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I

n young people, especially females, a high importance
is placed on body image and physical appearance.
Unfortunately, misperceptions of the ideal body shape
and weight can encourage a pre-occupation with weight
loss strategies. Long-term, these strategies may lead to illhealth due to inadequate caloric intake, use of
pharmacological agents, and extreme weight control
methods such as fasting and excessive exercise (Shisslak et
al, 1995; Reinking and Alexander, 2005; Petrie et al, 2009)
potentially leading to eating disorders such as anorexia
nervosa. The following review focuses on appropriate
screening techniques for identifying the risk of
cardiovascular disease (CVD) in patients with this eating
disorder.

Anorexia nervosa: Definitions, prevalence
and prognosis

Anorexia nervosa (AN), according to the American
Psychiatric Association (2000) and World Health
Organization (1994), is diagnosed where there is evidence
of low body weight and a refusal to maintain body weight
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within 85% of an age-predicted normal range accompanied by an extreme fear of ‘fatness’, a distorted body image
and menstrual dysfunction (cessation of at least three consecutive menstrual cycles). The low body weight is the
consequence of self-induced weight loss mediated through
severe caloric intake restriction. Individuals present with a
very low body weight, low percentage of body fat, energy
deficiency and menstrual dysfunction.
Signs and symptoms of AN include excessive exercising
with low body weight, blood in vomit, inadequate fluid
intake in combination with poor eating, and rapid weight
loss (Treasure, 2004). Change in body mass index (BMI) is
often used as a surrogate marker of AN risk, however, the
utility of BMI as a diagnostic marker is limited for a
number of reasons and it is recommended that BMI measures should be combined with an examination of resting
heart rate, blood pressure, peripheral circulation, core
temperature and muscle strength using the stand up/squat
test (Treasure, 2004). For further information on this topic
interested readers should visit www.eatingresearch.com.
In young people, a BMI below the second percentile is
often a useful diagnostic threshold—further information
is available at www.cdc.gov/growthcharts.
AN is a potentially life-threatening eating disorder with
the highest rates for premature mortality of any psychiatric disorder in adults (Papadopoulos et al, 2009; Attia,
2010). In the UK, prevalence data is sparse but it is estimated 4 in 1000 females have AN, which equates to
1.4 million females (National Institute of Health and
Clinical Excellence (NICE), 2004). However this figure is
considered somewhat conservative as it is based on primary care referral data and many individuals with eating
disorders may either not seek medical advice or seek
advice through private medical units (NICE, 2004).
The prognosis for AN is poor with a six-fold increase
in standard mortality rates compared with the general
population (Papadopoulos et al, 2009). The longevity of
the illness will also affect mortality risk. In the US, data
collected by the Mayo Clinic between 1938 and 1984
indicate a mortality rate of 5% when the sufferer has
been diagnosed with AN for between 4 and 5 years, however, in enduring AN of 20–30 years, risk of sudden
cardiac death (SCD) increases alarmingly to 15–20%
(Lucas et al, 1991).
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Cardiovascular abnormalities in AN

In female patients diagnosed with AN, cardiovascular
abnormalities are common and the risk of SCD is increased
compared with healthy females (Casiero and Frishman,
2006). The likelihood of cardiovascular problems depends
on the severity and/or duration of energy restriction, the
amount, rate, and composition of weight loss, and the
degree of electrolyte imbalances (Beals, 2004).
Studies show that cardiac complications, including
electrocardiographic (ECG) abnormalities, reduced ventricular mass, impaired myocardial performance, atrial
and ventricular arrhythmias, myocardial infarction, pericardial effusion and mitral regurgitation, are evident in
up to 86% of AN patients (Krantz et al, 2005; Myslobodsky,
2005; Olivares et al, 2005). In enduring AN, abnormal
neuroendocrine responses also increase cardiovascular
risk. Low levels of leptin and insulin, and elevated levels
of ghrelin and possibly adiponectin have been observed
(Misra and Klibanski, 2010) in conjunction with adverse
lipid profiles (Friday et al, 1993; De Souza and Williams,
2004) and endothelial dysfunction (Zeni-Hoch et al,
20030; Ricklund et al, 2005). The negative physiological
effects on the cardiovascular system are thought, partially,
to be a result of hypothalamic hypoestrogenism (low oestrogen levels).
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Rapid weight loss in patients with AN leads to a marked
loss of skeletal muscle tissue, which is complicated by electrolyte imbalances often caused by habitual use of diuretics, emetics, and laxatives that can potentially lead to
arrhythmias and ultimately SCD (Nudel et al, 1984). In
AN, arrhythmias often manifest as acute bradycardia and
may occur as a consequence of the body’s attempt to conserve energy by reducing cardiac output (Vazquez et al,
2003). Several different pathological mechanisms have
been proposed, including electrolyte loss, interstitial oedema, reduction in the glycogen content of the myocardium,
and myofibrillar atrophy, which have been demonstrated
in rat models (Clark and Wildenthal, 1986; Tolnai and von
Althen, 1987).

Electrical and structural cardiac abnormalities
in AN

The precise characterization of heart rate dynamics may
have important clinical implications (Vigo et al, 2008).
Many female AN patients will have significantly increased
QT intervals compared with healthy females of the same
age. The QT interval represents the time delay between the
start of the Q wave and the end of the T wave and is
known as the QTc interval when corrected for heart rate.
QTc interval is often considered to be increased if it is
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greater than 440 milliseconds (Vasquez et al, 2003).
The value of a prolonged QT dispersion (QTd) for predicting severe ventricular arrhythmias and SCD are well
established (Swenne and Larsen, 1999). The QTd interval
is the difference between the maximum and the minimum
QTc intervals measured in the 12 leads, cut-off values
around 60 milliseconds have been reported (Toivonen,
2002), and this marker may be used as a predictor of
cardiovascular risk in patients with AN.
Furthermore, the measurement of heart rate variability
(HRV) may also be useful in AN patients as increased QT
interval variability is associated with serious cardiac
arrhythmias in this population (Koschke et al, 2009). HRV
reflects the variability in the time intervals between consecutive heart beats and indicates the balance in the autonomic nervous system as a consequence of sympathetic/
parasympathetic activity. Ishizawa et al (2008) reported
that 32 AN patients had reduced sympathetic responsiveness and increased parasympathetic responsiveness compared with 37 healthy controls following a period of rest in
the supine position. HRV appears to be abnormal in AN
patients compared with healthy controls (Kriepe et al,
1994; Petretta et al, 1997; Casu et al, 2002; Melanson et al,
2004).
Structural cardiac abnormalities are also evident in AN
patients as cardiac chamber size and left ventricular mass
are reduced compared with healthy aged-matched controls, in absolute terms and after adjustment for body mass
(Vazquez et al, 2003), which may relate to the consequences of longstanding hypovolemia (Casiero and Frishman,
2006). Consequently, cardiac output is reduced and
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peripheral vascular resistance increases despite the presence of hypotension.
Vazquez et al (2003) also suggested that the reduction in
left ventricular mass may be responsible for the increase in
QT interval dispersion in AN patients, which in turn may
be explained by alterations in cardiac muscle fibres and in
the function of potassium channels in the hypotrophied
cardiac myocytes.

Cardiovascular risk factors in AN

Evaluation of traditional risk factors is an important first
step in the identification of individuals with AN who are at
risk of developing CVD. Novel blood biomarkers relevant
to the pathophysiology of atherothrombosis—for example,
inflammatory response markers, coagulation markers,
platelet aggregation markers, and markers of lipoprotein or
lipid-related variables—have been proposed in the assessment of atherosclerotic progression (Koenig, 2007). In
addition, the development of non-invasive procedures to
evaluate cardiovascular vessel structure and function is
becoming increasingly important (Cohn et al, 2009).
However, we need to consider whether these contemporary risk factors are relevant to the AN population who are
traditionally young with low body weight and have a low
dietary fat intake. Hypothalamic amenorrhoea (HA), the
consequence of severe caloric restriction and oestrogen
deficiency, is a significant risk factor in patients with longterm AN, carrying a heavy burden of physical morbidity
and cardiovascular mortality (Casiero and Frishman, 2006;
Lawson et al, 2007; Attia, 2010). HA is a reversible disorder
that results in cessation of the menses (Marcus et al, 2001).

Rapid weight loss in patients with anorexia nervosa leads to a marked loss of skeletal muscle tissue
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HA displays a strong interaction between psychological
factors and endocrine function (Giles and Berga, 1993).
Individuals with eating disorder symptoms, poor coping
mechanisms, and mood disorders are all susceptible to HA.
Studies have linked HA to impaired bone health and more
recently to an altered cardiovascular phenotype, due to
adaptations in vascular function and autonomic regulation
(Zeni-Hoch et al, 2003; O’Donnell et al, 2009).
Given the established link between low left ventricular
ejection fraction (LVEF) and subsequent SCD in cardiac
populations, echocardiographic measurements may also
be important for risk prediction in the AN population
(Shiga et al, 2009). It has been suggested that echocardiographic assessment of cardiac structure and function and
serum electrolyte measurements may enhance the prognostic outcome of HRV studies (Vigo et al, 2008).
Echocardiography and the biomarker B-type natriuretic
peptide (BNP) appear to provide a powerful incremental
assessment of cardiac function, clinical status, and outcome across the spectrum of cardiac disease and there is
strong evidence to support their integrated use in the
diagnosis and management of cardiovascular disease
(Misra et al, 2004; Troughton and Richards, 2009).
However, supportive evidence is sparse in the AN population and more research is required, which may allow a
more targeted screening algorithm to be developed.
The use of novel serum biomarkers that are predictive of
premature CVD risk may also be important in AN patients.
The ideal risk marker would be one that provides detailed
and reliable prognostic information with sufficient sensitivity and specificity to direct specific interventions that
improve outcomes, while remaining inexpensive, simple to
interpret, safe to obtain and readily accessible in a broad

range of health-care environments (Rosenbaum, 2008).
Clearly further research is required to develop effective and
inexpensive biomarkers for assessing CVD risk in AN.
As a consequence of a long-term loss of lean tissue,
patients with enduring AN will lose oestrogen and therefore the regularity of the menstrual cycle is affected
(Leung et al, 2004). Despite the prescription of oral oestrogen to offset the risk of amenorrhea, cardiovascular risk
remains elevated as oral oestrogen adversely raises levels
of high-sensitivity C-reactive protein (hs-CRP), a potent
inflammatory risk marker for CVD (Leung et al, 2004;
Lawson, et al, 2007). Lawson and colleagues (2007)
reported that in females with AN who were prescribed
oestrogen-based oral contraceptive pills, there was a
greater than 20% likelihood of having higher risk hs-CRP
levels (>3 mg/litre). The authors suggested that the accompanying raised interleukin-6 (IL-6) response in these
participants may indicate an increased systemic inflammatory influence on hs-CRP levels. This observation raises the possibility that elevated hs-CRP levels in young
females with AN could be predictive of future cardiac
events, particularly if a higher than normal hs-CRP level is
chronically sustained.
Screening AN patients for CVD risk has traditionally
focused on physical/physiological factors. However, some
psychological conditions also carry a CVD risk burden.
Depression and anxiety have previously been associated
with increased cardiac morbidity and mortality in clinical
and healthy populations (Barth et al, 2004; Frasure-Smith
and Lespé, 2008). Further, links between an elevated risk
for cardiac events and the ‘distressed’ type-D personality,
characterized by negative affectivity and social inhibition,
have been made.

Table 1.
Current CVD risk algorithm in patients with anorexia nervosa
Investigation

Threshold of consideration

Threshold of action

Body mass index (kg/m2)

<14

<12

Weight loss/week (kg)

>0.5

>1.0

Temperature °C

<35

<34.5

Blood pressure (mmHg)

<90/<70

<80/<60

Heart rate (bpm)

<50

<40

Haemoglobin (g/dl)

<11.0

<9.0

Potassium (mmol/litre)

<3.5

<3.0

Sodium (mmol/litre)

<135

<130

Urea (mmol/litre)

>7

>10

Corrected QT interval (QTc; milliseconds)

>450*

*Note that ECG is recommended in all AN patients if BMI is <14 kg/m and if drugs that may effect ECG trace are
prescribed
2

If a patient’s health status falls into the ‘threshold of consideration’ then weekly reviews of his/her status are
recommended, which may include urgent referral to an eating disorders specialist. If a patient’s health status falls into the
‘threshold of action’ then immediate contact and referral to an eating disorders clinic is necessary. Urgent medical
attention is required
Adapted from Treasure 2004
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Denollet (2005) suggested that an examination of acute
(such as current stress) and long-term (such as type-D
personality) psychological factors may be useful in identifying high-risk candidates for cardiac events or SCD. It
has been speculated that elevated cortisol (a stress hormone) may be the mediating factor in the association
between type-D personality and an increased risk of CVD
(Sher, 2005) although further research is required. It is
possible that there is a higher prevalence of type-D personality in AN patients, however, further research is
required to confirm this assertion.

Routine screening investigations

In order to identify the severity of CVD risk in AN
patients a screening pathway was proposed by Treasure
(2004). For the purposes of this article we have adapted
the content to focus specifically on CVD risk (Table 1),
however, the original paper focused on global medical risk
in AN patients. We would suggest that this should be used
as a good starting point and propose that further research
be undertaken that is focused on optimizing the screening
protocol for CVD risk in AN patients.

Conclusions

Predictors of cardiac risk have not been robustly investigated in AN, consequently health professionals involved
in CV risk screening and prevention may be reliant on
screening methodologies that are based on anecdotal evidence. It is not surprising that in primary care, SCD detection rates in AN patients is low. The current inability to
accurately predict cardiac events and SCD in chronically
ill patients with AN is a concern that requires greater
national attention.
American Psychiatric Association (2000) Diagnostic and Statistical
Manual of Mental disorders, Fourth Edition. American Psychiatric
Association, Washington DC
Attia E (2010) Anorexia nervosa: current status and future directions.
Annu Rev Med 61: 425–35
Barth J, Schumacher M, Herrmann-Lingen C (2004) Depression as a
risk factor for mortality in patients with coronary heart disease: a
meta-analysis. Psychosom Med 66: 802–13
Beals KA (2004) Disordered Eating Among Athletes: A Comprehensive
Guide for Health Professionals. Human Kinetics, Champaign, IL
Casiero D, Frishman WH (2006) Cardiovascular complications of eating disorders. Cardiol Rev 14(5): 227–31
Casu M, Patrone V, Gianelli MV et al (2002) Spectral analysis of R-R
interval variability by short term recording in anorexia nervosa. Eat
Weight Disord 7: 239–43
Clark AF, Wildenthal K(1986) Disproportionate reduction of actin synthesis in hearts of starved rats. J Biol Chem 261(28): 13168-72
Cohn JN, Duprez DA, Finkelstein SM (2009) Comprehensive non-invasive arterial vascular evaluation. Future Cardiol 5(6): 573–9
Denollet J (2005) DS14: standard assessment of negative affectivity,
social inhibition, and Type D personality. Psychosom Med 67(1):
89–97
De Souza MJ, Williams NI (2004) Physiological aspects and clinical
sequelae of energy deficiency and hypoestrogenism in exercising
women. Human Reproduction Update 10: 433–48
Frasure-Smith N, Lesperance F (2008) Depression and anxiety as predictors of 2-year cardiac events in patients with stable coronary
artery disease. Arch Gen Psychiatry 65: 62–71
Friday KE, Drinkwater BL, Bruemner B, Chestnut CH, Chait A (1993)
Elevated plasma low density lipoprotein and high density lipoprotein
cholesterol levels in amenorrheic athletes, effects of endogenous hormone status and nutrient intake. J Clin Endocrin Metabol 77: 1605–9

336

Giles DE, Berga SL (1993) Cognitive and psychiatric correlates of functional hypothalamic amenorrhea: a controlled comparison. Fertil
Steril 60(3): 486–92
Ishizawa T, Yoshiuchi K, Takimoto Y, Yamamoto Y, Akabayashi A
(2008) Heart rate and blood pressure variability and baroreflex sensitivity in patients with anorexia nervosa. Psychosomatic Med 70(6):
695–700
Koenig W (2007) Cardiovascular biomarkers: Added value with an
integrated approach? Circulation 116: 3-5
Koschke M, Boettger MK, Macholdt C, et al (2009) Increased QT variability in patients with anorexia nervosa-An indicator for increased
cardiac mortality? Int J Eat Disord. Oct 8 [epub ahead of print]
Krantz MJ, Donahoo WT, Melanson EL, Mehler PS (2005) QT interval
dispersion and resting metabolic rate in chronic anorexia nervosa.
Int J Eat Disord 37: 166–70
Kreipe RE, Goldstein B, DeKing DE, Tipton R, Kempski MH (1994)
Heart rate power spectrum analysis of autonomic dysfunction in
adolescents with anorexia nervosa. Int J Eat Disord 16: 159–65
Lawson EA, Miller KK, Mathur VA, Misra M, Meenaghan E, Herzhog
DB, Klibanski A (2007) Hormonal and nutritional effects on cardiovascular risk markers in young women. J Clin Endocrin Metabol.
92(8) 3089–94
Leung KC, Johannsson G, Leong GM, Ho KK (2004) Estrogen regulation of growth hormone action. Endocrin Rev 25: 693–21
Lucas AR, Beard CM, O’Fallon WM, Kurland LT (1991) 50-year trends
in the incidence of anorexia nervosa in Rochester, Minn.: a population-based study. Am J Psychiatry 148(7): 917–22
Marcus MD, Loucks TL, Berga SL (2001) Psychological correlates of
functional hypothalamic amenorrhea. Fertil Steril 76(2): 310-6
Melanson EL, Donahoo WT, Krantz MJ, Poirier P, Mehler PS (2004)
Resting and ambulatory heart rate variability in chronic anorexia
nervosa. Am J Cardiol 94: 1217–20
Misra M, Klibanski A (2010). Neuroendocrine consequences of anorexia nervosa in adolescents. Endocr Dev 17: 197–21
Misra M, Aggarwal A, Miller KK et al (2004) Effects of anorexia nervosa on clinical, hematologic, biochemical and bone density parameters
in community dwelling girls. Pediatrics 114(6): 1574–83
Myslobodsky M (2005) Phobic memory and somatic vulnerabilities in
anorexia nervosa: a necessary unity? Ann Gen Psychiatr 4: 15
National Collaborating Centre for Mental Health (2004) Eating disorders: Core interventions in the treatment and management of anorexia nervosa, bulimia nervosa and related eating disorders. [Full
version of NICE CG9]. www.guidance.nice.org.uk/cg9 (accessed 25
June 2010)
Nudel DB, Gootman N, Nussbaum MP, Shenker IR (1984) Altered
exercise performance and abnormal sympathetic responses to exercise in patients with anorexia nervosa. J Pediatr 105(1): 34-7
O’Donnell E, Harvey PJ, De Souza MJ (2009) Relationships between
vascular resistance and energy deficiency, nutritional status and oxidative stress in oestrogen deficient physically active women. Clin
Endocrin 70: 294-302
Olivares JL, Vazquez M, Fleta J, Perez-Gonzalez JM, Bueno M (2005)
Cardiac findings in adolescents with anorexia nervosa at diagnosis
and after weight recovery. Eur J Paediatr 165: 384–6
Papadopoulos FC, Ekbom A, Brandt L, Ekselius L (2009) Excess mortality, causes of death and prognostic factors in anorexia nervosa. Br
J Psych 194(1): 10–7
Petretta M, Bonaduce D, Scalfi L et al (1997) heart rate variability as a
measure of autonomic nervous system dysfunction in anorexia nervosa. Clin Cardiol 20: 219–24
Petrie TA, Greenleaf C, Reel J, Carter J (2009) Personality and psychological factors as predictors of disordered eating among female collegiate athletes. Eating Disorders 17(4): 302-21
Reinking MF, Alexander LE (2005) Prevalence of disordered-eating
behaviours in undergraduate female collegiate athletes and nonathletes. J Ath Train 40(1):47–51
Rickenlund A, Eriksson MJ, Schenck-Gustafsson K et al (2005)
Amenorrhoea in female athletes is associated with endothelial dysfunction and unfavourable lipid profile. J Endocrin Metabol 90:
1354-9
Rosenbaum, D.S. (2008) T-wave alternans in the sudden cardiac death
in heart failure trial population: signal or noise? Circulation 118(20):
2015–8
Sher L (2005) Type D personality: the heart stress and cortisol. QJM.
98: 323–9
Shiga T, Hagiwara N, Ogawa H et al (2009) Sudden cardiac death and
left ventricular ejection fraction during long term follow up after

British Journal of Cardiac Nursing

July 2010

Vol 5 No 7

Risk Factors
acute myocardial infarction in the primary percutaneous coronary
intervention era. Results from HIJAMI-II Registry. Heart 95(3):
216-20
Shisslak CM, Crago M, Estes LS (1995) The spectrum of eating disturbances. Int J Eat Disord 18(3): 209–19
Swenne I, Larssen PT (1999) Heart risk associated with weight loss in
anorexia nervosa and eating disorders: risk factors for QTc interval
prolongation and dispersion. Acta Paediatr 88(3): 304–9
Toivonen L (2002) More light on QT interval measurement. Heart 87:
193-4
Tolnai S, von Althen I (1987) Calcium-dependent proteolysis in the
myocardium of rats subjected to stress. Life Sci 41(9): 1117–22
Treasure J (2004) A Guide to the Medical Risk Assessment for Eating
Disorders. Kings College London
Troughton RW, Richards AM (2009) B-type natriuretic peptides and
echocardiographic measures of cardiac structure and function. JACC
Cardiovasc Imaging 2(2): 216–25
Vigo DE, Castro MN, Dorpinghaus A et al (2008) Non-linear analysis
of herat rate variability in patients with eating disorders. World J Bio
Psych 9(3): 183–9
Vázquez JL, Olivares J, Fleta J, Lacambra I, Gonzálezb M (2003) Cardiac
disorders in young women with anorexia nervosa. Rev Esp Cardiol
56(7): 669-73.
World Health Organization (1994) International Classification of
Diseases: Version 10. WHO, Geneva
Zeni-Hoch A, Dempsey RL, Carrera GF et al (2003) Is there an association between athletic amenorrhoea and endothelial cell dysfunction?
Med Sci Sport Exerc 35: 377–83

British Journal of Cardiac Nursing

July 2010

Vol 5 No 7

Key Points
ww Anorexia nervosa (AN) is a condition where there is evidence of low
body weight, a refusal to maintain body weight, an extreme fear of
‘fatness’, and a distorted body image, and menstrual dysfunction
ww AN is a potentially life-threatening eating disorder with the highest
rates for premature mortality of any psychiatric disorder in adults
ww In the UK, prevalence data is conservatively estimated to be 4 per
1000 females which equates to around 1.4 million females
ww The prognosis for AN is poor with a six-fold increase in the standard
mortality rates compared with the general population
ww Poor prognosis is strongly associated with increased cardiac risk in
AN patients
ww More robust screening modalities for identifying CV risk are required
to assist health professionals involved in cardiovascular risk
screening and prevention in early detection, diagnosis and
management of sudden cardiac death risk in AN
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