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Introduction: the aim of the study was to describe the electrocardiographic and echocardiographic
findings in female adolescents with anorexia nervosa and to assess their correlation with clinical vari-
ables.

Patients and methods: we conducted a retrospective observational case-control study. The analysis
included 98 female adolescents admitted to a tertiary hospital due to anorexia nervosa over the last
15 years, all of who underwent an electrocardiographic and echocardiographic evaluation.

Results: the mean age was similar in both groups: 14.6 + 2.0 years in cases vs. 14.7 £ 2.0 years in con-
trols. Patients with anorexia had significantly lower heart rates (57 + 12 vs. 72 + 13 bpm), a smaller R-
wave in V5 (1.1 + 0.5 vs 1.6 + 0.4 mV) and a lesser left ventricular mass (65.7 + 14.8 vs 90 + 15.3 g/m?)
compared to controls. We found no differences in the QTc interval. In patients with anorexia, the pres-
ence of bradycardia was not correlated to weight (r = -0.20, p = 0.05) or body mass index (r = 0.02,
p =0.22) at admission. We found that the left ventricular mass was significantly correlated to the body
mass index (r = 0.21, p <0.001,) and the heart rate (r = -0.225, p <0.001).

Conclusions: cardiac abnormalities were more prevalent in patients with anorexia nervosa. Bradycar-
dia, changes in ventricular repolarization, and a lesser left ventricular mass were the most frequent
abnormalities in our sample.
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Resumen

Alteraciones electrocardiograficas y ecocardiograficas en mujeres
adolescentes con anorexia nerviosa

Introduccién: el objetivo del estudio es describir los hallazgos electrocardiograficos y ecocardiograficos
en mujeres adolescentes con anorexia nerviosa y correlacionarlos con parametros clinicos.

Pacientes y métodos: estudio observacional, retrospectivo, de casos y controles. Se estudiaron 98 mu-
jeres adolescentes ingresadas en un hospital terciario por anorexia nerviosa restrictiva (ANR) durante
los Gltimos 15 afios, en las que se realizé valoracion electrocardiografica y ecocardiografica al ingreso.

Resultados: la edad media fue similar en ambos grupos (14,6 + 2,0 frente a 14,7 £ 2,0 afios). Las pacien-
tes con ANR presentaban menor frecuencia cardiaca (57 + 12 frente a 72 + 13 Ipm), voltajes mas bajos
(rv5=1,1£0,5frentea 1,6 + 0,4 mV)y menor masa ventricular izquierda (65,7 + 14,8 frente a 90 + 15,3
g/m?) que las pacientes controles. No se encontraron diferencias en la medicion del QTc. En las pacien-
tes con ANR, la bradicardia no se correlacioné con el peso (r = -0,20; p = 0,05), ni con el indice de masa
corporal (IMC) (r=0,02; p = 0,22) al ingreso. El grosor del septo interventricular y la masa del ventriculo
izquierdo fueron significativamente menores en los pacientes con ANR (5,7 mm frente a 6,8 mm,
p <0,001; 65,7 frente a 90 g/m?; p <0,001). La masa ventricular izquierda se correlacion¢ de forma sig-
nificativa con el IMC (r = 0,21; p <0,001) y con la frecuencia cardiaca (FC) (r = -0,225; p <0,001).
Conclusiones: las alteraciones cardiacas fueron mas prevalentes en pacientes con ANR. La bradicardia,
los trastornos de la repolarizacion ventricular y la disminucién de la masa cardiaca fueron los mas
frecuentemente identificados.
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INTRODUCTION

Restricting-type anorexia nervosa (RTAN) is charac-
terised by a restriction of energy intake leading to
significantly low body weight, an intense fear of
gaining weight or persistent behaviour that inter-
feres with weight gain combined with a distur-
bance in the way in which one’s body weight or
shape is perceived. It is the psychiatric disorder
that has the highest mortality rate,>* with death
resulting from suicide or complications of weight
loss, including cardiac arrhythmias and sudden
cardiac death.*® The assessment of cardiovascular
health is an essential component in the manage-
ment of these patients, and the electrocardiogram
(ECQ) is a key tool for this purpose. Electrocardio-
graphic abnormalities in this context were first
described in 1975 in 7 patients with anorexia ner-
vosa.® Since then, numerous studies, systematic
reviews and meta-analyses have been published

on the subject,”*®

with abnormalities found in up
to 75% of patients hospitalised for this disease.”
The most frequently reported abnormalities are
sinus bradycardia and changes in repolarization
evinced by QT interval prolongation and increased
QT dispersion.* Relative bradycardia and a lower
amplitude of the R-wave in V6 have been described
as the most useful electrocardiographic markers of
severity in patients with anorexia nervosa, as they
have been found to be significantly correlated to a
lower standardised body mass index (BMI).&’
Other abnormalities include QRS right axis devia-
tion, decreased QRS and T-wave amplitude and
QRS prolongation. Most authors report that these
abnormalities can be reversed with weight recov-
ery and improvement of nutritional status. %2
Electrocardiographic changes are less apparent in
patients with bulimia nervosa or unspecified eat-

ing disorder.®

The fasting state generated by the disease involves
a transient metabolic adaptation process that var-
ies based on the degree of fasting, the level of
physical activity and intrinsic factors such as sex,
age, race or body composition.??

Rev Pediatr Aten Primaria. 2020;22:e13-e19
ISSN:1139-7632 - www.pap.es

The risk factors most frequently associated with
hearth rhythm disorders are: electrolyte imbal-
ance (most commonly hypopotassaemia and hy-
pocalcaemia), chronic hypoalbuminaemia and
longer duration of disease. In addition, undernutri-
tion leads to changes in cardiac anatomy, mainly a
thinning of the ventricular walls and a reduction of
the heart chambers, which can then lead to heart
failure on refeeding.??

The aim of our study was to describe the electro-
cardiographic and echocardiographic findings in
female adolescent patients with anorexia nervosa
and assess their association with clinical and labo-
ratory parameters.

MATERIAL AND METHODS

We conducted a retrospective, observational case-
control study analysing the findings of ECG and
echocardiography in the initial evaluation of fe-
male adolescents following admission to a chil-
dren’s hospital in the past 15 years.

The cases corresponded to 98 female adolescents
with a diagnosis of restricting-type anorexia ner-
vosa. We included patients that met the criteria
specified in the Diagnostic and Statistical Manual
for Mental Disorders, 5 edition (DSM-5). All pa-
tients admitted with RTAN underwent a routine
cardiological evaluation at the time of admission
that includes the performance of at least 1 con-
ventional 12-lead ECG. In this study, we analysed
the findings obtained in this initial inpatient car-
diological evaluation following admission for
RTAN. Blood tests were also performed in this ini-
tial evaluation, including measurement of serum
levels of electrolytes (sodium, potassium and cal-
cium).

The control group included 98 healthy female ado-
lescents referred for evaluation to the department
of cardiology for other reasons (most frequently
heart murmurs or chest pain). We considered that
controls were free of cardiovascular disease based
on an evaluation that included an ECG and an
echocardiogram.
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We collected data on demographic variables, clini-
cal variables including the characteristics of the
disease, height, weight, arterial blood pressure
(BP) and heart rate (HR). We calculated the BMI
and the standardised BMI (BMIz) calculating the z-
scores based on the standards of the World Health
Organization.

The variables documented in the ECG at admission
were the resting heart rate, the voltage amplitudes
inthe 12 leads, repolarization and the corrected QT
interval (QTc). We calculated the QTc using the
Bazett formula (QT interval divided by the square
root of the preceding RR interval), to correct for
heart rate extremes. The measured values were
recorded electronically.

The evaluation alsoincluded a conventional ECG in
all patients, with documentation of the following
parameters: left ventricular thickness, diameter
and mass indexed to body surface area.

We performed the statistical analysis with the
software SPSS Statistics version 15.0. We per-
formed the following analyses: descriptive analy-
sis, Student t test for comparison of means, corre-
lation and linear regression equation.

RESULTS

The age of patients was similar in both groups
(cases: 14.6 £ 2.0 years; controls: 14.7 + 2.0 years,
difference not statistically significance). The
weight (37 + 5.8 kg versus 52.2 + 7.4 kg; p < 0.001)
and BMI (14.4 + 1.4 kg/m? versus 20.2 + 1.8 kg/m?;
p < 0.001) were significantly lower in the case
group. Patients with anorexia nervosa had a lower
heartrate (57 + 12 versus 72 £ 13 bpm), lower volt-
ages (RV5=1.1+0.5versus 1.6 + 0.4 mV; Rv6=1.0
+0.4 versus 1.4 £ 0.4 mV), and a greater right axis
deviation (P-wave axis: 56° + 22.7° versus 47° +
21.7°; QRS axis: 82° + 18.1° versus 73° + 16.7°)
compared to controls. We did not find significant
differences in the QTc interval (Table 1). Table 2
shows the number of patients with electrocardio-
graphic changes in each group.

Bradycardia was the most frequent finding in pa-
tients with anorexia nervosa, found in up to 60%.
Table 3 presents the distribution of patients with
bradycardia in each group by HR ranges. There
were also changes in repolarization in 21 of the
patients with RTAN, with ST segment depression in
1 patient, nonspecific ST segment and T-wave (ST-
T) changes in 4, and nonspecific T-wave changes in
16. We did not find such changes in the control
group.

In addition, the left ventricular mass, thickness
and diameter were significantly smaller in patients
with RTAN (Table 4).

Table 1. Electrocardiographic measurements in

female adolescents with restricting-type anorexia
nervosa and controls

Cases Controls p-value
(mean £SD) | (mean % SD)
HR (bpm) 57+12 72+13 <0.001
RV5 (mV) 11405 1604 <0.001
RV6 (mV) 1.0+04 1404 <0.001
P-wave axis (°) | 56 +22.7 47+217 <0.001
QRS axis (°) 82+181 73+£16.7 <0.001
QTc (ms) 392+17.7 398 +40.5 Not
significant

ms: milliseconds; mV: millivolts; SD: standard deviation.

Table 2. Number of patients with
electrocardiographic abnormalities in the restricting-

type anorexia nervosa group and control group

Cases (n=98) | Controls (n=98)

Bradycardia 59 17
(FC <60 bpm)

Short PR (<120 ms) 11 7
Prolonged PR (>200 ms) 1 0
Narrow QRS (<80 ms) 11 8
Wide QRS (>120 ms) 1 0
Short QTc (<350 ms) 1 0
Prolonged QTc (>450 ms) 1 0
Repolarization 21 0
changes

HR: heart rate; ms: milliseconds.

Table 3. Distribution of patients with bradycardia

(HR <60 bpm) in the group of patients with anorexia
nervosa y and the control group

Cases (n =98) Controls (n = 98)
HR: 50-60 bpm 24 (24.5%) 16 (16.5%)
HR: 40-50 bpm 28 (28.5%) 1(1.5%)
HR: 30-40 bpm 7 (7.5%) 0

HR: heart rate.
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Table 4. Echocardiographic measurements in female

adolescents with anorexia nervosa and in the control

group

Cases Controls p-value
(meanxSD) | (meanzSD)

LV thickness 57+07 6.8+0.7 <0.001

(mm)

LV diameter 416 +35 446+32 <0.001

(mm)

LV mass 65.7+14.8 90+15.3 <0.001

(8/m?)

LV: left ventricle; SD: standard deviation.

We did not find abnormalities in laboratory tests
results, including electrolyte levels, in any of the
patients.

We did not find an association of HR with weight
(r=-0.20; p = 0.05) or BMI (r = 0.0162; p = 0.22) at
admission in patients with RTAN (Fig. 1). However,
we did find that the left ventricular mass was sig-
nificantly correlated to BMI (r=0.20; p < 0.001 (Fig.
2)and HR (r=-0.22; p < 0.001).

DISCUSSION

In our study, electrocardiographic abnormalities
were more prevalent in the group of patients with
RTAN compared to the control group. The most fre-
quent abnormality was bradycardia, found in more
than half of the patients with (60%). The preva-
lence of relative bradycardia in patients with RTAN
varies considerably between studies, with 1 that
included hospitalised patients subject to a strict
diet reporting a prevalence as high as 95%.” In our
case series, bradycardia was an independent event
that was not associated with the weight or the
BMI at admission.

There is a years-long controversy in the medical
literature on the indicators of life-threatening se-
verity in anorexia nervosa that may call for hospi-
tal admission or closer clinical monitoring. The
heart rate has been analysed in various studies, as
sinus bradycardia has been previously described as
a clinically relevant marker of severity.®23-%7

Changes in the PR segment were slightly more fre-
quent in the anorexia nervosa group (both short
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Figura 1. Correlation of heart rate and body mass

index in female adolescents hospitalised due to
anorexia nervosa (r =-0.016; p = 0.22)
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PR and prolonged PR). Changes in the QRS complex
were also more frequent in patients with RTAN. We
did not find significant differences between cases
and controls in the prevalence of prolonged QTc.
This feature was only found in 1 patient in our
study. In the case group, only 2 patients had chang-
esinthe QT interval: short QT interval in 1 and pro-
longed QT interval in the other. The blood tests
performed before the ECG in both showed electro-
lyte levels in the normal range. Previous studies
have described a high prevalence of long QT inter-
val in adolescents with anorexia nervosa.”** How-

Figure 2. Correlation of left ventricular mass and body

mass index in female adolescents hospitalised due to
anorexia nervosa (r = 0,20; p <0,001)
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ever, the data on this association are contradictory
and subject of controversy. In this case, the results
we obtained could be due to the sample including
only patients with RTAN and not with other eating
disorders, such as bulimia or binge eating/purging
type anorexia in which electrolyte abnormalities
and therefore changes in the QTc are more com-
mon due to vomiting.

Another salient finding in our study was a lesser
amplitude in the R-wave in V6 in cases versus con-
trols, consistent with the results of previous stud-
ies,®28 which is indicative of diminished strength
in the left ventricle, a problem that was also re-
flected by the smaller mass and thickness of the

left ventricle in these patients.

A relevant novelty in our study was the analysis of
echocardiographic findings, which have not been a
subject of study as often in these patients. In our
sample, we found a lesser mass and thickness of the
left ventricle in patients with anorexia nervosa com-
pared to controls, a finding that makes sense given
the loss of muscle mass due to food restriction.

We found a significant correlation between great-
er severity of disease (as indicated by a lower BMI)
and lesser left ventricular mass. The latter was also
significantly correlated to a lower heart rate. How-
ever, we did not find a correlation between BMI
and heart rate. This suggests that it may be worth
considering additional objective prognostic factors
for this disease based on the echocardiographic
examination.

Certain abnormal laboratory test results, especially
changes in electrolyte levels, have been described
as being more frequent in patients with eating dis-
orders and as potential causes of cardiovascular
complications found in these patients.? In our
study, we only analysed electrolyte serum levels,
and we did not find any abnormalities in any of the
patients. None of the patients had severe cardiac
complications during their hospital stay.

The main limitations of our study are its retrospec-

tive data collection and not having included other
eating disorders such as bulimia nervosa or un-

specified eating disorders, as comparative studies
have described a higher prevalence of these
changes in patients with anorexia nervosa com-
pared to patients with other eating disorders.® Fur-
thermore, our study focused solely on the electro-
cardiographic and echocardiographic findings at
admission, and did not take into account the po-
tential impact of refeeding or weight recovery or
analyse changes in electrocardiographic and echo-
cardiographic findings over the long term.

It would be useful to carry out prospective studies
with greater sample sizes and with a medium-to-
long-term followup of these patients to assess the
normalization of these changes and its association
with recovery from the disease.

CONCLUSIONS

In our study, a high number of female adolescents
hospitalised due to anorexia nervosa exhibited
electrocardiographic and echocardiographic ab-
normalities. The most prevalent abnormalities in
the ECG were sinus bradycardia and ventricular
repolarization abnormalities. The most frequent
echocardiographic abnormalities were reduced
left ventricular mass and reduced mean thickness
of the left ventricle.

An understanding of the clinical course of these
abnormalities is essential, as is the establishment
of a specific long-term follow-up plan.
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ABBREVIATIONS

BMI: body mass index ¢ BP: arterial blood pressure e DSM-5:
Diagnostic and Statistical Manual for Mental Disorders, sth
edition ¢ ECG: electrocardiogram/electrocardiography ¢ HR:
heart rate ¢ LV: left ventricle e mV: millivolts ¢ QRS: QRS com-
plex ¢ QT: QT interval » QTc: corrected QT interval  RTAN:
restricting type anorexia nervosa ¢ ST: ST interval.
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