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Abstract

Objective: There is a growing body of literature suggesting the novel coronavirus

pandemic (COVID-19) negatively impacts mental health in individuals self-reporting

an eating disorder (ED); however, limited pediatric data is available about the impact

COVID-19 has had on youth with EDs, specifically Anorexia Nervosa (AN). Our study

uses a cross-sectional design to explore differences in ED symptoms between adoles-

cents diagnosed with AN during the COVID-19 pandemic compared to a retrospec-

tive cohort of adolescents for whom these measures were previously collected, prior

to the pandemic.

Method: We report cross-sectional data assessing differences between AN behaviors

and cognitions during the COVID-19 pandemic compared to a retrospective cohort

(n = 25 per cohort) assessed before the pandemic.

Results: Results suggest that individuals with a first-time diagnosis of AN during the

pandemic had lower percent expected body weight, and more compulsive exercise

behaviors.

Conclusions: These data support existing pediatric findings in exercise and body

weight differences in adolescents with AN before and during the pandemic. Findings

may be helpful in informing considerations for providers treating ED patients amidst

and after the pandemic.

Public Significance: This manuscript compares a retrospective cohort of adolescents

diagnosed with AN prior to the pandemic to a cohort of adolescents diagnosed with

AN during the pandemic. Results report that adolescents diagnosed with AN during

the pandemic have lower weights and increased compensatory exercise behavior

compared to adolescents diagnosed with AN before the pandemic despite no differ-

ence in length of illness. Findings may be helpful in informing considerations for pro-

viders treating ED patients amidst and after the pandemic.
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1 | INTRODUCTION

Since the initial declaration of the global SARS CoV-2 Virus (COVID-

19) pandemic on March 1, 2020, there have been significant disrup-

tions to general health, economic status, social activities, and future

oriented planning. These have inevitably impacted mental health

across adolescent and adult samples, necessitating research efforts to

pinpoint urgent interventions. For example, prior research has found

that 61% of youth in Ontario (ages 12–25) report general worsening

of their mental health during the pandemic (Radomski et al., 2022).

One particularly vulnerable group of youth at risk for the harmful

effects of the pandemic is adolescents with eating disorders (EDs)

such as Anorexia Nervosa (AN). AN is an ED diagnosis characterized

by low body weight, behaviors driving weight loss or weight suppres-

sion (e.g., caloric restriction), and body image disturbance (American

Psychiatric Association, 2013). The lifetime prevalence of AN in adoles-

cent females is approximately 0.48%–1.7% (Hoek & van Hoeken, 2003;

Lucas et al., 1991; Pinhas et al., 2011).

Studies have found that approximately 50% of youth with EDs

report an increase or resurgence of ED symptomology (such as dietary

restriction, fear of weight gain, or compensatory behaviors) during the

pandemic (Graell et al., 2020). Furthermore, Mathews and colleagues

(Matthews et al., 2021) found that youth hospitalized during the

COVID-19 pandemic were over eight times more likely to be read-

mitted within 30 days of discharge relative to patients hospitalized

before the pandemic. Additionally, one third of patients in their study

cited the pandemic consequences, such as concerns for weight gain

as a result of sports cancellations and fears of gaining the

“Quarantine-15,” as a primary correlate of their AN onset.

Since the pandemic's onset, recent research has cumulatively

reported greater medical stabilization hospitalizations for AN across

development and an increase in incidence of new AN diagnoses

(Agostino et al., 2021; Goldberg et al., 2022; Lin et al., 2021; Otto

et al., 2021). Relatedly, Toulany and colleagues report an increase in

acute care visits for EDs throughout the first 10 months of COVID-19

(Toulany et al., 2022). A recent systematic review conducted for indi-

viduals with EDs (mean age of 24 years across all studies) reports an

overarching increase in pediatric (83%) and adult (16%) hospital

admissions for EDs during the pandemic, worsening of ED symptoms

in most studies following the pandemic onset, and worsening mental

health symptoms, such as anxiety and depression (Devoe et al., 2022).

Taken together, these studies point to the dire impact of the pan-

demic on AN prevalence and severity in both adolescents and adults.

Of note, only 10 of the 53 studies included in the prior review

were of pediatric populations. Within the pediatric studies, authors

report a general trend wherein the impact of the pandemic on mental

health appears to be more severe in young people, potentially contrib-

uting to the greater number of pediatric ED hospital admissions seen

during the pandemic timeframe. One additional pediatric ED study

not included in the aforementioned review is a cohort study using

retrospective chart review to compare ED symptoms of adolescents

presenting for assessment since the COVID-19 pandemic to a retro-

spective cohort of those who presented 1 year prior (Spettigue

et al., 2021). Consistent with the prior findings at large, they found

that the pandemic cohort were more medically unstable and required

hospitalization more often compared to the retrospective cohort.

The current report seeks to add to this limited body of research in

pediatric EDs using a cross-sectional design to explore the impact of

COVID-19 on the emergence of ED symptoms compared to a retro-

spective cohort of adolescents for whom measures of eating psycho-

pathology, mood, and exercise behaviors were previously collected.

We hope to replicate and expand on the data presented by Spettigue

et al. (2021) by comparing two cohorts before and after the pandemic,

and providing data on exercise behaviors in addition to ED cognitions

F IGURE 1 Recruitment flow
chart
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and mood differences. Based on prior literature at large, we predicted

that adolescents who developed AN during the pandemic would

report poorer ED cognitions, greater anxiety, depression, and compul-

sive exercise behaviors, and have lower weights compared to youth

who presented with AN onset prior to the start of the pandemic.

2 | METHOD

2.1 | Participants

This exploratory study was conducted in a university clinic and

approved by the Institutional Review Board. All participants provided

informed consent and/or assent. Participants belonged to two

cohorts: half the participants (from a retrospective cohort, clinical trial

registration number: NCT03097874) participated in a prior study

(L'Insalata et al., 2020) before the pandemic and were age-matched

with 25 treatment seeking adolescents who developed AN during the

COVID-19 pandemic (recruited from December 11, 2020 through

August 24, 2021) (Figure 1). All data reported in the current manu-

script were collected at a pre-treatment timepoint. The 25 age-

matched participants from the retrospective cohort were recruited

from January 16, 2018 through April 24, 2019. For all participants in

the COVID-19 cohort, this study was advertised as a one-time study

examining differences in ED thoughts and behaviors before and after

the pandemic. Recruitment strategies did not differ by cohort, as par-

ticipants in both cohorts were recruited through clinics, hospitals, and

online advertisements. There were no exclusion criteria based on

severity of illness. Inclusion criteria were the same across both

cohorts, and they were: being 12–18 years of age with a diagnosis of

AN (including AN-R and AN-BP), ability to read/speak English, and

expected mean body weight percentage (%EBW) <88.0%. In both

groups, diagnoses were made by a licensed clinician to verify eligibil-

ity. No participants in either group met criteria for AN-B/P, though

this was not an exclusionary criterion.

2.2 | Study procedures

After consent, demographic variables (Table 1) were collected, and

the following semi-structured interviews and self-report measures

were administered by trained assessors.

• Eating disorder examination (EDE) (Fairburn et al., 2008) is a stan-

dardized semi-structured interview that measures the severity of

the characteristic psychopathology of EDs and is comprised of four

distinct subscales (Restraint [5 items], Eating Concern [5 items],

Shape Concern [8 items], and Weight Concern [5 items]) that aver-

age to compute a global scale. Internal consistency across the

global score was acceptable to excellent (α's = 0.74–0.91) in this

study.

• EBW was calculated using a computer program based on the Cen-

ter for Disease Control Growth Charts with weight adjusted for

age, sex, and height. This formula for calculating percent EBW has

been used in previous RCTs, including the study from which the

retrospective cohort was drawn (Le Grange et al., 2012; L'Insalata

et al., 2020). Weight was reported either by parents using an at-

home scale or from recent doctor appointments for both cohorts.

• Compulsive exercise test (CET) (Meyer et al., 2016): This is a

24-item multidimensional measure assessing core factors contrib-

uting to excessive exercise behaviors, specifically among patients

with EDs. Internal consistency within the current sample was high

for this measure (α = 0.90).

• Commitment to exercise scales (Davis et al., 1993): This 8-item

measure is similar to the CET, evaluating the degree of psychologi-

cal commitment and corresponding attitudinal and behavioral fea-

tures of exercise. Internal consistency within the current sample

was high for this measure (α = 0.88).

TABLE 1 Sample demographic and clinical characteristics

Adolescent

Retrospective
cohort (N = 25)
mean (SD) or
n (%)

COVID-19
cohort (N = 25)
mean (SD) or
n (%)

Adolescent age (in years) 15.08 (1.71) 15.08 (1.71)

Adolescent sexa

Female 24 (96%) 24 (96%)

Prefer not to disclose 1 (4%)

Adolescent gender

Female 24 (96%) 24 (96%)

Male 1 (4%) 0 (0%)

Prefer not to disclose 0 (0%) 1 (4%)

Adolescent raceb,c

Caucasian 13 (54.17%) 16 (66.67%)

Asian 8 (33.3%) 5 (20.83%)

Multi-racial 3 (12.5%) 2 (8.33%)

Prefer not to disclose N/A 1 (4.17%)

Adolescent ethnicityb

Hispanic/Latinx 3 (12%) 2 (8.33%)

Non-Hispanic/Non-Latinx 22 (88%) 22 (91.67%)

Hospitalizations (range) [0–1] [0–4]

AN duration (in months) 6.84 (3.67) 7.72 (3.91)

EDE global score 2.66 (1.55) 3.09 (1.39)

%EBW 83.81 (4.96) 78.95 (8.94)

Note: %EBW is percent expected body weight based on normative data

for age, sex, height, and current weight.

Abbreviations: %EBW, expected mean body weight percentage; EDE,

eating disorder examination; NOS, not otherwise specified; SD, standard

deviation.
aAdolescent sex for one participant in the retrospective cohort was

missing and is therefore not reported.
bCertain participant demographics are missing due to changes in National

Institute of Health race and ethnicity reporting standards over time.
cAdolescent race (%) was calculated out of n = 24 for both the pre-

COVID-19 and post-COVID-19 sample.
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• Beck Depression Inventory-II (BDI-II) (Beck et al., 1996). This is a

21-item scale widely used to assess depression symptoms. In this

study, the BDI-II demonstrated good internal consistency reliabil-

ity (α = 0.90).

• Beck anxiety inventory (BAI) (Beck & Steer, 1993): This is a

21-item well-validated scale designed to assess symptoms of anxi-

ety over the past month. The BAI demonstrated good internal con-

sistency reliability (α = 0.94) in the current study.

2.3 | Statistical approach

We conducted exploratory, descriptive analyses to examine between

group effects. Considering the exploratory nature of this study and

small sample size, we report effect size estimates (ES) for interpretation

(Hc, 2014; Kraemer, 2019; Kraemer et al., 2020). Analyses were com-

pleted using SPSS Version 27. The data that support the findings of this

study are available on request from the corresponding author. The data

are not publicly available due to privacy or ethical restrictions.

3 | RESULTS

An independent samples t test was conducted to compare the effect

of the pandemic on clinical variables relating to ED symptoms, includ-

ing weight (%EBW), eating disorder cognitions (as measured by the

EDE Global score), exercise behavior (CES and CET), anxiety (BAI),

and depression (BDI) in the COVID-19 cohort compared to the retro-

spective cohort, for whom these measures were collected prior to the

pandemic. Individuals in the COVID-19 cohort reported greater exer-

cise commitment (M = 2.70, SD = 0.63 vs. M = 2.25, SD = 0.62),

more compulsive exercise behaviors (M = 3.05, SD = 0.72

vs. M = 2.51, SD = 0.70), and lower weights, or %EBW (M = 78.94%,

SD = 8.94% vs. M = 83.81%, SD = 4.96%), relative to the retrospec-

tive cohort (Table 2). These differences were accompanied by

medium-large effect sizes. Differences between EDEs, depression,

and anxiety scores between groups were accompanied by negligible-

small effect sizes. Of note, demographic variables of age and duration

of illness did not differ significantly between groups.

4 | DISCUSSION

Adolescents who developed AN during the pandemic on average

appear to be lower weight and engaging in more rigid, compensatory

exercise behavior; these differences were accompanied by medium-

large effect sizes, which must be considered in line with the explor-

atory nature of this study. Self-reported ED cognitions, anxiety, and

depression in the COVID-19 cohort were comparable to the retro-

spective cohort, which was not aligned with our original hypotheses.

From a physiological perspective, the COVID-19 cohort had lower %

EBWs, consistent with prior research (Matthews et al., 2021;

Spettigue et al., 2021). It is possible that for some adolescents,

engagement in compulsive exercise behaviors function to cope with

feelings of anxiety and depression and ED cognitions in a time of

uncertainty and stress (De Candia et al., 2021), which may contribute

to similar mood and cognition scores between cohorts. However,

without a larger, well-powered study to conduct multivariate analyses,

this reminds purely speculative.

Indeed, prior research has consistently found increased hospitali-

zations for EDs during the pandemic period, particularly for pediatric

populations (Agostino et al., 2021; Goldberg et al., 2022; Lin

et al., 2021; Otto et al., 2021). While the results in the current manu-

script are exploratory in nature, they provide preliminary data around

how exercise behavior appears to differ between a cohort of individ-

uals diagnosed with AN before the pandemic, and a cohort diagnosed

with AN amid the pandemic, replicating similar findings reported in a

retrospective chart review conducted by Spettigue et al. (2021). This

study adds preliminary data to this burgeoning area of research, find-

ing that that adolescents who developed AN during the pandemic

reported greater engagement in harmful exercise behaviors and a

greater commitment to exercise in lieu of alternative activities, which

may be a maladaptive solution to avoid previously reported pandemic

consequences (e.g., not wanting to gain the “Quarantine-15”)
(Matthews et al., 2021). Our COVID-19 sample also had lower %EBW

than the retrospective cohort, consistent with some prior research

(Toulany et al., 2022). This may be attributable to engagement in

harmful exercise behavior and potential hesitation of parents taking

their child to be assessed for an ED during the early weeks of the pan-

demic, leading to a more acute onset of the ED. However, these spec-

ulations require larger, well-powered studies to comprehensively

TABLE 2 Between-subjects' differences on continuous outcome measures

Between subjects

Retrospective cohort

(N = 25) 95% CI

COVID-19 cohort

(N = 25) 95% CI t Cohen's d [95%CI]

BDI M (SD) 17.80 (10.00) 13.67–21.93 21.12 (10.97) 16.59–22.45 �1.12 �0.32 [�0.87 to 0.24]

BAI M (SD) 18.30 (14.19) 12.16–24.44 18.41 (12.49) 13.14–23.69 �0.03 �0.01 [�0.58 to 0.56]

CES M (SD) 2.25 (0.62) 1.99–2.51 2.70 (0.63) 2.40–2.92 �2.32 �0.70 [�1.22 to �0.08]a

CET M (SD) 2.51 (0.70) 2.20–1.81 3.05 (0.72) 2.75–3.34 �2.56 �0.75 [�1.34 to �0.15]a

EDE global M (SD) 2.66 (1.54) 2.02–3.29 3.09 (1.39) 2.52–3.66 �1.04 �0.29 [�0.85 to 0.27]

EBW% M (SD) 83.81 (4.96) 81.61–86.01 78.94 (8.94) 75.24–82.64 2.26 0.66 [0.07–1.25]a

Abbreviations: CI, confidence interval; M, mean; SD, standard deviation.
aHere, Cohen's d = 0.2, 0.5, 0.8 can be interpreted as small, medium, and large effect sizes, respectively.
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examine the cause of differences in %EBW. Ultimately, the data pre-

sented in this manuscript largely replicate prior research reporting

physiological and behavioral differences in those diagnosed with an

ED during the COVID-19 pandemic on individuals with EDs across

development.

Strengths of this exploratory study include the use of a semi-

structured interview (EDE) in conjunction with self-report data on mood

and exercise behavior to compare two cohorts of adolescents with AN

before and amidst the pandemic. However, this study should also be

considered in light of several limitations. The small sample reported in

this manuscript limits significance testing and is intended to be explor-

atory in design. An additional limitation includes absence of participants'

individual growth trajectory to inform EBW estimates. EBW estimations

based on population means may thereby differ, possibly impacting the

extent of weight suppression seen by group. Moreover, it is possible that

the two samples compared may have differences in ways not measured

by the current study. The pre-COVID sample were beginning a treatment

study (though all measures included in this manuscript were collected

prior to treatment or randomization), whereas the COVID-19 sample

were engaging in a one-time cross-sectional study. Recruitment for both

samples, however, occurred at the same centers with treatment-seeking

patients in an effort to minimize differences between groups. An addi-

tional limitation includes the representativeness of the COVID-19 cohort

to the general AN population. While it is reassuring that duration of ill-

ness did not differ between groups, given the small sample size, it is pos-

sible that observed differences may be attributable to variables other

than the impact of the pandemic. Lastly, no patients identified as African

American, American Indian/Alaska Native, or Native Hawaiian/Pacific

Islander, which may limit generalizability of findings to these minority

groups. Future studies may consider novel recruitment strategies out-

lined by Goel and colleagues to increase the sample diversity, such as

purposeful sampling (Goel et al., 2022).

The data presented in this manuscript suggest that exercise behav-

iors were more compulsive and harmful and %EBW were lower in ado-

lescents with AN during the pandemic compared to before the

pandemic. This information may be helpful in informing considerations

for providers treating ED patients amidst the pandemic or other chronic,

stressful periods. For instance, these data may clarify potential impacts

of external stresses of EDs such as war, forced immigration, or severe

economic recessions. Careful evaluation or monitoring for increased

harmful compensatory behaviors such as exercise may be warranted.

This may include alerting parents to the role compensatory behaviors

play in maintaining low weight with an additional focus on disrupting

these behaviors. An additional consideration includes increased demand

for hygiene in the context of the pandemic, such as repeated handwash-

ing, mask-wearing, and physical distancing. Given the overlap between

AN and obsessive–compulsive tendencies/symptoms, where 20%–60%

of ED patients have a history of OCD in their lifetime (Kaye et al., 2004),

it is possible that these behaviors may become exacerbated in times of

duress related to a virus (Mak et al., 2009). Beyond the COVID-19 pan-

demic, this growing body of literature cumulatively suggests the harmful

impacts of isolation and stress of adolescent development and the pre-

sentation of AN in youth.
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