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OBJECTIVES: Patients with anorexia nervosa (AN) have autonomic nervous system (ANS) dysfunction as measured by heart rate
variability (HRV). Omega-3 fatty acids may improve heart rate regulation. Our aim was to describe ANS response to a mid-day meal
in adolescent females with AN in a 12-week treatment program, randomized to receive either omega-3 supplements or placebo.
METHODS: This pilot study was a longitudinal, double-blind, randomized controlled trial. Each group was subdivided into an
acutely ill cohort and a chronically ill cohort. Linear and non-linear measures of slope, mean, and pre/post-meal changes in HRV
were measured at baseline, 6 weeks, and 12 weeks.
RESULTS: Twenty-four women (n= 12 placebo; n= 12 omega-3) were enrolled. By program end, the acute omega-3 group alone
showed no change in any pre-meal slope. Acute and chronic omega-3 groups, but not placebo groups, demonstrated
physiologically expected post-meal heart rate increases at 12 weeks. For all measures at 6 and 12 weeks, the chronic placebo and
omega-3 groups had smaller physiologic responses to the meal compared with the acute groups.
CONCLUSIONS: Participation in a 12-week partial hospitalization program may improve autonomic function in response to
mealtime, with possible additional benefit from omega-3 PUFA, particularly in those with acute illness.

Pediatric Research (2022) 92:1042–1050; https://doi.org/10.1038/s41390-022-02058-z

IMPACT:

● Autonomic function with meals improves with a 12-week partial hospitalization program in adolescent females with anorexia
nervosa.

● Omega-3 polyunsaturated fatty acids may improve autonomic function, especially in adolescent females with acute forms of
anorexia nervosa.

● Longer duration of illness in adolescent females with anorexia nervosa is associated with blunted autonomic response to meals.

INTRODUCTION
Anorexia nervosa (AN) is a serious psychiatric illness characterized
by intentional weight loss, restrictive eating, fear of gaining
weight, and distorted body image, with or without binge eating
and purging episodes.1 Eating disorders are most likely to develop
during adolescence, and AN has a lifetime prevalence of 1.4% for
women and 0.2% for men.2 The malnutrition associated with AN
may be severe, and cardiovascular complications are common,
including dysfunction of the autonomic nervous system (ANS)
both at rest3,4 and in response to challenge.5,6 Altered ANS
function may be either a consequence of malnutrition or a
potential cause of disordered eating.7

The majority of literature reporting on ANS function in AN has
shown predominance of parasympathetic activity over sympa-
thetic activity in patients with AN compared with healthy
controls.3,8,9 Some researchers have found similar autonomic
function between AN and controls, but even in these studies,
evidence of reduced sympathetic activity was found during

postural changes10 and in at least one measure of autonomic
function at rest.11 Importantly, at least some of these differences in
findings may be due to failure to differentiate patients with AN by
duration of illness. Individuals with chronic AN demonstrate
significantly lower levels of parasympathetic activity and, thus,
higher relative sympathetic activity, compared with individuals
with acute AN.12,13

Eating a meal is known to increase heart rate (enhanced
sympathetic activity) in healthy adults with a maximal effect 1.5–2
h post-meal.14–17 Similarly, high frequency heart rate variability
(HRV) (an index of parasympathetic activity) decreases in healthy
adults following a meal.14,18 Given the known anxiety experienced
by individuals with AN in association with meals19 and the known
dysfunctional ANS, autonomic effects of a meal in adolescents
with AN needs examination.
Omega-3 polyunsaturated fatty acids (PUFA) have been shown

to improve heart rate20 regulation and HRV in a number of
different populations.21–24 Three primary mechanisms by which
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PUFAs may affect these autonomic markers have been pro-
posed21: (1) modulation of autonomic function through increases
in acetylcholine (ACh)25,26 or ACh receptors,25,27 (2) suppression of
sympathetic activity through modulation of circulating catecho-
lamine concentrations28,29 and pro-inflammatory cytokines,29–32

and (3) slowing heart rate through modulation of cardiac
electrophysiology by reducing cardiac membrane electrical
excitability via inhibition of the Na+ and Ca+ ion channels.33–35

Multiple studies have demonstrated that omega-3 PUFAs are
reduced in individuals with AN compared with healthy controls,36

and that levels improve with treatment in adolescents with acute
forms of AN.37 Administering PUFAs has been suggested as a
treatment for AN.38 However, the few studies that have examined
outcomes in AN patients treated with PUFAs have demonstrated
mixed results including improved weight gain and enhanced
mood39 and no differences in weight gain40,41 compared with
control groups. The effect of omega-3 PUFAs on ANS function in
AN has not been studied.
Although evidence for specific treatment approaches for AN is

limited,42 the use of family-based therapy (FBT) has the best
available evidence for children and adolescents and is frequently
the initial treatment approach.43 While FBT was developed as an
outpatient treatment for patients and families with more acute
needs, FBT has also been shown to be effective in a partial-
hospital setting.44 The aim of this longitudinal study was to
describe and compare autonomic responses to a mid-day meal in
adolescent females with acute and chronic AN who initiated
treatment in a 12-week partial hospitalization treatment program
and were randomized to receive either an omega-3 PUFA
supplement or placebo.

METHODS
This was a two arm, longitudinal, double-blind, randomized controlled
pilot study design. The local institutional human subjects review board and
the U.S. Food and Drug Administration (IND 117431) approved the
protocol, and the study was conducted in accordance with the ethical
standards from the 1964 Declaration of Helsinki. The trial was registered at
clinicaltrials.gov (NCT01933243). All participants provided written assent or
consent, depending on age, and a parent or legal guardian provided
written informed consent for participation of minors.

Setting/Sample
A sample of 12–21-year-old adolescent females admitted to the eating
disorders partial hospitalization FBT program at a large Midwestern
children’s hospital for treatment of AN, restrictive subtype, was recruited
shortly after admission. Patients meeting criteria could move from partial
hospitalization program (PHP) to intensive outpatient treatment as their
conditions improved. Sample size in this pilot study was determined based
on the available time period and the budget of the pilot award. Potential
participants were excluded if they had co-morbid medical or psychiatric
conditions affecting appetite or weight, were currently taking omega-3
PUFA supplements, were unable to swallow a pill, or were unable to
complete the 12-week study. Following enrollment, participants were
assigned to group based on a block randomization scheme consisting of
eight participants per block that was generated by the hospital’s
investigational drug service pharmacy (IDS). Group assignment with an
allocation ratio of 1:1 was made following consent when the study team
contacted IDS for delivery of a coded container of PUFA or placebo
according to the next sequential treatment group in the prepared random
list. Study team and participants were both blinded to group allocation.
The intervention group received omega-3 PUFA supplements provided

by Nordic Naturals® ProEPA™ Xtra (Watsonville, CA) at a dose of four
capsules daily for 12 weeks. The four omega-3 PUFA capsules provided a
total daily dose of 2,120mg eicosapentaenoic acid (EPA), 600 mg DHA, and
404mg of other omega-3 PUFA. Supplements contained lemon essential
oil to mask potential fishy aftertaste. The control group received a placebo
also provided by Nordic Naturals®. Placebo capsules were identical in color,
size, and flavor but contained predominantly soybean oil (3960mg total
daily dose) and negligible omega-3 PUFA (40mg total daily dose).

Measures
ANS function was measured using HRV based on electrocardiographic
(ECG) recordings using Marquette Seer MC Holter Recorders (General
Electric, Inc.). HRV refers to the miniscule differences in beat-to-beat
intervals that are the result of a precise interaction between sympathetic
and parasympathetic nervous system heart rate regulation.45 Linear and
non-linear approaches to analysis were used. Linear measures were
determined using frequency domain methods, which partition the
variability in heart rate into underlying rhythms resulting from of a
number of different physiologic processes, such as thermoregulation and
baroreceptor activity.46 For this study, high-frequency HRV (hfHRV) was
used as a marker for parasympathetic regulation of heart rate, which is the
variability that occurs at the same frequency as respirations.45 ANS
response to a stressor would be reflected by decreases in hfHRV, indicating
withdrawal of parasympathetic stimulation. This withdrawal would
generally be accompanied by increases in sympathetic activity. Heart rate
(HR) was also recorded, providing a measure of overall arousal. Increases in
HR are associated with more sympathetic activity.47 Recovery from a
stressful event would be reflected in subsequent increases in hfHRV and
reductions in HR. In general, relatively higher levels of baseline hfHRV,
lower baseline HR, and greater magnitudes of change in response to
internal or external stressors reflect healthy and responsive autonomic
functioning.48

Non-linear measures of HRV add additional information about regulation
of heart rate not attainable with linear measures. We measured short-term
detrended fluctuation analysis (DFA1), which quantifies fractal properties
of heart rate, providing information about level of organization, rather than
magnitude, of changes in heart rate.49,50 In healthy adults, DFA1 decreases
with challenging activities, suggesting more sympathetic activity.50,51 Non-
linear measures have rarely been measured in adolescents with AN11,13

and may provide additional information about possible alterations in
autonomic function.
Pre-meal was defined as 2 h immediately preceding the mid-day meal

using average values of four consecutive 30-min epochs. Post-meal was
defined as beginning 1 h after the meal started and continued for the
subsequent 2 h using average values of four consecutive 30-min epochs.
To gain a comprehensive analysis of HRV responses to the meal, four
variables were used for each of the three primary HRV measures (hfHRV,
DFA1, and HR): Pre-meal slopes, post-meal slopes, mean values of the four
30min epochs pre- and post-meal, and magnitude of change in pre- and
post-meal mean values, adjusting for baseline.

Procedure
Immediately following recruitment and informed consent and assent, a
Holter recorder was attached to each participant. Participants recorded
mealtimes for the following day in a diary supplied by the study.
Participants returned to the clinic for removal of the recorder 48 h after
monitor placement. This procedure was repeated at 6 weeks (mid-
program) and 12 weeks (end of program). ECG data for HRV measures were
calculated for pre- and post-mealtimes as described above for each data
collection time.

Data analysis
To account for differences in ANS function between acute duration and
chronic duration of illness, each treatment group was subdivided into an
acute cohort and a chronic cohort with the following groups: acute
placebo (AP), acute omega-3 (AO), chronic placebo (CP), and chronic
omega-3 (CO).
Due to the small sample size, group-level analysis was not considered.

Instead we opted for multiple single-subject analysis using interrupted
time series, specifically regression discontinuity analysis.52 These single-
subject models were then synthesized using a meta-analysis approach for
assessing within- and between-group change.53 Like true-experimental
studies, single-subject designs can be used to test whether a treatment is
responsible for observed changes in performance. Research syntheses,
using meta-analysis, focuses on integrating the single-subject empirical
research in order to find generalizations in the data. Marginal means were
then used to assess magnitude and direction of change between pre-meal
and post-meal using regression analysis. Type 1 error rate was set at 0.10
for this pilot study in order to retain potential variables for future
hypothesis-testing studies. Because of the small sample size, marginal
effect sizes for magnitude of change, adjusted for baseline values, are
reported rather than statistical significance.
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Additional analyses were done to examine within-group comparisons
over time in preparation for future, adequately powered studies. These
analyses can be accessed in the Supplemental Table.

RESULTS
Recruitment and follow-up took place between January 2015 and
February 2016. Out of 41 potential participants, 24 were enrolled, 2
did not meet criteria, and 15 declined participation. Characteristics of
the sample and the CONSORT diagram have been reported
elsewhere.41 The CONSORT diagram can be viewed in the Supple-
mental Figure. In summary, participants were on average 14.7 years of
age, white, non-Hispanic with an average BMI of 19.2. Twelve
participants were randomized to the placebo group, and 12 to the
omega-3 group. Sixteen participants (placebo: n= 7; omega-3: n= 9)
were classified as having acute illness of <12 months duration; eight
(placebo: n= 5; omega-3: n= 3) were classified as having chronic
illness of ≥12months duration. Results for each of the HRV indices are
presented by each HRV variable and data collection time point.

hfHRV: Baseline
Within-group slopes (see Table 1). All groups (AP, AO, CP, and CO)
had positive hfHRV slopes in the 2 h leading up to the meal.
Following the meal, the AP and CO groups had flattened, stable
slopes, whereas AO and CP groups demonstrated positive slopes
(AO: t= 2.760, p= 0.017; CP: t= 7.859, p= 0.000).

Within- and between-cohort group comparisons of marginal
means. (see Table 2) The AP group had lower mean hfHRV than
the AO group at pre-meal baseline (t= 2.96, p= 0.003). There
were no differences in baseline values within the chronic groups.
However, the AP group had lower values than the CP group at
baseline (t= 3.07, p= 0.002). Post-meal, the lower values for AP as
compared with CP remained (t= 2.45, p= 0.015). There were no
differences between the AO and CO groups.

hfHRV: 6 weeks
Within-group slopes (see Table 1). Before the meal, both acute
and chronic placebo groups had flattened, stable hfHRV slopes,
whereas both acute and chronic omega-3 groups had positive
slopes (AO: t= 4.989, p= 0.0003; CO: t= 6.546, p= 0.000).
Following the meal, both acute and chronic placebo groups had
positive slopes, whereas both acute and chronic omega-3 groups
had flattened, stable slopes.

Within- and between-cohort group marginal means (see Table 2).
Only one significant difference was found within- or between-
cohort groups at 6 weeks. The AP group had higher hfHRV than
the AO group post-meal (t=−1.66, p= 0.098).

Within- and between-cohort group magnitude of change of
marginal means (see Table 3 and Fig. 1). The placebo and
omega-3 groups did not differ in magnitude of change of hfHRV
after the meal within either acute or chronic cohort groups.
However, the magnitude of change was lower in the chronic
cohort groups compared with the acute cohort groups with large
effect sizes of 0.695 (placebo) and 0.721 (omega-3) (see Fig. 1).

hfHRV: 12 weeks
Within group slopes (see Table 1). Before the meal, both acute and
chronic placebo groups had positive slopes (AP: t= 3.925, p=
0.002; CP: t= 5.450, p= 0.0001) whereas both acute and chronic
omega-3 groups had flattened, stable slopes. Following the meal,
the AP group had increasing values (t= 16.461, p= 0.000).
However, the remaining groups demonstrated steady values.

Within- and between-cohort group marginal means (see Table 2).
hfHRV did not differ by treatment condition or duration of illness
(acute/chronic) at 12 weeks.

Within- and between-cohort group magnitude of change of marginal
means (see Table 3 and Fig. 1). The placebo and omega-3 groups
did not differ in magnitude of change of hfHRV after the meal in
either acute or chronic cohorts. However, the magnitude of change
was lower in the chronic cohort compared with the acute cohort
with large effect sizes of 0.866 (placebo) and 0.713 (omega-3).

DFA1: Baseline
Within-group slopes (see Table 1). Before the meal, negative
DFA1 slopes were seen in the AP (t=−10.01, p= 0.000), AO (t=
−2.28, p= 0.042), and CO (t=−6.99, p= 0.000) groups. However,
DFA1 was stable in the CP group (t=−1.31, p= 0.213). Following
the meal, both acute and chronic placebo groups had flattened,
stable slopes (AP: t= 1.577, p= 0.141; CP: t= 0.130, p= 0.900).
However, both acute and chronic omega-3 groups had positive
slopes (AO: t= 5.507, p= 0. 0001; CO: t= 8.366, p= 0.000).

Within- and between-cohort group marginal means (see Table 2).
Within the acute cohort, the placebo group had higher pre-meal

Table 1. Direction of slopes of heart rate variability indices pre-meal and post-meal.

Pre-meal slope Post-meal slope

AP AO CP CO AP AO CP CO

hfHRV

Baseline ↑ ↑ ↑ ↑ ― ↑ ↑ ―
6 weeks ― ↑ ― ↑ ↓ ― ↓ ―
12 weeks ↑ ― ↑ ― ↑ ― ― ―

DFA1

Baseline ↓ ↓ ― ↓ ― ↑ ― ↑

6 weeks ↓ ― ↓ ― ― ↑ ↑ ↑

12 weeks ― ― ― ↓ ― ― ↓ ―
HR

Baseline ↓ ↓ ↓ ↓ ― ↓ ↓ ―
6 weeks ― ― ― ↓ ↑ ↑ ↑ ―
12 weeks ↓ ― ― ↓ ↓ ↑ ↓ ↑

Note. Arrows indicate direction of slope. Dash indicate no change in trajectory. AP acute placebo, AO acute omega-3, CP chronic placebo, CO chronic omega-3,
DFA1 detrended fluctuation analysis, hfHRV high-frequency heart rate variability, HR heart rate.
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DFA1 values than the omega-3 group (t=−2.70, p= 0.007).
Within the chronic cohort, the placebo group had lower pre-meal
and post-meal values than the omega-3 group (t= 1.90, p=
0.058). Similarly, between-cohort group analysis showed the AP
group had higher pre-meal values than the CP group (t=−2.21,
p= 0.028), yet the AO group had lower pre-meal values than the
CO group (t= 2.11, p= 0.035). Post-meal, the only differences
found were lower DFA1 values in the CP group compared with the
CO group (t= 1.97, p= 0.050).

DFA1: 6 weeks
Within-group slopes (see Table 1). Before the meal, the acute and
chronic placebo groups exhibited negative slopes (AP: t=−2.964,
p= 0.012; CP: t=−1.745, p= 0.107). However, both acute and
chronic omega-3 groups exhibited flattened, stable slopes.
Following the meal, the AP group showed steady values, whereas
the remaining three groups showed positive slopes (AO: t=
12.939, p= 0.000; CP: t= 5.111, p= 0.0003; CO: t= 3.144, p=
0.009).

Within- and between-cohort group marginal means (see Table 2).
Pre-meal DFA1 did not differ by treatment condition or duration of
illness (acute/chronic). Post-meal, the AP group had lower values
than the AO group (t= 2.41, p= 0.017). The AO group levels were
also higher than the CO group (t=−1.88, p= 0.061).

Within- and between-cohort group magnitude of change of
marginal means (see Table 3 and Fig. 1). The placebo and
omega-3 groups did not differ in magnitude of change of DFA1
after the meal in either acute or chronic condition cohorts.
However, the magnitude of change was lower in the chronic
condition cohort with large effect sizes of −1.607 (placebo) and
−1.673 (omega-3).

DFA1: 12 weeks
Within-group slopes (see Table 1). Before the meal, the AP, AO,
and CP groups showed flattened, stable slopes whereas the CO
showed negative slopes (t=−3.172, p= 0.008). Following the
meal, the AP, AO, and CO groups showed flattened, stable slopes
(AP: t=−0.656, p= 0.524; AO: t= 0.637, p= 0.536; CO: t – 1.349,
p= 0.202)) whereas the CP group had decreasing values (t=
−2.204, p= 0.048).

Within- and between-cohort group marginal means (see Table 2).
The only difference in means between groups at 12 weeks was
that the AP group had significantly lower values of DFA1 than the
CP group (t= 2.17, p= 0.031).

Within- and between-cohort group magnitude of change of
marginal means (see Table 3 and Fig. 1). The placebo and
omega-3 groups did not differ in magnitude of change of DFA1
after the meal in either acute or chronic condition cohorts.
However, the magnitude of change was lower in the chronic
cohort with large effect sizes of −1.963 (placebo) and −1.602
(omega-3).

Heart rate: Baseline
Within group slopes (see Table 1). Before the meal, all groups
showed negative slopes (AP: t=−19.34, p= 0.000; AO: t=−1.88,
p= 0.085; CP: t=−38.19, p= 0.000; CO: t=−6.17, p= 0.000).
Following the meal, heart rate for the AP and CO groups was
steady (AP: t=−0.951, p= 0.360; CO: t= 1.082, p= 0.301),
whereas heart rate decreased for AO (t=−3.179, p= 0.008) and
CP (t=−13.623. p= 0.000).

Within- and between-cohort group marginal means (see Table 2).
Pre-meal, the AP group had higher heart rates than the AO group
(t=−3.64, p= 0.000). However, the chronic groups did not differTa
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by treatment condition. Both the acute placebo and omega-3
groups had higher heart rates than the chronic placebo and
omega-3 groups (placebo: t=−3.75, p= 0.000; omega-3: t=
−2.18, p= 0.030). Post-meal, the AP group had higher heart rates
than the AO group (t=−2.64, p= 0.009) whereas the chronic
groups did not differ. The AP group had higher heart rates than
the CP group (t=−3.93, p= 0.000), but the acute and chronic
omega-3 groups did not differ.

Heart rate: 6 weeks
Within-group slopes (see Table 1). Before the meal, AP, AO, and CP
groups demonstrated flattened, stable slopes, whereas the CO
group showed negative slopes (t=−3.632, p= 0.003). Following
the meal, heart rate values increased in the AP, AO, and CP groups
(AP: t= 13.044, p= 0.000, AO: t= 4.725, p= 0.0005; CP: t= 13.650,
p= 0.000) and was steady in the CO group (t= 1.116, p= 0.286).

Within- and between-cohort group marginal means (see Table 2).
At 6 weeks, the AP had higher pre-meal heart rates than the AO
group (t=−1.65, p= 0.099). Post-meal, both the acute placebo
and acute omega-3 groups had higher heart rates compared with

the chronic placebo and chronic omega-3 groups (placebo: t=
−2.83, p= 0.005; omega-3: t=−1.67, p= 0.096).

Within- and between-cohort group magnitude of change of
marginal means (see Table 3 and Fig. 1). The AP group had a
higher magnitude of HR change post-meal than the AO group,
but the effect size was small (−0.307). The CP and CO groups
changed in different directions (CP decreasing and CO increas-
ing), and this difference exhibited a moderate effect size
(−0.349). Similar to the other HRV measures of change, the
magnitude of change was lower in the chronic cohort compared
with the acute cohort with large effect sizes of −0.925 (placebo)
and −0.967 (omega-3).

Heart rate: 12 weeks
Within-group slopes (see Table 1). Before the meal, negative heart
rate slopes were observed in the AP group (t=−3.084, p= 0.010)
whereas flattened, stable heart rates were observed in the
remaining three groups (AO, CP, CO). Following the meal, both
acute and chronic placebo groups had negative slopes (AP: t=
−3.676, p= 0.003; CP: t=−2.336, p= 0.038) whereas both acute

Placebo
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hfhRV change after meal by group and time

DFA1 change after meal by group and time
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Fig. 1 Magnitude of change between pre-meal and post-meal heart rate variability indices by acute and chronic groups. DFA1 short-term
detrended fluctuation analysis, hfHRV high-frequency heart rate variability, HR heart rate.
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and chronic omega-3 groups had positive slopes (AO: t= 2.471,
p= 0.029; CO: t= 2.371, p= 0.035).

Within- and between-cohort group marginal means (see Table 2).
At 12 weeks, differences by duration of illness were similar to
those at 6 weeks wherein both the placebo and omega-3 groups
in the acute cohort had higher heart rates compared with the
placebo and omega-3 groups in the chronic cohort (placebo: t=
−3.18, p= 0.002; omega-3: t=−2.37, p= 0.018).

Within- and between-group magnitude of change of marginal
means (see Table 3 and Fig. 1). The AP group had a higher
magnitude of HR change post-meal than the AO group, but the
effect size was small (−0.330). The CP and CO groups again changed
in different directions (CP decreasing and CO increasing) and this
difference exhibited a moderate effect size (ES=−0.380). Similar to
the other HRV measures of change, the magnitude of change was
lower in the chronic cohort compared with the acute cohort with
large effect sizes of −1.192 (placebo) and −0.961 (omega-3).

DISCUSSION
In this pilot study examining ANS function in adolescent females
with AN who were admitted to a FBT PHP, participants were
randomly assigned to receive either omega-3 PUFA or placebo for
the duration of the 12-week program. Results demonstrated
differences between the placebo and omega-3 groups as well as
between acute and chronic cohorts. Overall, our results suggest
some improvements in autonomic functioning over the course of
the 12-week program with possible evidence of effectiveness of
omega-3 PUFA, primarily in the acute cohort.

Slopes for HRV and heart rate
At the pre-intervention baseline, we were surprised to observe pre-
meal decreases in heart rate values in all groups, having anticipated
increases in heart rate because of the sympathetic effects of pre-
meal anxiety. Upon closer inspection, however, we observed a
concomitant increase in vagal activity (hfHRV) and a decrease in the
non-linear HRV measure, DFA1. This pattern of increased vagal
activity, decreased heart rate, and decreased DFA1 is known to
occur in laboratory settings in which both the sympathetic nervous
system (SNS) and the parasympathetic nervous system (PNS) are
activated simultaneously (co-activation) and is associated with
instability of heart rate.54,55 Vagal activation reduces heart rate and,
when present in the face of norepinephrine, dominates the effect to
produce lower heart rates.55,56 We propose that this simultaneous
activation of the PNS and SNS is evidence of acute distress in this
population. Indeed, co-activation may be a conditioned response to
aversive stimuli,57 that is, mealtime for the adolescents in this study.
In other words, presented with a challenge, co-activation of the ANS
may be more likely in this population.
This interplay of these three measures of slope before the meal

did not occur again in any of the groups after the start of treatment,
although significant reductions in slope of heart rate continued for
the chronic omega-3 cohort. This suggests that the significant
emotional challenge of mealtime may have been reduced with the
PHP in all but the chronic omega-3 group. Co-activation may have
continued to be an issue for the chronic omega-3 group with
evidence at 12 weeks of reductions in DFA1 and heart rate.
Additional research with larger samples will help clarify this issue.
Slopes for hfHRV and DFA1 at 6 and 12 weeks were similar

within treatment groups, i.e., both the acute and chronic placebo
groups had flattened, stable slopes at 6 weeks and increased
slopes at 12 weeks, whereas both the acute and chronic omega-3
groups had increased slopes at 6 weeks and flattened stable
slopes at 12 weeks. Importantly, by program end at 12 weeks, the
acute omega-3 group showed no change in any slope index in the
2 h preceding the meal, suggesting baseline pre-meal stress/

anxiety had been diminished. In contrast, the acute placebo group
and both chronic placebo and chronic omega-3 groups continued
to demonstrate changes in hfHRV and HR. After the meal, our
primary finding was that both the acute and chronic omega-3
groups demonstrated post-meal heart rate increases at 12 weeks,
which was not observed in either the acute or chronic placebo
groups. Increases in heart rate are expected following meals
because of parasympathetic withdrawal with resultant increased
sympathetic activity needed to facilitate blood flow to gastro-
intestinal organs during the digestive process.18,58

In summary, by the end of the treatment program, we observed
an expected lack of pre-meal anticipatory autonomic response in
the omega-3 group, but only in the acute cohort. We similarly
observed expected post-meal autonomic responses of increases in
heart rate in both the acute and chronic omega-3 groups and not
the acute or chronic placebo groups. It is possible that the omega-3
PUFA contributed to normalizing of autonomic response to meals.
We speculate that omega-3 PUFA may have influenced autonomic
responses to meals differently in the participants who were acutely
versus chronically ill with AN, and that these responses may have
been differentially elicited due to the type of stimulus, i.e.,
emotional pre-meal anticipatory anxiety versus post-meal physio-
logic digestive processes. These findings support the need for
additional research to more thoroughly evaluate the effects of
omega-3 PUFA on autonomic function in this population.

Mean values
At baseline, we found differences between the acute placebo and
acute omega-3 groups in pre- or post-meal mean values of all
three HRV indices and differences between the chronic placebo
and chronic omega-3 groups in pre-meal DFA1. We are unable to
account for these baseline differences by age, hospitalization
history, or medications, and suggest that small sample size may
have been a factor. Unsurprisingly, the acute cohort differed at
baseline from the chronic cohort in all three pre-meal indices for
the placebo group and two of three indices for the omega-3
group, having lower mean hfHRV, lower or higher mean DFA1, and
higher mean heart rates. Similarly, we noted differences in
baseline post-meal responses, again with lower mean hfHRV and
higher mean heart rates in the acute cohort.
At the program mid-point of 6 weeks, compared with the acute

placebo group, the acute omega-3 group had lower mean pre-
meal heart rates, suggesting less pre-meal arousal. In addition, the
acute omega-3 group had lower post-meal mean hfHRV and
higher post-meal mean DFA1, consistent with supportive physio-
logic response to eating. However, by the end of the PHP
program, we found no differences in mean values between the
acute placebo and acute omega-3 groups or between the chronic
placebo and chronic omega-3 groups. It is possible that treatment
with omega-3 PUFA improved autonomic function in the acute
omega-3 group that either was not sustained or that was matched
by the acute placebo group by 12 weeks as both were
concurrently participating in the PHP program. More research is
needed to further examine these relationships.
We did observe differences in mean values by acute/chronic

condition. Most apparent were differences in mean heart rate
post-meal at both 6 and 12 weeks. Both acute placebo and acute
omega-3 groups had significantly higher heart rates compared
with the chronic placebo and chronic omega-3 groups. These
differences suggest a reduced ability in individuals with chronic
AN to mount the physiologically expected autonomic response to
eating14–16 and is consistent with the literature reporting reduced
autonomic responsiveness in chronically ill AN patients.12,13

Magnitude of change
We examined magnitude of change in autonomic response
between pre-meal and post-meal because magnitude of change
is a marker for healthy flexibility and responsiveness of autonomic
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function.48 There were small differences (based on effect sizes)
between placebo and omega-3 groups within the acute cohort
and within the chronic cohort for hfHRV and DFA1 and more
moderate differences for HR, suggesting small effects of omega-3
PUFA on magnitude of autonomic change, primarily exhibited in
heart rate.
Our most interesting, but not surprising, finding was the

differences in magnitude of change between the acute and
chronic cohorts. For all measures at 6 and 12 weeks (controlling
for baseline), the chronic cohort had smaller physiologic responses
with large effect sizes. These findings are consistent with other
research in which blunted autonomic responses have been
demonstrated in individuals with chronic AN.12,13 These differ-
ences between acutely and chronically ill individuals with AN are
important to consider when designing research in this population,
as failing to analyze these groups separately may conceal real
differences between groups.

Limitations
As this was an exploratory study to identify relationships for future
randomized controlled trials, sample size was small, and firm
conclusions cannot be drawn. Effect sizes were obtained that will
support calculation of power for future studies. The placebo in this
study was soybean oil, consisting largely of omega-6 fatty acids.
Historically, omega-6 fatty acids (specifically, linoleic acid) have
been thought to increase inflammation.59 However, a recent
comprehensive review60 and a meta-analysis61 revealed no effect
of soybean oil or increases in dietary intake of linoleic acid on
markers of inflammation. We did not ask the participants to keep a
detailed diary of activities during the time ECG recordings were
obtained that could have affected ANS responses. However, these
differences were likely distributed relatively equally between
groups. Finally, due to budgetary constraints, we did not collect
plasma levels of omega-3 fatty acids, and it is possible that some
participants did not take the supplements as directed. In future
studies, measurement of omega-3 fatty acids should be con-
sidered to strengthen evidence of these relationships.

CONCLUSION
In this exploratory study, we found evidence that participation in a
12-week PHP may improve autonomic function in response to
mealtime in acute and chronically ill adolescent girls with AN. In
addition, this study provides preliminary evidence that omega-3
PUFAs may add additional benefit through reducing anticipatory
pre-meal autonomic responses and enhancing post-meal physio-
logic responses, particularly in those with shorter duration of
illness. Further, we identified distinct differences between girls
with acute illness and girls with chronic illness in terms of
autonomic response to meals. Since dysfunctional autonomic
responses have been associated with significant morbidity and
mortality in individuals with AN, additional research in this area is
critically important.
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