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Lifestyle Modifiers of Liver Disease Progression

Lifestyle is broadly defined as the way an individual lives, and includes habits, atti-
tudes, and tastes. The main components of lifestyle include nutrition, physical activ-
ity/exercise, and behaviors modulating the response to stressors and mental health.

Unhealthy Lifestyle

A large body of evidence shows that some “unhealthy” lifestyle factors (alcohol
intake, obesity, malnutrition, lack of physical activity, and cigarette smoke) influ-
ence the likelihood of suffering from liver disease, favor the progression of liver
disease to cirrhosis and hepatic decompensation, further decompensation, and
death, and reduce the likelihood of liver disease regression after removal of a main
cause of liver injury (e.g., HCV infection). The burden of “unhealthy” lifestyle is
difficult to estimate, but there has been an attempt to quantify its impact on the risk
of liver-related mortality. In subjects included in a nationwide, prospective cohort
study, subjects were considered at low risk if having all the following characteris-
tics: never smoked or past moderate smoking, no or moderate alcohol use, BMI
between 18.5 and 24.9, weekly physical activity, and diet meeting at least 40 points
on a scale for healthy diet criteria. Multivariate-adjusted hazard ratios (HRs) for five
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vs. zero modifiable risk factors were 3.59 [95% confidence interval (95%CI):
1.50-7.42]) for incident hepatocellular carcinoma (HCC) and 4.27 (95%CI: 56-98)
for cirrhosis-related mortality [1].

Alcohol

In addition to being a leading cause of chronic liver disease (CLD) worldwide [2, 3],
alcohol intake is a well-recognized risk factor for the progression of liver fibrosis in
patients with CLD of other etiologies [4]. In patients with cirrhosis, alcohol intake
briskly increases portal pressure and porto-collateral blood flow [5, 6]. Importantly,
alcohol and obesity synergistically interact [7], leading to a much higher risk of cir-
rhosis and hepatocellular carcinoma than each of these two individual risk factors
[8, 9]. Ongoing alcohol intake is associated with higher mortality after a first decom-
pensation episode [10] and after an episode of alcoholic hepatitis [11, 12]. On the
other hand, remaining abstinent from alcohol improves survival by over 20% at
5 years in patients with alcoholic cirrhosis, and reduces the risk of decompensation
by improving portal hypertension (PH) [13]. Alcohol abstinence also allows recov-
ery of gut integrity, as proven by an improved diversity of the gut microbiota and by
a reduced permeability [14]. Complete abstinence from alcohol should be recom-
mended in patients with cACLD, irrespective of the underlying etiology.

Obesity

Obesity has been reported in 20%—40% of patients with compensated cirrhosis in
the recently reported series [15, 16]. In addition, the incidence of cirrhosis due to
NASH, which is almost invariably associated with obesity, is increasing worldwide.
Obesity is also no longer uncommon in patients with decompensated cirrhosis, and
has been reported in 12%-25% of patients included in the recent series [17-19].

Obesity is a cofactor of the progression of liver fibrosis, and increases the risk of
liver-related events, so hepatologists should become familiar with management of
it. In the HALT-C trial, histological progression to cirrhosis or clinical progression
to decompensation increased by 14% per each BMI quartile [15]. In addition, body
weight gain >5% at 1 year of inclusion added a further 35% of risk of progression
of liver disease.

In patients with compensated cirrhosis and PH [defined by hepatic venous pres-
sure gradient (HVPG) >5 mmHg] and no varices on endoscopy included in a ran-
domized controlled trial on timolol vs. placebo to prevent the onset of esophageal
varices, BMI as a continuous variable was associated with an increase in the risk of
decompensation, independent of HVPG and albumin [16]. Risk of decompensation
in patients with obesity was approximately tripled vs. patients with a normal BMI
[16]. Interestingly, not only obesity per se, but also body composition markers of
dysfunctional adipose tissue, such as higher subcutaneous fat density, predicted first
decompensation in patients with compensated cirrhosis [20].

In addition, obesity may promote other conditions that contribute to clinical
deterioration in patients with cirrhosis. In one study in patients awaiting liver trans-
plantation, obesity was an independent predictor of onset of portal vein thrombosis
(hazard ratio 13.1) [21]. Moreover, the risk of developing hepatocellular carcinoma
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increases in patients with obesity; however, a large part of the effect of the associa-
tion might be explained by the coexistence of diabetes mellitus [22].

Finally, obesity reduces the likelihood of histological regression of cirrhosis in
patients in whom the main cause of liver injury has been removed (e.g., chronic
hepatitis B on long-term viral suppression) [23].

From the above-described data, obesity emerges as an important but potentially
modifiable risk factor in patients with compensated advanced chronic liver disease
(cACLD). Three studies demonstrated that intentional weight loss of at least 5% is
able to improve liver fibrosis on histology in the long term and to impact favorably
on the HVPG [15, 24, 25]. A weight loss of at least 5% was achieved in over 50%
of cases, except in diabetic patients who achieved lower success rates. In the
SportDiet study, a proof-of-concept study looking at changes in HVPG after
16 weeks of intensive lifestyle changes (moderate caloric restriction and super-
vised exercise) in compensated cirrhosis with PH, a weight loss >10% was associ-
ated with a statistically significant and clinically meaningful reduction of
HVPG [25].

In decompensated cirrhosis, data are less abundant. Overall, obesity increases
the risk of serious bacterial infection requiring ICU admission [26], and severe obe-
sity is associated with increased risk of acute-on-chronic liver failure [27] and rep-
resents a challenge if liver transplantation is indicated due to higher risk of
complications [28, 29]. In one paper, obesity was associated with a lower risk of
death during the ICU stay [30], but in another one, obesity was a risk factor for
death after admission for septic shock [31]. Therefore, whether an “obesity para-
dox” in critically ill patients with cirrhosis exists, remains to be confirmed.

Malnutrition, Sarcopenia, and Frailty

Protein-energy malnutrition (PEM) is a common complication of cirrhosis present
in almost all patients with decompensated cirrhosis, which contributes to skeletal
muscle mass and function loss (sarcopenia) and to frailty, which can be defined as
decreased physiologic reserve and increased susceptibility to health stressors. While
defining malnutrition in cirrhosis can be challenging, sarcopenia can be assessed by
several different methods, ranging from simple tools (hand-grip strength test; mid-
arm circumference measurement) to imaging methods [32]. Skeletal muscle index
assessed on a single-slice CT scan at L3-L4 is considered accurate and reproducible
in cirrhosis. Irrespective of the method used for assessment, sarcopenia and frailty
have been consistently associated with increased mortality in patients with decom-
pensated cirrhosis, independent of liver function [33, 34]. In compensated cirrhosis,
there are less data, which are however fully in line with what observed in decom-
pensated cirrhosis. Old studies suggested that malnourished patients (low hand-grip
strength or low mid-arm circumference) [35, 36] have higher risks of decompensa-
tion and bacterial infections. In a recent large monocentric study, liver frailty index
held predictive value for decompensation in compensated patients and for mortality
in decompensated patients [37]. Nutritional assessment and supplementation should
be part of the clinical routine in cirrhosis, together with measures aimed at improv-
ing physical activity [34, 38].
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Cigarette Smoke

Cigarette smoke is pro-fibrogenic in the liver [39, 40], and increases the risk of liver
cirrhosis independent of alcohol intake [41]. Importantly, cigarette smoke is a major
risk factor for the development of HCC in patients with alcoholic and viral cirrhosis
[42-44], and the risk increases in a dose-dependent manner in the general popula-
tion [45]. In patients with alcoholic cirrhosis, cigarette smoke also synergistically
increases the risk of oral cavity, throat, and esophagus cancer [46]. Vice versa,
smoking cessation was associated with a reduction in HCC risk [45], and this life-
style change should be recommended in patients with cirrhosis.

Healthy Lifestyle—Protective Factors

Physical Activity and Exercise

Sedentary lifestyle is very frequent in the general population, and even more in
patients with cirrhosis, who according to the available data spend on average 76%
of waking hours in sedentary state [47]. Physical inactivity is a risk factor for the
onset of non-alcoholic fatty liver disease (NAFLD), and in later stages of CLD it
contributes to sarcopenia and physical deconditioning [48]. Exercise decreases
intrahepatic fat content independent of weight loss in NAFLD and improves aerobic
capacity (oxygen consumption) and has multiple beneficial effects on the cardiovas-
cular system, lung function, endothelial function, mental health, and eventually on
quality of life [48]. In murine models of liver disease and in large epidemiological
studies, exercise reduces the risk of HCC in a dose-dependent manner [49].

In patients with cirrhosis, 10 randomized controlled trials using 8—16 weeks of
supervised or unsupervised exercise as intervention have been published so far. The
studies are heterogenous in design and include mostly compensated patients (Child
A and B), but in this population no safety issue has been detected. The results
showed homogenous positive effects on muscle mass, functional status, HVPG, and
quality of life. Rehabilitation including exercise tailored to patients’ status in
decompensated cirrhosis is currently being implemented in several centers.

Increasing physical activity and exercising should be considered a cornerstone of
lifestyle management for CLD.

Coffee Consumption and Mediterranean Diet
In a large study based on participants of the UK Biobank study including 384,818
coffee drinkers and 109,767 non-coffee drinkers, all types of coffee were found to
be protective against the development of CLD and cirrhosis [50], confirming previ-
ous smaller reports. Coffee drinkers had lower adjusted HRs of CLD (HR: 0.79,
95%: CI 0.72-0.86), CLD or steatosis (HR: 0.80, 95%CI: 0.75-0.86), death from
CLD (HR: 0.51, 95%CI: 0.39-0.67), and HCC (HR: 0.80, 95%CI: 0.54-1.19).
These results have been confirmed using systematic review and meta-analysis
approaches [51, 52].

The benefits of Mediterranean diet (rich in olive oil, vegetables, and fruit) on
cardiovascular risk and on other chronic diseases have been established by several



4 Lifestyle and Genetic Modifiers of Liver Disease Progression 33

large studies [53-57]. In patients with cirrhosis, one study reported a lower risk of
hospitalization due to liver-related events in patients adhering to Mediterranean diet
vs. Western diet. In this study, patients with cirrhosis on Mediterranean diet showed
a higher gut microbiome diversity, which may explain the better clinical out-
comes [58].

Genetic Modifiers of Progression of cACLD

There is an extensive body of evidence indicating that genetic factors impact the
susceptibility for CLD and the progression to advanced chronic liver disease
(ACLD), particularly in NAFLD [59], alcohol-related liver disease (ALD) [60], and
hepatitis C [61]. Moreover, some genetic factors have also been shown to promote
disease progression beyond this point. However, with the exception of rare monoge-
netic liver diseases, individual variants explain only a small proportion of the varia-
tion in CLD (e.g., NAFLD) [62] prevalence/severity, highlighting the polygenic
nature of CLD. Polygenic risk scores have been recently shown to improve (vs.
simple blood tests for liver fibrosis) the prediction of liver-related events (incident
cirrhosis, HCC, or liver transplantation) in the general population as well as in sub-
jects at risk for NAFLD [63], and profoundly modify the likelihood of cirrhosis in
subjects with heavy alcohol consumption [60]. However, even when combining
multiple disease-modifying variants, only a minor proportion of variance is
explained [62], which could be attributed to the limited knowledge on the genetics
underlying CLD, or more plausibly, to the overwhelming contribution of lifestyle
factors. Moreover, genetic factors are not modifiable (at present). Despite this,
genetic studies offer unique possibilities: First, they circumvent the chicken or the
egg causality dilemma, which commonly impedes the interpretation of studies on
ACLD. Second, the genetic factors are constant over time; this is in contrast to other
patient characteristics (including, but not limited to lifestyle factors) and conven-
tional biomarkers that are applied for risk stratification and treatment
individualization.

Genetic factors that have been studied in context of ACLD can be divided into
two categories:

1. Those, that are primarily modifiers of liver metabolism, and thus, metabolic-
associated fatty liver disease. However, the same variants may also impact the
course of other etiologies of CLD. Examples are patatin-like phospholipase
domain-containing protein 3 (PNPLA3) rs738409 C > G and 17p-hydroxysteroid
dehydrogenase type 13 (HSD17B13) rs72613567 T > TA. Both of them affect
hepatic lipid metabolism and are common variants that are associated with only
moderate changes in risk for ACLD development due to MAFLD [59, 60].
Serpin peptidase inhibitor clade A member 1 (SERPINAI rs28929474 G > A),
which encodes the alpha-1 antitrypsin deficiency (A1AD) Z-allele, is less com-
mon. While homozygosity for the Z-allele results in A1AD-related liver disease
(i.e., a rare, monogenetic CLD with incomplete penetrance due to a toxic
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gain-of-function), heterozygosity (affecting approximately 2% of Europeans
[64] with considerable regional differences) is accompanied by profoundly
increased risks of ACLD [65].

2. Inaddition, there are several genetic factors that orchestrate etiology-independent
pathophysiological mechanisms that may contribute to the progression of liver
disease/PH. Besides inherited thrombophilia promoting liver fibrosis progres-
sion [66-69], variants in nucleotide-binding oligomerization domain-containing
protein 2 (NOD2; encoding an intracellular pathogen recognition receptor) and
nuclear receptor subfamily 1 group H member 4 (NRIH4; encoding the Farnesoid
X receptor) have been shown to modify the course of ACLD.

Individual Genetic Variants

PNPA3 and HSD17B13

PNPLA3 encodes a lipase with activity toward triglycerides localized on the surface of
lipid droplets [70]. The loss-of-function rs738409 C > G-variant not only increases
hepatic triglyceride content upon accumulation of the mutant protein on the surface of
lipid droplets [70] but also potentiates the proinflammatory and -fibrogenic features of
HSC [71]. It has been linked to NAFLD/NASH and disease severity [72, 73] and ALD-
induced cirrhosis [74—77]. Moreover, it was associated with hepatic steatosis/liver fibro-
sis in HCV-monoinfected [78] and HIV/HCV-coinfected patients [79], although its
impact in viral hepatitis was less consistent, as compared to MAFLD. Importantly, in the
context of CLD, PNPLA3 is the most thoroughly investigated variant and there are also
studies suggesting arole as a disease-modifying variant in established ACLD. In cACLD
patients with NAFLD, harboring the G-allele doubled the risk of hepatic decompensa-
tion [80]. Moreover, the PNPLA3 G/G-genotype doubled the mortality risk of patients
with PH due to MAFLD, even after the development of CSPH (defined by HVPG
>10 mmHg) [81]. This is in line with an earlier study of Friedrich et al. [82], which
investigated the effect of PNPLAS3 in patients listed for liver transplantation and reported
increased risks of (further) hepatic decompensation and mortality. An analysis based on
data of the Steroids or Pentoxifylline for Alcoholic Hepatitis (STOPAH) trial [83],
which included patients with and without ACLD, revealed an association between
PNPLA3 genotype and disease severity as well as mortality; of note, the latter effect was
limited to patients who were abstinent. Although this may be interpreted as evidence for
PNPLA3 genotype impacting the course of ACLD after eradication/suppression of the
primary etiological factor, PNPLA3 and other variants did not impact the dynamics of
liver disease in ACLD patients who achieved HCV cure [84].

HSDI17B13 rs72613567 T > TA has been shown to decrease the susceptibility for
ALD/NAFLD as well as the risk of cirrhosis in these etiologies; in patients undergo-
ing bariatric surgery, it decreased the odds of NASH and liver fibrosis [85-87].
While patients with ACLD of viral or MAFLD etiology harboring the protective
variant had less pronounced liver disease at baseline, HSD/7B13 did not impact
progression of ACLD in a longitudinal analysis [88]. Accordingly, the importance
of this variant in the context of ACLD remains to be established.
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SERPINA1/Alpha-1 Antitrypsin Deficiency

SERPINAI 1528929474 G > A (i.e., the Z-allele) is less prevalent, as compared to the
previously mentioned variants; however, heterozygosity for this allele is an even
stronger (odds ratios of 6 to 7) risk factor for cirrhosis of non-alcoholic and alcoholic
etiology [65] and also CSPH [89]. Approaching the resulting MZ genotype from the
other direction (i.e., assessing subjects without previously known CLD who have been
diagnosed by genetic testing) indicates that lifestyle factors (obesity and diabetes mel-
litus) are key modulators of the risk of liver fibrosis in subjects heterozygous for this
strong risk allele [90]. This supports the notion that genetic, metabolic, and environ-
mental factors contribute to MAFLD—a concept that may also be extrapolated to
CLD in general [91]. Finally, there is also some evidence suggesting that the MZ
genotype may confer a worse prognosis in patients with established cirrhosis [92].

NOD2
NOD2 senses muramyl dipeptide (MDP) in the cytosol and activates NF-kB signal-
ing. Loss-of-function variants adversely impact gut barrier function and bacterial
translocation, leading to increases in bacterial DNA and interleukin 6 in the sys-
temic circulation, as well as increased risks of spontaneous bacterial peritonitis
(SBP) and bacterial infections in general [93-99]. These observations have led to
the hypothesis that NOD2 variants may guide the use of norfloxacin in patients with
cirrhosis and ascites, but without a history of SBP. In the “Impact of NOD2
genotype-guided antibiotic prevention on survival in patients with liver Cirrhosis
and Ascites (INCA)” trial, patients harboring a NOD2 variant are randomized to
receive norfloxacin or placebo. Survival and SBP/bacterial infections/hospitaliza-
tion within 1 year are being evaluated as primary and secondary endpoints, respec-
tively. Accordingly, NOD2 provides an example for the potential clinical application
of genetics for risk stratification, i.e., the identification of patients who may be at a
particularly high risk of a specific outcome, thereby increasing the absolute risk
reduction and decreasing the number need to treat/sample size for a clinical trial.
Of note, there are also other genetic variants in innate immunity receptors, which
may be of relevance in patients with acute decompensation and bacterial infec-
tion [100].

NR1H4/FXR

Farnesoid X receptor (i.e., a bile acid receptor) [101] signaling has important impli-
cations for the gut-liver-axis and is a promising target in the treatment of PH [102].
ACLD patients harboring the NR1H4 rs35724 rs35724 G > C allele had a decreased
risk of first hepatic decompensation and mortality. These findings may be explained
by the gain-of-function that is conferred by this variant, which was accompanied by
increased hepatic FXR expression [103]. In the latter study, it was also found to be
linked to decreased odds of steatosis, steatohepatitis, and liver fibrosis in patient
who underwent liver biopsy for the suspicion of NASH. These findings add to the
body of evidence supporting the detailed evaluation of FXR agonists in the context
of PH. The implications of this variant on the efficacy of FXR agonists have yet to
be evaluated in clinical trials. Of note, this variant may not only inform about risk in
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an individual patient (see NOD2), but also modify the effectiveness of pharmaco-
logical intervention, i.e., the relative risk reduction.

Conclusions and Outlook

The importance of genetic variants in patients who have already progressed to
ACLD is less well established, as compared to their impact on the progression to
ACLD. Although the contribution of genetic factors seems to be considerably lower,
as compared to lifestyle factors, genetics may provide information on the risk of
specific complications of ACLD and mortality in an individual, which may guide
the use of pathophysiology-oriented interventions (e.g., norfloxacin). Moreover,
improvements in the understanding of genetics may lead to novel treatments for (A)
CLD in the future, as HSD17B13 (e.g., ARO-HSD; NCT04202354) and SERPINA 1
(e.g., ARO-AAT; NCT03946449) are druggable by small interfering RNA (siRNA).
Finally, the impact of NRIH4 variants on the effectiveness of FXR agonists (e.g.,
obeticholic acid and numerous other compounds [101]) warrants further study.

The interaction between genetic background and lifestyle on the risk of decom-
pensation in the specific setting of ACLD has not been studied, and is a topic for
future research.

References

1. Simon TG, Kim MN, Chong D, Fuchs C, Meyerhardt J, Giovannucci E, Stampfer M, Zhang
X, Chan A. The impact of healthy lifestyle on the incidence of hepatocellular carcinoma and
cirrhosis-related mortality among U.S. adults. Hepatology. 2019;70(Supp 1):11A.

2. Ventura-Cots M, Ballester-Ferre MP, Ravi S, Bataller R. Public health policies and alcohol-
related liver disease. JHEP Rep. 2019;1(5):403-13.

3. Blachier M, Leleu H, Peck-Radosavljevic M, Valla DC, Roudot-Thoraval F. The bur-
den of liver disease in Europe: a review of available epidemiological data. J Hepatol.
2013;58(3):593-608.

4. Monto A, Patel K, Bostrom A, Pianko S, Pockros P, McHutchison JG, et al. Risks of a range
of alcohol intake on hepatitis C-related fibrosis. Hepatology. 2004;39(3):826-34.

5. Luca A, Garcia-Pagan JC, Bosch J, Feu F, Caballeria J, Groszmann RJ, et al. Effects of
ethanol consumption on hepatic hemodynamics in patients with alcoholic cirrhosis.
Gastroenterology. 1997;112(4):1284-9.

6. Spahr L, Goossens N, Furrer F, Dupuis M, Vijgen S, Elkrief L, et al. A return to harmful
alcohol consumption impacts on portal hemodynamic changes following alcoholic hepatitis.
Eur J Gastroenterol Hepatol. 2018;30(8):967-74.

7. Diehl AM. Obesity and alcoholic liver disease. Alcohol. 2004;34(1):81-7.

8. Loomba R, Yang HI, Su J, Brenner D, Barrett-Connor E, Iloeje U, et al. Synergism between
obesity and alcohol in increasing the risk of hepatocellular carcinoma: a prospective cohort
study. Am J Epidemiol. 2013;177(4):333-42.

9. Mahli A, Hellerbrand C. Alcohol and obesity: a dangerous Association for Fatty Liver
Disease. Dig Dis. 2016;34(Suppl 1):32-9.

10. Powell W] Jr, Klatskin G. Duration of survival in patients with Laennec’s cirrhosis. Influence
of alcohol withdrawal, and possible effects of recent changes in general management of the
disease. Am J Med. 1968;44(3):406-20.



4 Lifestyle and Genetic Modifiers of Liver Disease Progression 37

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Louvet A, Labreuche J, Artru F, Bouthors A, Rolland B, Saffers P, et al. Main drivers of
outcome differ between short term and long term in severe alcoholic hepatitis: a prospective
study. Hepatology. 2017;66(5):1464-73.

Altamirano J, Lopez-Pelayo H, Michelena J, Jones PD, Ortega L, Gines P, et al. Alcohol
abstinence in patients surviving an episode of alcoholic hepatitis: prediction and impact on
long-term survival. Hepatology. 2017;66(6):1842-53.

Mann RE, Smart RG, Govoni R. The epidemiology of alcoholic liver disease. Alcohol Res
Health. 2003;27(3):209-19.

Tilg H, Cani PD, Mayer EA. Gut microbiome and liver diseases. Gut. 2016;65(12):2035—44.
Everhart JE, Lok AS, Kim HY, Morgan TR, Lindsay KL, Chung RT, et al. Weight-related
effects on disease progression in the hepatitis C antiviral long-term treatment against cirrho-
sis trial. Gastroenterology. 2009;137(2):549-57.

Berzigotti A, Garcia-Tsao G, Bosch J, Grace ND, Burroughs AK, Morillas R, et al. Obesity is
an independent risk factor for clinical decompensation in patients with cirrhosis. Hepatology.
2011;54(2):555-61.

Carias S, Castellanos AL, Vilchez V, Nair R, Dela Cruz AC, Watkins J, et al. Nonalcoholic
steatohepatitis is strongly associated with sarcopenic obesity in patients with cirrhosis under-
going liver transplant evaluation. J Gastroenterol Hepatol. 2016;31(3):628-33.

Choudhary NS, Saigal S, Saraf N, Mohanka R, Rastogi A, Goja S, et al. Sarcopenic obesity
with metabolic syndrome: a newly recognized entity following living donor liver transplanta-
tion. Clin Transpl. 2015;29(3):211-5.

Montano-Loza AJ, Angulo P, Meza-Junco J, Prado CM, Sawyer MB, Beaumont C, et al.
Sarcopenic obesity and myosteatosis are associated with higher mortality in patients with
cirrhosis. J Cachexia Sarcopenia Muscle. 2016;7(2):126-35.

Tapper EB, Zhang P, Garg R, Nault T, Leary K, Krishnamurthy V, et al. Body composi-
tion predicts mortality and decompensation in compensated cirrhosis patients: a prospective
cohort study. JHEP Rep. 2020;2(1):100061.

Ayala R, Grande S, Bustelos R, Ribera C, Garcia-Sesma A, Jimenez C, et al. Obesity is an
independent risk factor for pre-transplant portal vein thrombosis in liver recipients. BMC
Gastroenterol. 2012;12:114.

Tseng CH. Metformin and risk of hepatocellular carcinoma in patients with type 2 diabetes.
Liver Int. 2018;38(11):2018-27.

Marcellin P, Gane E, Buti M, Afdhal N, Sievert W, Jacobson IM, et al. Regression of cirrhosis
during treatment with tenofovir disoproxil fumarate for chronic hepatitis B: a 5-year open-
label follow-up study. Lancet. 2013;381(9865):468-75.

Macias-Rodriguez RU, Ilarraza-Lomeli H, Ruiz-Margain A, Ponce-de-Leon-Rosales S,
Vargas-Vorackova F, Garcia-Flores O, et al. Changes in hepatic venous pressure gradient
induced by physical exercise in cirrhosis: results of a pilot randomized open clinical trial.
Clin Transl Gastroenterol. 2016;7(7):e180.

Berzigotti A, Albillos A, Villanueva C, Genesca J, Ardevol A, Augustin S, et al. Effects of an
intensive lifestyle intervention program on portal hypertension in patients with cirrhosis and
obesity: the SportDiet study. Hepatology. 2017;65(4):1293-305.

Sundaram V, Kaung A, Rajaram A, Lu SC, Tran TT, Nissen NN, et al. Obesity is indepen-
dently associated with infection in hospitalised patients with end-stage liver disease. Aliment
Pharmacol Ther. 2015;42(11-12):1271-80.

Sundaram V, Jalan R, Ahn JC, Charlton MR, Goldberg DS, Karvellas CJ, et al. Class III
obesity is a risk factor for the development of acute-on-chronic liver failure in patients with
decompensated cirrhosis. J Hepatol. 2018;69(3):617-25.

LaMattina JC, Foley DP, Fernandez LA, Pirsch JD, Musat Al, D’Alessandro AM, et al.
Complications associated with liver transplantation in the obese recipient. Clin Transpl.
2012;26(6):910-8.

Terjimanian MN, Harbaugh CM, Hussain A, Olugbade KO Jr, Waits SA, Wang SC, et al.
Abdominal adiposity, body composition and survival after liver transplantation. Clin Transpl.
2016;30(3):289-94.



38

M. Mandorfer and A. Berzigotti

30

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

. Choi C, Lennon RJ, Choi DH, Serafim LP, Allen AM, Kamath PS, et al. Relationship between
body mass index and survival among critically ill patients with cirrhosis. J Intensive Care
Med. 2022;37(6):817-24.

Kok B, Karvellas CJ, Abraldes JG, Jalan R, Sundaram V, Gurka D, et al. The impact of
obesity in cirrhotic patients with septic shock: a retrospective cohort study. Liver Int.
2018;38(7):1230-41.

Tandon P, Raman M, Mourtzakis M, Merli M. A practical approach to nutritional screening
and assessment in cirrhosis. Hepatology. 2017;65(3):1044-57.

Sinclair M, Gow PJ, Grossmann M, Angus PW. Review article: sarcopenia in cirrhosis—
aetiology, implications and potential therapeutic interventions. Aliment Pharmacol Ther.
2016;43(7):765-77.

Lai JC, Tandon P, Bernal W, Tapper EB, Ekong U, Dasarathy S, et al. Malnutrition, frailty, and
sarcopenia in patients with cirrhosis: 2021 practice guidance by the American Association for
the Study of Liver Diseases. Hepatology. 2021;74(3):1611-44.

Alvares-da-Silva MR, Reverbel da Silveira T. Comparison between handgrip strength, sub-
jective global assessment, and prognostic nutritional index in assessing malnutrition and pre-
dicting clinical outcome in cirrhotic outpatients. Nutrition. 2005;21(2):113-7.

Alberino F, Gatta A, Amodio P, Merkel C, Di Pascoli L, Boffo G, et al. Nutrition and survival
in patients with liver cirrhosis. Nutrition. 2001;17(6):445-50.

Wang S, Whitlock R, Xu C, Taneja S, Singh S, Abraldes JG, et al. Frailty is associated with
increased risk of cirrhosis disease progression and death. Hepatology. 2022;75(3):600-9.
European Association for the Study of the Liver. EASL clinical practice guidelines on nutri-
tion in chronic liver disease. J Hepatol. 2019;70(1):172-93.

Altamirano J, Bataller R. Cigarette smoking and chronic liver diseases. Gut.
2010;59(9):1159-62.

Azzalini L, Ferrer E, Ramalho LN, Moreno M, Dominguez M, Colmenero J, et al.
Cigarette smoking exacerbates nonalcoholic fatty liver disease in obese rats. Hepatology.
2010;51(5):1567-76.

Dam MK, Flensborg-Madsen T, Eliasen M, Becker U, Tolstrup JS. Smoking and risk of liver
cirrhosis: a population-based cohort study. Scand J Gastroenterol. 2013;48(5):585-91.
Marrero JA, Fontana RJ, Fu S, Conjeevaram HS, Su GL, Lok AS. Alcohol, tobacco
and obesity are synergistic risk factors for hepatocellular carcinoma. J Hepatol.
2005;42(2):218-24.

Koh WP, Robien K, Wang R, Govindarajan S, Yuan JM, Yu MC. Smoking as an independent
risk factor for hepatocellular carcinoma: the Singapore Chinese health study. Br J Cancer.
2011;105(9):1430-5.

Pessione F, Ramond MJ, Njapoum C, Duchatelle V, Degott C, Erlinger S, et al. Cigarette smok-
ing and hepatic lesions in patients with chronic hepatitis C. Hepatology. 2001;34(1):121-5.
Petrick JL, Campbell PT, Koshiol J, Thistle JE, Andreotti G, Beane-Freeman LE, et al.
Tobacco, alcohol use and risk of hepatocellular carcinoma and intrahepatic cholangiocarci-
noma: the liver cancer pooling project. Br J Cancer. 2018;118(7):1005-12.

Pelucchi C, Gallus S, Garavello W, Bosetti C, La Vecchia C. Alcohol and tobacco use, and
cancer risk for upper aerodigestive tract and liver. Eur J Cancer Prev. 2008;17(4):340—4.
Dunn MA, Josbeno DA, Schmotzer AR, Tevar AD, DiMartini AF, Landsittel DP, et al. The
gap between clinically assessed physical performance and objective physical activity in liver
transplant candidates. Liver Transpl. 2016;22(10):1324-32.

Tandon P, Ismond KP, Riess K, Duarte-Rojo A, Al-Judaibi B, Dunn MA, et al. Exercise in
cirrhosis: translating evidence and experience to practice. ] Hepatol. 2018;69(5):1164—77.
Baumeister SE, Leitzmann MF, Linseisen J, Schlesinger S. Physical activity and the risk of
liver cancer: a systematic review and meta-analysis of prospective studies and a bias analysis.
J Natl Cancer Inst. 2019;111(11):1142-51.

Kennedy OJ, Fallowfield JA, Poole R, Hayes PC, Parkes J, Roderick PJ. All coffee types
decrease the risk of adverse clinical outcomes in chronic liver disease: a UK biobank study.
BMC Public Health. 2021;21(1):970.



4 Lifestyle and Genetic Modifiers of Liver Disease Progression 39

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Kennedy OJ, Roderick P, Buchanan R, Fallowfield JA, Hayes PC, Parkes J. Systematic
review with meta-analysis: coffee consumption and the risk of cirrhosis. Aliment Pharmacol
Ther. 2016;43(5):562-74.

Kennedy OJ, Roderick P, Buchanan R, Fallowfield JA, Hayes PC, Parkes J. Coffee, including
caffeinated and decaffeinated coffee, and the risk of hepatocellular carcinoma: a systematic
review and dose-response meta-analysis. BMJ Open. 2017;7(5):e013739.

Grosso G, Marventano S, Yang J, Micek A, Pajak A, Scalfi L, et al. A comprehensive meta-
analysis on evidence of Mediterranean diet and cardiovascular disease: are individual com-
ponents equal? Crit Rev Food Sci Nutr. 2017;57(15):3218-32.

Schwingshackl L, Missbach B, Konig J, Hoffmann G. Adherence to a Mediterranean
diet and risk of diabetes: a systematic review and meta-analysis. Public Health Nutr.
2015;18(7):1292-9.

Schwingshackl L, Schwedhelm C, Galbete C, Hoffmann G. Adherence to mediterra-
nean diet and risk of cancer: an updated systematic review and meta-analysis. Nutrients.
2017;9(10):1063.

Sofi F, Abbate R, Gensini GF, Casini A. Accruing evidence on benefits of adherence to the
Mediterranean diet on health: an updated systematic review and meta-analysis. Am J Clin
Nutr. 2010;92(5):1189-96.

Sofi F, Macchi C, Abbate R, Gensini GF, Casini A. Mediterranean diet and health status: an
updated meta-analysis and a proposal for a literature-based adherence score. Public Health
Nutr. 2014;17(12):2769-82.

Bajaj JS, Idilman R, Mabudian L, Hood M, Fagan A, Turan D, et al. Diet affects gut micro-
biota and modulates hospitalization risk differentially in an international cirrhosis cohort.
Hepatology. 2018;68(1):234-47.

Trepo E, Valenti L. Update on NAFLD genetics: from new variants to the clinic. J Hepatol.
2020;72(6):1196-209.

Whitfield JB, Schwantes-An T-H, Darlay R, Aithal GP, Atkinson SR, Bataller R, et al. A
genetic risk score and diabetes predict development of alcohol-related cirrhosis in drinkers.
J Hepatol. 2022;76(2):275-82.

Heim MH, Bochud PY, George J. Host—hepatitis C viral interactions: the role of genetics. J
Hepatol. 2016;65(1 Suppl):S22-32.

Paternostro R, Staufer K, Traussnigg S, Stattermayer AF, Halilbasic E, Keritam O, et al.
Combined effects of PNPLA3, TM6SF2 and HSD17B13 variants on severity of biopsy-
proven non-alcoholic fatty liver disease. Hepatol Int. 2021;15(4):922-33.

De Vincentis A, Tavaglione F, Jamialahmadi O, Picardi A, Antonelli Incalzi R, Valenti L,
et al. A polygenic risk score to refine risk stratification and prediction for severe liver disease
by clinical fibrosis scores. Clin Gastroenterol Hepatol. 2022;20(3):658-73.
Martinez-Gonzalez C, Blanco I, Diego I, Bueno P, Miravitlles M. Estimated prevalence and
number of PIMZ genotypes of Alpha-1 antitrypsin in seventy-four countries worldwide. Int J
Chron Obstruct Pulmon Dis. 2021;16:2617-30.

Strnad P, Buch S, Hamesch K, Fischer J, Rosendahl J, Schmelz R, et al. Heterozygous car-
riage of the alphal-antitrypsin pi*Z variant increases the risk to develop liver cirrhosis. Gut.
2019;68(6):1099-107.

Wright M, Goldin R, Hellier S, Knapp S, Frodsham A, Hennig B, et al. Factor V Leiden
polymorphism and the rate of fibrosis development in chronic hepatitis C virus infection.
Gut. 2003;52(8):1206-10.

Poujol-Robert A, Boelle PY, Wendum D, Poupon R, Robert A. Association between
ABO blood group and fibrosis severity in chronic hepatitis C infection. Dig Dis Sci.
2006;51(9):1633-6.

Mabharshak N, Halfon P, Deutsch V, Peretz H, Berliner S, Fishman S, et al. Increased fibrosis
progression rates in hepatitis C patients carrying the prothrombin G20210A mutation. World
J Gastroenterol. 2011;17(45):5007-13.



40

M. Mandorfer and A. Berzigotti

69

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

. Plompen EP, Darwish Murad S, Hansen BE, Loth DW, Schouten JN, Taimr P, et al.
Prothrombotic genetic risk factors are associated with an increased risk of liver fibrosis in the
general population: the Rotterdam study. J Hepatol. 2015;63(6):1459-65.

Meroni M, Longo M, Rametta R, Dongiovanni P. Genetic and epigenetic modifiers of alco-
holic liver disease. Int J Mol Sci. 2018;19(12):3857.

Bruschi FV, Claudel T, Tardelli M, Caligiuri A, Stulnig TM, Marra F, et al. The PNPLA3
1148M variant modulates the fibrogenic phenotype of human hepatic stellate cells.
Hepatology. 2017;65(6):1875-90.

Romeo S, Kozlitina J, Xing C, Pertsemlidis A, Cox D, Pennacchio LA, et al. Genetic
variation in PNPLA3 confers susceptibility to nonalcoholic fatty liver disease. Nat Genet.
2008;40(12):1461-5.

Stattermayer AF, Traussnigg S, Aigner E, Kienbacher C, Huber-Schonauer U, Steindl-Munda
P, et al. Low hepatic copper content and PNPLA3 polymorphism in non-alcoholic fatty liver
disease in patients without metabolic syndrome. J Trace Elem Med Biol. 2017;39:100-7.
Stickel F, Buch S, Lau K, Meyer zu Schwabedissen H, berg T, Ridinger M, et al. Genetic vari-
ation in the PNPLA3 gene is associated with alcoholic liver injury in caucasians. Hepatology.
2011;53(1):86-95.

Trepo E, Gustot T, Degre D, Lemmers A, Verset L, Demetter P, et al. Common polymorphism
in the PNPLA3/adiponutrin gene confers higher risk of cirrhosis and liver damage in alco-
holic liver disease. J Hepatol. 2011;55(4):906—12.

Salameh H, Raff E, Erwin A, Seth D, Nischalke HD, Falleti E, et al. PNPLA3 gene poly-
morphism is associated with predisposition to and severity of alcoholic liver disease. Am J
Gastroenterol. 2015;110(6):846-56.

Buch S, Stickel F, Trepo E, Way M, Herrmann A, Nischalke HD, et al. A genome-wide
association study confirms PNPLA3 and identifies TM6SF2 and MBOAT?7 as risk loci for
alcohol-related cirrhosis. Nat Genet. 2015;47(12):1443-8.

Stattermayer AF, Scherzer T, Beinhardt S, Rutter K, Hofer H, Ferenci P. Review article:
genetic factors that modify the outcome of viral hepatitis. Aliment Pharmacol Ther.
2014;39(10):1059-70.

Mandorfer M, Payer BA, Schwabl P, Steiner S, Ferlitsch A, Aichelburg MC, et al. Revisiting
liver disease progression in HIV/HCV-coinfected patients: the influence of vitamin D, insulin
resistance, immune status, IL28B and PNPLA3. Liver Int. 2015;35(3):876-85.

Grimaudo S, Pipitone RM, Pennisi G, Celsa C, Camma C, Di Marco V, et al. Association
between PNPLA3 rs738409 C>G variant and liver-related outcomes in patients with nonal-
coholic fatty liver disease. Clin Gastroenterol Hepatol. 2020;18(4):935-44. e3

Mandorfer M, Scheiner B, Stattermayer AF, Schwabl P, Paternostro R, Bauer D, et al. Impact
of patatin-like phospholipase domain containing 3 rs738409 G/G genotype on hepatic
decompensation and mortality in patients with portal hypertension. Aliment Pharmacol Ther.
2018;48(4):451-9.

Friedrich K, Wannhoff A, Kattner S, Brune M, Hov JR, Weiss KH, et al. PNPLA3 in end-
stage liver disease: alcohol consumption, hepatocellular carcinoma development, and
transplantation-free survival. J Gastroenterol Hepatol. 2014;29(7):1477-84.

Atkinson SR, Way MJ, McQuillin A, Morgan MY, Thursz MR. Homozygosity for rs738409:G
in PNPLA3 is associated with increased mortality following an episode of severe alcoholic
hepatitis. J Hepatol. 2017;67(1):120-7.

Semmler G, Binter T, Kozbial K, Schwabl P, Chromy D, Bauer D, et al. Influence of genetic
variants on disease regression and outcomes in HCV-related advanced chronic liver disease
after SVR. J Pers Med. 2021;11(4):281.

Abul-Husn NS, Cheng X, Li AH, Xin Y, Schurmann C, Stevis P, et al. A protein-
truncating HSD17B13 variant and protection from chronic liver disease. N Engl J Med.
2018;378(12):1096-106.

Pirola CJ, Garaycoechea M, Flichman D, Arrese M, San Martino J, Gazzi C, et al. Splice vari-
ant rs72613567 prevents worst histologic outcomes in patients with nonalcoholic fatty liver
disease. J Lipid Res. 2019;60(1):176-85.



4 Lifestyle and Genetic Modifiers of Liver Disease Progression 41

87.

88.

89.

90.

91.

92.

93.

94.

9s.

96.

97.

98.

99.

100.

101.

102.

103.

Ma'Y, Belyaeva OV, Brown PM, Fujita K, Valles K, Karki S, et al. HSD17B13 is a hepatic
retinol dehydrogenase associated with histological features of non-alcoholic fatty liver dis-
ease. Hepatology. 2019;69(4):1504—19.

Scheiner B, Stittermayer AF, Schwabl P, Bucsics T, Paternostro R, Bauer D, et al. Impact of
HSD17B13 1572613567 genotype on hepatic decompensation and mortality in patients with
portal hypertension. Liver Int. 2020;40(2):393-404.

Mandorfer M, Bucsics T, Hutya V, Schmid-Scherzer K, Schaefer B, Zoller H, et al. Liver
disease in adults with alphal-antitrypsin deficiency. United European Gastroenterol
J. 2018;6(5):710-8.

Schneider CV, Hamesch K, Gross A, Mandorfer M, Moeller LS, Pereira V, et al. Liver
Phenotypes of European Adults Heterozygous or Homozygous for PixZ Variant of AAT
(PixMZ vs PixZZ genotype) and Noncarriers. Gastroenterology. 2020;159(2):534-48.e11.
Eslam M, Sanyal AJ, George J, International Consensus P. MAFLD: a consensus-driven
proposed nomenclature for metabolic associated fatty liver disease. Gastroenterology.
2020;158(7):1999-2014. el

Schaefer B, Mandorfer M, Viveiros A, Finkenstedt A, Ferenci P, Schneeberger S, et al.
Heterozygosity for the alpha-1-antitrypsin Z allele in cirrhosis is associated with more
advanced disease. Liver Transpl. 2018;24(6):744-51.

Appenrodt B, Grunhage F, Gentemann MG, Thyssen L, Sauerbruch T, Lammert
F. Nucleotide-binding oligomerization domain containing 2 (NOD?2) variants are genetic
risk factors for death and spontaneous bacterial peritonitis in liver cirrhosis. Hepatology.
2010;51(4):1327-33.

Bruns T, Peter J, Reuken PA, Grabe DH, Schuldes SR, Brenmoehl J, et al. NOD2 gene vari-
ants are a risk factor for culture-positive spontaneous bacterial peritonitis and monomicrobial
bacterascites in cirrhosis. Liver Int. 2012;32(2):223-30.

Reiberger T, Ferlitsch A, Payer BA, Mandorfer M, Heinisch BB, Hayden H, et al. Non-
selective betablocker therapy decreases intestinal permeability and serum levels of LBP and
IL-6 in patients with cirrhosis. J Hepatol. 2013;58(5):911-21.

Lutz P, Kramer B, Kaczmarek DJ, Hubner MP, Langhans B, Appenrodt B, et al. A variant in
the nuclear dot protein 52kDa gene increases the risk for spontaneous bacterial peritonitis in
patients with alcoholic liver cirrhosis. Dig Liver Dis. 2016;48(1):62-8.

Harputluoglu MM, Dertli R, Otlu B, Demirel U, Yener O, Bilgic Y, et al. Nucleotide-binding
Oligomerization domain-containing protein 2 variants in patients with spontaneous bacterial
peritonitis. Dig Dis Sci. 2016;61(6):1545-52.

Dinya T, Tornai T, Vitalis Z, Tornai I, Balogh B, Tornai D, et al. Functional polymorphisms
of innate immunity receptors are not risk factors for the non-SBP type bacterial infections in
cirrhosis. Liver Int. 2018;38(7):1242-52.

Reichert MC, Ripoll C, Casper M, Greinert R, Vandieken E, Griinhage F, et al. Common
NOD?2 risk variants as major susceptibility factors for bacterial infections in compensated
cirrhosis. Clin Transl Gastroenterol. 2019;10(1):e00002.

Schaapman JJ, Amoros A, van der Reijden JJ, Laleman W, Zeuzem S, Banares R, et al.
Genetic variants of innate immunity receptors are associated with mortality in cirrhotic
patients with bacterial infection. Liver Int. 2020;40(3):646-53.

Simbrunner B, Trauner M, Reiberger T. Therapeutic aspects of bile acid signalling in the gut-
liver axis. Aliment Pharmacol Ther. 2021;54(10):1243-62.

Simbrunner B, Mandorfer M, Trauner M, Reiberger T. Gut-liver axis signaling in portal
hypertension. World J Gastroenterol. 2019;25(39):5897-917.

Grimaudo S, Dongiovanni P, Pihlajamaki J, Eslam M, Yki-Jarvinen H, Pipitone RM, et al.
NRI1H4 rs35724 G>C variant modulates liver damage in nonalcoholic fatty liver disease.
Liver Int. 2021;41(11):2712-9.



	4: Lifestyle and Genetic Modifiers of Liver Disease Progression
	Lifestyle Modifiers of Liver Disease Progression
	Unhealthy Lifestyle
	Alcohol
	Obesity
	Malnutrition, Sarcopenia, and Frailty
	Cigarette Smoke

	Healthy Lifestyle—Protective Factors
	Physical Activity and Exercise
	Coffee Consumption and Mediterranean Diet


	Genetic Modifiers of Progression of cACLD
	Individual Genetic Variants
	PNPA3 and HSD17B13
	SERPINA1/Alpha-1 Antitrypsin Deficiency
	NOD2
	NR1H4/FXR

	Conclusions and Outlook

	References




