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Hepatitis C virus (HCV), estimated to affect 71 million 
people globally [1], is a leading risk factor for the develop-
ment of cirrhosis and hepatocellular carcinoma (HCC) [2, 
3]. With the introduction of direct acting antiviral (DAA) 
therapies over the past decade, virtually all patients can now 
be expected to achieve sustained virologic response (SVR), 
with few side effects when compared with prior interferon 
(IFN) and ribavirin-based regimens. These agents also 
reduce the risk of developing HCC [4]. Achieving SVR in 
patients with HCV, regardless of the therapeutic modality, 
decreases the risk of liver disease-related complications 
including bridging fibrosis, HCC, and overall mortality [5]. 
Even though there are demonstrable outcome benefits asso-
ciated with the eradication of detectable virus, there are still 
patients who demonstrate continued chronic inflammation 
on biopsy and patients who progress to liver disease-related 
complications. Questions with particular merit would be: 
what drives this continued disease process? and do patient 
habits, including substance use patterns and nutritional 
intake, measurably impact patient outcomes?

In this issue of Digestive Diseases and Sciences, Ohfuji 
and colleagues sought to identify modifiable lifestyle factors 
that might be protective, or alternatively, confer increased 
risk for the incidence of liver disease in a population of 
patients with HCV who achieved SVR [6]. A cohort of 
180 patients with known SVR (either following a course of 
IFN- or DAA-based therapy) were followed prospectively 
after completing a detailed health questionnaire in 2005. 
Clinical information was collected through chart review 
between 2005 and 2017, with primary outcomes including 

the development of cirrhosis, HCC, or liver disease-related 
death. Not surprisingly, the authors found that alcohol intake 
at the time of survey was associated with an increased risk 
of developing liver-related complications. Age and aspartate 
aminotransferase-to-platelet radio index score (APRI) ≥ 1.0, 
which was used as a surrogate marker indicating the degree 
of HCV-related fibrosis, were also notable risk factors. These 
findings suggest that, even after maintaining SVR, ongoing 
liver injury with alcohol use can increase the likelihood of 
an inferior liver-related outcome. Although the actual cel-
lular mechanism of hepatocarcinogenesis may differ between 
HCV-related insults of inflammation, necrosis, and regenera-
tion cycles and alcohol- or age-related liver injury, these data 
suggest that these risk factors might be cumulative and that 
more detailed attention should be paid to the how the inte-
gration of lifestyle factors can contribute to the successes, 
or lack thereof, of HCV therapy.

Nutritional intake in these study subjects was also 
assessed. A validated questionnaire for quantifying intakes 
of numerous micro- and macronutrients was administered 
for a single time-point analysis at the time of subject enroll-
ment in 2005 [7]. The authors found that higher intake of 
vitamin B12 was associated with a trend toward protection 
against the occurrence of cirrhosis, HCC, and liver disease-
related mortality (HR 0.41, 95% CI 0.14–1.17, p = 0.09). 
This was somewhat unexpected, particularly because the 
overall sample size was small (n = 180 total subjects and 
only 27 subjects progressed to the complications of inter-
est), combined with the fact that nutritional intake would be 
expected to vary widely across individuals. It is conceivable 
that an adequately powered study would ultimately yield a 
different result pertaining to vitamin B12 intake and reduced 
risk of progression to cirrhosis, HCC, and other liver-related 
complications. In looking back at the study design, the mere 
snapshot of calculated vitamin B12 intake as a result of a 
self-administered questionnaire does yield a trend toward 
reduced risk of progression of liver disease. One might sus-
pect that over a 12-year period, the nutritional intake of an 
individual patient could vary over time. It would be very 
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interesting to note if additional time points could corroborate 
the trends outlined in this study.

To add to this story of vitamin B12 supplementation and 
prevention of liver injury, Isoda et al. observed that vitamin 
B12 supplementation was hepatoprotective, specifically by 
reducing fibrinogenesis, in a murine model of chronically 
liver injury [8]. This supports the findings in this study, 
and while the mechanism for this observed phenomenon is 
unknown, it may be related, in part, to the ability of vitamin 
B12 to reduce oxygen free radical-mediated cellular dam-
age [9].

There is also a growing body of literature demonstrat-
ing increased serum vitamin B12 levels in patients with 
chronic liver disease and HCC [10, 11]. Some studies have 
even investigated serum vitamin B12 levels as a novel 
tumor marker for HCC and as a prognostic sign correlat-
ing to advanced disease [11, 12]. Ultimately, it is unclear 
how these described phenomena relate to the observation 
that increased nutritional intake of vitamin B12 is protective 
against liver injury. In fact, serum vitamin B12 levels do not 
correlate with nutritional intake in patients with HCC [12]. 
A potential explanation for these findings is that vitamin B12 
is stored and metabolized in large quantities in the liver, and 
a passive consequence of hepatocellular injury and inflam-
mation is increased release of cobalamin into the circulation. 
It remains to be seen if this is an inadvertent or controlled 
release of B12 by the liver during periods of inflammation 
and progressive injury.

The authors here used a unique approach to define life-
style factors which may increase or reduce risk of progres-
sion of liver disease after successful treatment for HCV. 
Their results support future studies directed toward lifestyle 
modification that would aim to reduce progression of liver 
disease. These interventions could be as simple as providing 
alcohol cessation and/or nutritional counseling for patients 
receiving treatment for HCV or implementing the use of 
vitamin B12 supplementation as an adjunct treatment. Ongo-
ing studies to increase the sample size are required to con-
firm their findings.

While this study was limited in its ability to draw certain 
conclusions about lifestyle factors an HCV treatment, it does 
provide a reminder of several important points: first, HCV 
is a large-scale public health issue; therapies for the treat-
ment of HCV, either with interferon-based or DAA therapy, 
confer superior outcomes for patients. Efforts should be 
made to make these therapies available to patients as early 
as possible in their disease course in order to obtain maximal 
benefits. Second, the extent of liver injury again appears 
to be related to a cumulative effect of several insults (i.e., 
the damage sustained by HCV alone is less than damage 
sustained by HCV+ alcohol intake). Third, there should 
be continued study of the relative impact of nutritional 

supplementation on chronic liver disease, as this organ is 
deeply integrated with the body’s metabolic functions and 
processing of macro- and micronutrients. Addressing these 
points will undoubtedly have important clinical implications, 
and therapies developed as a result of these investigations 
could potentially be low cost and high yield.
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