1) .271 0.130 3 (8.6) .227 0.169 38 
(13.2)

.203 0.069
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Characteristic
Atypical 
Anorexia 
Nervosa

Anorexia Nervosa

Male 
(n = 
16)

Female 
(n = 56) p a Effect 

sizeb
Male 
(n = 
35)

p c Effect 
sizeb

Female 
(n = 
287)

p d Effect 
sizeb

 Combined 
refeeding electrolyte 
deficienciesh

1 (6.3) 12 
(21.4)

.164 0.164 9 
(25.7)

.104 0.228 81 
(28.2)

.295 0.057

Other laboratory 
evaluation at 
admission (normal 
range)

 Total cholesteroli 152.8 
± 41.5

163.9 ± 
34.4

.282 0.310 152.8 
± 34.7

.997 0.001 171.5 ± 
44.4

.249 0.175

  High total 
cholesterol (≥ 200 
mg/dL)

2 
(12.5)

9 (17.3) .648 0.055 4 
(12.1)

.970 0.005 52 
(19.1)

.760 0.017

 Triglyceridesj 78.7 ± 
67.3

67.3 ± 
35.3

.283 0.309 69.5 ± 
35.1

.422 0.247 68.7 ± 
34.4

.791 0.040

  High 
triglycerides (≥ 130 
mg/dL)

2 
(12.5)

5 (9.6) .740 0.040 3 (9.1) .712 0.053 16 (6.0) .328 0.055

 Hemoglobink 13.8 ± 
1.2

13.0 ± 
1.2

.012 0.753 13.4 ± 
1.2

.291 0.331 12.8 ± 
1.1

.257 0.166

 Hematocritk 40.9 ± 
3.3

38.4 ± 
3.0

.008 0.797 39.0 ± 
3.6

.089 0.538 37.7 ± 
3.2

.105 0.238

  Anemic (M: < 
13.6 g/dL; F: < 11.8 
g/dL)k

8 
(53.3)

12 
(21.4)

.015 0.290 20 
(58.8)

.720 0.051 55 
(19.6)

.760 0.017

 Zinc (plasma), 
mcg/dLl

65.4 ± 
13.9

63.2 ± 
12.6

.584 0.167 66.9 ± 
18.8

.781 0.089 63.5 ± 
14.5

.893 0.021

  Low Zinc 
(plasma) (<55 mcg/
dL)l

5 
(35.7)

14 
(29.2)

.640 0.059 8 
(25.0)

.458 0.110 61 
(23.6)

.414 0.047

 25-
hydroxyvitamin 
D (ng/mL), 
mean (sd)m

29.6 ± 
7.4

34.1 ± 
10.7

.134 0.444 31.6 ± 
12.1

.561 0.181 33.4 ± 
12.2

.720 0.054

  25-
hydroxyvitamin D 
Insufficiency (20–
29 ng/mL)m

6 
(40.0)

17 
(32.1)

.567 0.070 5 
(14.3)

.044 0.285 83 
(30.9)

.861 0.010

  Deficiency (< 
20 ng/mL)m

1 (6.7) 3 (5.7) .884 0.018 7 
(20.0)

.239 0.167 25 (9.3) .391 0.048

  Severe 
deficiency (< 12 ng/
mL)m

0 (0) 0 (0) .589 -- 4 
(11.4)

.172 0.193 4 (1.5) .372 0.050

 Creatinine (0.45–
1.08 mg/dL)

0.7 ± 
0.2

0.7 ± 
0.1

.140 0.423 0.8 ± 
0.2

.178 0.412 0.7 ± 
0.1

.205 0.186

 Blood urea 
nitrogen (7–21 mg/
dL)n

14.8 ± 
4.7

12.4 ± 
4.0

.054 0.559 17.1 ± 
12.1

.449 0.232 13.0 ± 
4.7

.422 0.119

 Thyroid 
stimulating hormone 
(0.45–4.33 mIU/L)o

1.9 ± 
1.2

2.1 ± 
1.4

.664 0.135 2.1 ± 
1.3

.717 0.120 2.0 ± 
1.4

.536 0.093

  Abnormal TSH 
(<0.45 or >4.33 
mIU/L)o

1 (7.7) 4 (7.6) .986 0.002 3 (9.4) .857 0.027 17 (6.2) .720 0.020
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Characteristic
Atypical 
Anorexia 
Nervosa

Anorexia Nervosa

Male 
(n = 
16)

Female 
(n = 56) p a Effect 

sizeb
Male 
(n = 
35)

p c Effect 
sizeb

Female 
(n = 
287)

p d Effect 
sizeb

 Free thyroxine 
(10–18 pmol/L)p

12.1 ± 
1.6

12.2 ± 
1.9

.786 0.087 11.9 ± 
1.9

.814 0.080 11.7 ± 
1.8

.039 0.308

  Abnormal Free 
thyroxine (<10 or 
>18 pmol/L)p

0 (0) 2 (3.7) .498 0.083 2 (6.5) .368 0.137 19 (7.0) .370 0.050

 Aspartate 
transaminase, ASTq

39.4 ± 
41.6

27.2 ± 
10.9

.055 0.587 56.2 ± 
115.0

.599 0.167 26.8 ± 
12.0

.848 0.028

  Elevated 
aspartate 
transaminase (>35 
U/L)q

4 
(28.6)

7 (13.0) .158 0.171 10 
(28.6)

1.000 0.000 28 
(10.1)

.539 0.034

 Alanine 
transaminase, ALTr

31.6 ± 
29.9

18.5 ± 
10.8

.010 0.796 46.9 ± 
85.8

.520 0.205 20.5 ± 
14.8

.362 0.137

  Elevated 
alanine transaminase 
(>24 U/L)r

6 
(42.9)

12 
(22.6)

.129 0.185 14 
(40.0)

.854 0.026 59 
(21.4)

.838 0.011

 Albumin (3.5–5.0 
g/dL)s

4.4 ± 
0.4

4.3 ± 
0.4

.542 0.179 4.3 ± 
0.4

.276 0.344 4.3 ± 
0.4

.874 0.024

Clinical and 
nutritional 
characteristics

 Length of stay in 
days, mean (SD)

11.4 ± 
4.4

8.4 ± 
4.4

.016 0.702 11.5 ± 
6.0

.964 0.014 10.3 ± 
7.0

.048 0.289

 Prescribed kcal, 
mean (SD)

  Admission 2150 
± 596

2011 ± 
207

.142 0.421 2011 
± 252

.245 0.355 1966 ± 
230

.175 0.198

  Discharget 4113 
± 708

3027 ± 
446

< 
.001

2.110 3794 
± 720

.148 0.444 3042 ± 
442

.818 0.034

P-value is for t-tests for continuous variables or Pearson’s chi square tests (or Fisher’s exact test as appropriate) for 
categorical variables. Bold indicates statistical significance after the Benjamini-Hochberg procedure.
a
P for comparison of males with atypical anorexia nervosa compared to females with atypical anorexia nervosa

b
Cohen’s d for continuous variables, Cramer’s V for categorical variables.

c
P for comparison of males with atypical anorexia nervosa compared to males with anorexia nervosa

d
P for comparison of females with atypical anorexia nervosa compared to females with anorexia nervosa

e
NHOPI = Native Hawaiian and Other Pacific Islanders

f
Due to missing data for weight suppression rate at admission, a sample size of 68 was utilized for atypical anorexia 

nervosa (Male n = 14; Female n = 54) and 285 for anorexia nervosa (Male n = 30; Female n = 255)
g
Due to missing data for duration of illness, a sample size of 69 was utilized for atypical anorexia nervosa (Male n = 15; 

Female n = 54) and 306 for anorexia nervosa (Male n = 33; Female n = 273)
h
A variable indicating hypomagnesemia (low Mg) OR hypophosphatemia (low phos) OR hypokalemia (low K)

i
Due to missing data for cholesterol, a sample size of 68 was utilized for atypical anorexia nervosa (Male n = 16; Female n 

= 52) and 305 for anorexia nervosa (Male n = 33; Female n = 272)
j
Due to missing data for triglycerides, a sample size of 68 was utilized for atypical anorexia nervosa (Male n = 16; Female 

n = 52) and 302 for anorexia nervosa (Male n = 33; Female n = 269)
k
Due to missing data for hemoglobin and hematocrit, a sample size of 71 was utilized for atypical anorexia nervosa (Male n 

= 15; Female n = 56) and 314 for anorexia nervosa (Male n = 34; Female n = 280)
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l
Due to missing data for zinc, a sample size of 62 was utilized for atypical anorexia nervosa (Male n = 14; Female n = 48) 

and 290 for anorexia nervosa (Male n = 32; Female n = 258)
m

Due to missing data for 25-hydroxyvitamin D, a sample size of 68 was utilized for atypical anorexia nervosa (Male n = 
15; Female n = 53) and 304 for anorexia nervosa (Male n = 35; Female n = 269)
n
Due to missing data for blood urea nitrogen, a sample size of 70 was utilized for atypical anorexia nervosa (Male n = 16; 

Female n = 54) and 314 for anorexia nervosa (Male n = 34; Female n = 280)
o
Due to missing data for thyroid stimulating hormone, a sample size of 66 was utilized for atypical anorexia nervosa (Male 

n = 13; Female n = 53) and 306 for anorexia nervosa (Male n = 33; Female n = 273)
p
Due to missing data for free thyroxine, a sample size of 66 was utilized for atypical anorexia nervosa (Male n = 12; 

Female n = 54) and 303 for anorexia nervosa (Male n = 31; Female n = 272)
q
Due to missing data for aspartate transaminase, a sample size of 68 was utilized for atypical anorexia nervosa (Male n = 

14; Female n = 54) and 311 for anorexia nervosa (Male n = 35; Female n = 276)
r
Due to missing data for alanine transaminase, a sample size of 67 was utilized for atypical anorexia nervosa (Male n = 14; 

Female n = 53) and 311 for anorexia nervosa (Male n = 35; Female n = 276)
s
Due to missing data for albumin, a sample size of 69 was utilized for atypical anorexia nervosa (Male n = 15; Female n = 

54) and 309 for anorexia nervosa (Male n = 33; Female n = 276)
t
Due to missing data for prescribed kcal at discharge, a sample size of 71 was utilized for atypical anorexia nervosa (Male n 

= 16; Female n = 55)
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Public significance statement

Adolescent and young adult males with atypical anorexia nervosa experience significant 

medical complications. Males with atypical anorexia nervosa had longer hospitalizations 

and higher prescribed nutrition at discharge than females. Medical complications of 

atypical anorexia nervosa in male adolescents and young adults were generally equal to 

those of male adolescents and young adults with anorexia nervosa. Clinicians should be 

aware of unique medical complications of males with atypical anorexia nervosa.
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