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Abstract: (1) Background: Altered physical activity (PA) affects weight recovery in anorexia nervosa
(AN) patients. The study aimed to objectively characterize PA patterns and their effect on weight
trajectory in adolescent AN patients. (2) Methods: PA was assessed in 47 patients on admission to
inpatient treatment, in n = 25 of these patients again 4 weeks after discharge (follow-up, FU), as well
as in 20 adolescent healthy controls using the Sense Wear™ armband. The following PA categories
were defined by metabolic equivalent (MET) ranges: sedentary behavior (SB), light (LPA), moderate
(MPA), vigorous (VPA), and high-level PA (HLPA= MPA + VPA). (3) Results: LPA on admission was
significantly higher in AN patients than in controls (103 vs. 55 min/d, p < 0.001), and LPA in AN
decreased over time to 90 min/d (p = 0.006). Patients with higher admission LPA (n = 12) still had
elevated LPA at FU (p = 0.003). High admission LPA was associated with a higher inpatient BMI
percentage gain (∆BMI%; 18.2% ± 10.0% vs. 12.0% ± 9.7%, p = 0.037) but with a loss of ∆BMI% at FU
(−2.3% ± 3.6% vs. 0.8% ± 3.6%, p = 0.045). HLPA at baseline was associated with a lower inpatient
∆BMI% (p = 0.045). (4) Conclusion: Elevated LPA in AN patients decreased after inpatient treatment,
and PA patterns had an impact on weight trajectory.

Keywords: anorexia nervosa; physical activity; accelerometry; weight gain

1. Introduction

Anorexia nervosa (AN) is characterized by the restriction of energy intake, low body weight, fear of
weight gain, and distorted body image [1]. Increased physical activity (PA) has been observed in 31–80%
of patients suffering from AN [2], yet varying definitions and terminology, such as hyperactivity [3],
excessive activity, and problematic exercise [4], are used in the literature to describe this phenomenon.
These definitions include different types of PA, ranging from light PA, such as standing and walking,
to high-level PA, such as running or biking. Due to the lack of a common definition, the AN-specific
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PA patterns as well as the effect of these PA patterns on the illness course are difficult to discern [4].
Additionally, when assessing PA in AN patients, there is a discrepancy between self-reported and
objectively measured PA; patients tend to both either over- or underestimate their PA [5–7]. Despite
the high clinical relevance of objectively measured PA in AN patients, considering its impact on weight
recovery [8,9], few studies have objectively assessed PA in AN patients.

In the present study, the terms high-level PA and light PA will be used to distinguish between
high and low intensity PA. In previous studies, average total PA did not vary between AN patients and
healthy controls [5,10], but high-level PA was both higher [11] and lower [12] than in healthy controls.
Several studies demonstrated increased light PA in AN patients, such as more time on feet during
daytime [8], more time spent in PA intensities of between 1.8 and 3 metabolic equivalents (METs) [12],
and more time ‘fidgeting’ compared to healthy controls [8,13]. However, varying definitions for
fidgeting have been used, such as changes in body position while seated per time unit, and average
acceleration from both feet in meters/second2/minute. There is high interpersonal variation in PA
patterns among AN patients [11,12]. Longitudinal PA assessment indicated a link between pre-hospital
exercise behavior and objectively measured total PA at the time of admission [14]. The findings on
long-term patterns of the PA behavior of AN patients during and after treatment are controversial,
as some studies state that total PA increased during weight restoration [8,15], while in others total PA
decreased [16]. After discharge from inpatient treatment, both light PA and high-level PA remained
constant [16], and, overall, PA did not vary between recovered AN patients and healthy controls [17].
Little data exist on how objectively measured PA affects weight trajectory. One study found no
association between light PA (<3 METs) and BMI trajectory in adult AN patients [18], while others
found that BMI trajectories were associated with time on feet when weight restored [8], the number
of steps per day, the time spent in light PA (1.8–3.0 METs) [12], and the time spent in high-level PA
(3–6 METs) [12,19]. In an outpatient setting, higher levels of total PA were associated with higher BMI
values [20]. While this finding is somewhat counterintuitive, i.e., more PA that may have been driven
by the desire to lose weight did not reduce BMI, it also highlights the bidirectional interdependence of
BMI and PA, as it is also possible that a higher BMI reflects a healthier state that can result in higher
and healthy activity.

Prior studies in an inpatient setting have shown that even under PA restricted inpatient conditions,
there is a high variance in regards to PA amongst AN patients [11,12,16]. In one study, steps ranged
from 2479 to 31,876 per day [12]. This variance is observable even when PA is specifically restricted as
part of the treatment program [16]. Our study aims to better characterize these PA patterns and to
assess their impact on weight trajectory in order to identify subgroups of patients at risk for a poorer
treatment outcome. Identifying these patients at the beginning of treatment may allow for future
studies to explore new approaches to treatment tailored to the needs of patients with specific types
of hyperactivity.

We propose that PA levels impact weight trajectory, while not all physical activity levels will have
the same impact on the weight recovery of patients. Based on our prior research [12], we hypothesize
that high light physical activity will correlate with a poorer weight trajectory while increased high
level physical activity will not have this same impact. We also propose that physical activity patterns
are closely linked to the phenotype of AN; therefore, PA patterns will vary between adolescent AN
patients and healthy controls. To pursue these aims, the following hypotheses were tested:

• Similar to adults, inpatient adolescent AN patients spend more time in light PA than age-matched
healthy controls, while moderate PA and vigorous PA will be lower in AN patients.

• Within AN patients, different subgroups exist with respect to PA patterns (i.e., increased light PA
or high-level PA defined as moderate PA + vigorous PA), and this PA pattern is an individual trait
that remains constant over time, irrespective of therapy.

• More time spent in light PA, but not in high-level PA, on admission is a significant risk factor for
lower inpatient weight gain and greater weight loss between discharge and outpatient follow-up.



J. Clin. Med. 2020, 9, 727 3 of 15

2. Experimental Section

2.1. Study Populations

Adolescent female patients (age 12–18 years) hospitalized between 2014–2018 in the
Department of Child and Adolescent Psychiatry, Psychosomatic Medicine and Psychotherapy at
Charité-Universitätsmedizin Berlin were enrolled in this study. The inclusion criteria were: AN
diagnosis (restricting, purging, and atypical subtype) according to International Statistical Classification
of Diseases and Related Health Problems, 10th Revision (ICD-10). Patients diagnosed with a condition
in addition to AN, which might significantly affect PA behavior (e.g., half-sided paralysis) were
excluded. During the inpatient stay aimed at medical stabilization and weight recovery, all patients
received psychotherapy, nutrition counselling, and body-oriented therapy. According to current
German guidelines, target weight for discharge was set at the 25th BMI percentile, with an expected
rate of weekly weight gain between 500 and 1000 g/week. PA was limited as part of the treatment
program. Patients under the 3rd BMI percentile were given strict resting hours, one hour of sitting
still after each mealtime and half an hour after each in-between meal. Resting times may have been
prolonged based on individual treatment decisions. PA was limited to a 15-min walk a day and a
one-hour yoga class per week focusing on relaxation techniques. Patients over the 3rd percentile were
allowed to attend hospital school on an hourly basis. There was no mandatory bed rest, no one-on-one
surveillance of patients, and patients were able to move freely in the ward. Patients over the 15th
percentile were not given specific resting times and were able to attend a physical therapy group once
a week. Additionally, patients who were clinically stable had the possibility to be granted a two-day
leave. Patients were given dietary plans at the beginning of the program that they were instructed
to adhere to, and mealtimes were supervised by clinical staff. On average, patients were given a
plan of 1860 kilocalories (kcal) per day (range: 800–2600 kcal). The daily intake was increased by
200 kcal/ week in order to enable the targeted weight gain of 500g/week. Once patients achieved this
weight gain, the meal plan was adjusted accordingly. In the patients participating in the study, no o
feeding tubes were used during the treatment. By the end of treatment program patients were free
to make their own decisions about meals and did not have a specific dietary plan. Instead, patients
were encouraged to stabilize their weight by making healthy choices about their food intake based on
the nutritional training they had received during the treatment program. Information about illness
duration, medication, admission weight and height, comorbidities, and length of stay was obtained
from medical records.

We also recruited sex- and age-matched healthy controls between 2017–2018. The Sick, Control,
One stone (14 lbs./6.5 kg.), Fat, Food (SCOFF) questionnaire was used in the screening process to
identify and exclude all possible participants that exhibited early signs of altered eating behavior
and/or negative body perception linked to body weight. Further exclusion criteria for healthy controls
were any other physical or psychiatric diseases with a significant impact on PA behavior.

In total, 106 patients were approached about participating in the study, and 56 agreed to participate.
Four patients were excluded retrospectively from analysis, because they were male, 5 datasets were
excluded due to being incomplete. Forty-seven patient data sets were included in this analysis.

Forty-five possible participants for the control group responded to our informational online
pamphlet. All of them received the screening questionnaire and 35 returned screening questionnaires
to the study office. Of the healthy participants who completed the screening, 11 were excluded as part
of the screening process. Twenty-five girls participated in the study assessment and in total 20 data
sets were complete and included in the data analysis.

All participants and their legal guardians (if patients were <18 years old) provided written
informed consent before participating in this study. The study was approved by the institutional ethics
committee of the Charité-Universitätsmedizin Berlin (Identification code: EA2/034/14; date of approval
06/24/2014) and is in accordance with the Declaration of Helsinki on ‘Ethical Principles for Medical
Research Involving Human Subjects’.
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2.2. Anthropometry

Height and weight were measured in undergarments and empty-stomached during morning
weigh-ins (7–8 a.m.) for patients at admission/discharge, and during the afternoon at follow-up, and
similarly for healthy controls using a digital scale (KERN, MCB, Berlin, Germany) and a stadiometer
(Sicca 2016, Hamburg, Germany).

2.3. Physical Activity Assessment

The SenseWear™ Pro3 Armband was used to assess PA. The SenseWear™ Pro3 is a two-axis
accelerometer that also measures skin temperature, galvanic skin response and heat flux in order to
calculate PA. It has been previously used in several studies to assess PA objectively both in controlled
and free-range settings [21–23]. PA was assessed for three consecutive days, with recordings always
taking place on Friday to Sunday, at the first study assessment and at outpatient follow-up. The same
patients were given the SenseWear™ Pro3 within an average of 21 days of admission (first study
assessment) and at the post- discharge outpatient follow-up visit, as described before [24], in order to
assess longitudinal changes in activity; at both time points, patients were asked to wear the SenseWear™
Pro3 device on their dominant arm continuously for three consecutive days (data admissible if worn
>20, 5 h on at least two out of the three days), except when showering, bathing, or swimming. As
part of the inpatient treatment program, PA was limited; meanwhile, during post-discharge follow-up,
PA was unrestricted. Healthy controls were given the SenseWear™ Pro3 Armband on one occasion on
the day of their assessment and were instructed to wear the device for three consecutive days (Friday
to Sunday) continuously except when showering, bathing, or swimming. PA was unrestricted in the
control group.

In accordance with previous work [12,19], we defined PA intensity levels as follows:

• Sedentary behavior: ≥ 1.1 to ≤ 1.8 METs
• Light-intensity PA: > 1.8 and < 3 METs
• Moderate-intensity PA: ≥ 3 to < 6 METs
• Vigorous-intensity PA: ≥ 6 METs

For the purpose of this paper, the category very light PA used previously was renamed as sedentary
behavior, as new research suggests that 1.1–1.8 METs are more in line with this terminology [25]. The
following activities are associated with each category. Sedentary behavior (SB) includes behavior such
as lying down, watching television, eating, sitting, reading, and standing. LPA includes light physical
work, walking slowly (less than 2.0 miles per hour), household errands and activities of daily life such
as getting ready for bed. MPA involves activities such as descending stairs, walking for pleasure,
dance practice, low impact aerobics, and bicycling (less than 10 miles per hour). Vigorous PA (VPA)
includes running (<15 min/mile), competitive football or dance and high intensity cycling [26].

2.4. Statistical Analysis

A p-value of 0.05 was set as the significance threshold. All variables were tested two-sided.
Analyses were conducted using R version 3.5.3 (2019-03-11). Comparing high vs. low physical activity
was limited to AN patients and was calculated via median split. Descriptive statistics were selected
according to scale level as absolute and relative frequencies for categories, median, the 25th/75th
percentile, and extreme values for ordinal data, and the mean, standard deviation, and extreme values
for normally distributed continuous measures. Group comparisons were performed using Fisher’s
exact test, the Wilcoxon rank sum test, and a t-test, accordingly. Correlations between measures were
computed using the Spearman rank correlation. Range-based variability was calculated using the
Siegel-Tukey test for equality in variability with adjustments for the median.
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3. Results

3.1. Characterization of the Study Population

Within the study population of 47 patients, 25 patients (53%) were diagnosed with restrictive,
11 (23%) with purging, and 11 (23%) with atypical AN. Twenty-eight patients (60%) had their first
inpatient admission, and, for the remaining patients, the number of prior inpatient therapies varied
from 1 to 4. The mean illness duration was 11 months, ranging from 6.2–16.8 months. Thirty patients
(64%) had comorbidities, including major depression (n = 9; 19%), borderline personality disorder
(n = 3; 6%), anxiety disorders (n = 5; 11%), and obsessive-compulsive disorder (n = 5; 11%). Only
eight patients (17%) received psychopharmacological medications, i.e., stimulating antidepressants
(n = 4; 9%) and antipsychotics (n = 2; 4%). Three patients received oral contraceptives (6%). None of
the healthy controls took any psychopharmacological medication, and 4 participants (20%) took oral
contraceptives. The time between admission and first study assessment was on average 21 (2–50) days,
and during this time, the patients’ weight had increased by 0.9 ± 1.1 (−2.6–3.5) kilogram (kg). Table 1
shows the clinical characteristics and PA parameters of the AN patients on admission compared to
healthy controls. The number of steps was significantly lower in AN patients (p = 0.048), but there was
no between-group difference in the range of steps. AN patients spent significantly more time in light
PA (p < 0.001) and less in moderate PA (p = 0.009) than healthy controls.

Table 1. General characteristics and physical activity parameters of patients with AN at first study
assessment compared to healthy controls.

Participant
Characteristics and PA

AN Total
(n = 47)

Healthy Controls
(n = 20) p-Value

Age, years 15.70 (14.68/16.64)
(12.44–17.85)

15.02 (13.59/15.84)
(12.07–17.86) 0.139

Height, centimeters 164.3 ± 6.4
(150.2–183.0)

165.1 ± 7.1
(153.0–178.0) 0.672

Weight, kilograms 42.2 ± 6.0
(31.3–58.2)

57.3 ± 9.4
(38.8–70.8) <0.001

BMI, kilogram/meter2 15.60 ± 1.78
(12.80–20.40)

20.96 ± 2.88
(16.00–27.60) <0.001

BMI, percentile 4.6 ± 9.9
(0.0–43.0)

51.8 ± 25.5
(7.0–93.0) <0.001

Steps 8430 (6522/10398)
(2026–26439)

11390 (8261/13680)
(4427–23139) 0.048

Sedentary behavior (min)
(≥1.1 to ≤1.8 METs)

705 (624/765)
(189–868)

647 (557/732)
(386–853) 0.118

Light PA (min)
(>1.8 and <3 METs)

105 (73/204)
(41–530)

55 (42/88)
(14–303) <0.001

Moderate PA (min)
(≥3 to <6 METs)

77.0 (44.3/114.2)
(3.0–268.0)

121.5 (82.3/188.2)
(25.0–302.0) 0.009

Vigorous PA (min)
(≥6 METs)

2.0 (0.0/10.2)
(0.0–212.0)

2.0 (0.4/15.8)
(0.0–55.0) 0.697

Values are means ± SDs (range) (first quartile/ third quartile). AN, anorexia nervosa; BMI, body mass index; MET,
metabolic equivalent of task; PA, physical activity.

3.2. General Parameters and Physical Activity of AN Patients and Healthy Controls

The median length of stay for all patients was 17.0 weeks (range: 9.0 to 28.4 weeks), with a
weight change from admission to discharge from 42.2 ± 6.0 to 48.1 ± 4.8 kg (total weight gain: 5.96 ±
3.62 kg; rate of weight gain: 391 ± 245 g/week). Of the 47 patients, 25 (53%) returned for outpatient
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follow-up, 36 days (range: 27–119 days) after discharge. This subgroup had a body weight increase
from 41.9 ± 4.4 kg to 48.9 ± 3.1 kg during hospitalization that lasted 17.0 (9.0 to 28.4) weeks, which
translates into an increase of 6.98 ± 3.45 kg and a rate of weight gain of 445 ± 241 g/week. Compared
to the patients who returned, the patients not returning for a follow-up visit had similar admission
BMI and PA parameters, but were significantly younger (p = 0.006). On average, weight between
discharge and follow-up remained constant at 48.3 ± 3.8 kg (p = 0.102; range: −3.8 to +3.4). However,
at follow-up, body weight and BMI of the AN patients remained significantly lower than in healthy
controls (p < 0.001).

Clinical characteristics and PA of the patient subgroup returning for their follow-up in comparison
with healthy controls are shown in Table 2. At the first study assessment, AN patients had significantly
lower body weight (p < 0.001), BMI (p < 0.001), and BMI percentile (p < 0.001), and spent significantly
more time in light PA than healthy controls (p < 0.001). At outpatient follow-up, AN patients were
significantly older (p < 0.001), had a significantly lower body weight (p < 0.001), BMI (p < 0.001), BMI
percentile (p < 0.001), and spent more time in light PA (p = 0.039) and vigorous PA (p = 0.006) than
healthy controls. From admission to at follow-up, AN patients gained significant weight (p < 0.001),
BMI (p < 0.001) and BMI percentile (p < 0.001), had higher number of daily steps (p = 0.037), and spent
significantly less time in light PA (p = 0.008) and more time in vigorous PA (p < 0.001).

Table 2. General characteristics and PA parameters for AN patients at first study assessment, AN
patients at outpatient follow-up and healthy controls ◦.

Participant
Characteristics and PA

AN (First Study Assessment)
(n = 25)

AN (Follow-Up)
(n = 25)

Healthy Controls
(n = 20)

Age, years 16.49 (15.08/17.38)
(12.44–17.85)

16.90 (15.49/17.82) b

(12.88–18.20)
15.02 (13.59/15.84) 2

(12.07–17.86)

Height, centimeters 165.4 ± 5.5
(156.3–183.0)

164.9 ± 5.1 a

(156.6–181.3)
165.1 ± 7.1

(153.0–178.0)

Weight, kilograms 41.9 ± 4.4
(35.3– 53.0)

48.3 ± 3.8 b

(41.1–56.6)
57.3 ± 9.4 II 2

(38.8–70.8)

BMI, kilogram/meter2 15.34 ±1.72
(12.80–20.40)

17.87 ± 1.56 b

(14.50–21.80)
20.96 ± 2.88 II 2

(16.00–27.60)

BMI, percentile 2.8 ± 8.9
(0.0–43.0)

13.2 ± 13.7 b

(0.0–61.0)
51.8 ± 25.5 II 2

(7.0–93.0)

Steps 7821 (5948/9296)
(2753–23923)

10475 (8612/14975) a

(646–23273)
11390 (8261/13680)

(4427–23139)

Sedentary behavior (min)
(≥1.1 to ≤ 1.8 METs)

712 (634/760)
(483–868)

681 (636/747)
(499–848)

647 (557/732)
(386–853)

Light PA (min)
(>1.8 and < 3 METs)

103.0 (89.7/155.7)
(41.0–293.0)

90.0 (64.0/117.7) a

(49.0–162.0)
55.0 (41.8/88.1) II 2

(14.0–303.0)

Moderate PA (min)
(≥3 to < 6 METs)

73.0 (35.7/108.7)
(22.0–268.0)

96.0 (73.0/132.3)
(3.0–275.0)

121.5 (82.3/188.2)
(25.0–302.0)

Vigorous PA (min)
(≥6 METs)

1.0 (0.0/3.3)
(0.0–23.0)

13.0 (5.0/33.3) b

(0.0–116.0)
2.0 (0.4/15.8) 1

(0.0–55.0)
◦ The values are means ± SDs (range) (first quartile/ third quartile). AN, anorexia nervosa; BMI, body mass index;
MET, metabolic equivalent of task; PA, physical activity; AN (first study assessment) vs. AN (follow-up): a, p < 0.05;
b, p < 0.01; AN (first study assessment) vs. healthy controls: II, p < 0.01; AN (follow-up) vs. healthy controls: 1, p <
0.05; 2, p < 0.01.

3.3. Light PA in AN Patients Over Time

As shown in Figure 1, total time spent in light PA in AN patients decreased significantly between
the first study assessment and follow-up (p = 0.008). Nevertheless, at follow-up a significant difference
between low light PA and high light PA patients remained, as high light PA patients continued to
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show higher levels of light PA at follow-up (p = 0.003). When analyzing the subgroups separately, the
decrease in light PA over time was only significant in the group with high baseline light PA (n = 12,
p < 0.001), and not in the low light PA group (n = 13, p = 0.147).J. Clin. Med. 2020, 9, x FOR PEER REVIEW 8 of 16 
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Figure 1. Light physical activity (PA) patterns in anorexia nervosa (AN) patients over time grouped by
median split based on light PA at first study assessment (low light PA, n = 13; high light PA, n = 12).

3.4. Impact of light PA/ High-Level PA at Admission on Weight Trajectory

Compared to patients with low baseline light PA (n = 13), those with high baseline light PA
(n = 12) showed a significantly higher inpatient BMI percentage increase, but less significant outpatient
BMI percentage improvement (Table 3). Although the average time spent in high-level PA was short,
increased high-level PA had a negative impact on inpatient BMI percentage change, as patients with
higher baseline levels of high-level PA (n = 11) had significantly lower inpatient BMI percentage change
than those with lower baseline levels of high-level PA (n = 14). Nevertheless, there were no differences
in BMI percentage change in the outpatient setting (Table 3).
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Table 3. Impact of light PA and high-level PA in anorexia nervosa patients at admission on BMI trajectory
(BMI percentage change) from admission to discharge and from discharge to outpatient follow-up.

Weight Trajectory
in PA Subgroups

Low Light PA
(n = 13)

High Light PA
(n = 12) p-value Low HLPA

(n = 14)
High HLPA

(n = 11) p-value

Inpatient BMI
percentage change

(admission to
discharge)

12.0 ± 9.7
(−3.6–33.6)

18.2 ± 10.0
(−0.5–38.6) 0.037 21.3 ± 9.7

(7.7–38.6)
13.43 ± 8.50

(−0.52–25.83) 0.045

Outpatient BMI
percentage change

(discharge to
follow-up)

0.80 ± 3.61
(−3.70–9.42)

−2.28 ± 3.63
(−7.59–4.49) 0.045 −0.91 ± 3.90

(−6.25–9.42)
−0.38 ± 4.02
(−7.59–5.96) 0.740

Values are means ± SDs (range) (first quartile/ third quartile); unit = %; BMI, body mass index; HLPA, high level
physical activity; PA, physical activity.

3.5. Characteristics of Patients Grouped by Low/High Levels of Light PA and Longitudinal Impact of Time Spent
in Light PA

Comparing the two subgroups of patients (low light PA, n = 23; high light PA, n = 24) at admission,
there were no differences with regards to AN subtype, comorbidities, medication, the presence of
amenorrhea, hormonal contraception, age, and duration of illness (Ref. Table A1). The two subgroups
presented a similar duration of inpatient stay and height. However, patients with high levels of light PA
did have a significantly lower weight (p = 0.015), BMI (p < 0.001), and BMI percentile (p = 0.026) than
low light PA patients. This difference was still present at discharge, where high light PA AN patients
continued to present a significantly lower weight (p < 0.001), BMI (p < 0.001), and BMI percentile
(p = 0.018). There was no significant difference in the BMI change between the first study assessment
and discharge, or in daily steps. High light PA AN patients spent less time in sedentary behavior than
low light PA AN patients (p < 0.001), but had similar levels of moderate PA and vigorous PA.

At outpatient follow-up, there was no significant difference with regards to age and height
between the two subgroups. High light PA AN had significantly lower weight (p = 0.003) and BMI
percentile (p = 0.042); but there was no significant difference in the BMI. High light PA AN patients had
a lower BMI percentage change between discharge and outpatient follow-up (p = 0.045). There was no
significant difference in daily steps and sedentary behavior. High light PA AN patients continued to
present significantly higher light PA values (p = 0.003). Moderate PA was comparable and high light
PA AN patients presented lower amounts of vigorous PA (p = 0.034).

The time spent in light PA at first study assessment showed a significant association with BMI at
admission (p = 0.041), while time spent in light PA at admission and the BMI at outpatient follow-up
were only associated trend-level significance (p = 0.059) (Figure 2).
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4. Discussion

Objectively assessing PA patterns in adolescent AN patients compared to healthy controls and
their impact on the weight trajectories of AN patients yielded following results: (1) There was no
difference in sedentary behavior, AN inpatients exhibited more light PA, less moderate PA, and similar
vigorous PA compared to healthy controls; (2) The time spent in light PA by AN patients decreased
between admission and outpatient follow-up, but patients who had spent relatively more time in light
PA on admission continued to do so at outpatient follow-up; (3) The decrease in light PA over time
was only significant in the subgroup with high baseline light PA; (4) Contrary to our hypothesis, high
baseline light PA was associated with a higher inpatient BMI percentage change, but as expected, with
a poorer outpatient BMI percentage change; (5) High-level PA had a negative impact on inpatient but
not on outpatient BMI percentage change.

4.1. Comparison of Activity Patterns Between AN Patients and Healthy Controls

Consistent with our previous study in adult AN inpatients [19], adolescent AN patients in the
present study spent significantly more time in light PA than healthy, age-matched controls. High
light PA was not mirrored by a high daily step count, pointing out the importance of a detailed
PA assessment using intensity categories. In the literature, “fidgeting” assessed using a shoe-based
monitor was higher in AN inpatients [13] than in controls and was similar when assessed using the
Intelligent Device for Energy Expenditure and Activity (IDEEA™) accelerometer [8]. A comparison of
data is difficult due to inconsistent definitions of light PA and different PA dimensions being assessed
with varying devices. ‘Fidgeting’ in the second study may be more similar to sedentary behavior in the
present study, which was similar between the two groups. For high-level PA, controversial results
have been reported. In the present study, AN patients spent less time in moderate PA, and similar time
in vigorous PA. A previous study using the Actiwatch™ (AW7) in a day hospital setting found similar
amounts of high-level PA in AN and control subjects (no distinction was made between moderate PA
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and vigorous PA) [27], while a study using the SenseWear™ Armband in inpatient adolescent and
adult AN patients reported higher high-level PA than in controls (3–6 METs, which corresponds to the
category of moderate PA in the present study) [11]. The different amounts of high-level PA may be a
result of different treatment programs and varying approaches to PA restriction. No information about
the handling of PA during treatment was given in the cited studies. Furthermore, a variation in PA
behavior patterns within the different control groups and different recruitment locations may have
impacted the results.

4.2. Longitudinal Development of Light PA in AN Patients

The current study assessed light PA longitudinally at the beginning of inpatient treatment and at
outpatient follow-up. While on average, light PA decreased over time, there were two characteristic
subgroups: patients grouped in either high or low light PA at the first study assessment continued to
exhibit these same PA patterns at follow-up. These findings lead to the question as to whether time
spent in high or low light PA is an individual trait, which persists over time, regardless of therapy and
setting, or whether the time needed to normalize varies and takes up more than a median of 36.0 days.
Casper et al. proposed a dysregulation of PA called ‘restless activation’ as a phenotype of AN and
hypothesized that it may be linked to improved self-esteem and wellbeing [28]. In rodent models,
PA has been linked to dopamine and endocannabinoid signaling networks that suggest an addictive
property [29]. Similar findings using MRI imagining in AN patients have linked altered neurological
responses in the reward system to excessive exercise [30]. We are only aware of one comparable study,
which reported a trend for increased time spent on feet between low-weight and weight restored
AN patients, while ‘fidgeting’ did not vary when using the IDEEA™ [8]. The varying age of the
study populations (adolescent and adult patients vs. only adolescents in the present study), the
different admission BMIs (16.1 ± 1.0 vs. 15.6 ± 1.8 in the current study), and the different measurement
instruments may have impacted PA behaviors and readings.

4.3. Impact of PA Patterns on Weight Trajectory

Contrary to our hypothesis, increased time spent in light PA was linked to a higher inpatient
BMI percentage change. Previous studies on the impact of light PA on inpatient weight trajectory
have yielded mixed findings. In an exploratory, non-linear model based on 50 adult AN patients,
time spent in light PA was a potential predictor for poor BMI increase during inpatient treatment [19].
In adolescent and adult AN patients, time spent in light PA was inversely linked to BMI at discharge,
while there was no significant relationship to BMI percentage change [19]. No association between
‘fidgeting’, assessed with a shoe-based accelerometer, and weight gain was found in a group of 11
adolescent and adult AN patients [13]. Age differences may have led to different results, as in healthy
participants, PA behaviors vary between adolescents and adults. Healthy adolescents are more active
and spent more time in high-level PA than adults [31,32]. Additionally, some of these previous studies
were small. In the present study, the group of patients with high light PA had a significantly lower
BMI at admission; a higher BMI increase in this group may have been caused the program’s discharge
weight target at the 25th BMI percentile requiring more weight gain in this group in order to be
discharged. There also might be a link between increased LPA and muscle gain as it has been shown
that LPA can improve muscle strength [33], which may contribute to the increased BMI percentage
change within the high LPA group. The present study found a statistical trend (p = 0.059) for an inverse
association between high light PA at admission and inpatient BMI gain, as well as a significant inverse
association with BMI percentile at follow-up. Therefore, the assessment of PA patterns at admission
might hold the potential to identify patients at risk of poor weight gain. The time spent on feet in 61
AN patients at the assessment point weight, but not at low weight, was linked to a poorer weight
trajectory at the 12 month follow-up [8].Heterogeneous results may thus be caused either by different
time points of PA assessment during treatment or by different follow-up durations. Consistent with our
previous study [19], high-level PA was inversely associated with inpatient BMI change. Conversely,
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in a group of 88 AN patients in a day hospital setting, high-level PA assessed using an Actiwatch™
(AW7) was directly associated with achieving BMI > 18.5 and with decreased AN-specific cognitions
and reduced binge/purge behavior [27]. Different settings (inpatient vs. day hospital treatment) may
have impacted the patients’ ability to exercise at higher intensities and the impact high-level PA had
on the weight trajectory.

When assessing the impact of PA patterns on weigh status in healthy adolescents, two trends can
be observed: high levels of high-level PA (HLPA) are associated with a lower BMI and a lower body
fat mass. Additionally, more time in sedentary behavior is linked to a higher BMI and higher body
fat [34–36]. These trends are also replicable when analyzing only healthy female participants [37,38].
Further sedentary behavior in both gender-mixed groups and female-only groups was also linked to a
higher BMI increase in the long run [39,40]. However, in a sample of female secondary school students,
there was no correlation between being underweight and PA patterns (both SB and HLPA) [41].

4.4. Limitations

The limitations of this study first include the prolonged and variable times between the admission
and the first study assessment, and between discharge and the follow-up assessment. Second, a high
drop-out (n = 22) may have reduced the generalizability of the findings, yet comparable studies
had both similar (n = 26) [8] and lower (n = 3) [16] drop-outs. Third, there was a significant age
difference between the patients at follow-up and the healthy controls. Fourth, the validity of the
SenseWear™ Pro 3 Armand has not been assessed for PA parameters in underweight AN patients;
thus, the validity of the obtained data is unknown. Fifth different cutoff points for PA are used
in the literature. We used a definition for sedentary behavior (very low PA) with a cutoff point at
1.8 METs [42] to establish compatibility with our previous work [12,19], but a new definition proposed
a cutoff point at 1.5 METs [25]. Therefore, the actual activities associated with sedentary behavior in
this study may not fully represent all aspects of sedentary behavior. Sixth, it is unknown if wearing a
SenseWear™ Armand affects PA behavior. Seventh, no data about the caloric intake of patients after
discharge were obtained. Finally, potential differences in PA based on socioeconomic status were not
assessed. However, despite these limitations, this is one of the first studies to assess the longitudinal
development of light PA and its impact on weight trajectories in adolescent AN patients.

5. Conclusions

In summary, PA patterns vary between AN patients and healthy controls and impact weight
trajectories in AN patients. Our study aims to raise awareness of the different types of hyperactivity
and their impact on the weight development of AN patients. Our research may provide a foundation
for future research into the benefit of objectively measured PA patterns in AN patients and may
allow for a better understanding of PA as a disease maintaining factor as well as the identification
of high risk patients at the beginning of treatment. This could enable research into new treatment
interventions that are tailored to the different PA subgroups of patients, such as high LPA patients.
An early intervention that focuses on reducing LPA hyperactivity from the beginning of the treatment
program on may positively impact short- and long-term weight development. Our study shows that
the detailed assessment of PA patterns, rather than general PA parameters, such as steps or activity
counts, provides valuable insight into PA behavior of AN patients.
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Appendix A

Table A1. General characteristics and PA parameters of AN patients at admission, first study assessment
and discharge grouped by a low/high level of light PA (median split).

Participant Characteristics and
PA

Low Light PA
(n = 23)

High Light PA
(n = 24) p-value

Duration of illness, months 12.0 (7.3/15.8)
(3.0–64.0)

9.0 (4.0/17.6)
(1.0–56.0) 0.176

Admission age, y 15.82 (14.87/16.64)
(13.78–17.85)

15.11 (13.89/16.70)
(12.44–17.82) 0.250

Admission height, cm 166.7 ± 6.4
(159.0–183.0)

164.1 ± 4.3
(156.3–170.0) 0.253

Admission weight, kg 43.9 ± 4.1
(39.6–53.0)

39.8 ± 3.8
(35.3–46.5) 0.015

Admission BMI, kg/m2 15.84 ± 1.73
(13.90–20.40)

14.80 ± 1.61
(12.80–19.10) 0.135

Admission BMI percentile (%) 4.1 ± 11.7
(0.0–43.0)

1.33 ± 4.31
(0.00–15.00) 0.443

Steps 8586 (7136/9735)
(2753–24536)

7870 (6159/12179)
(2026–26439) 0.882

Sedentary behavior (min)
(≥1.1 to ≤1.8 METs)

730 (698/789)
(581–856)

646 (497/715)
(189–868) <0.001

Light PA (min)
(>1.8 and <3 METs)

73.0 (54.3/93.5)
(41.0–103.0)

192 (146/273)
(105–530) <0.001

Moderate PA (min)
(≥3 to <6 METs)

73.0 (46.5/103.5)
(22.0–268.0)

89.5 (39.3/120.8)
(3.0–241.0) 0.663

Vigorous PA (min)
(≥6 METs)

2.0 (1.0/10.0)
(0.0–54.0)

1.5 (0.0/8.9)
(0.0–212.0) 0.729

Time between admission and
discharge, days

95.0 (74.8/118.8)
(47.0–225.0)

121.0 (88.8/135.6)
(41.0–171.0) 0.097

Discharge weight, kg 51.4 ± 3.3
(45.3–61.1)

45.0 ± 3.9
(36.6–52.5) <0.001

Discharge BMI, kg/m2 18.38 ± 0.96
(16.50–20.50)

17.31 ± 1.15
(15.50–19.40) <0.001

Discharge BMI percentile (%) 18.4 ± 11.1
(0.0–45.0)

11.4 ± 8.4
(0.0–36.0) 0.018

BMI change from first study
assessment to discharge kg/m2

1.85 ± 1.41
(−0.70–4.70)

2.60 ± 1.36
(−0.10–5.40) 0.072

BMI percentile change from first
study assessment to discharge (%)

12.0 ± 9.7
(−3.6–33.6)

18.2 ± 10.0
(−0.5–38.6) 0.037

Values are means ± SDs (range) (first quartile/ third quartile). AN, anorexia nervosa; BMI, body mass index; METs,
metabolic equivalents; PA, physical activity.
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