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Globally, alcohol consumption contributes to more than 3 million deaths each year. While much of its ramifications 
is preventable, a coherent public health discourse on how to limit alcohol-related harm has been overdue. By synthe-
sizing information from national and global databases, we show in this analysis that alcohol consumption level and 
alcohol-attributable burden of diseases, particularly alcoholic liver disease (ALD), are intimately linked to national 
income distribution, cultural norms, religion, sex, age, and health status. Prevalence and burden of ALD are positively 
associated with economic standing in most countries, which necessitate active governmental control via cost-effective 
policies, such as the “best buys” proposed by the World Health Organization. To date, a number of critical questions 
remain unanswered over the molecular mechanisms underlying ALD pathophysiology; the insights gained thereof 
should provide new opportunities for the advancement of novel diagnostic and management strategies. In comparison 
with other prevailing liver diseases (e.g., viral hepatitis and nonalcoholic fatty liver disease), governmental support 
to ALD investigation has been sluggish in most Western countries and China, resulting in a dearth of breakthroughs 
on both the basic and clinical research fronts in the past decades. Emerging foci of clinical trials for ALD therapy 
include empirical use of probiotics, antioxidants, growth factors, monoclonal antibodies against key inflammatory 
mediators, and technology-enhanced behavioral interventions. In this article, we seek to provide a comprehensive 
analysis on the progress and challenges in tackling ALD as a global health problem, with particular emphasis on 
global disease burden, socioeconomic influences, research trends, government roles, and future therapies.
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INTRODUCTION

Alcoholic liver disease (ALD) is a prevailing disorder 
tied to inordinate alcohol consumption that threatens the 
health of millions worldwide each year1. Undisciplined 
alcohol drinking figures as a prominent risk factor of 

preventable disability or death, with definite implications 
for over 60 acute and chronic diseases2,3. Classically, 
ALD refers to a clinicohistologic spectrum that includes 
alcoholic fatty liver, alcoholic steatohepatitis (ASH), and 
cirrhosis along with its complications. To date, the global 
clinical burden of ALD remains unclear, in part due to a 
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lack of definitive standards for parameterizing ALD in 
diagnostic practice. By a rough estimate, the prevalence 
of ALD in Western countries is about 6%4,5. Although 
previous studies had postulated tempting health benefits 
from low or moderate consumption, such as reduced risks 
for myocardial infarction6, ischemic stroke7, and type 2 
diabetes8, or mitigated pathology in nonalcoholic fatty 
liver disease (NAFLD)9, a recent global study painted 
a grimier picture that current thresholds for safer alco-
hol use requiring lowering and that there may even be 
no “safe alcohol dose” per se10. In terms of underlying 
processes, despite the fact that much of the disease pro-
gression patterns and mediators of ALD have become 
known, the detailed molecular mechanisms responsible 
for hepatic injury (e.g., lipid dysregulation, insulin resis-
tance, inflammation, cell death, and fibrosis) and interor-
gan communication are yet to be clarified11. Naturally, a 
dearth of theoretically informed treatment targets disin-
centivizes the development of novel ALD therapies. As 
a basic intervention strategy, alcohol abstinence can halt 
liver injury in most cases and resolve existing steatosis or 
inflammation. Nutritional support and specific pharma-
cological options may additionally improve ALD symp-
toms and prognosis. However, the efficacy of steroids, 
anti-tumor necrosis factor (TNF) agents, growth factors, 
or antioxidants in treating ALD is controversial and heav-
ily depends on disease stage and host conditions12. For 
patients with advanced alcoholic cirrhosis unresponsive 
to chemotherapies, liver transplantation may be a last 
resort. From a comparative perspective of other major 
infectious liver diseases (e.g., hepatitis B and hepatitis C) 
and noninfectious liver diseases [e.g., NAFLD and drug-
induced liver injury (DILI)], the current global inputs in 
ALD research almost certainly cannot meet the urgent 
medical needs of a development pipeline for more effi-
cacious and safer therapies. In this article, we seek to 
provide a comprehensive update on the global disease 
burden, mechanistic focus, research trends, government 
policies, and future therapies of ALD.

GLOBAL EPIDEMIOLOGY

Consistent with its profound impact on human cul-
tures since antiquity, alcohol continues to be consumed 
in most countries across the world. Multiple factors, 
including national income distribution, cultural norms, 
religion, sex, age, and health status, can significantly 
influence an individual’s alcohol use. In terms of alco-
hol per capita (APC) consumption (15+ of both recorded 
and unrecorded data in 2016), high-income countries 
(World Bank income group; e.g., most Western coun-
tries, Japan, and South Korea) have higher APC lev-
els according to the Global Status Report on Alcohol 
and Health 2018 from the World Health Organization 
(WHO)13. Several countries in Africa (e.g., Nigeria and 

Equatorial Guinea), Asia (e.g., Lao), and Latin America 
(e.g., Uruguay) also have relatively higher APC con-
sumption. Lower APC rates can be found in the Middle 
Eastern region and some Muslim-dominant countries 
(e.g., Niger, Indonesia, and Azerbaijan) (Fig. 1A). In 
medical diagnosis, alcohol use disorder (AUD) refers to 
alcohol drinking that elicits distress or harm, whose man-
ifestation can range from mild to severe (alcoholism). 
In 2016, it was estimated that 283 million people (15+; 
population of those 15 years and older) had some form 
of AUD worldwide. Most prevalent AUDs are typically 
observed in European countries (e.g., Hungary, 21.2%; 
Russia, 20.9%; and Belarus, 18.8%) and in several Asian, 
American, and African countries (e.g., the US, 13.9%; 
South Korea, 13.9%; and Côte d’Ivoire, 10%). Similar 
to the case of APC levels, the lowest AUD prevalence 
occurs in countries in the Middle Eastern region (Fig. 
1B). Unhealthy alcohol use causes a substantial burden 
of disease and injury, including communicable diseases, 
noncommunicable diseases, and organ dysfunction, 
which translated into 132.6 million disability-adjusted 
life years (DALYs) in 2016 (5.1% of all DALYs). Quite 
disconcertingly, alcohol has been the most frequent 
causal agent of liver cirrhosis in the Western world. In 
epidemiological terms, DALYs (per 1,000 people) of 
liver cirrhosis due to alcohol use are highest in India 
(2356.4), followed by the US (467.9), China (466.3), 
Nigeria (424.5), and Indonesia (365.1). Lowest DALYs 
are seen in Brunei Darussalam (0.1), Iceland (0.1), 
Kuwait (0.2), Qatar (0.3), and Oman (0.4%) (Fig. 1C)14. 
For liver cancer, China has the highest alcohol use-
induced DALYS (501.4), followed by Vietnam (62.4), 
Russia (53.0), Thailand (40.5), and India (38.5). Brunei 
Darussalam, Sao Tome and Principe, Djibouti, Qatar, and 
Bhutan have the lowest DALYs of liver cancer linked to 
alcohol use (all below 0.25) (Fig. 1D)14. Geographical 
distributions of such DALYs are not strictly consistent 
with APC and AUD prevalence distribution, which may 
possibly be accounted for by coinfluences from other 
health and socioeconomic factors.

SOCIOECONOMIC FACTORS OF ALD

In general, alcohol consumption is positively asso-
ciated with a country’s economic standing or national 
income distribution. In terms of ALD, our analysis fur-
ther identified a robust linkage (Pearson’s correction = 
0.000) between gross national income (GNI) per capita 
and alcohol-attributable fractions (AAFs) of liver cir-
rhosis in males and females in the majority of WHO 
member states (excluding Muslim-dominant countries; 
data of 2016) (Fig. 2A). National income distribution 
was also intimately linked to AUD prevalence (Fig. 
2B). According to income group parameters defined 
by the World Bank, high-income and upper-middle 
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income countries have higher cirrhotic AAFs and AUD 
prevalence than lower-middle income and low-income 
countries. This epidemiological gap can partially be 
explained by differences in APC in those countries (Fig. 
2C). However, other than ALD, both alcohol-related 
and alcohol-attributable deaths occur more often among 
disprivileged socioeconomic groups compared with 
populations from more affluent areas15. This apparent 
“alcohol harm paradox” may be attributed to several 
mechanisms, namely, (1) economically disprivileged 
populations have higher chances of exposure to other 
socioenvironmental challenges (e.g., smoking and 
poorer nutrition status), which degrade health; (2) even 
when controlling for total alcohol consumption levels 

in considerations, people from less developed coun-
tries tend to practice more binge drinking, have differ-
ent beverage formulations (e.g., greater spirits content), 
have risk-seeking behavioral preferences (e.g., drinking 
without meals), or encounter beverages of poorer qual-
ity (e.g., higher levels of toxic substances like formal-
dehyde and methanol); (3) economically disprivileged 
individuals may have a history of drinking patterns (e.g., 
having started drinking at a younger age) different from 
those of affluent individuals, although their recent con-
sumption quantities become similar; and (4) individu-
als in less wealthy communities may actually consume 
more alcohol, as the proportion of unrecorded APC rela-
tive to total APC consumption is highest in low-income 

Figure 1. Global status of alcohol consumption and prevalence of alcohol-attributable disorders and liver complications. (A) Global 
status of alcohol per capita (APC; 15+) consumption (in liters of pure alcohol; 2016) (data source: World Health Organization13). (B) 
Global prevalence of alcohol use disorders (AUDs) (%) in 2016 (data source: World Health Organization13). (C, D) Global estimates 
on disability-adjusted life years (DALYs) by cirrhosis and liver cancer due to alcohol use in 2016 (per 1,000 persons) (data source: 
World Health Organization14). 
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and lower-middle-income countries16,17. A recent linked 
cohort study confirmed that a low socioeconomic sta-
tus is consistently associated with starkly increased 
alcohol-attributable harms, even after accounting for 
variables like drinking patterns, obesity, and smoking 
status18. Therefore, to counter the problems of AUD and 
ALD, stakeholders including basic researchers, clinical 
management, and policy decision makers need to work 
urgently to eliminate this inequality.

GOVERNMENT CONTROL AGAINST 
ALCOHOL ABUSE

As is well known, governmental initiatives to control 
alcohol abuse at the national or subnational level are criti-
cal and have been well proven for the effective prevention 
and reduction in alcohol-related hazards19. Enforcement 
of government measures may take the form of legisla-
tion, ordinances, and regulations at multiple levels to put 
disincentives into commodity availability, prices, market-
ing, and drink driving. Thus far, three most cost-effective 
interventions (the “best buys”) have been recommended 
by the WHO to its member states, namely, taxation and 
price regulation, regulating physical availability, and 
restricting alcohol marketing (Fig. 3)20.

 Lifting alcohol prices or taxes has been proven a 
powerful leverage for reducing negative consequences 
of unhealthy alcohol consumption, such as alcohol- 
related mortality, end stage liver disease, lost productiv-
ity, domestic violence, teenage pregnancy, and sexually 
transmitted diseases21,22. In addition, greater social and 
welfare surcharges on alcohol beverages may contrib-
ute to an augmented financial base for educational pro-
grams23. According to the WHO Global Status Report on 
Alcohol and Health 2018, tax increases were the most 
commonly implemented “best buy” policy since 2010. 
About 155 countries levy duties on beer, which cover 6.8 
billion people across the world. Fewer than 40% coun-
tries reported alcohol tax adjustments with inflation and 
income levels. There are also cases where governments 
adopted other price regulation strategies with success, 
including imposing minimum price unit, and banning 
predatory (i.e., below cost) selling or volume discounts, 
which provide further possibilities of bolstering alcohol 
price/tax policies13. 

Restricting physical access to alcohol is a feasible and 
cost-effective mode of policy implementation to keep 
alcohol abuse at bay, particularly in low- and middle- 
income countries. Restriction to drinking in public 

Figure 2. Correlation analysis on national income distribution, alcohol consumption, and alcoholic liver cirrhosis. (A) Correlation 
analysis on gross national income (GNI) per capita (Atlas method, current US$) and male/female alcohol-attributable fractions of liver 
cirrhosis (AAF%) in 2016. (B) Correlation analysis on GNI per capita and AUD prevalence (%) in 2016. (C) Correlation analysis on 
global status of APC (15+) consumption and male/female liver cirrhosis AAFs or AUD prevalence in 2016 (data source: World Bank 
national accounts data, OECD national accounts data, and World Health Organization13).
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places; regulation of business hours, days, and density 
of alcohol outlets; as well as raising the national legal 
age for purchase/consumption of alcohol can drastically 
bring down the tolls of alcohol-related harms24. Certain 
countries (e.g., Singapore) have restrictions on public 
drinking of alcoholic beverages in such places as edu-
cational premises and healthcare establishments. In 
addition, restricting on-premises and off-premises sales 
of alcohol is also an effective regulatory measure at the 
population level. More than half of the WHO member 
states reported such national regulations, mainly for beers 
and spirits. In contrast, few countries have regulations on 
alcohol outlet density (i.e., the physical density of out-
lets in a geographical location). Increasing the national 
minimum drinking age has been another effective way 
for preventing alcohol-related harm among young peo-
ple. According to WHO statistics, in 2016, most countries 
(152 in total) maintain a national or subnational minimal 
drinking age for on-premises alcohol sales, ranging from 
13 to 25 years, with the most common age of 18 years. 
Eleven countries (e.g., Benin and Guinea), mostly in the 
low-income and lower-middle income settings, do not 
practice such limitations14.

Consistently, legislative approaches to control the 
marketing, sponsorship, or promotions of alcohol bev-
erages have been proven to promote public health and 
safety of the general population, particularly juniors. A 
positive association exists between the level of marketing 
exposure and alcohol consumption among youth, as well 
as the first use of alcohol. Such exposure also predisposes 
young people to risky behaviors such as binge or haz-
ardous drinking25. Stringency of alcohol marketing poli-
cies varies substantially across regions and countries. In 
2016, for example, 123 countries reported alcohol mar-
keting restrictions in traditional media, whereas in some 
countries, restrictions in the Internet and social media are 
not available. Restrictions on alcohol product placement 

(e.g., on television and sports events) and sales promotion 
provide further brakes on alcohol consumption in many 
countries26.

PATHOPHYSIOLOGY OF ALD

ALD is a complex disease dynamically shaped by 
multiple factors of the host (e.g., genetics, sex, ethnic-
ity, malnutrition, gut microbiota, and mental conditions) 
and the environment (e.g., alcohol type, dose, drinking 
pattern, drugs, smoking, and viral infection)27. Typically, 
chronic alcohol consumption leads to an unwholesome 
accumulation of lipid droplets in the liver, primarily via 
dysregulated lipid metabolism (i.e., enhanced lipogenesis 
and suppressed lipolysis). An elevated ratio of reduced 
NAD/oxidized NAD (NADH/NAD+) and concomitant 
inactivation of nuclear hormone receptors (e.g., peroxi-
some proliferator-activated receptor-a) potentially pave 
the way for steatosis development28. During the transition 
from simple steatosis to ASH and other severe forms of 
disease manifestation, several mechanistically intercon-
nected processes such as Kupffer cell activation, neutro-
phil infiltration, enteric dysbiosis, and adaptive immunity 
regulation are thought to be at work, while other key 
events could contribute to impaired immunosuppression 
and switching of effector cell functions with pathological 
implications11. Importantly, histological fibrosis staging 
provides a critical perspective on prognosis in both com-
pensated and decompensated ALD. It has been postulated 
that profound steatosis, inflammation, and hepatocellu-
lar ballooning are responsible for driving hepatic stellate 
cell (HSC) activation and extracellular matrix production, 
which consequently set in motion pericellular/perisinusoi-
dal fibrosis, dense fibrous septa, and, finally, cirrhosis29. 
Alcoholic cirrhosis has by far the worst prognosis when 
compared with cirrhosis of other etiologies, accounting 
for up to 48% of cirrhosis-associated deaths in the US30. 
Alcohol alone claims around one third of global incident 

Figure 3. Conceptual framework on government policies on the control of alcohol abuse and alcohol-related public health problems. 
To effectively reduce alcohol use across the life span of individuals, proper governmental control policies, such as increasing alcohol 
price/tax, regulating the physical availability of alcohol, and restricting alcohol marketing, are recommended by the World Health 
Organization. Those “best buy” interventions can decrease disease and social burdens (e.g., traffic accidents, criminal justice, and 
health care) caused by alcohol consumption.
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cases of primary liver cancer. As a subclinical immunosup-
pressive agent, alcohol can also work cooperatively with 
other risk factors of secondary insults (e.g., bacterial or 
viral infection, and obesity) to induce hepatocellular carci-
noma. Mechanistically, detrimental cellular events such as 
chemical modifications on proteins and DNA by excessive 
acetaldehyde, runaway production of reactive oxygen spe-
cies (ROS), antioxidant depletion, impaired DNA repair 

machineries, and epigenetic remodeling (e.g., methyl 
group transfer caused gene expression) have been mooted 
as important factors in the pathophysiology of alcohol- 
specific carcinogenesis in some patients (Fig. 4)31. 

CLINICAL ASSESSMENT AND DIAGNOSIS

Precision in the diagnosis of ALD depends on a 
detailed patient history in conjunction with laboratory 

Figure 4. Mechanisms involved in the pathophysiology of alcoholic liver disease (ALD). In the human body, ethanol is metabolized 
by alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH), generating toxic aldehyde and reactive oxygen species (ROS) 
to elicit local oxidative stress and inflammation. Hepatic lipid metabolism is disrupted by alcohol consumption to induce steatosis, 
causing alcoholic fatty liver and alcoholic steatohepatitis (ASH). Excessive alcohol also provokes gut microbiota dysbiosis to produce 
toxins such as lipopolysaccharides (LPS) and other pathogen-associated molecular patterns. Those stimuli will activate hepatic stellate 
cells (HSCs), leading to extracellular matrix production, and subsequent liver fibrosis, cirrhosis, and even hepatocellular carcinoma. 
CYP2E1, cytochrome P450 2E1; DAMPs, damage-associated molecular patterns; NLRs, nucleotide-binding oligomerization domain 
(NOD)-like receptors; TLRs, toll-like receptors.
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and imaging findings. This is an area where practical 
challenges may arise, as patients with elusive alcoholic 
steatosis are asymptomatic or present nonspecific symp-
toms. Thus, AUD should be classified, and risk factors 
of ALD (e.g., obesity) need to be taken into consider-
ation. Screening of fatty liver by ultrasonography or 
magnetic resonance imaging/computed tomography 
and abnormal liver test facilitates the classification of 
nonfibrosis/mild fibrosis or advanced fibrosis/cirrhosis 
patients. Noninvasive elastographic techniques provides 
an additional analytical modality for accurate fibrosis/
cirrhosis/hepatocellular carcinoma (HCC) judgment 
based on measurement of liver stiffness, which criti-
cally informs clinical management. On the other hand, 
in many cases, liver biopsy is not an obligatory item in 
diagnostic evaluation on fatty liver in proper manage-
ment settings (Fig. 5)32. 

One of the major bottlenecks in improved clinical 
ALD assessment and diagnosis is the development of 
early and noninvasive prognostic markers, particularly 
for ASH. Emerging jaundice is a hallmark of ASH, and 
other signs of liver decompensation (e.g., ascites) can 
also appear. Recently, a three-confidence degree system 
for ASH classification has been proposed by the National 
Institute on Alcohol Abuse and Alcoholism (NIAAA) 
consortia, which lays down a conceptual framework for 
defining and stratifying ASH, including definite alco-
holic hepatitis, probable alcoholic hepatitis, and possible 
alcoholic hepatitis33. Essentially, prognosis of ASH and 
alcoholic cirrhosis tends to be poor and uncertain, even 
with patients with a nonsevere form of the disease. To 
date, only a handful of prognostic biomarkers and ther-
apy efficacy indicators of ALD have been developed34. 
In addition to conventional prognostic calculators such 
as Maddrey discriminant function (MDF), model for 
end stage liver disease (MELD), and Glasgow alcoholic 
hepatitis score (GAHS), emerging evidence now corrob-
orates the practical utility of circulating small noncoding 
RNAs (miRNAs), long noncoding RNAs (lncRNAs), 
and selective cytokines profiles as potential biomarkers 
of ALD35–37. Indeed, new methods for reliable and rapid 
ALD diagnosis remain in great demand in general prac-
tice, and large-scale trials on their translational potential 
in clinically well-characterized patient populations are 
much awaited38.

GLOBAL RESEARCH TRENDS

Globally, interest in ALD research is waxing, com-
mensurate with the disorder’s deepening impact on per-
sonal health and society. To analyze the research trends 
in ALD during the past three decades (1986–2019), liver-
related grant information from major Western countries 
(US, Australia, Germany, UK, France, and Spain) and 
East Asian countries (China and Japan) were collected 

and analyzed. Over the years, the National Institutes of 
Health (NIH) of the US has approved 4,902 grants of 
liver-related research, in which 470 grants concern ALD 
in topic (9.60%). The grant amounts of ALD accounts for 
6%–20% of all liver-related grants in most financial years. 
In other countries that we have analyzed, the percentage of 
ALD-related grants among all liver-related grants is much 
lower than that of the NIH (e.g., China, 1.22%; Japan, 
0.97%; Australia, 1.31%; Germany, 0.88%; UK, 0.91%; 
France, 0.93%; Spain, 2.30%), with a grant amount level 
typically lower than 2% in most fiscal years (Fig. 6). 
With respect to research topics, HCV and NAFLD are 
the main focus in the US and Australia, while liver can-
cer provides some of the most pursued topics in China, 
Japan, and Spain (Supplementary Fig. 1, available at  
https://doi.org/10.5281/zenodo.3889084).

To get a panoramic view on hepatology research out-
puts, we extracted and analyzed publication informa-
tion from the Web of Science Core Collection by using 
the topic keyword “liver” for works in the period of 
1986–2019. The search results give a total of 510,693 
research articles and review articles in this field. The 
annual publication volume has progressively risen since 
2000 (over 15,000 articles per year) (Fig. 7A). Scientists 
from the US contributed 27.7% of all those liver-related 
publications, followed by their peers in China (14.6%), 
Japan (10.3%), Germany (7.2%), and Italy (5.2%) (Fig. 
7B). Major publishing journals of these works include 
PLoS One, Transplantation Proceedings, Hepatology, 
World Journal of Gastroenterology, and Journal of 
Hepatology (Supplementary Table 1, available at https://
doi.org/10.5281/zenodo.3889084). We then analyzed 
ALD-related articles published in leading journals in 
the fields of medicine, multidisciplinary sciences, cell 
biology, and gastroenterology from 2000 to 2019. A 
total of 476 ALD-related articles have been published, 
including 254 in medical journals (74 in New England 
Journal of Medicine; 116 in Lancet; 51 in Journal of the 
American Medical Association; and 13 in British Medical 
Journal), 2 in multidisciplinary sciences journal (Nature; 
no ALD-related articles in Science), and 460 in gastro-
enterology journals (62 in Gastroenterology; 32 in Gut; 
181 in Hepatology; 134 in Journal of Hepatology; and 
51 in American Journal of Gastroenterology), covering 
4%–6% of total published liver-related articles in each 
journal (except ~15% in BMJ) (Fig. 7C). Of note, 46.1% 
of ALD-related articles were published by authors from 
the US, followed by France (12.2%), England (8.3%), 
Spain (4.7%), and Germany (4.2%) (Fig. 7D). Reflective 
of the grant support strength and trends in those coun-
tries, liver cancer (including cirrhosis), HCV, NAFLD, 
and fibrosis/liver regeneration are the prevailing themes 
in liver-related articles published in Gastroenterology, 
Gut, Hepatology, Journal of Hepatology, and American 
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Journal of Gastroenterology (Supplementary Fig. 2, 
available at https://doi.org/10.5281/zenodo.3889084).

NOVEL THERAPEUTICS AND MANAGEMENT 
OF ALD

At present, the most important and efficacious treat-
ment modality in ALD is maintenance of abstinence, 

whose direct benefits include resolution of steatosis and 
halting of ongoing hepatitis, fibrosis, HCC, and other 
complications (e.g., cognitive impairment)39. Several 
drugs (e.g., naltrexone and acamprosate) may help a por-
tion of the alcoholics to combat alcoholism. In addition, 
as obesity and cigarette smoking are known risk factors of 
ALD, weight control and quitting smoking are routinely 

Figure 5. Algorithm for diagnosis and therapeutic decision of patients with ALD. Heavy drinks are under clinical diagnosis for AUD, 
ALD, or ASH. Noninvasive elastography or liver biopsy is needed in some cases to make precise diagnosis and therapeutic decision.
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encouraged in ALD lifestyle management40. It should 
also be noted that a poor overall nutritional status often 
accompanies ALD, particularly in steatohepatitis patients. 
The degree of malnutrition even correlates positively 
with the development of serious complications, includ-
ing hepatic encephalopathy, ascites, and hepatorenal syn-
drome. Understandably, well-conceived nutrition support 
by oral, enteral, and parenteral routines has been seen an 
essential part of standard care for ASH41. Apart from high 
prevalence of severe protein–calorie malnutrition, micro-
nutrient deficiencies (e.g., zinc, folate, and vitamins) 
have been reported in patients with heavy alcohol use and 
ALD42. Recent evidence also strongly implicates intesti-
nal dysbiosis in ALD progression, which warrants efforts 
on the development of specific and effective therapies43.

To a great extent, successful drug treatment and man-
agement strategies for ALD rely on robust practice of 
disease stratification. For AUD patients to stay abstinent 
from alcohol, acamprosate, disulfiram, and naltrexone 

(oral and intramuscular) have been approved by the 
Food and Drug Administration (FDA). It is well known 
that alcohol withdrawal syndrome (AWS) can surface 
in heavy drinkers who stop or cut down on alcohol con-
sumption. However, AWS is in effect a constellation of 
acute symptoms, which could easily include anxiety, 
tremors, nausea, insomnia, and in severe cases, seizures 
and delirium tremens. In contexts of symptom man-
agement, benzodiazepines, antipsychotic agents (e.g., 
haloperidol), antiepileptic agents (e.g., carbamazepine), 
and anesthetic agents (e.g., propofol and barbiturates) 
are clinically indicated for AWS patients44. For patients 
with severe ASH, corticosteroids is the current first-
line treatment option, which brings short-term survival 
benefit45. Other classes of available chemotherapeutic 
agents include anti-TNF antibodies, pentoxifylline, anti-
oxidants, and growth factors, although these options have 
produced at best mixed results in ASH patients, ranging 
from highly variable to weak responses12. Consistent with 

Figure 7. Profiles of publications of liver-related articles in the Web of Science Core Collection and in top journals of multidiscipline, 
medicine, and gastroenterology from 1986 to 2019. (A) Statistics for published hepatology articles and (B) author address percentage 
during 1986–2019. Data were collected by searching Web of Science Core Collection with the keyword “liver” during 1986–2019 at 
https://apps.webofknowledge.com/. (C, D) Statistics and author address percentage of all liver-related articles and ALD-related articles 
in top journals of medicine (New England Journal of Medicine, Lancet, Journal of the American Medical Association, British Medical 
Journal), multidiscipline (Nature and Science), cell biology (Cell), and gastroenterology (Gastroenterology, Gut, Hepatology, Journal 
of Hepatology, and American Journal of Gastroenterology) during 2000–2019. Data were collected by searching for the following 
items on Web of Science Core Collection (http://apps.webofknowledge.com/): “Year Published = 2000–2019” AND “Publication 
Name = New England Journal of Medicine” (or other 11 top journal names) in April 2020. We only counted research articles and 
invited reviews from those journals. All searched hits were manually selected by Dr. Jia Xiao and Dr. Fei Wang to ensure compliance 
with topic suitability and other vetting criteria.
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the need for personalized medicine, growing incentives 
are being put on clinical trials on novel drugs or manage-
ment modalities to develop efficacious targeted therapies 
for patients with distinct stages of ALD. Based on their 
modes of action, these trials can be classified into four 
categories, namely, a) dietary supplements (e.g., probiot-
ics), b) pharmacological agents/stem cells (e.g., growth 
factor, corticosteroids, antioxidants, antibodies against 
cytokine, and synthetic fatty acids), c) fecal microbiota 
transplantation (FMT), and d) device-related behavior 
change (Table 1). Evidently, there remains an urgent 
need to identify specific and clinically meaningful targets 
for ALD therapies, as current options largely depend on 
generic antioxidant or anti-inflammatory effects to con-
tain symptoms. Pathologically, ALD is also known to be 
associated with significant changes in gut microbial com-
position, which involves translocation of viable bacteria, 
PAMPs, and eventual gut–liver inflammation. Application 
of probiotics/antibiotics and FMT have been explored 
as a strategy for modulating dysregulated microbiota43. 
Moreover, smartphone-based lifestyle interventions are 
increasingly showing promise as complementary options. 
Such technologies are generally cost-effective, automat-
able, relatively easy to implement, and highly accessible 
to mobile phone users46.

CONCLUSIONS

Although remarkable strides have been made in 
understanding and tackling ALD in the past decades, 
it is also clear that ALD will continue to be a major 
cause of morbidity and mortality in global proportions. 
However, subtle differences in the challenges exist across 
countries. Despite an already high global prevalence of 
AUD and ALD, the world’s average APC has edged up 
between 2000 (5.7 L) and 2016 (6.4 L); within the same 
period, values of the same metric significantly declined 
in European countries (from 12.1 to 9.8 L). As a conse-
quence of economic expansion and improved average 
incomes in developing regions, APC is surging in some 
countries such as China and India47. This partially explains 
the high incidence of alcoholic cirrhosis, liver cancer, and 
concurrent complications in those countries. Indeed, the 
link between socioeconomic factors and ALD is complex. 
Prevalence of AUD and alcohol-attributable liver cirrhosis 
is positively correlated with national income distribution 
in most countries. However, the “alcohol harm paradox” 
highlights a somewhat unforeseen situation where socio-
economically disadvantaged groups need more attention, 
in both clinically and sociopolitical contexts. In a similar 
vein, greater concerted efforts based on an international 
consensus must be made for the long quest of combat-
ting ALD. These could include a judicious combination 
of incentives and disincentives toward reducing harmful 
use of alcohol, alleviating the health/societal burdens of 

ALD, and empowering locally relevant intervention poli-
cies as a public health priority, such as the “best buys” 
proposed by the WHO. 

Advancing scientific knowledge on detailed pathophys-
iological mechanisms is a fundamental basis for attaining 
therapeutic innovations. Although the vital roles of several 
key pathways in ALD (e.g., lipid metabolism, inflamma-
tion, and immune regulation) have been partially unveiled 
in the past decades, still more missing pieces in the mech-
anistic picture over ALD pathogenesis need to be scruti-
nized. Some interesting questions demanding our attention 
include the following: (1) Why most heavy drinkers solely 
develop steatosis without inflammation? (2) How does 
inflammatory, immune response, and autophagic signal-
ing in ALD contribute to fibrosis and carcinogenesis? 
(3) What are the effectors and consequences of intercon-
nected processes like neuronal disorder, aging, and circa-
dian clock dysfunction during ALD progression? (4) What 
molecular determinants drive microbiota dysregulation in 
ALD initiation and progression? (5) What mechanisms 
regulate noncoding RNAs (i.e., microRNAs, lncRNAs, 
and circular RNAs) in ALD pathophysiology and which of 
their characteristics are exploitable as novel noninvasive 
biomarker? (6) How can protective strategies for inter-
organ communication be formulated to counter systemic 
effects of alcohol during the development of ALD? New 
insights into some of these unanswered questions will cer-
tainly help guide the incubation and maturation of novel 
targeted therapies for ALD, which, however, also implies 
a necessity of intensified government roles and scientific 
inputs in the form of rigorously controlled clinical trials 
and robust grant supports. It is obvious that there is a big 
gap between the US and other countries in the funding and 
published articles on ALD. Possible explanations include 
the following: (1) the US has a unique national institute 
of alcohol-related research (NIAAA) for the prevention 
and treatment of alcohol abuse and alcoholism as early as 
1971; (2) the US has stable annual governmental funding 
scheme for alcohol-related research, while similar grants 
in other countries primarily rely on investigators’ applica-
tion; (3) in East Asian countries (e.g., China, Japan, and 
Korea), alcohol drinking is somehow viewed as a neces-
sary social activity, but not a risk factor for liver diseases. 
Viewed as a whole, current governmental support for ALD 
research still lags starkly behind that for other major liver 
diseases (e.g., liver cancer, viral hepatitis, and NAFLD) in 
many developed nations and emerging economies, which 
is unlikely to fulfill the world’s urgent needs for better 
ALD care and therapy.
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