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Case Report 
This 27 year-old male with no significant past medical history presents for a routine physical exam.  
His only complaint is toenail fungus for which he inquires about treatment options.  Terbinafine 
treatment is considered, and baseline liver function tests are obtained, which come back slightly 
elevated with ALT 92 (Normal 4-45 U/L), AST 40 (Normal 7-36 U/L), but normal bilirubin and 
alkaline phosphatase.  Follow-up testing reveals a negative viral hepatitis panel and a ferritin level 
elevated at 1142 with a transferrin saturation of 55%. An abdominal ultrasound reveals minimal 
hepatomegaly with extensive fatty infiltration.  His lipid panel, TSH, and fasting glucose levels are 
normal.  Hereditary hemochromatosis gene analysis showed him to be a compound heterozygote 
for mutations C282Y and H63D.   
 
The patient has no known medical or surgical illnesses, has never smoked or used drugs, and drinks 
one alcoholic drink about twice per month.  He takes no medications including vitamins or 
supplements containing iron.  He is of Armenian decent, his mother and maternal grandmother are 
diabetic and there is no known family history of liver or heart disease.  On 14 point review of 
systems, he mentions dry skin and toenail fungus only.  His weight has been stable around 170-180 
pounds (Body Mass Index 25-26 kg/m2) for the past 10 years with no recent weight gain.  On 
examination, blood pressure is 104/80 and his BMI is 26 kg/m2.  He has no hyperpigmentation, 
normal cardiopulmonary exam, and a benign abdomen without hepatosplenomegaly. 
 
Therapeutic phlebotomies were performed at approximately weekly intervals given the presumed 
diagnosis of hereditary hemochromatosis (HHC).  Based on his high initial ferritin and transferrin 
saturation levels, it was estimated that he might require at least 30 phlebotomies or more to achieve 
an iron depleted state.  However, there was a significant reduction in serum ferritin from 1142 
ng/mL to 378 ng/mL and transferrin saturation from 55% to 28% after only 5 phlebotomies.  After 
13 phlebotomies, the serum ferritin was 26 ng/mL and the transferring saturation was 8%.  This 
observation raises the question whether the patient was iron loaded due to hereditary 
hemochromatosis or due to another condition such as fatty liver? 
 
Discussion 
This case is presented to highlight the idea that not all cases of iron overload are related to 
hereditary hemochromotosis (HHC).  So-called secondary iron overload can be related to a variety 
of conditions, most common being alcoholic liver disease, non-alcoholic steatohepatitis (NASH), 
and hepatitis C.  Given the growing prevalence of NASH and the questions brought about by the 
above case, I performed a literature research with focus on the role of iron overload in the 
pathogenesis of NASH, the diagnostic differentiation between HHC and secondary iron overload 
due to NASH, and the subsequent approach to treatment. 
 
Pathogenesis of HHC vs. NASH 
The pathogenesis of liver disease in HHC is understood as a chain of events starting with genetic 
predisposition followed by variability of the iron absorption rate and ultimately resulting in end 
organ complications.  The pathogenesis of liver disease in NASH is less clear.  Research is being 
done to understand the histological spectrum from simple steatosis through to cirrhosis in 
nonalcoholic fatty liver disease.  The exact mechanism of progression from steatosis to cirrhosis is 
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not fully understood, but probably involves two main steps of excessive triglyceride accumulation 
and increased oxidative stress (Figure 1) 1. These two factors are thought to trigger liver cell 
necrosis and activation of hepatic stellate cells, both leading to fibrosis and ultimately to the 
development of cirrhosis.  One of the potential contributing factors suspected to increase oxidative 
stress is excessive iron accumulation.  This helps to explain the clinical observation of 
hyperferritinemia and high normal to mildly elevated transferrin saturation in NASH.  This leads to 
the next question of how then to differentiate secondary iron overload due to NASH from 
hereditary hemochromatosis? 
 

 
 
Figure 1. Possible mechanisms of hepatic iron deposition and pathogenetic roles of iron in nonalcoholic 
steatohepatitis/nonalcoholic fatty liver disease. AAT, alpha 1-antitrypsin; FP-1, ferroporitn-1; H. pylori, 
Helicobacter pylori; RBC, red blood cell; ROS, reactive oxygen species; TfR, transferrin receptor; TNF- , 
tumor necrosis factor- . 
 
 
Diagnosis 
The first step in differentiating secondary iron overload from HHC is genetic testing, specifically 
genetic mutations on the C282Y and H63D genes.  While homozygosity for C282Y is more clearly 
associated with HHC and biopsy proven iron overload, heterozygosity as in the patient in this case 
is less clearly associated2. Approximately 60 percent of compound heterozygotes have an 
intermediate degree of iron loading, and 35 percent have normal iron status3. In the patient in this 
case, his status as a compound heterozygote for mutations C282Y and H63D would identify him as 
either affected or at risk for hereditary hemochromatosis. Thus, there continues to be a need for 
tests to confirm the presence and degree of iron overload.  As a general rule, there have been three 
such approaches:  imaging tests, quantitative phlebotomy, and liver biopsy with direct 
measurement of hepatic iron concentration.  While imaging studies such as CT and MRI can 
support the presence of iron overload, they are not accurate at lower levels of iron overload to 
confidently establish the diagnosis4 . Quantitative phlebotomy, or calculated versus actual 
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phlebotomies required to produce an iron deficient state, is an alternative method for diagnostic 
differentiation.  However, in contrast to liver biopsy, quantitative phlebotomy and imaging 
techniques provide no information about the presence or absence of hepatic fibrosis or cirrhosis, 
which is an important consideration in evaluating iron overload states4. Thus, the definitive test for 
the diagnosis of HHC and its consequences remains liver biopsy.  When presented with the option 
for liver biopsy, the patient in this case asked, “Why should I go through such an invasive and 
potentially risky procedure if the treatment (phlebotomy) may be the same?”  This question brings 
us to the next discussion point, what are the treatment outcomes of phlebotomy in HHC versus 
NASH related secondary iron overload? 
 
Treatment 
Phlebotomy is the treatment of choice for HHC.  The general recommendation is weekly 
phlebotomy until iron stores are normalized (defined as a serum ferritin concentration <50 ng/mL 
(microg/L) and transferrin saturation <50 percent) 5. Then, maintenance phlebotomy should be 
continued to prevent reaccumulation of iron with a goal serum ferritin level of 50 ng/mL or less.  
Phlebotomy has a variety of benefits in HHC including prevention of further progression of hepatic 
fibrosis and its consequences5. 
Clinical benefits of iron reduction by phlebotomy are less clear in secondary iron overload because 
secondary iron loading is less clearly a cause of end organ damage.  In a multicenter prospective, 
randomized control trial in Japan, 3 months of iron reduction therapy showed significant 
improvement in serum transaminase activity in patients with chronic hepatitis C6. Smaller trials in 
Italy showed significant improvements in insulin resistance and ferritin levels after phlebotomy in 
patients with NASH, but no significant lowering of transaminase activity7. However, no studies 
have demonstrated the effect of phlebotomy on liver histology or long term outcomes such as 
progression to cirrhosis or oncogenesis in NASH patients.  Thus, larger controlled trials of longer 
duration are required to assess the long-term clinical benefits of phlebotomy in secondary iron 
overload. 
 
Conclusion 
With the growing prevalence of obesity and metabolic syndrome in society comes the rising 
prevalence of NASH.  NASH associated secondary iron overload may be one of the pieces of the 
complicated puzzle to understanding the pathogenesis and treatment of the disease.  Potentially 
exciting areas of future research on NASH lies in the link between secondary iron overload and the 
progression to cirrhosis and thus the role of phlebotomy in its management. 
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