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One Friday evening, during routine work, I was called to the
Children and Psychiatry Department to check a 17-year-old
girl, with the diagnosis of anorexia nervosa (AN), because of
bradycardia (heart rate (HR) of 38/min). Amonth later, a friend
of mine asked me to check her 16-year-old daughter who has
lost weight and has HR of 47/min. At that time, I realized that
not all physicians (in hospitals, the community, or in the
military service) are acquaintedwith the simple, easy to check
physical sign of bradycardia in AN, and thus I became involved
and decided to collect data concerning this issue.

Eating disorders, and particularly AN, confer a long-lasting
increase in morbidity and mortality especially among young
adults. It is a life-threatening disorder, with a significant risk
for sudden death (5 to 20%) due to severe cardiovascular
complications. It is a generalized disorder that affects multi-
ple organ systems, such as skeletal bones, linear growth, brain
development, and fertility functions. Previous reports point-

ed out conflicting evidence concerning its reversibility upon
treatment.1–8

AN carries the highest mortality rate of all psychiatric
disorders, mostly due to sudden unexpected cardiac arrhyth-
mic death.9,10 Studies have disclosed a mortality rate of up to
20%.11 Cardiac arrest secondary to electrolytic disturbances,
and QTc(QT corrected to HR) interval prolongation (second-
ary/primary) were recorded among AN patients.12,13

The mechanism of sudden death in AN is obscure and is
attributed to sudden arrhythmic death. Terminal ventricular
tachyarrhythmias (VT) were documented in AN patients, by
Isner et al,14 with long QT interval prolongation on electro-
cardiography (ECG), such as sudden death in liquid-protein
dietary, that may result from VT, related to QT interval
prolongation.

The QT prolongation in Isner’s patients was attributed to
hypothalamic-pituitary disturbances and to alteration in
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Abstract Anorexia nervosa (AN) is a life-threatening condition, with a significant risk for death,
due to cardiovascular complications. It is characterized by abnormal eating behavior and
has the highest mortality rate of all psychiatric disorders. It has been associated with
bradycardia (a heart rate [HR] of less than 60 beats per minute) (up to 95%),
hypotension, mitral valve prolapse, and heart failure. The diagnosis of AN can be
elusive, and more than half of all cases are undetected. The purpose of this study was to
raise and improve awareness to the possible diagnosis of AN in adolescent and young
adult patients with weight loss displaying bradycardia and new cardiac disorders.
Clinical characteristics, HR, and electrocardiographic data of 23 consecutive patients
(20 females) with AN and of 10 young adults (8 females) without AN, between the
years 2006 and 2009, were recorded and summarized. At presentation 16/23 (69.6%)
showed HR < 50 bpm. The mean lowest HR of all patients was 44 � 6 (range 26 to 68)
bpm. No patient needed pacemaker therapy. Bradycardia in young adults, especially
females with weight loss, should raise the possible diagnosis of AN, so it can be treated
early in-time, and thus prevent premature death.
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sympathetic–parasympathetic tone. Eckardt et al15 described
in detail the mechanism of lethal VT of torsade de pointes,
which simulated conditions that are likely to exist in the
clinical setting of torsade de pointes in animalmodels, such as
bradycardia and hypokalemia.

In vivo, in canine and rabbit models, torsade-like polymor-
phic VT had been induced by administration of various drugs
—to mimic the clinical situation.

It was apparent to them that the first beats of torsade
occurred due to early afterdepolarization and triggered ac-
tivity. They suggested re-entry, based on inhomogeneity of
refractoriness, as the underlying mechanism.

Early identification of the disorder is therefore essential for
reducing disabling complications and preventing premature
death.

The objective of the present study was to summarize and
identify cardiac rhythm disorders in a series of consecutive
hospitalized adolescent patients with AN, and to verify the
clinical significance of bradycardia in this entity. More broad-
ly, we intended to raise or increase the awareness of the
possible diagnosis of AN, in young patients with weight loss,
displaying bradycardia or new cardiac disorders.

Patients and Methods

The clinical data of 23 consecutive patients (20 females)
hospitalized with the diagnosis of AN during the years 2006
to 2009 were collected and summarized as a retrospective
observational study. All patients were free of other illness and
without medication on admission.

On admission, medical history, physical examination, a
standard 12-lead ECG, and routine laboratory data (hemato-
logical, biochemistry tests), including endocrinology test
(thyroid-stimulating hormone IU/mL) were performed. A
transthoracic echocardiogram (two-dimensional Doppler)
examination and Holter ECG recordings were also obtained.
The study had been approved by the local hospital committee
for human rights.

AN was defined according to the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV, 1995).16

The criteria for ANwere as follows: (1) refusal tomaintainbody
weight at or above a minimally normal weight for age, or
weight loss leading to maintenance of body weight less than
85% of the expected; (2) intense fear of gaining weight or
becoming fat; (3) postmonarchial female amenorrhea, that is,
absence of at least three consecutive menstrual cycles.

Our criteria for hospitalization were as follows: (1) Body
mass index (BMI) less than 17 kg/m2; or (2) bradycardia less
than 50 bpm; or (3) failure to persist or respond to outpatient
treatment.

Mitral valve prolapse (MVP) was defined clinically and
echocardiographically, as the clinical findings of mid-systolic
click or click and late systolic murmur do not always exist on
physical examination.17

The diagnosis of MVP was based on parasternal long-axis
view echocardiography and was defined as systolic displace-
ment (2mm) of one or bothmitral leaflets into the left atrium,
below the plane of the mitral annulus.18

QT interval and QTc were measured from ECG.
Our retrospective data collection did not include HR vari-

able parameters and QT dispersion, at that time. Our retro-
spective data collection did not include data concerning
myocardial tissue Doppler or strain data, nor data concerning
diastolic heart function.

The clinical data of 10 consecutive young adults (8 females
and 2males) with themean age of 15 years, hospitalizedwith
other psychiatric disorders, and with no evidence of heart
abnormalities and with no medication on admission, served
as a control group, and their clinical data were collected and
summarized.

The mean age was 16 � 3 (range 11.5 to 20 years). Mean
weight loss was 13.5 � 4 kg (range 6 to 26 kg) and mean BMI
was 15.4 � 3.2 kg/m2 (range 10.9 to 20 kg/m2).

Bradycardia among patients with AN was defined as a
HR < 50 bpm during day time and < 45 bpm during night
time.19 Each patient had a clinical follow-up after 6 months,
where ECG was undertaken, and a telephonic follow-up, a
year after hospital discharge.

Statistical Analysis
Quantity data were described by mean, standard deviation,
median, and range. Quality data presented as frequencies and
percentages. Sensitivity and specificity were calculated.

For comparisons between groups of quantity data, inde-
pendent sample t test or Wilcoxon rank-sum test were used,
as appropriate.

For comparisons of qualitative data, Fisher exact test was
performed.

Correlations examined by Pearson correlation coefficient
test or Spearman correlation coefficient test, as appropriate.

Sensitivity and specificity measures were selected as the
appropriate indices for this type of study.

Results

Descriptive demographic, auscultatory, ECG, and echocardio-
graphicfindings of 23 ANpatients and 10 non-ANpatients are
displayed in ►Tables 1–8.

Sixteen out of 23 (69%) patients showed HR < 50 bpm at
presentation.

During 24 hours of Holter monitoring, 22 out of 23 (95%)
patients showed prolong period (more than 180 minutes) of
bradycardia where the mean lowest HR of all patients was
44 � 6 bpm (range 26 to 68 bpm) and the mean lowest HR of
the control groupwas 74 bpm (range 66 to 99 bpm) (p < 0.001).

The leading ECGfindingswere sinus and nodal bradycardia
(►Figs. 1–3), with no evidence of other arrhythmias. Only few
ventricular premature beats were recorded in four patients
with AN and in one patient with non-AN. QT and QTc intervals
were in the normal range in all patients (►Tables 5 and 6).

Using echocardiography, MVP (►Fig. 4) was found in three
patients, mitral regurgitation in four patients, andmild aortic
stenosis in one patient. All patients in the control group had a
normal echocardiogram (►Table 8). Laboratory data were in
the normal range in both groups. Summary of leading clinical
data and statistical analysis are presented in ►Table 9. There
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Table 1 Demographic and clinical parameters (AN patients) on admission

Patient no. HR (bmp) Diagnosis BMI Age (years) Sex

1 38 AN 16.5 13 F

2 34 AN 13 17 F

3 36 AN 19.5 14 F

4 40 AN 16.3 16 F

5 38 AN 10.9 17 F

6 26 AN 17 19a F

7 41 AN 17 14 F

8 28 AN 18.7 14 F

9 39 AN 17 20a F

10 45 AN 12.2 15 F

11 60 AN 15 14 F

12 68 AN 19 20a F

13 50 AN 18 15 F

14 43 AN 17 16 F

15 50 AN 14.8 16 F

16 34 AN 13.4 15 F

17 38 AN 14 11.5 M

18 65 AN 20 17.5 F

19 65 AN 14.7 16.5 F

20 57 AN 14 16 F

21 43 AN 15.5 13 M

22 44 AN 13 17 M

23 38 AN 14.13 15 F

Abbreviations: AN, anorexia nervosa; BMI, body mass index; F, female; HR, heart rate (bpm); M, male.
aFrom the Department of Internal Medicine.

[Height (m)]2

Mass (kg)
BMI =

Table 2 Demographic and clinical parameters (non-AN patients) on admission

Patient no. HR (bmp) Diagnosis BMI Age (years) Sex

1 72 Other (no AN) 21.4 12 F

2 99 Other (no AN) 31.4 15 F

3 76 Other (no AN) 23.4 15 M

4 69 Other (no AN) 29.2 17 M

5 84 Other (no AN) 18.7 14 F

6 66 Other (no AN) 32.2 17 F

7 68 Other (no AN) 32.7 17 F

8 67 Other (no AN) 27.3 12 F

9 68 Other (no AN) 31.6 15 F

10 71 Other (no AN) 19.4 14 F

Abbreviations: AN, anorexia nervosa; BMI, body mass index; F, female; HR, heart rate (bpm); M, male.
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Table 3 Clinical (auscultatory) findings in AN patients

Patient no. Systolic murmur Systolic click

1 No No

2 No No

3 No No

4 No No

5 No No

6 No No

7 No No

8 No No

9 No Yes

10 Yes Yes

11 No No

12 No Yes

13 No No

14 No No

15 No No

16 No Yes

17 No Yes

18 Yes Yes

19 Yes Yes

20 No Yes

21 No Yes

22 Yes No

23 No No

Abbreviation: AN, anorexia nervosa.

Table 4 Clinical (auscultatory) findings in non-AN patients

Patient no. Systolic murmur Systolic click

1 No Yes

2 No No

3 Yes No

4 No No

5 No No

6 No No

7 Yes No

8 No No

9 No Yes

10 No Yes

Abbreviation: AN, anorexia nervosa.

Table 5 ECG and Holter ECG data in AN patients

Patient no. Ventricular
arrhythmias

QTc interval (s)

1 No 0.44

2 No 0.40

3 No 0.36

4 No 0.40

5 No 0.38

6 Few VPBs 0.44

7 No 0.44

8 No 0.40

9 No 0.40

10 No 0.36

11 1 VPB 0.39

12 No 0.36

13 No 0.40

14 1 VPB 0.40

15 No 0.38

16 No 0.40

17 No 0.36

18 Few VPBs and
couplets

0.40

19 Few VPBs 0.36

20 No 0.40

21 No 0.40

22 No 0.40

23 No 0.40

Abbreviations: AN, anorexia nervosa; ECG, electrocardiographic; VPBs,
ventricular premature beats.

Table 6 ECG and Holter ECG data in non-AN patients

Patient no. Ventricular
arrhythmias

QTc interval (s)

1 No 0.36

2 Few VPBs 0.32

3 No 0.32

4 No 0.34

5 No 0.30

6 No 0.32

7 No 0.32

8 No 0.36

9 No 0.36

10 No 0.34

Abbreviations: AN, anorexia nervosa; ECG, electrocardiographic; VPBs,
ventricular premature beats.
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were no differences between the two groups concerning age,
gender, and auscultatory findings. BMI, HR, and QTc were
statistically different (p value < 0.001). Total number of
patients in AN group with bradycardia less than 50/min
was16/23 (69.6%) with sensitivity of 69.6% and specificity
of 100% (►Table 10).

A positive correlation was found between HR and BMI
(►Fig. 5A) and a negative onebetweenQTc and BMI (►Fig. 5B)
and QTc and HR (►Fig. 5C).

Clinical Course and Follow-Up
No patient needed positive chronotropic pharmacological
intervention or pacemaker therapy. Under refeeding and
psychological support, gradual increase in HR was observed.
Six months after discharge, the mean HR increased from
48 � 12 to 65 � 6 bpm. No cardiac-related complications
were recorded after 1 year of follow-up.

Discussion

Our study demonstrated the high prevalence of bradycardia
among AN patients. This simple and “easy to get” clinical
finding may be used as a marker for the possible presence of
this entity, especially among hidden cases.

Similar to other reports,19–21 our article reconfirms the
observation that bradycardia is a common finding among
patients with AN.

Among psychosocial disturbances, eatingdisorders has the
highest mortality rate.9 A 21-year follow-up of 34 patients
with AN showed that 16% of them died of eating disorders–
related complications.22 Most patients with AN are generally
asymptomatic even in the presence of bradycardia, unless it is
associated with hypotension or other arrhythmias. However,
even in apparently asymptomatic patients, bradycardia can
be a precursor of a potentially lethal arrhythmia.

Table 7 Echocardiographic data in AN patients

Patient no. Ventricular (LV and RV)
global systolic function

Valvular Doppler
study

Pericardial
effusion

1 N N No

2 N N No

3 N N No

4 N N No

5 N N No

6 N Mild MR No

7 N N No

8 N N No

9 N MVP and
mild MR

No

10 N Mild MR No

11 N N No

12 N Mild MR No

13 N N No

14 N N No

15 N N No

16 N Mild MR No

17 N N No

18 N Mild AS and
mild AR

No

19 N MVP and
mild MR

No

20 N N No

21 N N No

22 N MVP and
mild MR

No

23 N N Minimal

Abbreviations: AN, anorexia nervosa; AR, aortic regurgitation; AS, aortic stenosis; LV, left ventricle; MR, mitral regurgitation; MVP, mitral valve
prolapse; N, normal; RV, right ventricle.
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The absence of lethal arrhythmia in our group is most
probably related to either a short follow-up period and/or
clinical improvement in their medical status.

Similar to our findings, it was postulated that refeeding
should be gradual, thus preventing the refeeding syndrome,
characterized by tachycardia, heart failure, and electrolytes
abnormalities, that can lead to cardiac arrest.23

Cardiovascular complications are common in patients
with AN, but sinus bradycardia has been described as the
most common cardiovascular physical finding and the most
common arrhythmia in this group of patients.19 It is impor-

tant to appreciate its significance in this clinical setting,
because it may be associated with sudden death, especially
in the presence of other arrhythmias or ECG abnormalities,
such as prolonged QTc interval secondary to electrolyte
disturbances (such as hypokalemia, hypomagnesemia, hy-
pophosphatemia), or due to congenital abnormalities such
as long QT syndrome.20

The mechanism of bradycardia in AN is thought to be a
physiological adaptation to increased vagal tone and de-
creased metabolism of energy utilization, due to the low
caloric intake.21 It has been postulated that bradycardia

Table 8 Echocardiographic data in non-AN patients

Patient no. Ventricular (LV and RV)
global systolic function

Valvular Doppler
study

Pericardial
effusion

1 N N No

2 N N No

3 N N No

4 N N No

5 N N No

6 N N No

7 N N No

8 N N No

9 N N No

10 N N No

Abbreviations: AN, anorexia nervosa; AR, aortic regurgitation; AS, aortic stenosis; LV, left ventricle; MR, mitral regurgitation; MVP, mitral valve
prolapse; N, normal; RV, right ventricle.

Fig. 1 Bradycardia of 31/bpm in 19-year-old female with anorexia nervosa.
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results from structural changes in the heart, such as a
decrease in the left ventricular muscle mass, secondary to
malnutrition.24 It was suggested that in patients with atro-
phic hearts, bradycardia may be a compensatory mechanism
to prevent heart failure. Vázquez et al described decreased
glycogen content of myocardial cells and cellular atrophy that
can contribute to the bradycardia.25

It was emphasized that the mechanism for bradycardia
in patients with AN is different from bradycardia seen in
athletes.26

There is evidence that the bradycardia of AN is reversible,
and that following treatment, clinical improvement, and
weight gain, the bradycardia is lessened and ameliorated at
rest and during exercise.1,27 It is important to note that

Fig. 2 Bradycardia of 45/bpm in 16-year-old female with anorexia nervosa.

Fig. 3 Bradycardia of 38/bpm in 17-year-old female with anorexia nervosa.
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bradycardia among patients with weight loss could originate
from conduction system disease that eventually needs per-
manent pacemaker therapy.28–30

It iswell known thatdenial of being ill is common inpatients
with AN and therefore, symptoms associated with AN, such as
fatigue, are not reported. The Society for Adolescent Medicine
recommends referring these patients to hospital when day-
time HR is < 50 bpm and night HR is < 45 bpm.29,31

Based on our data, it is recommended that physicians from
different disciplines, family practitioners, pediatricians, gy-
necologists, primary care, endocrinologists, and military
physicians who take care of adolescents, should be aware
of and identify cardiovascular findings, particularly bradycar-
dia (HR < 50 bpm), in adolescents who may have the diag-
nosis of AN. In other words, bradycardia may be the first sign
of a possible eating disorder, both AN and bulimic nervosa.

It was recommended that patients with AN who are
admitted to the hospital with a HR of less than 35 bpm
should have continuous monitoring. Medication such as
inotropic drugs should be avoided and are contraindicated
because of the possibility of additional potential ventricular
arrhythmias.19,32

Summary and Conclusions

Bradycardia is a common finding in AN. Its existence in young
adults, especially young females with weight loss, represents
an ominous sign for cardiac sudden death.

The presence of bradycardia among adolescents raises the
possible diagnosis of an eating disorder, that is not always
obvious, and that can be treated early and promptly in time.
Thus it may prevent premature sudden death or disability in
the future lives of these young patients.

Fig. 4 Echocardiogram in 12-year-old female with anorexia nervosa—
demonstrating mitral valve prolapse and mitral regurgitation.

Table 9 Summary of demographic and clinical parameters in AN and non-AN patients

AN (n ¼ 23) Other diagnosis
Non-AN (n ¼ 10)

p value

Age
(Years)

Mean 15.7 14.8 0.364a

Standard deviation 2.2 1.9

Median 16 15

Range 11.5–20 12–17

Gender M 3
13.0%

2
20%

0.727b

F 20
87%

8
80%

BMI
(kg/m2)

Mean 15.6 26.7 p < 0.001c

Standard deviation 2.4 5.5

Median 15.5 28.25

Range 10.9–20 18.7–33.5
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Table 9 (Continued)

AN (n ¼ 23) Other diagnosis
Non-AN (n ¼ 10)

p value

HR
(bpm)

Mean 44.3 74 p < 0.001c

Standard deviation 11.6 10.3

Median 41 70

Range 26–68 66–99

QTc (s) Mean 0.39 0.34 p < 0.001a

Standard deviation 0.024 0.018

Median 0.40 0.33

Range 0.36–0.44 0.32–0.36

Ventricular arrhythmias
(on Holter)

No 18
78.3%

9
90%

0.395d

Yes 5
21.7%

1
10%

Pericardial effusion
(on echocardiogram)

No 22
95.7%

10
100%

0.697d

Yes 1
4.3%

0
0%

MVP on valvular
Doppler study

No 20
87%

10
100%

0.325d

MVP 3
13%

0
0%

Ventricular global systolic
function (LV and RV)

Normal 23
100%

10
100%

Not normal 0
0%

0
0%

Systolic murmur No 19
82.6%

8
80%

1.000b

0.605d

Yes 4
17.4%

2
20%

Systolic click No 14
60.9%

8
80%

0.256d

Yes 9
39.1%

2
20%

Abbreviations: AN, anorexia nervosa; BMI, body mass index; HR, heart rate; MVP, mitral valve prolapse; LV, left ventricle; RV, right ventricle.
aWilcoxon rank-sum test, two-sided.
bFisher exact test, two-sided.
cWilcoxon rank-sum test, one-sided.
dFisher exact test, one-sided.

Table 10 No. of patients with bradycardia and anorexia nervosa

Other diagnosis Anorexia

HR < 50 0
0%

16
69.6%

HR � 50 10
100%

7
30.4%

Total 10
100%

23
100%

Abbreviation: HR, heart rate.
Note: Sensitivity ¼ 69.6% and specificity ¼ 100%.
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