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Introduction 

Presentations of anorexia nervosa (AN) are commonly 
associated with acute derangement in liver function tests (LFTs). 
Up to 75% of patients hospitalised with anorexia nervosa 
demonstrate a relatively mild increase in serum values of 
hepatocellular enzymes, including alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST), typically to less than five 
times the upper limit of normal, with a much smaller proportion 
of patients displaying more severe liver injury [1]. The cause of 
the LFT derangement is linked to nutritional status, with studies 
demonstrating that the magnitude of rises in serum ALT and 
AST values is inversely correlated to body mass index (BMI) [1]. 
Research into the mechanism of liver injury in AN has shown that 
autophagy plays a significant role [2]. Autophagy is a lysosomal 
catabolic pathway for degrading cytoplasmic protein and damaged 
organelles to make them available for recycling. This is a process 
by which organisms can self-supply nutrients and energy during 
periods of starvation. Whilst this process is initially protective,  

 
when periods of starvation are prolonged, such as in AN, autophagy 
can lead to an acute liver injury, characterised electrochemically by 
severe glycogen depletion and a reduced number of mitochondria 
and endoplasmic reticula [2]. 

In health, autophagy is regulated by the hormones, insulin 
and glucagon, and amino acids, principally leucine. Autophagy is 
prevented by antioxidant defense mechanisms. In the setting of 
nutritional deficiency and depleted antioxidant defenses leading 
to oxidative stress, there is increased propensity to liver injury 
secondary to autophagy [1]. This has led to calls to investigate the 
possible therapeutic potential of antioxidant therapy in patients 
with AN [3]. This case series reports the first clinical experiences 
with antioxidant therapy in patients with severe liver injury related 
to AN, based on intravenous infusion of the glutathione precursor, 
N-acetylcysteine, demonstrating that such treatment is associated 
with significant improvements in parameters of liver injury.
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Materials and Methods
We report three severely malnourished patients with AN, 

managed at a University Teaching Hospital (all female, aged 19 
years, 23 years and 27 years, respectively; BMI values 12, 12 and 
13, respectively), who presented on a total of seven occasions with 
nausea, jaundice and severe hepatocellular-type liver injury related 
to AN (mean serum ALT level 2,974 U/L ± 448 U/L {SEM}, normal 
<45 U/L; mean serum AST level 3,009 U/L ± 739 U/L {SEM}, normal 
<45 U/L; mean bilirubin level 62 micromol/L ± 5 micromol/L 
{SEM}, normal <25 U/L and mean international normalized ratio 
{INR} 1.8 ± 0.2 {SEM}, normal 0.8-1.1). Alternative causes of liver 
injury were excluded based on negative laboratory tests for viral 
(hepatitis A virus, hepatitis B virus, hepatitis C virus, hepatitis E 
virus, Epstein-Barr virus, cytomegalovirus, herpes simplex virus, 
varicella zoster virus, parvovirus), parasitic (Toxoplasmosis gondii), 
metabolic (haemochromatosis, alpha-1-antitrypsin deficiency, 
Wilson’s disease) and immune-mediated (autoimmune hepatitis) 
aetiologias and liver ultrasound, which demonstrated normal 
liver echogenicity and blood flow without focal liver abnormality 
or features of biliary obstruction. Serum paracetamol values were 
undetectable and a urinary drug screen for amphetamines and 
cocaine was negative on all occasions. There was no history of other 
potentially hepatotoxic drug exposure.

Following an observation period of 24 hours whilst awaiting the 
results of the diagnostic laboratory screen for alternative aetiologias 
of severe liver injury, patients were managed with an intravenous 
infusion of N-acetylcysteine, 150 mg/kg as a loading dose over 30 
minutes and then 150 mg/kg given over 24 hours for a total of 5 

days, as used in the management of acute liver failure regardless 
of aetiology [4]. Laboratory markers (ALT, AST, bilirubin and INR) 
were measured on days minus 1 and 0 (observation period) and 
then on days 1, 3, 5 (N-acetylcysteine treatment period) and then 
on days 7, 14, 21 and 28 (post-treatment observation period). 

Results
Patient 1 experienced four episodes of severe hepatocellular 

damage related to AN (Figure 1), whilst Patient 2 experienced two 
such episodes (Figure 2) and Patient 3 experienced one episode 
(Figure 3). Serum markers of hepatocellular damage, namely 
ALT and AST, each increased during an initial 24-hour period 
of observation prior to the commencement of N-acetylcysteine 
treatment in all three patients (Figures 1-3). By contrast, 
commencement of N-acetylcysteine treatment was consistently 
associated with rapid reductions in serum ALT and AST values, with 
AST levels typically falling more quickly than ALT levels (Figures 
1-3). Statistically significant improvements in ALT and AST levels 
occurred during the 5-day N-acetylcysteine treatment course, with 
further statistically significant improvements occurring to day 28, 
by which time serum ALT and AST values had normalized (Figures 
4 & 5). In the two patients with more than one clinical presentation 
(four subsequent presentations occurring 20 days, 25 days, 43 
days and 62 days, respectively, following prior N-acetylcysteine 
treatment), the magnitude of serum ALT and AST disturbances 
at subsequent presentations was consistently lower than those 
found at initial presentation, implying that prior N-acetylcysteine 
treatment remained partially protective during this time period 
(Figures 1 & 2).

Figure 1: Markers of hepatic necrosis (serum levels of alanine aminotransferase {ALT} and aspartate aminotransferase {AST}; 
normal <45 U/L) in relation to intermittent treatment with N-acetylcysteine (NAC) for five days in Patient 1.
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Figure 2: Markers of hepatic necrosis (serum levels of alanine aminotransferase {ALT} and aspartate aminotransferase {AST}; 
normal <45 U/L) in relation to intermittent treatment with N-acetylcysteine (NAC) for five days in Patient 2.

Figure 3: Markers of hepatic necrosis (serum levels of alanine aminotransferase {ALT} and aspartate aminotransferase {AST}; 
normal <45 U/L) in relation to treatment with N-acetylcysteine (NAC) in Patient 3.
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Figure 4: Statistical analysis of serum levels of alanine aminotransferase (ALT) (normal <45 U/L) in relation to treatment with 
N-acetylcysteine for 5 days and then followed to Day 28.

Figure 5: Statistical analysis of serum levels of aspartate aminotransferase (AST) (normal <45 U/L) in relation to treatment with 
N-acetylcysteine for 5 days and then followed to Day 28.

Improvement in hepatocellular injury during N-acetylcysteine 
treatment was accompanied by statistically significant 
improvements in the hepatic functional parameters, serum bilirubin 
and INR, with further statistically significant improvements 
occurring to day 28, by which time serum levels of these hepatic 
functional parameters had also normalized (Figures 6 & 7). All 
three patients remained recalcitrant to re-feeding during the seven 
presentations, with negligible increases in caloric intake above 
baseline despite specialist liaison psychiatry input. BMI values 

remained low throughout the seven periods of N-acetylcysteine 
treatment in all three patients. An improved nutritional intake 
leading to improvement in BMI eventually did occur in all three 
patients and no further instances of severe liver injury developed 
following this during 90 days of follow-up (Figures 1-3). 
N-acetylcysteine treatment was well-tolerated by all three patients 
during all seven treatment exposures, with no instances of any 
untoward effects.
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Figure 6: Statistical analysis of serum levels of bilirubin (normal <25 micromole/L) in relation to treatment with N-acetylcysteine 
for 5 days and then followed to Day 28.

Figure 7: Statistical analysis of international normalised ratio (INR) values (normal 0.8-1.1) in relation to treatment with 
N-acetylcysteine for 5 days and then followed to Day 28.

Discussion
This case series demonstrates for the first time that, in 

patients with AN and severe liver injury, treatment for five days 
with the antioxidant, N-acetylcysteine, a glutathione precursor, is 
associated with statistically significant improvements in markers of 
hepatocellular damage, namely serum ALT and AST levels, as well 

as statistically significant improvements in the hepatic functional 
indices, bilirubin and INR. Statistically significant improvements 
were found to occur during the 5-day treatment period, with 
further statistically significant improvements occurring to day 28, 
by which time all indices had normalized. Improvements in liver 
injury in AN associated with N-acetylcysteine therapy could not be 
ascribed to natural history, as serum ALT and AST values were found 
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to increase during an initial 24-hour observation period prior to the 
commencement of antioxidant therapy in all three patients. Neither 
could any of the improvements in serum ALT, AST, bilirubin and INR 
values associated with N-acetylcysteine treatment be attributed to 
an improvement in nutritional status, as caloric intake remained 
similar to baseline and BMI remained unchanged throughout the 
treatment and subsequent post-treatment observation periods. 
An improved nutritional intake leading to improvement in BMI 
eventually did occur in all three patients and no further instances 
of liver injury developed following this during a follow-up period of 
90 days, in keeping with the notion that liver injury associated with 
AN is related to a critical reduction in BMI [1]. 

Importantly, N-acetylcysteine therapy was well-tolerated by 
our patients, with no instances of side-effects. It has been proposed 
that treatment with N-acetylcysteine be limited to 5 days in 
patients with severe liver injury, as its anti-inflammatory effects 
resulting from inhibition of nuclear factor kappa B expression 
may predispose to infection in the setting of functional immune-
paresis evolving beyond this time [5]. The findings of our study are 
particularly pertinent, therefore, in that a 5-day treatment duration 
was found to be sufficient to promote normalization of serum ALT, 
AST, bilirubin and INR values in patients with severe liver injury 
associated with AN, while no instances of infection ensued.

Conclusion
We conclude that antioxidant treatment with the glutathione 

precursor, N-acetylcysteine, is a safe and effective treatment for 
severe liver injury in patients with AN. Our clinical findings suggest 
that inadequate antioxidant defense mechanisms likely play a key 
role in the pathogenesis of severe liver damage associated with AN.
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