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ABSTRACT 

Health problems associated with lifestyle are becoming increasingly common in 

modern societies. The main lifestyle risk factors which contribute to the incidence 

of chronic diseases and premature death include alcohol drinking, cigarette smoking, 

excess body weight, physical inactivity and poor diet. On the other hand, a lack of 

lifestyle-related risk factors has been shown to be associated with prolonged life 

expectancy.  

The present work explores the associations between lifestyle risk factors and 

biomarkers of liver function, inflammation and lipid status in a large population-

based sample (the National FINRISK Study). The material had been collected from 

six geographical areas in Finland during the years 1997, 2002 and 2007 and provided 

an age and gender-stratified random sample which included 22,327 apparently 

healthy individuals aged 25–74 years. Data on health status, alcohol consumption, 

smoking, physical activity and coffee drinking were collected from structured 

interviews and questionnaires, and, weight, height and waist circumference were 

ascertained by means of physical measurements. Self-reported alcohol consumption 

data for the past 12 months were used to classify the participants into subgroups of 

abstainers and World Health Organization (WHO) risk drinking categories 

representing low, moderate, high and very high risk drinkers. The participants were 

also classified into subgroups according to their frequencies of binge drinking. Serum 

liver enzymes (gamma-glutamyltransferase (GGT), alanine aminotransferase (ALT), 

C-reactive protein (CRP) and lipid profiles were measured using standard laboratory 

procedures. Risk scores for the lifestyle factors (alcohol consumption, cigarette 

smoking, physical inactivity and excess body weight) were established on a 0–8 scale 

and used to classify the population into lifestyle-related risk categories, which also 

allowed estimation of the joint effects of the various lifestyle factors.  

The WHO risk drinking category was fairly well linearly related to the occurrence 

of elevated GGT, ALT and CRP values, and alcohol drinking was also a significant 

determinant of serum lipid abnormalities. Significantly higher odds for abnormal 

GGT, ALT and lipid profiles were found in the alcohol drinkers after adjustment 

for age, waist circumference, physical activity, smoking and coffee intake, while the 

frequency of binge-type drinking showed a significant association with GGT levels 
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in both men (p < 0.0005) and women (p < 0.0005) and with ALT in men (p < 

0.0005). Even among the individuals with low risk total alcohol consumption, higher 

GGT (p < 0.0005) and ALT (p < 0.0005) activities were observed in those with 

binge drinking episodes more than once a month than in those with no such 

episodes.  

Distinct dose-response associations were found between the total number of 

lifestyle-related risk factors and serum ALT, GGT, CRP, cholesterol, high-density 

lipoprotein, low-density lipoprotein and triglycerides (p < 0.0005 for a linear trend 

in all comparisons). When compared with the subjects without any risk factors, the 

multivariable-adjusted odds ratios for abnormalities in all biomarkers were 

significantly higher in those with a risk score of two or more. The most notable 

increases in ORs in the subjects with high numbers of risk factors were observed 

among men with respect to serum GGT: 26.6 (12.4–57.0), ALT: 40.3 (5.3–307.8), 

CRP: 16.2 (7.8–33.7) and serum triglycerides: 14.4 (8.6–24.0). The occurrence of a 

fatty liver index (FLI) ≥ 60 indicating the presence of fatty liver, increased from 2.4% 

in men with zero risk factors to 81.9% in those with a risk score of 7–8 (p < 0.0005 

for a linear trend) and from 0% to 73.5% in women (p < 0.0005). The most striking 

impacts on the likelihood of FLI ≥ 60 were observed for physical inactivity (p < 

0.0005 for both genders) and alcohol consumption (p < 0.0005 for men). 

The data indicate that systematic use of laboratory tests may improve the 

assessment of health risks related to lifestyle and behaviour. These results also 

emphasize the adverse effects of binge-type alcohol drinking on hepatic function 

even in individuals with low-risk overall alcohol consumption. Combinations of 

several unfavourable lifestyle factors are associated with distinct abnormalities in 

laboratory tests for liver function, inflammation and lipid status and a high likelihood 

of hepatic steatosis. The use of biomarkers could also benefit the assessment of 

interventions aimed at maintaining a healthy lifestyle. 
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TIIVISTELMÄ 

Elintapoihin liittyvät terveysongelmat yleistyvät nyky-yhteiskunnissa. Lukuisat elin-

tapojen riskitekijät – kuten haitallinen alkoholinkäyttö, tupakointi, ylipaino, fyysinen 

passiivisuus ja puutteellinen ruokavalio – voivat aiheuttaa kroonisia sairauksia ja elin-

iän lyhentymistä. Sen sijaan terveellisten elintapojen omaksumisen on osoitettu liit-

tyvän pidentyneeseen eliniänodotteeseen.  

Tässä tutkimuksessa selvitettiin erilaisten elintapatekijöiden yhteyttä maksan toi-

mintaa kuvaaviin maksaentsyymiaktiivisuuksiin, tulehdustilojen biomarkkeriin sekä 

seerumin lipidiprofiiliin käyttäen laajaa kansallista väestötutkimusaineistoa 

(FINRISKI). Tutkimusaineisto on kerätty kuudelta eri alueelta Suomessa vuosina 

1997, 2002 ja 2007. Tutkimuksen otos, 22 327 perustervettä henkilöä iältään 25–74 

vuotta, poimittiin satunnaistettuna otoksena ikä- ja sukupuoliryhmittäin. Tiedot 

terveydentilasta, alkoholinkäytöstä, tupakoinnista, fyysisestä aktiivisuudesta ja 

kahvinkulutuksesta kerättiin haastatteluin ja kyselylomakkein. Fyysisiä mittauksia 

käyttäen kerättiin tiedot painosta ja pituudesta sekä vyötärönympäryksestä. 

Tutkimukseen osallistujat raportoivat alkoholinkäyttönsä viimeisimmän 12 

kuukauden ajalta, ja käyttömäärien mukaan heidät jaettiin absolutisteihin sekä 

Maailman terveysjärjestön WHO äskettäin määrittelemiin alkoholinkäytön 

riskikategorioihin; vähäisen, kohtalaisen, korkean sekä erittäin korkean riskin 

kategoriaan. Lisäksi osallistujat ryhmiteltiin sen mukaan, miten usein juominen oli 

ollut humalahakuista. Seerumin maksaentsyymit (gamma-glutamyylitransferaasi GT 

ja alaniiniaminotransferaasi ALAT), C-reaktiivinen proteiini (CRP) ja lipidiprofiili 

määritettiin vakiintuneilla kliiniskemiallisilla menetelmillä. Eri elintapatekijöiden 

(alkoholinkäyttö, tupakointi, fyysinen passiivisuus sekä ylipaino ja lihavuus) 

riskipisteet määritettiin asteikolla 0–8. Riskipisteiden mukaan osallistujat jaoteltiin 

ryhmiin ja näin pystyttiin arvioimaan eri elintapatekijöiden yhteisvaikutuksia.  

Alkoholinkäytön mukainen WHO:n riskikategoria oli melko lineaarisesti 

yhteydessä kohonneisiin GT-, ALAT- ja CRP-arvoihin. Alkoholinkäyttö vaikutti 

myös merkitsevästi poikkeavien lipidiarvojen esiintymiseen. Nämä havainnot 

säilyivät merkitsevinä GT-, ALAT- ja lipidiarvojen osalta, vaikka aineisto vakioitiin 

iällä, vyötärönympärysmitalla, liikunnan määrällä, tupakoinnilla ja kahvin 

kulutuksella. Humalahakuisen juomisen useus oli merkitsevästi yhteydessä GT-



viii 

aktiivisuuksiin sekä miehillä (p < 0.0005) että naisilla (p < 0.0005) ja ALAT-

aktiivisuuksiin miehillä (p < 0.0005). Alkoholin kokonaiskulutuksen mukaan 

vähäisen riskin kategoriaan kuuluvilla osallistujilla, jotka joivat humalahakuisesti 

useammin kuin kerran kuukaudessa, oli selvästi korkeammat GT- (p < 0.0005) ja 

ALAT-aktiivisuudet (p < 0.0005) kuin saman riskikategorian alkoholinkäyttäjillä, 

joiden juominen ei ollut humalahakuista.  

Epäsuotuisien elintapariskitekijöiden kokonaismäärän sekä seerumin GT-, 

ALAT-, CRP-, kolesteroli-, HDL-, LDL- ja triglyseridiarvojen välillä havaittiin 

yhdenmukaisia annos-vastesuhteita. Verrattuna niihin, joilla ei ollut riskitekijöitä, 

kaikkien tutkimuksen kohteena olleiden biomarkkereiden osalta viite- tai 

tavoitearvoista poikkeavien arvojen monimuuttujakorjatut ristitulosuhteet (OR) 

olivat merkitsevästi korkeammat niillä, joiden riskipisteiden summa oli kaksi tai 

enemmän. Tarkasteltaessa ryhmää, jossa oli eniten riskitekijöitä, selvimmät 

ristitulosuhteiden nousut havaittiin miesten seerumin GT-aktiivisuuksissa: OR 26.6 

(12.4–57.0), ALAT-aktiivisuuksissa: OR 40.3 (5.3–307.8), CRP-arvoissa: OR 16.2 

(7.8–33.7) ja triglyseridiarvoissa: OR 14.4 (8.6–24.0). Rasvamaksaan viittaavan 

rasvamaksaindeksin eli FLI-arvon ≥ 60 esiintyminen lisääntyi miehillä 2.4 %:sta 81.9 

%:iin, kun kokonaisriskipisteet nousivat 0 pisteestä 7–8 pisteeseen (p < 0.0005) ja 

naisilla vastaavasti 0 %:sta 73.5 %:iin (p < 0.0005). Merkittävimmät yksittäiset 

vaikutukset rasvamaksaan viittaavan FLI-arvon (≥ 60) todennäköisyyteen havaittiin 

fyysisellä passiivisuudella (p < 0.0005 molemmilla sukupuolilla) ja 

alkoholinkulutuksella, erityisesti miehillä (p < 0.0005).  

Tutkimus osoittaa, että laboratoriokokeiden systemaattinen käyttö potilaiden seu-

rannassa saattaa parantaa elintapoihin ja käyttäytymiseen liittyvien terveysriskien 

arviointia. Tutkimuksen tulokset myös korostavat humalahakuisen alkoholinkäytön 

mahdollisia haitallisia seurauksia maksan toimintaan jopa niillä, joiden alkoholin 

kokonaiskulutus on vähäisen riskin kulutustasoa. Useiden epäsuotuisien 

elintapariskitekijöiden samanaikaiseen esiintymiseen osoitettiin liittyvän selviä 

poikkeavuuksia maksan toimintaa, elimistön tulehdustilaa ja lipidiprofiilia kuvaavissa 

laboratoriotutkimuksissa sekä suuri maksan rasvoittumisen todennäköisyys. 

Laboratoriotutkimusten käyttö voi olla hyödyllistä myös interventioissa, joiden 

päämääränä on ylläpitää terveellisiä elintapoja.     



ix 

CONTENTS  

1 Introduction .......................................................................................................................... 17 

2 Review of the literature ....................................................................................................... 19 

2.1 Common lifestyle factors and health .................................................................... 19 

2.2 Alcohol-related health effects ................................................................................ 21 

2.2.1 Main features of alcohol metabolism ................................................. 21 

2.2.2 Assessment of alcohol drinking: Levels and patterns ..................... 23 

2.2.3 Typical alcohol-related health risks .................................................... 26 

2.2.3.1 Alcohol and the liver .......................................................... 30 

2.2.3.2 Extrahepatic health effects of alcohol consumption .... 32 

2.2.4 Alcohol consumption and dietary factors ......................................... 33 

2.3 Assessment of alcohol consumption .................................................................... 34 

2.3.1 Self-reports ............................................................................................. 34 

2.3.2 Biomarker-based assessment of alcohol consumption ................... 36 

2.4 Obesity and health ................................................................................................... 40 

2.4.1 Indices of obesity .................................................................................. 40 

2.4.1.1 Body mass index ................................................................. 40 

2.4.1.2 Waist circumference ........................................................... 41 

2.4.2 Obesity-related health problems ......................................................... 42 

2.4.3 Obesity and the liver ............................................................................. 43 

2.5 Smoking and health ................................................................................................. 44 

2.6 Physical activity and health ..................................................................................... 45 

2.7 Coffee consumption and health ............................................................................ 46 

2.8 Use of biomarkers to assess lifestyle-related health effects .............................. 47 

2.8.1 Liver enzymes ........................................................................................ 47 



x 

2.8.1.1 Gamma-glutamyltransferase (GGT) ................................ 47 

2.8.1.2 Serum aminotransferases (AST, ALT) ............................ 48 

2.8.1.3 The AST/ALT ratio ........................................................... 49 

2.8.2 Interactions between multiple lifestyle factors and liver 
enzymes ................................................................................................... 49 

2.8.3 C-reactive protein (CRP) and lifestyle................................................ 50 

2.8.4 Lipid status and lifestyle ....................................................................... 51 

2.8.5 Diagnostic assessment of liver disease ............................................... 52 

2.8.5.1 Laboratory indices of fatty liver ....................................... 53 

2.8.5.2 Fibrosis scores ..................................................................... 54 

3 Aims of the research ............................................................................................................ 56 

4 Materials and methods ......................................................................................................... 57 

4.1 Study design, data sources and participants ......................................................... 57 

4.2 Ethical aspects .......................................................................................................... 59 

4.3 Blood sampling and laboratory measurements ................................................... 59 

4.4 Statistical methods ................................................................................................... 61 

5 Results .................................................................................................................................... 62 

5.1 Biomarkers and risk drinking levels (Paper I) ..................................................... 62 

5.2 Biomarkers and drinking patterns (Paper II) ....................................................... 63 

5.3 Biomarkers and lifestyle risk factors (Paper III) ................................................. 65 

5.4 Lifestyle risk factors and the fatty liver index (FLI) (Paper IV) ....................... 67 

6 Discussion .............................................................................................................................. 69 

6.1 Biomarkers of liver function, inflammation and lipid status in the 
WHO risk drinking categories ............................................................................... 69 

6.2 Liver enzymes in alcohol consumers with or without binge drinking ............ 70 

6.3 Biomarkers and combined lifestyle factors .......................................................... 72 

6.4 Lifestyle factors and the fatty liver index ............................................................. 75 

6.5 Strengths and limitations of the present research ............................................... 77 

6.6 Future considerations .............................................................................................. 78 



xi 

7 Conclusions ........................................................................................................................... 79 

8 References ............................................................................................................................. 80 

 

 

  



xii 

List of Figures 

Figure 1.  Main pathways of ethanol metabolism.  

Figure 2. Smoking (cigarettes per day) in subjects with different levels of alcohol 
drinking 

Figure 3. Distributions of findings in subjects classified according to their alcohol 
consumption, binge drinking (BDE = binge drinking episode) and 
smoking 

Figure 4. Proportions (%) of biomarker findings exceeding the reference values 
or target ranges in males, classified according to the number of lifestyle-
associated risk factor scores (x-axis) 

Figure 5. Proportions (%) of biomarker findings exceeding the reference values 
or target ranges in women, classified according to the number of 
lifestyle-associated risk factor scores (x-axis) 

 

List of Tables 

Table 1. Proportions of overweight and obese adults in Finland (Finnish 
Institute for Health and Welfare 2018) 

Table 2. The WHO classification of risk drinking 

Table 3. Factors contributing to alcohol metabolism and the risk of associated 
tissue toxicity 

Table 4. Characteristics of common biomarkers of alcohol consumption 
(modified from Torruellas et al. 2014; Shukla et al. 2017; Andresen-
Streichert et al. 2018) 

Table 5. Categorization of subjects according to lifestyle-related risk factors 

Table 6. Percentages of observations among subjects classified according to FLI 
and  lifestyle risk factor scores adjusted for body mass index (BMI) 

 



xiii 

ABBREVIATIONS 

ADH  alcohol dehydrogenase  

AH alcoholic hepatitis 

ALD alcoholic liver disease 

ALDH aldehyde dehydrogenase 

ALT alanine aminotransferase  

ANCOVA analysis of covariance 

ANOVA analysis of variance 

APRI aspartate aminotransferase to platelet ratio index 

ASH alcoholic steatohepatitis 

AST aspartate aminotransferase 

AUD alcohol use disorders 

AUDIT Alcohol Use Disorders Identification Test 

AUDIT-C  an abbreviated version of AUDIT 

BAC blood alcohol concentration/content 

BDE  binge drinking episode 

BMI body mass index 

CAGE  Cut down, Annoyed, Guilty, Eye-opener 

CD14 cluster of differentiation 14 

CDC  Center for Disease Control and Prevention 

CI confidence interval 

CRP C-reactive protein 

CDT carbohydrate-deficient transferrin 

CYP2E1 cytochrome P450 2E1 enzyme 

DNA deoxyribonucleic acid 

ELF enhanced liver fibrosis 

EMA European Medicines Agency 

EtG ethyl glucuronide 

FAEE fatty acid ethyl ester 

FIB-4 FIB-4 score 

FINRISK national FINRISK study 

FLI fatty liver index 

GGT gamma-glutamyltransferase 

GSH glutathione  



xiv 

HCC hepatocellular carcinoma 

HDL high-density lipoprotein 

HED heavy episodic drinking  

ICD-10  international statistical classification of diseases and related health 
problems 

IDF  International Diabetes Federation 

LDL low-density lipoprotein 

LPS lipopolysaccharide 

MAST  Michigan Alcoholism Screening Test 

MAST-G  Michigan Alcoholism Screening Test – Geriatric Version 

MCV mean corpuscular volume 

MONICA  project monitoring trends and determinants in cardiovascular disease 

MRS magnetic resonance spectroscopy  

NAD+ nicotinamide adenine dinucleotide 

NADH reduced form of nicotinamide adenine dinucleotide 

NADP+ nicotinamide adenine dinucleotide phosphate 

NADPH reduced form of nicotinamide adenine dinucleotide phosphate 

NAFL non-alcoholic fatty liver 

NAFLD  non-alcoholic fatty liver disease 

NASH non-alcoholic steatohepatitis 

NFS NAFLD fibrosis score 

NIAAA National Institute on Alcohol Abuse and Alcoholism  

OR odds ratio 

PEth phosphatidyl ethanol 

PNPLA3 patatin-like phospholipase-3 

RNS reactive nitrogen species 

ROS reactive oxygen species 

SADD  Short-form Alcohol Dependence Data Questionnaire 

SD standard deviation 

SF-12 12-Item Short Form Health Survey 

SMAST-G Short Michigan Alcoholism Screening Test – Geriatric Version 

TE transient elastography 

TLFB Timeline Follow-back Method 

TNF-α tumor necrosis factor-α  

U.K. United Kingdom 

ULN upper limit of normal 

US ultrasound 

WHO World Health Organization 

 



xv 

ORIGINAL PUBLICATIONS 

Paper I  Niemelä O, Nivukoski U, Bloigu A, Bloigu R, Aalto M and 
Laatikainen T (2019): Laboratory test based assessment of WHO 
alcohol risk drinking levels. Scand J Clin Lab Invest 79:58-64. 

Paper II  Nivukoski U, Bloigu A, Bloigu R, Aalto M, Laatikainen T and 
Niemelä O (2019): Liver enzymes in alcohol consumers with or 
without binge drinking. Alcohol 78:13-19. 

Paper III  Nivukoski U, Niemelä M, Bloigu A, Bloigu R, Aalto M, Laatikainen 
T and Niemelä O (2019): Impacts of unfavourable lifestyle factors 
on biomarkers of liver function, inflammation and lipid status. PLoS 
One 14:e0218463. 

Paper IV  Nivukoski U, Niemelä M, Bloigu A, Bloigu R, Aalto M, Laatikainen 
T, Niemelä O (2020): Combined effects of lifestyle risk factors on 
fatty liver index. BMC Gastroenterology 20(1):109. 

 

  



xvi 

 



 

17 

1 INTRODUCTION 

Unfavourable lifestyle-related factors – including excess alcohol drinking, smoking, 

obesity, poor diet and physical inactivity – are increasing threats to health in modern 

societies. Alcohol drinking is associated with a broad range of health problems, 

which may emerge even at relatively low levels of consumption (Lim et al. 2012; 

Wittchen 2012; Rehm et al. 2013; Spanagel et al. 2013; Connor et al. 2016; GBD 

2016 Alcohol and Drug Use Collaborators 2018; Åberg et al. 2020). There may also 

be different types of manifestations of health problems resulting from different 

patterns of drinking, such as chronic drinking or repeated episodes of binge drinking 

when several drinks are consumed within relatively short periods of time. The total 

consumption of alcoholic beverages among persons aged 15 years or older in Finland 

in 2019 was 10.0 litres of one hundred percent alcohol per capita. Although total 

alcohol consumption has declined slightly over the last 10 years, binge drinking 

remains a relatively common national problem (Åberg et al. 2017; Finnish Institute 

for Health and Welfare 2018; Terveyden ja hyvinvoinnin laitos 2020).  

Health problems due to overweight and obesity have also shown a rapid increase 

throughout the world over past decades. Current national statistics indicate that over 

half of our population are overweight (body mass index, BMI ≥ 25 and < 30 kg/m2), 

and about 20% are obese (BMI ≥ 30 kg/m2) (Männistö et al. 2012; Finnish Institute 

for Health and Welfare 2018). Statistics further indicate that, at the population level, 

excess body weight also increases with age (Table 1) (Finnish Institute for Health 

and Welfare 2018). 

Table 1.  Proportions of overweight and obese adults in Finland (Finnish Institute for Health and 
Welfare 2018) 

 At least overweight Obese 

Young adults aged 18–29 years   

men 47% 17% 

women 35% 19% 

Adults aged ≥ 30 years   

men 72% 26% 

women 63% 27% 



 

18 

Obesity markedly increases the risk of morbidity and mortality, including diabetes, 

non-alcoholic fatty liver disease (NAFLD) or cardio- and cerebrovascular diseases 

(Dixon 2010; Kotronen et al. 2010; Welsh et al. 2013; Danielsson 2014). Smoking 

and physical inactivity are other common modifiable risk factors of lifestyle, which 

increase the incidence of chronic diseases (Li et al. 2018; Rutten-Jacobs et al. 2018). 

There may also be additive effects in the unfavourable lifestyle factors in individuals 

with clustering of such factors (Ruhl and Everhart 2005b; Puukka et al. 2006; Alatalo 

et al. 2008; Loomba et al. 2009; Li et al. 2018).  

A wide variety of laboratory tests are known to be sensitive to lifestyle factors 

(Danielsson 2014). Recent studies have indicated that the activities of the common 

liver enzymes gamma-glutamyltransferase (GGT) and alanine aminotransferase 

(ALT) in the circulation are readily elevated as a result of excess body weight, 

especially when co-occurring with regular alcohol consumption, which suggests 

additive hepatotoxic effects for unfavourable lifestyle determinants (Kim et al. 2008; 

Ruhl and Everhart 2009; Danielsson 2014; Lau et al. 2015; Niemelä et al. 2017). 

Smoking and alcohol may also have significant synergistic effects in increasing liver 

enzyme activities (Breitling et al. 2009; Park et al. 2013). The changes in these 

biomarkers also appear to be associated with abnormalities in biomarkers of 

inflammation and lipid status (Ruttmann et al. 2005; Lee et al. 2008).  

As yet, however, only a few studies have compared the individual and joint 

impacts of the various unfavourable lifestyle factors on clinical chemical laboratory 

indices of health. The purpose of this work was to investigate the effects of alcohol, 

overweight, smoking and physical inactivity on biomarkers of liver function, 

inflammation and lipid status in a large series of apparently healthy individuals. The 

present work also aimed at investigating the individual and combined effects of 

lifestyle risk factors on the fatty liver index (FLI), an algorithm recently designed for 

the prediction of fatty liver (Bedogni et al. 2006). 

 



 

19 

2 REVIEW OF THE LITERATURE 

2.1 Common lifestyle factors and health 

At the same time as people’s life expectancy has increased worldwide, several chronic 

diseases which can be attributed to an unfavourable lifestyle have become more 

common. Excessive alcohol drinking, excess caloric intake, smoking, lack of physical 

activity and poor diet are common lifestyle-related risk factors which may contribute 

to adiposity, fatty deposition in the internal organs and increased all-cause mortality 

(Lim et al. 2012; Behrens et al. 2013; Connor et al. 2016; Li et al. 2018; Rutten-Jacobs 

et al. 2018). Various determinants of an unfavourable lifestyle also frequently occur 

in combinations in the same individual (McGinnis et al. 2002; Niemelä et al. 2017). 

Recent studies have indicated that adopting a healthy lifestyle even at the age of 50 

could add more than a decade to one’s life expectancy (Li et al. 2018), suggesting 

significant therapeutic possibilities for interventions aimed at maintaining a 

favourable lifestyle (Tamakoshi et al. 2009; Li et al. 2018; Teeriniemi et al. 2018). 

Alcohol use disorders, both acute and chronic, are among the most significant 

lifestyle-related clinical problems with devastating health impacts and high 

prevalence throughout the world (Connor et al. 2016; Niemelä 2016). Virtually all 

tissues in the body can be affected by excessive alcohol consumption (Lieber 1995). 

It is true, however, that previous studies on the relationships between alcohol 

consumption and overall mortality have often yielded a J-shaped graph, suggesting 

that light to moderate alcohol drinkers have the lowest risk of cardiovascular 

diseases, but this may be due to the inclusion of former heavy drinkers in the subset 

of abstainers (de Gaetano et al. 2016), and more recent surveys have indeed 

concluded that the average health risks at any level of alcohol consumption will not 

be lower than those in abstainers (GBD 2016 Alcohol Collaborators 2018). 

Excessive energy intake relative to energy consumption over a long period of 

time will lead to excessive accumulation of adipose tissue in the internal organs, and 

certain changes that have taken place in current societies, e.g. the reduced amount 

of physical work and daily exercise and the availability of energy-rich foods, have led 

to an increasing prevalence of overweight and obesity (Hill et al. 2012; Vandevijvere 

et al. 2015; Styne et al. 2017). The presence of obesity significantly increases the risk 
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of many diseases, such as type 2 diabetes (Guh et al. 2009; Rooney et al. 2015), fatty 

liver (Loomis et al. 2016), coronary heart disease (Wilson et al. 2002; Guh et al. 2009), 

osteoarthritis (Zheng and Chen 2015), hypertension (Wilson et al. 2002), dementia 

(Loef and Walach 2013) and asthma (Beuther and Sutherland 2007). 

Smoking is also known to cause a significant increase in the risk of many diseases, 

especially certain cancers and both respiratory and circulatory diseases (Mason et al. 

1985; Christensen et al. 2018; Erzurumluoglu et al. 2019). But in addition to 

contributing to the development of diseases, smoking also increases the risk of 

disease complications and may detract from the effectiveness of therapies in 

individual patients (Rodriguez-Merchan 2018). Thus, smoking has a negative effect 

on the prognoses for diseases, and it has been estimated that prolonged smoking can 

shorten one’s life expectancy by several years as compared to people who have never 

smoked (Statistics Canada 2015). It has also been suggested that there is a gender 

difference in smoking-related morbidity, in that female smokers have a higher risk 

of lung cancer and cardiovascular diseases than male smokers (Huxley and 

Woodward 2011; Appelman et al. 2015). 

A lack of physical activity has recently been recognized as an increasingly 

important lifestyle-associated contributor to poor health. The Current Care 

Guideline concerning physical activity for adults aged 18 to 64 years recommends 

both moderate-intensity aerobic exercise and exercise that maintains or increases 

muscle strength and endurance. The recommended time spent on physical activity is 

dependent on the load, so that brisk walking (64–76% of maximal heart rate) should 

take place for at least 150 minutes per week and strenuous exercise (77–93% of 

maximal heart rate), such as running, for 75 minutes per week (Liikunta: Current 

Care Guidelines 2016; Langhammer et al. 2018). Studies on the relationships 

between physical activity and health have indicated that sufficient physical activity 

can provide protection against cardiovascular disease, stroke, diabetes, and some 

types of cancer. In addition, physical activity has been shown to have a positive effect 

on mental health, wellbeing and the quality of life, as well as delaying the onset of 

dementia (Taylor et al. 1985; Langhammer et al. 2018). 

Assessments of the health effects induced by combinations of lifestyle-related 

factors have so far been limited. Breitling et al. (2009) showed that the joint impact 

of alcohol consumption and smoking on levels of GGT is greater than their 

individual effects taken together, i.e. the combination of moderate to heavy alcohol 

consumption and heavy smoking increased GGT levels more than did moderate to 

heavy consumption by itself. Sánchez-Jiménez et al. (2018) reported that patients 

with both alcoholic and non-alcoholic steatohepatitis had a higher risk of 
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cardiovascular disease than patients with alcoholic or non-alcoholic steatohepatitis. 

The risk of cardiovascular disease seems to be especially high when the alcohol 

consumption of an overweight person (BMI > 25 kg/m2) exceeds 140 grams per 

week.   

2.2 Alcohol-related health effects 

2.2.1 Main features of alcohol metabolism 

Upon ingestion, ethanol is absorbed by passive diffusion through the stomach wall 

before continuing through the duodenum and small intestine (Lieber 2005; Manzo-

Avalos and Saavedra-Molina 2010; Danielsson 2014). It is then freely distributed in 

the body, particularly to organs with a rich blood supply, including the brain and 

lungs. Exposure to alcohol is greatest in the liver, however, since this receives blood 

directly from the stomach and small bowel via the hepatic portal vein (Foster and 

Marriott 2006). Since ethanol is metabolized mainly in the liver, this organ is also 

among the major targets for alcohol toxicity (Lieber 1995), since it eliminates the 

absorbed ethanol primarily through metabolism (95–98%), the remainder being 

removed in the urine, breathed out through the lungs or excreted in sweat (Manzo-

Avalos and Saavedra-Molina 2010; Cederbaum 2012). 

Alcohol metabolism takes place through several distinct biochemical pathways. 

In the principal pathway a cytosolic enzyme, alcohol dehydrogenase (ADH), 

catalyses the oxidation of alcohol to acetaldehyde in a process called 

dehydrogenation (Figure 1), in which hydrogen is transferred from ethanol to the 

cofactor nicotinamide adenine dinucleotide (NAD+), converting it to the reduced 

form NADH (Weir 1978; Baraona and Lieber 1979; Lieber 1995; Manzo-Avalos and 

Saavedra-Molina 2010; Wilson and Matschinsky 2020). Acetaldehyde is highly toxic 

and its generation may lead to a wide range of toxic effects on cells and tissues 

(Thompson 1986; Lieber 1995; Eriksson 2001; Setshedi et al. 2010). Its electrophilic 

nature enables it to bind to proteins and macromolecules to form adducts, i.e. 

covalent chemical addition products, with proteins, lipids and DNA (Freeman et al. 

2005; Setshedi et al. 2010), which in turn may play an important pathogenic role in 

the toxicity of alcohol in tissues (Jokelainen et al. 2000; Niemelä 2001; Seitz and 

Stickel 2007; Thiele et al. 2008). ADH shows a constant oxidation capacity of 
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approximately 0.1 grams of alcohol per kilogram of body weight per hour, although 

the elimination rates may be lower in patients with liver damage (Cederbaum 2012). 

The cytochrome P450 2E1 (CYP2E1) and catalase enzymes also metabolize 

alcohol to acetaldehyde. CYP2E1 is an inducible enzyme and is typically induced 

after a person has consumed large amounts of alcohol. The oxidation of alcohol by 

CYP2E1 occurs in the liver microsomes, in a process in which nicotinamide adenine 

dinucleotide phosphate (NADPH) and oxygen are involved, with CYP2E1 acting as 

a catalyst. Ethanol is oxidized to acetaldehyde and the oxygen is reduced to form 

H2O, while NADPH serves as a donor of hydrogen, forming NADP+. Catalase-

mediated metabolism, which accounts for only a small fraction of the body’s alcohol 

metabolism (2%), may take place in the peroxisomes of the brain, where, in an 

oxidation reaction catalyzed by catalase, ethanol and hydrogen peroxide (H2O2) react 

to form acetaldehyde and water. The limited use made of this pathway is due to the 

rather low rates of H2O2 generation. Minute amounts of alcohol are also removed 

by interaction with fatty acids and the generation of compounds called fatty acid 

ethyl esters (FAEEs), which may also play a role in alcohol-induced tissue damage 

in the liver and pancreas (Lieber 1995; Manzo-Avalos and Saavedra-Molina 2010; 

Cederbaum 2012; Wilson and Matschinsky 2020).  

Acetaldehyde becomes further oxidized to another, less active by-product, 

acetate, by the enzyme aldehyde dehydrogenase (ALDH), which has both cytosolic 

and mitochondrial isoforms. Acetate from all pathways is converted to acetyl-CoA 

by ATP-dependent acetyl-CoA synthetases, whereupon it becomes a substrate for 

the citric acid cycle, producing cellular energy and releasing water and carbon dioxide 

(Lieber 1995; Manzo-Avalos and Saavedra-Molina 2010; Cederbaum 2012). 
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Figure 1.  Main pathways of ethanol metabolism. The most common pathway involves the enzymes 
alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH). ADH metabolizes 
alcohol to acetaldehyde, which is metabolized in the second step to acetate, which then is 
metabolized to water and carbon dioxide for elimination (modified from Manzo-Avalos and 
Saavedra-Molina 2010). 

All the above ethanol metabolism pathways induce oxidative stress and the 

production of reactive oxygen species (ROS), which play a pivotal role in alcohol-

induced cellular injuries. These represent highly reactive chemical species containing 

oxygen, e.g. the superoxide anion radical and hydrogen peroxide (Lieber 1997; Wu 

et al. 2006; Albano 2008; Zhou et al. 2013). Ethanol metabolism also promotes 

glutathione depletion, lipid peroxidation and mitochondrial damage in tissues 

(Setshedi et al. 2010). One major oxidative stress-mediated injury pathway appears 

to be related to induction of the CYP2E1 enzyme (Lieber 1997; Lucas et al. 2005; 

Wu et al. 2006), which metabolizes and activates several toxicological substrates to 

more reactive products and can be induced during a variety of pathophysiological 

conditions (Ohnishi and Lieber 1977; Lieber 2005). CYP2E1 produces ROS, and 

also hydroxyl radicals in the presence of iron catalysts (Zakhari 2013), resulting in 

cellular damage, structural changes in DNA, and the inhibition or activation of genes 

associated with growth and cell death (Lu and Cederbaum 2008; Walker et al. 2013). 

2.2.2 Assessment of alcohol drinking: Levels and patterns 

The terms low, moderate, high and very high risk drinking are frequently used when 

discussing the relationship between alcohol consumption and health risks. The 
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challenge when using these terms, however, is that their definitions vary greatly from 

one country to another. In addition, there is variation in the definition of standard 

drink sizes. In their recent compilation of the definitions used in 37 countries, 

Kalinowski and Humphreys (2016) found that although the modal definition of one 

standard drink used by the World Health Organization (WHO) is 10 grams of 

absolute alcohol, the range is as wide as 8–20 grams. There has also been 

considerable variation in the limits of low risk drinking, within ranges of 10–42 grams 

per day for women and 10–56 grams per day for men, or 98–160 grams per week 

for women and 150–280 grams per week for men. 

The Finnish Institute for Health and Welfare categorizes the drinking of alcohol 

into three classes: low-risk, moderate-risk and high-risk drinking, according to a 

recommendation from the Finnish Medical Society Duodecim’s working group and 

the Finnish Society of Addiction Medicine (Alkoholiongelmaisen hoito: Current 

Care Guidelines 2018). In this classification a dose contains 12 grams of absolute 

ethanol and low-risk consumption encompasses up to one dose (women) and two 

doses (men) per day on average. By comparison, the limit for moderate-risk drinking 

is based on data regarding objective signs of tissue toxicity, the current thresholds 

being more than seven doses but less than 12–16 doses per week continuously for 

women and more than 14 doses but less than 23–24 doses per week continuously 

for men. When the weekly doses exceed the above-mentioned figures (≥ 20 grams 

of absolute ethanol per day for women and ≥ 40 grams for men), alcohol 

consumption can be linked to a multitude of health problems. In that case we can 

speak of high-risk consumption (Alkoholiongelmaisen hoito: Current Care 

Guidelines 2018; Terveyden ja hyvinvoinnin laitos 2020), the Finnish thresholds for 

which are in line with the daily thresholds of heavy drinking as set out by the 

European Medicines Agency (EMA) (2010): 60 grams of absolute ethanol or more 

on average for men, and 40 grams or more for women. 

The current WHO classification of risk drinking defines five risk levels: 

abstinence, low risk, medium risk, high risk and very high risk, specified separately 

for the genders (Table 2). Low risk drinking refers to 1–40 grams of absolute ethanol 

per day for men and 1–20 grams for women, while the limits of medium-risk 

drinking are 41–60 grams per day for men and 21–40 grams for women, those for 

high risk drinkers 61– 100 grams per day for men and 41–60 grams for women and 

very high risk drinking implies daily consumption exceeding 100 grams for men and 

60 grams for women (Witkiewitz et al. 2017a; 2017b).  
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Table 2.  The WHO classification of risk drinking 

Risk level 
Absolute ethanol per day 

Men Women 

Low risk 1–40 g 1–20 g 

Medium risk 41–60 g 21–40 g 

High risk 61–100 g 41–60 g 

Very high risk > 100 g > 60 g 

The classifications described above nevertheless largely ignore the pattern of alcohol 

consumption, even though it may be hypothesized that the drinking pattern will also 

have a major effect on the harm caused to health by the intake of alcohol. The focus 

in many previous studies of alcohol-related health risks, however, has been on total 

cumulative alcohol consumption rather than on comparing the adverse health effects 

of different drinking patterns. Binge drinking is defined as a pattern of drinking that 

typically consists of occasional alcohol consumption, which may typically exceed 60 

grams of alcohol for men and 40 grams for women on a single occasion (World 

Health Organization 2000a). The National Institute on Alcohol Abuse and 

Alcoholism (NIAAA) defines binge drinking as a pattern of drinking that yields 

ethanol concentrations in the blood amounting to 0.08 g/dL (= 0.8‰) and above. 

In real life situations that level of blood ethanol is reached in about two hours with 

five drinks for men and four drinks for women (National Institute of Alcohol Abuse 

and Alcoholism 2004).  

Since it is quite common to consume much higher amounts of alcohol than the 

standard binge drinking threshold, the term “high-intensity drinking” has been 

introduced to distinguish typical binge drinking from alcohol intakes at double the 

threshold level or more (Patrick et al. 2016; Patrick and Azar 2018; Rosoff et al. 

2019). On the other hand, binge drinking can be viewed from the aspect of 

frequency, with the term heavy episodic drinking (HED) being used for frequent, 

regular binge drinking. The definition of HED put forward by the World Health 

Organization (2018a) is the consumption of 60 grams or more of pure alcohol on at 

least one occasion at least once a month. 

Based on two dimensions of drinking mentioned above, amount and frequency, 

Jastrzębska et al. (2016) have recently classified alcohol consumption into six 

patterns as follows: 

1) Abstinence. 

2) Social drinking (moderate drinking): alcohol consumption is usually not more 
than 2–3 units per day. 
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3) Hazardous drinking: consumption is more than 1–2 units (women) or 3–4 
units (men) per day.  

4) Binge drinking (single occasion drinking): consumption is occasionally more 
than 5 units of alcohol per day. The term refers to heavy drinking over a short 
period of time, or drinking to intoxication or drunkenness.  

5) Heavy drinking (harmful drinking, alcohol abuse): consumption is regularly 
more than 6 units of alcohol per day. The term refers to a drinking pattern 
that has already caused some physical or mental health problems but which 
does not meet the criteria for alcohol dependence. 

6) Dependent drinking: chronic drinking of alcohol that fulfils at least three of 
the following criteria: tolerance of alcohol, withdrawal symptoms after 
cessation of drinking, impaired control, preoccupation with the acquisition or 
consumption of alcohol, persistent desire or unsuccessful efforts to quit, 
sustained social, occupational or recreational disability, and continued 
consumption despite the adverse consequences. 

2.2.3 Typical alcohol-related health risks 

Excessive alcohol consumption is associated with a wide variety of public health 

problems and considerable health care costs. In addition to causing physical and 

mental illness, alcohol consumption is also a substantial risk factor in traffic 

accidents, violent incidents, etc. and is often a cause of homicides, drownings, burns, 

poisonings, falls and other injuries (World Health Organization 2018b). Thus it is a 

major threat to social well-being both at the individual level and in societies around 

the world (Lim et al. 2012; Connor et al. 2016; Rehm et al. 2017). Alcohol can affect 

almost all tissues in the body and has been shown to be a causal factor in more than 

200 diseases and in injuries of various types (World Health Organization 2018a).  

Typical disease categories in primary health care that may be associated with 

excessive alcohol consumption include hypertension, insomnia, liver problems, 

depression and anxiety disorders (Rehm et al. 2016). Alcohol use disorder (AUD) 

refers to harmful consumption of alcohol and alcohol dependence, often involving 

a compulsion to use alcohol, a loss of control over alcohol intake, and a negative 

emotional state when access to alcohol is prevented (ICD-10, International Statistical 

Classification of Diseases and Related Health Problems; see also Rehm et al. 2005; 

2016; Mason 2017). The world-wide prevalence of AUD in 2016 was 5.1% of the 

adult population (World Health Organization 2018b).  
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Gender plays an essential role in the development of AUD, as according to the 

World Health Organization (2018b) its prevalence is 8.6% among adult men but only 

1.7% among adult women. Abstinence is a more likely pattern of alcohol 

consumption among women (Volpato et al. 2004), although they are also more 

susceptible to the toxic effects of alcohol than men, possibly due to women´s lower 

body water content and gastric ADH activity (Table 3). The development of many 

health problems in female drinkers is also different from that in men, so that alcohol 

dependence, major depressive disorders and anxiety disorders, for instance, develop 

faster in women (European Medicines Agency 2010). Alcohol-related disorders such 

as cirrhosis of the liver, neuropsychiatric disorders and cancers are currently five 

times more common in men than in women, and mortality from these disorders is 

up to 10 times higher in men, due to differences in drinking habits; men drink more 

often and consume larger amounts at a time than women do (Brenner et al. 2017). 

The impact of ethanol intake on various types of tissue injury seems to be 

dependent on both the total amount of alcohol consumed and the pattern of 

drinking. Chronic heavy drinking may lead to different types of health problems 

from those created by acute (binge-type) drinking. Interestingly, some studies have 

also concluded that regular low to moderate drinking may even be associated with 

some beneficial effects on cardiovascular health (Bagnardi et al. 2004; Corrao et al. 

2004; Krenz and Korthuis 2012; Walker et al. 2013). In the light of recent studies, 

however, it appears that no “safe limits” can be set for alcohol consumption 

(Brenner et al. 2017, Åberg and Färkkilä 2020). Gamma-glutamyltransferase (GGT) 

enzyme activity may become elevated at much lower alcohol intake levels than those 

implied in the current limits for heavy drinking in many national guidelines (Niemelä 

et al. 2017), and the actual alcohol doses leading to possible hepatotoxic effects seem 

to be markedly lower in persons above 40 years of age (Niemelä et al. 2017). In 

accordance with this view, Wood et al. (2018) have recently proposed that there is a 

need to revisit the concept of risk thresholds in many national and international 

recommendations. According to their large population-based study of nearly 600,000 

participants the lowest risk of premature death was among those whose weekly 

consumption of alcohol did not exceed 100 grams of absolute alcohol. That study 

did not, however, include any separate assessment for gender, although it is known 

that men and women are not equal in their susceptibility to alcohol-related injuries 

(Schenker 1997). A recent meta-analysis (GBD 2016 Alcohol Collaborators 2018) 

also showed that increasing levels of alcohol consumption are significantly associated 

with an increasing risk of all-cause mortality and that the safest level for drinking 

appears to be zero. Thus, in order to minimize adverse health consequences, one 



 

28 

should refrain from drinking alcohol. These authors also recommended revising 

alcohol policy with the aim of markedly reducing population-level consumption. 

Although some authors (Foerster et al. 2009; de Gaetano et al. 2016) have promoted 

alcohol consumption at low to moderate levels as one component of a healthy diet, 

it appears that any regular alcohol intake will lead to an increase in health problems 

and should therefore be avoided (Connor and Hall 2018; Wood et al. 2018). The 

World Cancer Research Fund (2020) also recommends a total refusal of alcohol in 

order to reduce the risk of cancer. 

Although the goal in the treatment of alcohol use disorders has usually been 

complete abstinence, this may be an overly restrictive end point in routine clinical 

practice (Knox et al. 2018). Recent evidence has indicated that any reduction in 

alcohol consumption could yield notable health benefits (Hasin et al. 2017; 

Witkiewitz et al. 2017a; 2017b; Knox et al. 2018). Studies on alcohol-dependent 

patients have shown that any reduction in the WHO risk drinking level would predict 

significantly fewer alcohol-related adverse consequences and improved functioning 

(Kline-Simon et al. 2013; Laramée et al. 2015; Hasin et al. 2017; Witkiewitz et al. 

2017a; 2017b), while greater decreases in the WHO risk levels would predict fewer 

alcohol-related consequences and improved mental health. A decrease of at least 1 

level would predict a significant decrease in adverse alcohol-related consequences 

relative to participants without any change in WHO risk level, even during a 1-year 

follow-up, and a similar decrease of at least 1 level would also predict a significant 

improvement in mental health as measured by the 12-item Short Form Health 

Survey (SF-12 (Ware et al. 1996), although the improvement after 1 year of follow-

up was more clearly noted in those participants who achieved a decrease of at least 

2 levels ( Hasin et al. 2017; Witkiewitz et al. 2017a; 2017b).   
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Table 3.  Factors contributing to alcohol metabolism and the risk of associated tissue toxicity 

Risk factor Characteristics 

Gender Women have a higher percentage of body fat and a lower water content 
(66%) than men (75%). Alcohol is distributed to body fluids but not to 
fat, so that the same amount of alcohol typically results in 15–20% higher 
blood alcohol levels in women than in men with the same body weight. 
Women also show lower gastric activity of ADH, the enzyme responsible 
for the first step in metabolizing alcohol (Schenker 1997; Cederbaum 
2012). 

Since alcohol passes easily through the placenta to the foetus, the only 
safe choice for a pregnant woman is abstinence, due to the very poor 
ability of the fetal liver to eliminate alcohol (van Faassen and Niemelä 
2011; Warren et al. 2011; Cederbaum 2012). 

Estrogen may increase the expression of CD14 (cluster of differentiation 
14, lipopolysaccharide-binding protein) in the liver, which may result in 
hepatic sensitization to endotoxin and thus increase ethanol-induced 
liver damage (Sato et al. 2001).  

Interactions The synergistic effect of adiposity and alcohol abuse may induce 
endoplasmic reticulum cell stress, activation of inflammatory cells and 
changes in adiponectin (Gao and Bataller 2011; Xu et al. 2011) and also 
liver fibrogenesis (Naveau et al. 1997; Raynard et al. 2002; Zakhari 2013). 
According to animal experiments, the use of alcohol in combination with 
a high-fat diet and high iron intake can lead to more serious 
manifestations of the disease (Tsukamoto et al. 1995). Synergistic effects 
have also been reported between alcohol use and smoking (Breitling et 
al. 2009). 

Age Starting alcohol consumption during adolescence elevates the risk of 
developing high-risk drinking habits, alcohol dependence and associated 
tissue toxicity (Meier and Seitz 2008; Hatton et al. 2009; Gao and Bataller 
2011; Cederbaum 2012; Spear and Swartzwelder 2014). 

The body’s water content decreases with age, as does the activity of the 
enzymes involved in the metabolism of ethanol. As a result, blood 
ethanol concentrations increase more in older individuals than in 
younger ones. Diseases and medications can also impair alcohol 
tolerance (Meier and Seitz 2008; Cederbaum 2012). Age also affects the 
sensitivity of liver enzyme responses to alcohol intake (Tynjälä et al. 
2012). 

Drinking habits  The metabolism of alcohol is induced in heavy drinkers prior to the 
development of significant liver disease (metabolic tolerance) 
(Cederbaum 2012). 

Genetic factors Genetic factors have an influence on the risk of alcoholic liver disease 
(ALD). Carriers of the patatin-like phospholipase-3 (PNPLA3) I148M 
variant are exposed to an elevated risk of liver cirrhosis (Trépo et al. 2011; 
Chamorro et al. 2014). Other genetic variants which may contribute to 
individual susceptibility to ALD concern the enzymes involved in alcohol 
metabolism, oxidative stress and endotoxin-mediated inflammation 
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(Stickel and Hampe 2012; Wu et al. 2012). Polymorphisms of the ADH 
and ALDH genes will influence the rates of acetaldehyde generation and 
associated toxicity (Setshedi et al. 2010; Stickel et al. 2017). 

Ethnic 
background 

Differences in the elimination rate of alcohol have been observed 
between the isoforms of ADH. Genetic variations of the genes encoding 
ADH and ALDH are very common among East Asians (Chinese, 
Japanese, and Korean) and these render the oxidation of acetaldehyde far 
less efficient and cause acetaldehyde accumulation, which results in facial 
flushing and an unpleasant physical feeling in association with alcohol 
consumption (Lee et al. 2014). Some studies have suggested an increased 
rate of alcohol elimination by native Americans as compared with 
Caucasians (Cederbaum 2012). 

Nutritional status Alcohol absorption is more rapid when it is ingested in a fasting state. 
On the other hand, prolonged fasting and protein deficiency reduce the 
activity of the ADH enzyme, resulting in a slower elimination of alcohol 
(Cederbaum 2012).  

Beverage type Relative beneficial health effects of beer or wine consumption in 
particular have been suggested with respect to cardiovascular diseases, 
but this may be explained by the presence of other ingredients 
(polyphenols and their metabolites) in the product rather than ethanol 
(Arranz et al. 2012). 

Diseases A damaged liver will have an impaired ability to eliminate alcohol, leading 
to a decrease in alcohol metabolism (Cederbaum 2012). Synergistic 
effects have been observed between alcohol use and liver injury due to 
hepatitis viruses or human immunodeficiency virus, non-alcoholic fatty 
liver disease, or iron overload (Szabo et al. 2010; Gao and Bataller 2011; 
Zakhari 2013; Teschke 2019).  

Regular excessive alcohol consumption increases blood pressure and 
leads to the exacerbation of various heart problems. People with anxiety 
and depression symptoms can experience aggravation of their symptoms 
following heavy alcohol consumption (Ashworth and Gerada 1997; 
Charlet and Heinz 2017; Iida-Ueno et al. 2017; Day and Rudd 2019). 

2.2.3.1 Alcohol and the liver 

Alcoholic liver disease (ALD), a well-known condition which is known to result from 

chronic alcohol drinking (Stickel et al. 2017; Hosseini et al. 2019), currently 

represents a significant burden on health care, as according to the World Health 

Organization (2018b), over 40% of liver-related deaths are attributable to alcohol. 

Morphologically, ALD includes a wide range of abnormalities, from fatty liver 

(steatosis) to alcoholic hepatitis (steatohepatitis) and progressive fibrosis and 

cirrhosis. These may subsequently lead to other severe complications such as 

hepatocellular carcinoma (HCC) and liver failure (Diehl 1998; Lombardi et al. 2015; 
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Rinella 2015). These injuries usually develop in a sequential manner, but can also be 

present in various combinations (Diehl 1998; Day 2007). Fatty liver is commonly 

asymptomatic but occasionally hepatomegaly is found as its primary manifestation 

(Chrostek and Panasiuk 2014). Patients with alcoholic hepatitis usually have 

combinations of symptoms and signs: jaundice, loss of appetite, pain or discomfort 

in the right upper quadrant of the liver, ascites, muscle weakness, confusion, pedal 

oedema, petechial spots and sometimes fever and hepatomegaly, which may be 

tender. Cirrhosis in combination with alcoholic hepatitis manifests itself in the 

following possible symptoms: severe anorexia, weight loss, fatigue, muscle cramps, 

ascites, palmar erythema and pedal oedema. Jaundice and moderate to tense ascites 

are present in majority of patients, but liver tenderness does not occur (Sharma and 

Arora 2020). 

Excess deposition of liver fat develops in most heavy drinkers, but such drinking 

does not always lead to the development of more severe forms of ALD. It is 

estimated that steatosis is present in up to 90% of heavy drinkers and 30–35% of 

these develop advanced forms of ALD. Steatosis progresses to cirrhosis in 

approximately 10–20% of heavy drinkers (Stickel and Hampe 2012; Jokelainen 2013; 

Lombardi et al. 2015; Moreno et al. 2019). The onset, progression and clinical 

outcome of liver cirrhosis may all be influenced by genetic and environmental 

factors, although their interplay has remained unclear (Table 3) (Ramos-Lopez et al. 

2015; Stickel et al. 2017).  

The clinical symptoms of ALD range from asymptomatic hepatic steatosis to 

malaise, anorexia, weight loss, abdominal discomfort, tender hepatomegaly and 

jaundice, all of which characterize the advanced stages of the disease (Diehl 1997; 

Rehm et al. 2013). Discontinuation of alcohol consumption can allow the steatosis, 

and even steatohepatitis, to return to normal within a few months, but the cirrhosis 

that has already occurred is irreversible (Shah et al. 2020).  

Due to its key role in the metabolism of ethanol, the liver is an important target 

for its toxicity. Upon the oxidation of ethanol to acetaldehyde NAD is reduced to 

NADH, resulting in the promotion of fatty acid synthesis and fat accumulation in 

the hepatocytes (Lieber 1995; Mahli and Hellerbrand 2016). In fact, ethanol becomes 

the primary substrate for oxidation in the liver following alcohol intake (Foster and 

Marriott 2006), whereas the oxidation of fatty acids is inhibited, leading to an 

accumulation of triglycerides in the liver (Baraona and Lieber 1979; Day 2007). This 

occurs in more than 90% of heavy drinkers (Gao and Bataller 2011), and in most 

cases it is devoid of clinical symptoms except for an enlarged liver (hepatomegaly). 

Excessive alcohol consumption lasting for only a few days may be enough for the 
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steatosis to appear, whereas recovery from a fatty liver condition usually requires up 

to 4–6 weeks of abstinence (Lieber 1995; Diehl 1998; O'Shea et al. 2010). When 

hepatocellular injury and inflammation develop as a consequence of continued heavy 

alcohol consumption, alcoholic hepatitis (AH) or alcoholic steatohepatitis (ASH) can 

be diagnosed (Avila et al. 2020). Chronic inflammation and injury will lead to the 

deposition of collagen and other extracellular matrix proteins in tissue through the 

activation of hepatic stellate cells and portal fibroblasts. As the imbalance between 

extracellular matrix production and degradation continues, fibrosis progresses and 

leads to changes in the structure of the liver, with distortion of the hepatic circulation 

and tissue architecture, which are characteristics of liver cirrhosis (Lieber 1995; 

Lombardi et al. 2015; Avila et al. 2020).  

Activation of Kupffer cells and the release of pro-inflammatory cytokines appear 

to play a key role in the development of ALD (Basista et al. 1993). Tumor necrosis 

factor-α (TNF-α) is a major proinflammatory cytokine which also seems to be an 

important mediator of tissue damage in ALD (Kitazawa et al. 2003; Marcos et al. 

2009), although the exact mechanism by which it aggravates alcohol toxicity has 

remained unclear, but it is known that the protein CD14 can bind 

lipopolysaccharides (LPS), which are endotoxins present in the acute-phase immune 

system, and that CD14 promoter polymorphisms may lead to an increase in 

susceptibility to advanced ALD (Järveläinen et al. 2001; Campos et al. 2005; 

Danielsson 2014). 

Recent experimental findings have also shown an association between ALD, 

CYP2E1 action and the degradative autophagy pathway (Wu et al. 2012). The 

regulation and function of this autophagy pathway and of lipid metabolism are 

related, in that the inhibition of autophagy causes lipid accumulation (Amir and Czaja 

2011; Dong and Czaja 2011). CYP2E1-derived ROS may play a role in inhibiting 

autophagy and thereby promoting ethanol-induced hepatotoxicity, steatosis and 

oxidative stress (Wu et al. 2012).  

2.2.3.2 Extrahepatic health effects of alcohol consumption 

Relationships between alcohol consumption and a wide spectrum of extrahepatic 

health effects have been established in numerous studies. Alcohol consumption has 

been shown to increase the risk of cardiovascular diseases, including hypertensive 

heart disease, cardiomyopathy, atrial fibrillation, flutter and haemorrhagic and other 

non-ischaemic strokes (Ashworth and Gerada 1997; Lim et al. 2012; Wood et al. 

2018). Alcohol consumption increases the risk of carcinogenesis in the upper 
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gastrointestinal tract, liver, colon, rectum and the female breast, which may occur 

even at low levels of alcohol intake (Lieber et al. 1979; Bagnardi et al. 2013; Rehm et 

al. 2017). According to a statement issued by the American Society of Clinical 

Oncology, more than 5% of new cases of cancer are caused by alcohol consumption. 

The carcinogenic property of alcohol is partly explained by its reactive metabolite, 

acetaldehyde, which, as a group 1 carcinogen, stimulates cell proliferation and 

induces DNA damage. Increased sex hormone levels in the circulation as a result of 

alcohol consumption may contribute to an elevated breast cancer risk (Zaitsu et al. 

2020). Several studies have also indicated that heavy drinking and alcoholism 

constitute a major cause of depression and other mental disorders (Tucker et al. 

1982; Ashworth and Gerada 1997; Rehm et al. 2016). 

Alcohol consumption increases the risk of infectious diseases (Hurley 1977). 

Excessive alcohol consumption has been shown to impair the functions of 

phagocytes such as polymorphonuclear leucocytes (especially neutrophils) and 

macrophages, one of which is to engulf dead cells, and they are thus considered to 

be the first responders to inflammation of the immune system (Szabo 1998; Rehm 

et al. 2017). Stimulation of inflammation due to excessive alcohol consumption may 

play a pivotal role in the sequence of events leading to tissue injury. Several 

proinflammatory and anti-inflammatory cytokines have been shown previously to be 

increased in the circulation as a result of heavy alcohol consumption (Latvala et al. 

2005). Alcohol also has an effect on the function and number of T-cells (Pasala et 

al. 2015), leading to changes in the immune system that may occur in an alcohol 

dose-dependent manner (Sureshchandra et al. 2019).  

Alcohol consumption can also lead to acute intoxication, poisoning or injuries 

due to a loss of judgment (Ashworth and Gerada 1997). O’Dwyer et al. (2019), who 

recently examined the characteristics of alcohol-related hazards among 4,338 

drinkers with different drinking patterns: low-risk drinking, occasional heavy 

episodic drinking, monthly heavy episodic drinking and alcohol dependence, found 

a linear association between drinking pattern and the experiencing of hazards, with 

the proportion of hazards being lowest among the low-risk drinkers and highest 

among cases of alcohol dependence.   

2.2.4 Alcohol consumption and dietary factors 

A significant role for alcohol in the aggravation of inflammation and oxidative stress 

has been found when it is consumed together with a high-fat diet (Tsukamoto et al. 
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1995; Caro and Cederbaum 2004; Zheng et al. 2017). Diets rich in carbohydrates and 

processed or red meat but low in vegetables, fruits or vitamins could also have 

harmful metabolic and hepatic consequences in association with alcohol 

consumption (Halsted et al. 2002; Li et al. 2014; Manuel et al. 2016; Romero-Gómez 

et al. 2017; Zheng et al. 2017). 

Regular alcohol intake as part of one’s diet may also contribute to the 

development of overweight and obesity (Traversy and Chaput 2015). Alcohol is a 

rich source of energy, providing 7 kcal (29 kJ) per gram of alcohol, whereas 

corresponding amounts of carbohydrates and protein produce 4 kcal of energy, and 

fat produces 9 kcal (Cederbaum 2012). Men typically consume alcohol in larger 

quantities than women (Nielsen et al. 2012) and are also more likely to consume 

beer, which is more energy-intensive, containing more carbohydrates than wine, 

which is often preferred by women (Yeomans 2010). Drinkers who continuously 

consume large amounts of alcohol can replace almost 60% of their daily energy 

intake with alcohol, which can lead to malnutrition and nutrient deficiencies. In 

addition to alcohol consumption, changes in the metabolism of nutrients can also be 

a significant co-factor in the pathogenesis of alcohol-induced tissue injury 

(Fawehinmi et al. 2012).    

2.3 Assessment of alcohol consumption 

2.3.1 Self-reports 

Various self-report and questionnaire-based techniques have been developed to 

identifying alcohol abuse, examples of which include AUDIT (Alcohol Use 

Disorders Identification/Inventory Test), CAGE (Cut down, Annoyed, Guilty, Eye-

opener), MAST (Michigan Alcoholism Screening Test), SADD (Short-form Alcohol 

Dependence Data Questionnaire) and TLFB (Time-Line Follow-Back). The first 

four are tools for screening alcohol consumption and related problems and 

addiction, while TLFB is used to assist in estimating the actual amounts of alcohol 

consumed. The definition of an alcohol problem in the above tests is based primarily 

on the patient's self-assessment and honesty in answering the questions, and 

therefore their results often need to be supplemented in real-life situations with 

laboratory tests and medical examinations. The risk involved in self-assessments 

arises from the patient’s need to conceal the quantities of alcohol consumed, to 
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remember them incorrectly and to minimize the stigma attached to them (Livingston 

and Callinan 2015; Niemelä 2016; Sánchez-Jiménez et al. 2018). According to 

Livingston and Callinan (2015), underestimation of alcohol consumption is most 

typical among young men and middle-aged and elderly women. In addition to 

intentional underestimation, reporting can sometimes be impaired by forgetfulness 

induced directly by the consumption of highly intoxicating doses of alcohol (Patrick 

2016).  

The AUDIT questionnaire consists of ten questions, three of which concern 

quantitative estimates of alcohol consumption (drinking frequency, volume 

consumed and frequency of binge drinking), three questions explore symptoms of 

alcohol dependence and four questions are used to collect information on alcohol-

related hazards and problems (Saunders et al. 1993). AUDIT is generally considered 

the most reliable questionnaire for use in clinical work (Avila et al. 2020). Given a 

maximum score of 40, the limit for risky drinking is considered to be a score of 8, 

although a much lower cut-off score (4–5) is recommended in a review by Kranzler 

& Soyka (2018). A lower cut-off score has also been recommended when screening 

for heavy drinking among the elderly (Aalto et al. 2011). The AUDIT-C 

questionnaire is an abbreviated version of AUDIT, including only three questions 

concerning the frequency of alcohol consumption, the number of drinks on one 

occasion and the frequency of binge drinking during the past year. The limit for risky 

drinking is considered to be a score of 3 for women and 4 for men, given a maximum 

score of 12 (Torruellas et al. 2014). Aalto et al. (2011) have reported that AUDIT 

and AUDIT-C are accurate when screening for hazardous alcohol drinking among 

the elderly (65–74 years), provided that the cut-off points are properly set for this 

age group. They suggested cut-off scores of at least 5 points for AUDIT and at least 

4 points for AUDIT-C. 

CAGE is a short, simple questionnaire that includes four items regarding the 

reduction or cessation of alcohol drinking, others’ concern about the patient’s 

alcohol drinking, the sense of guilt caused by drinking, and the return to alcohol as 

an eye-opener in the morning. The questions are answered “yes” or “no”, with two 

affirmative answers pointing to a possible alcohol abuse problem which requires 

further investigation (Bush et al. 1987; Choe et al. 2019). The advantages of CAGE 

are its brevity compared with AUDIT and its high sensitivity for the severe stages of 

alcohol abuse. Its weakness lies in the insufficiency of the information given on the 

actual amounts of alcohol consumed (Choe et al. 2019). 

MAST is a test developed to screen for alcohol problems by means of 25 

“yes/no” questions related to the patient’s self-appraisal of the social, vocational and 
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family problems possibly associated with heavy drinking. The 24-item MAST-G 

(Michigan Alcoholism Screening Test – Geriatric version) and its 10-item 

abbreviated version, SMAST-G, have been developed to detect alcohol misuse 

primarily among elderly people (Selzer 1971; Westermeyer et al. 2004; Johnson-

Greene et al. 2009; Knightly et al. 2016).  

The SADD questionnaire, which screens for the severity of alcohol dependence, 

looks at this phenomenon on a scale ranging from mild to severe, i.e. from minor 

drinking problems to severe alcohol dependence. The 15-item self-report 

questionnaire emphasizes the subjective and behavioural aspects of alcohol 

dependence (Davidson and Raistrick 1986; Rosa-Oliveira et al. 2011). 

TLFB is a tool for the retrospective collection of data concerning alcohol 

consumption as the number of standard drinks consumed over a particular period 

of time ranging from one day to one year (Kuteesa et al. 2019; Martin-Willett et al. 

2020). Vakili et al. (2008) have shown that a three-month data collection period can 

be recommended in most cases, and that these data can also be used to estimate 

annual consumption. This saves time and resources with little or no loss in accuracy. 

TLFB data can also be used to form an estimate of drinking patterns representing 

the most common styles: daily drinking, weekend or holiday drinking, drinking on 

special occasions, or binge vs. non-binge drinking (Allen et al. 1992).  

2.3.2 Biomarker-based assessment of alcohol consumption 

A variety of laboratory tests have been made available to assess alcohol consumption 

or alcohol-related organ damage and the outcomes of therapy, and to aid in many 

specific applications, such as forensic medicine. The laboratory tests can be divided 

into measurements of direct and indirect biomarkers.  The former refer to analyses 

of ethanol itself and its specific metabolites, whereas the latter biomarkers are 

compounds released as a result of organ damage caused by harmful alcohol use, 

particularly that caused by liver diseases (Hastedt et al. 2013). The biomarker is 

selected based on what one is looking for; the object of interest may be the 

monitoring of abstinence during detoxification, for instance, or assessment of the 

level of chronic excessive drinking (Andresen-Streichert et al. 2018) (Table 4.). Since 

factors other than alcohol can also cause similar organ damage, laboratory tests can 

give false positive values. Indirect biomarkers thus have limited specificities, which 

vary widely depending on the population to be studied (Hastedt et al. 2013). In 

addition to direct biomarkers, the most widely used laboratory tests for assessing 
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alcohol consumption are serum gamma-glutamyltransferase (GGT) activity, 

carbohydrate-deficient transferrin (CDT) and mean corpuscular volume (MCV), or 

their combinations, such as GGT-CDT (Niemelä 2016; Andresen-Streichert et al. 

2018). 

Analysis of ethanol or its metabolites in serum or urine can reliably detect acute 

alcohol intake, and in combination with clinical observations such measurements can 

also give information on long-term drinking habits (Niemelä 2016). Methods have 

also been made available for detecting specific metabolites of ethanol, including 

phosphatidyl ethanol (PEth) or ethyl glucuronide (EtG). These assays have the 

advantage of detecting alcohol consumption for several days or even weeks after 

blood ethanol levels have reached zero (Andresen-Streichert et al. 2018).  

Phosphatidylethanol (PEth) is a cellular membrane phospholipid produced in a 

transphosphatidylation reaction catalyzed by phospholipase D. This reaction takes 

place exclusively in the presence of ethanol (Aradottir et al. 2006; Viel et al. 2012). 

PEth is a group of glycerophospholipids with fatty acid groups of varying lengths 

and varying degrees of saturation. Out of the 50 or so PEth homologues, it is 

homologue 16:0/18:1 that is typically determined in analyses (Andresen-Streichert et 

al. 2018). PEth has been shown to be a promising biomarker for detecting chronic 

excessive alcohol consumption due to its high diagnostic sensitivity and specificity 

(Viel et al. 2012). PEth can be detected in blood as early as 1–2 hours after alcohol 

intake (Andresen-Streichert et al. 2018), and its mean half-life ranges from 3 to 12 

days. Excessive alcohol consumption can be identified in PEth measurements from 

red cells even after two weeks of abstinence. The normalization rate of PEth shows 

interindividual variation, but seems to be independent of gender, age and body mass 

index (Viel et al. 2012). Helander et al. (2012) found that PEth is more sensitive for 

detecting relapses in alcoholic patients than is serum carbohydrate-deficient 

transferrin (CDT).   

Ethyl glucuronide (EtG) is a specific metabolite issuing from the non-oxidative 

metabolism of ethanol (Wurst et al. 1999). Although only 0.1% of ingested ethanol 

is degraded through this pathway, EtG can be detected in biological fluids even after 

the consumption of relatively small amounts of ethanol (Mackus et al. 2017). EtG 

can be detected in urine for up to about 24 hours even after consumption of small 

quantities of ethanol. After excessive use EtG may be detectable for up to 130 hours 

(Andresen-Streichert et al. 2018). EtG assays are performed mainly on serum and 

urine samples but to some extent on other materials, too, such as meconium and 

hair. Like PEth, EtG has been increasingly used to monitor abstinence in outpatient 

treatment settings (Torruellas et al. 2014; Andresen-Streichert et al. 2018). 
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Gamma-glutamyltransferase (GGT) is a glycoprotein enzyme which is found on the 

cell membrane in several tissues with high secretory or absorptive activities, mainly 

liver, kidney and pancreas. Small amounts are present in other tissues such as brain, 

spleen and heart (Conigrave et al. 2003; Kazemi-Shirazi et al. 2007). GGT plays a 

central role in the metabolism of cysteine and glutathione and thus regulates the 

oxidation-reduction state of cells (Lee et al. 2004; Danielsson 2014; Hanigan 2014). 

The serum GGT level rises as a result of chronic alcohol consumption and remains 

elevated for 2–4 weeks after the cessation of alcohol abuse (Andresen-Streichert et 

al. 2018). In the assessment of excessive alcohol drinking it is useful both for 

identifying chronic alcohol abuse and for monitoring sobriety (Whelan 1992; 

Niemelä 2016). On the other hand, GGT is not specific to alcohol abuse, as many 

other factors influence its activity, including obesity, advanced age, multiple types of 

liver disease and some medications (Torruellas et al. 2014). It has been found 

previously that being overweight alone, without the effect of alcohol, may raise GGT 

activity by an average of 20% from normal levels and obesity may do so by 30-40% 

(Alatalo et al. 2008; Danielsson et al. 2014). GGT levels correlate only moderately 

with actual self-reported alcohol intake; r = 0.30–0.40 in men and 0.15–0.30 in 

women (Conigrave et al. 2003). The specificity of serum GGT for detecting alcohol 

abuse in various populations has shown large variations due to a variety of other 

factors that can lead to elevations in its expression (Jastrzębska et al. 2016). 

Alterations in serum GGT concentrations can arise in hospitalized patients for 

various reasons, including pancreatic problems, myocardial disease, renal injury, 

chronic obstructive pulmonary disease, diabetes or the use of medications (Kazemi-

Shirazi et al. 2007), but it has nevertheless been considered a highly useful parameter 

for detecting individuals with heavy alcohol consumption in health screening 

programmes (Jastrzębska et al. 2016).  A single episode of alcohol drinking does not 

usually increase the serum GGT level unless the person has a history of excessive 

alcohol consumption. Drinking patterns have an effect on serum GGT levels but its 

magnitude has remained unclear. Some studies have suggested that regular drinking 

is more likely to elevate GGT levels than binge drinking (Conigrave et al. 2003; 

Jastrzębska et al. 2016), whereas other groups of investigators have found notable 

increases in GGT levels in frequent binge drinkers (Åberg et al. 2017).  

Carbohydrate-deficient transferrin (CDT) is generated as a result of heavy drinking 

through a decrease in the transferrin isoform with four sialic acid chains and a 

corresponding increase in the proportion of transferrin with 0–2 sialic acid chains 

(Stibler and Hultcrantz 1987; Mikkelsen et al. 1998; Niemelä 2016). CDT levels may 

remain elevated for a further 2–3 weeks after the cessation of alcohol consumption 
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(Andresen-Streichert et al. 2018). This marker is especially suitable for monitoring 

treatment in alcoholic patients as it rises in a quite sensitive manner in cases of 

relapse. Unlike the liver enzymes, increased CDT levels in the circulation are rarely 

caused by anything other than excess alcohol consumption (Niemelä 2016). 

The combination marker GGT-CDT has been found to be a still more sensitive and 

specific indicator of excessive alcohol consumption than either of its individual 

components alone. GGT-CDT is calculated by means of the mathematical formula 

GGT-CDT = 0.8 × ln(GGT) + 1.3 × ln(%CDT) (Hietala et al. 2006). GGT-CDT 

returns to normal an average of 2–3 weeks after the cessation of alcohol drinking 

and is well suited for monitoring sobriety. Interpretations must, however, also take 

account of the fact that GGT levels may increase for reasons unrelated to alcohol, 

e.g. liver disease or the use of drugs (Hietala et al. 2006; Niemelä 2016).  

Alanine aminotransferase (ALT) or aspartate aminotransferase (AST) assays are normally 

used as markers to assess the presence or absence of liver disease (see section 

2.8.1.2). In addition to heavy alcohol drinking, the activities of these transaminases 

may be affected by many other factors such as physical exercise, gender, body mass 

index and hepatotoxic medicines (Fallatah 2014). 

Increased mean corpuscular volume (MCV) (macrocytosis) is common among 

subjects with chronic heavy alcohol drinking (Unger and Johnson 1974; Wu et al. 

1974; Morgan et al. 1981; Niemelä 2007). Increased MCV in subjects without 

anaemia is often due to excessive ethanol consumption. Although the analytical 

sensitivity of MCV for detecting harmful drinking is usually less than that of CDT 

or GGT, it is commonly used in combination with these markers. Due to the long 

life span of erythrocytes (120 days), elevated MCV is a useful indicator of chronic 

alcohol consumption, whereas it cannot be used to detect acute ethanol intake or 

relapse (Tavakoli et al. 2011). Macrocytosis may also occur for reasons other than 

alcohol abuse, such as vitamin B12 or folate deficiency and hypothyroidism (Kaferle 

and Strzoda 2009). 
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Table 4.  Characteristics of common biomarkers of alcohol consumption (modified from Torruellas 
et al. 2014; Shukla et al. 2017; Andresen-Streichert et al. 2018) 

Biomarker  
(abbreviation) 

Sensitivity Specificity Searching for 

Phosphatidylethanol  
(PEth) 

88–100% 48–89% Abstinence monitoring 

Ethyl glucuronide (urine) 
(EtG) 

89% 
 

99%  
 

Abstinence monitoring 

Ethyl glucuronide (serum) 
(EtG) 

85% 89% Abstinence monitoring 

Gamma-glutamyltransferase  
(GGT) 

37–95% 18–93% Chronic excessive drinking 

Carbohydrate-deficient 
transferrin  
(CDT) 

46–90% 70–100% Chronic excessive drinking 

GGT-CDT combination  
(GGT-CDT) 

83–90% 95–98% Harmful or heavy alcohol 
consumption 

Mean corpuscular volume 
of erythrocytes  
(MCV)  

40–50% 80–90% Chronic excessive drinking 

Alanine aminotransferase  
(ALT) 

15–40% 50–57% Chronic excessive drinking 

Aspartate aminotransferase  
(AST)  

25–60% 47–68% Chronic excessive drinking 

2.4 Obesity and health 

2.4.1 Indices of obesity 

2.4.1.1 Body mass index 

The body mass index (BMI) is widely used for categorizing underweight, normal 

weight, overweight and obese adults. BMI is calculated as a person’s weight in 

kilograms divided by the square of that person’s height in metres (kg/m2). The World 

Health Organization classifies weight status based on BMI as follows: BMI < 18.50 

kg/m2 (underweight), BMI 18.50–24.99 kg/m2 (normal weight) and BMI ≥ 25 

kg/m2 (overweight). Overweight can be divided into four subgroups: BMI 25–29.99 
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kg/m2 preobese, BMI 30–34.99 kg/m2 obese class I, BMI 35–39.99 kg/m2 obese 

class II and BMI ≥ 40 kg/m2 obese class III (World Health Organization 2000b).     

BMI has been shown to be a rather specific (0.90) but not very sensitive (0.50) 

indicator of excessive body fat (Okorodudu et al. 2010). The interpretations may be 

influenced by variations in muscle mass, so that a higher than average muscle mass, 

for example, will give a higher than average body mass index (Abramowitz et al. 

2018). 

BMI correlates with total fat in the body, whereas it does not distinguish between 

visceral fat, i.e. excess fat in the abdominal and visceral areas, and subcutaneous fat, 

which is less harmful to health. Previous studies have also indicated that BMI 

correlates fairly well with body fat in young and middle-aged individuals, whereas it 

might not be an ideal measure of adiposity in the elderly (Mathus-Vliegen 2012). To 

get a better understanding of the amount and location of fat, it is necessary to 

supplement the BMI with other measurements such as waist circumference (Bigaard 

et al. 2005). 

2.4.1.2 Waist circumference 

While the BMI is most often chosen as an indicator of adiposity in clinical work, 

waist circumference is another useful measure which correlates well with total and 

intra-abdominal fat. The measurement of waist circumference is considered one of 

the most reliable ways of detecting metabolic syndrome, which comprises a cluster 

of metabolic abnormalities such as central obesity, hypertension, a high level of 

triglyserides together with a low level of high-density lipoprotein cholesterol, and 

glucose intolerance (Rinella 2015; Owolabi et al. 2018). 

According to the International Diabetes Federation (IDF) definition, a person 

will be classified as having the metabolic syndrome, if the waist circumference is at 

least 94 cm (men) or at least 80 cm (women) and if at least two of the following 

additional criteria are met: 
1) blood glucose ≥ 5.6 mmol/L or previously diagnosed type 2 diabetes 

2) reduced high-density lipoprotein (HDL) cholesterol; < 1.0 mmol/L (men) or 

< 1.3 mmol/L (women), or specific treatment for low HDL 

3) blood triglyserides > 1.7 mmol/L or specific treatment for elevated 

triglyserides 

4) elevated blood pressure (≥ 130 mmHg/85 mmHg) or treatment for previously 

diagnosed hypertension (Saklayen 2018). 
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By contrast, the WHO criteria for metabolic syndrome do not include waist 

circumference, but do include the waist-hip ratio (> 0.9 for men and > 0.85 for 

women) or BMI (> 30 kg/m2) as an alternative criterion. Other WHO criteria for 

metabolic syndrome are: 

1) reduced high-density lipoprotein (HDL) cholesterol; < 0.9 mmol/L (men) or 

< 1.0 mmol/L (women) 

2) blood triglyserides > 1.7 mmol/L 

3) elevated blood pressure (≥ 140 mmHg/90 mmHg) (Saklayen 2018).  

2.4.2 Obesity-related health problems   

The increasing prevalence of overweight has caused an increasing burden on health 

care during the past decades (Männistö et al. 2012; Finnish Institute for Health and 

Welfare 2018). The prevailing Western lifestyles and dietary overconsumption have 

been suggested as the likely explanations for this phenomenon. Current statistics for 

adult populations show that the rates of obesity have doubled in the past 20 years 

and tripled among children within a single generation. Recent reports further suggest 

that by 2040 as many as half of the adult population in the United States may be 

obese (Brill 2013; Ogden et al. 2014; Preston et al. 2014). In Finland, 72% of men 

who are at least 30 years old are overweight, the corresponding percentage for 

women being 63% (Finnish Institute for Health and Welfare 2018).  

Obesity is a consequence of excess calories from food in the long term relative 

to the body’s energy consumption. Over recent decades energy consumption has 

declined, while the consumption of energy-dense foods has led to a much more 

intense calorie intake. The excess energy is stored as adipose tissue, mainly under the 

skin but also in the abdominal cavity. The reduction in energy consumption is 

primarily due to a more sedentary lifestyle and the reduced need for manual labour. 

Factors contributing to obesity also include the stress associated with a busy life, 

various mental disorders, and impaired sleeping habits. Indeed, increased obesity and 

its associated clinical conditions are currently among the most serious burdens on 

public health throughout the world (Hill et al. 2012; Vandevijvere et al. 2015). 

Individual susceptibility to obesity varies widely and is largely genetically 

controlled, but the amount and quality of food consumed is also influenced by 

acquired habits (Hasselbalch 2010). The cause of genetic obesity is suspected to be 

the impairment of appetite control, although some genetic factors also affect the 

accumulation of adipose tissue in various parts of the body (Loos 2018). It has also 
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been shown that deficiencies in the regulation of emotions may also cause problems 

with eating (Goldschmidt et al. 2017; van Strien 2018). 

Obesity is associated with an increased risk of type 2 diabetes, fatty liver, elevated 

blood pressure, myocardial disease, stroke, osteoarthritis, obstructive sleep apnoea, 

musculo-skeletal disorders and multiple types of cancer (breast, ovarian, prostate, 

liver, kidney and colon cancers, for example) (Finnish Institute for Health and 

Welfare 2018; Blüher 2019). In addition, obesity has been associated with dementia, 

Alzheimer’s disease and a number of psychiatric disorders (Kivipelto et al. 2005; 

Avila et al. 2015; Blüher 2019). Due to the greater risks involved, obesity is also 

associated with a significant decrease in life expectancy (Finnish Institute for Health 

and Welfare 2018; Blüher 2019). 

Studies of the pathogenesis of obesity-related disorders have indicated that, in 

addition to lipid storage, adipose tissue also plays an active role as an endocrine organ 

(Kaur 2014). Adipose tissue contains adipocytes, preadipocytes, and cells with active 

immunological functions, such as macrophages, leucocytes and lymphocytes 

(Halberg et al. 2008). Under conditions of hypoxia due to a reduced blood supply to 

enlarged adipocytes there may be adipocyte cell death and macrophage infiltration 

into the adipose tissue. This may result in the production of proinflammatory 

mediators, adipocytokines and other biologically active mediators of inflammation 

(Trayhurn and Wood 2004; Cinti et al. 2005). The effect on adipose tissue is not 

limited to local inflammation, however, but causes systemic inflammation, which in 

turn can cause dysfunction in various tissues such as the liver (Brunt 2011; Yki-

Järvinen 2014).  

2.4.3 Obesity and the liver 

Obesity is currently one of the most common causes of liver disease throughout the 

world. While there may be notable differences in the prevalence of obesity-induced 

fatty liver disease in various populations, the global prevalence is estimated to be 

around 25% and relatively similar in the U.S. and the European countries (Younossi 

et al. 2016). 

Overweight and obesity are associated with the accumulation of fat (triglycerides) 

in the liver and adipose tissue. Non-alcoholic fatty liver disease (NAFLD) is defined 

by the manifestation of at least 5% hepatic fat content in individuals with no history 

of hazardous drinking (exceeding 30 grams per day in men or 20 grams per day in 

women) and the absence of competing liver disease aetiologies such as chronic viral 
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hepatitis, drug-induced injury or autoimmune hepatitis (Yki-Järvinen 2014; Younossi 

et al. 2016). The clinical presentation of NAFLD ranges from non-alcoholic fatty 

liver (NAFL) to non-alcoholic steatohepatitis (NASH) and cirrhosis (Yki-Järvinen 

2014). NAFLD is often associated with an elevated risk of cardiovascular disease, 

diabetes or metabolic syndrome (Musso et al. 2012).  The prevalence of NAFLD 

and the associated disease burden appear to be continuously increasing (Ofosu et al. 

2018), so that it is essential to introduce more means of disease prevention. 

The most effective treatment for NAFLD is weight loss, since as much as a few 

kilograms of weight loss can markedly reduce the amount of fat in the liver (Musso 

et al. 2012). Physical exercise may also reduce liver fat, even without any notable loss 

of body weight (Yki-Järvinen 2014). It remains unclear, however, as to whether 

patients with NAFLD should be counselled for total alcohol abstinence in order to 

prevent disease progression. Petroni et al. (2019) have recently reviewed the 15 

original studies and three review articles making up the literature concerning 

NAFLD and alcohol intake and concluded that there is a potential for disease 

progression even with low to moderate alcohol consumption. Their work also 

emphasized the association between alcohol intake and an increased risk of cancer, 

particularly in women. 

2.5 Smoking and health  

The situation in Finland is that 16% of men and 11% of women aged 30 years or 

more are smoking daily. Although successful interventions have reduced the 

prevalence of smoking over the past decades, it continues to be one of the most 

significant individual lifestyle risk factors related to mortality, affecting virtually all 

tissues in the body (Finnish Institute for Health and Welfare 2018). Smoking has 

been shown to lead to many adverse health consequences, including chronic 

bronchitis, emphysema and lung fibrosis, myocardial infarction, stroke and 

carcinogenesis in the lungs, upper gastrointestinal tract, pancreas and colon 

(Altamirano and Bataller 2010). Smoking has been estimated to be responsible for 

approximately 4,000 deaths annually in Finland, (Finnish Institute for Health and 

Welfare 2018). 

Cigarette smoking has also been shown to correlate with alcohol consumption 

(Bien and Burge 1990; Volpato et al. 2004), and smoking and alcohol drinking may 

also exert synergistic effects in creating and exacerbating health problems, including 

liver diseases (Altamirano and Bataller 2010; Li et al. 2014). Smoking either alone or 
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especially in conjunction with alcohol consumption elevates the risk of abnormal 

GGT activity (Breitling et al. 2009; Niemelä et al. 2017), and heavy smoking has also 

been shown to lead to a significant loss in life expectancy, which can be accentuated 

further in the presence of other lifestyle-related risk factors (Jha and Peto 2014; Li 

et al. 2014). 

Accordingly, the cessation of smoking may yield significant health benefits: 

persons who stop smoking before 40 years of age having started in early adulthood 

avoid over 90% of the excess risk during their next few decades of life as compared 

with those who continue to smoke, and the corresponding percentage for those who 

quit smoking at the age of 50 is still more than 50% (Jha and Peto 2014). 

2.6 Physical activity and health 

Physical inactivity has been widely recognized as a major lifestyle-related contributor 

to poor health (Sundberg 2016; Warburton and Bredin 2016), and it is evident that 

prolonged sitting time has become an increasingly common habit in our current 

societies. Sedentary behaviour may be associated with a number of adverse health 

outcomes, including cardiovascular problems, diabetes and carcinogenesis. Thus the 

lack of physical exercise increases the risk of premature mortality at the individual 

level and may also lead to a substantial economic burden on society (Chomistek et 

al. 2013; Kyu et al. 2016; Smith et al. 2016; Romero-Gómez et al. 2017; Li et al. 2018; 

Ekelund et al. 2019). On the other hand, regular physical activity yields notable long-

term health benefits, e.g. in reducing hepatic steatosis and improving symptoms of 

insulin resistance (Lawlor et al. 2005; St George et al. 2009; Oh et al. 2015; Kyu et 

al. 2016; Perreault et al. 2017). Moderate to vigorous physical activity has recently 

been shown to improve hepatic steatosis in fatty liver disease through the reduction 

of inflammation and oxidative stress even in those without any notable changes in 

BMI status (Oh et al. 2015). Thus, there may be significant health benefits of exercise 

even before any loss of body weight occurs (Johnson et al. 2012; Sullivan et al. 2012; 

Oh et al. 2015). A recent U.K. biobank-based study concluded that physically active 

individuals have longer life expectancies regardless of the level of adiposity than 

those with low activity levels (Zaccardi et al. 2019). Interestingly, subjects taking 

physical fitness walks at a brisk pace also seem to have longer life expectancies 

independently of the various levels and indices of adiposity than do subjects 

reporting a slow pace of walking (Zaccardi et al. 2019). In addition to physical well-
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being, regular activity appears to improve mental health, emotional, psychological 

and social well-being and also cognitive function (Langhammer et al. 2018).  

2.7 Coffee consumption and health 

Coffee is one of the most widely consumed beverages all over the world. It is known 

to be a rich source antioxidative bioactive compounds, which may be related to 

protection from the hazardous effects of free radicals (Butt and Sultan 2011, Morisco 

et al. 2014; Saab et al. 2014). 

Several studies have suggested hepatoprotective effects of coffee drinking. 

Experimental results have demonstrated that coffee drinking reduces fat 

accumulation and collagen deposition in the liver, and elsewhere it has been reported 

to reduce the fat content of the liver and the severity of fibrosis (Anty et al. 2012; 

Molloy et al. 2012; Morisco et al. 2014). Coffee drinking may also reduce the risks of 

developing liver cirrhosis and hepatocellular carcinoma (Klatsky and Armstrong 

1992; Gallus et al. 2002; Tverdal and Skurtveit 2003; Klatsky et al. 2006; Catalano et 

al. 2010; Birerdinc et al. 2012; Gutiérrez-Grobe et al. 2012; Chen et al. 2014; Saab et 

al. 2014). 

The histologically assessed benefits of a daily coffee intake may, however, be 

dose-dependent (Corrao et al. 2001; Modi et al. 2010), as subjects who consumed at 

least two cups of coffee daily are reported to have shown only half the rate of chronic 

liver disease recorded in those who drank less than one cup of coffee daily (Ruhl and 

Everhart 2005a). 

There have also been reports of an inverse association between coffee 

consumption and serum GGT (Arnesen et al. 1986; Nilssen et al. 1990; Casiglia et 

al. 1993; Nilssen and Førde 1994; Tanaka et al. 1998; Danielsson et al. 2013) and 

ALT activities (Ikeda et al. 2010; Saab et al. 2014). In addition, coffee consumption 

has been associated with lower ALT levels among individuals at risk of developing 

liver injury due to factors such as excess body weight, impaired glucose metabolism 

or alcohol abuse (Ruhl and Everhart 2005b). 

Case-control studies have pointed to an inverse association with insulin resistance 

among coffee drinkers and thus a reduced incidence of type 2 diabetes and 

cardiovascular diseases (Catalano et al. 2010; Gutiérrez-Grobe et al. 2012; Morisco 

et al. 2014; Saab et al. 2014). Moreover, coffee consumption is associated with a 

reduced risk of other chronic diseases such as Parkinson’s disease and 

neurodegenerative diseases (Morisco et al. 2014; Saab et al. 2014). Despite the 
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healthy effects of coffee, its consumption is also associated with a risk of side effects 

such as gastric irritation, anxiety or sleep problems (Nawrot et al. 2003; Freedman et 

al. 2012; Bhatti et al. 2013; Torres and Harrison 2013). 

2.8 Use of biomarkers to assess lifestyle-related health effects 

2.8.1 Liver enzymes 

The common liver enzymes are known to be readily elevated by factors such as 

alcohol intake, excess body weight and smoking, these influences apparently being 

most striking in the case of gamma-glutamyltransferase (GGT) and serum alanine 

aminotransferase (ALT), the activities of which are also commonly used to screen 

for abnormal liver function (Niemelä 2016). It has been suggested that GGT is 

sensitive to alcohol consumption, whereas ALT is frequently elevated in obese 

individuals. In addition to monitoring liver status, however, it should be remembered 

that changes in liver enzyme activities may also be associated with extrahepatic 

conditions, including cardio- and cerebrovascular diseases, tissue deposition of 

triglycerides and insulin resistance (Ruttmann et al. 2005; Kazemi-Shirazi et al. 2007; 

Kim et al. 2008; Niemelä 2016). 

2.8.1.1 Gamma-glutamyltransferase (GGT) 

Serum GGT is traditionally used as an indicator of liver dysfunction and as a marker 

of excessive alcohol consumption (see also section 2.3.2). All forms of liver disease 

increase GGT activity, especially biliary obstruction, whereas mild to moderate 

increases (2–5 times normal) may be seen in patients with fatty liver. Thus GGT can 

be used to a limited extent to screen alcohol consumption in patients with co-existing 

liver diseases or in hospitalized patients (Salaspuro 1999; Niemelä 2007).  

The elevation in serum GGT level that follows a heavy intake of alcohol occurs 

within 1–14 days, whereas normalization of serum GGT levels upon abstinence 

usually takes 2–4 weeks in patients without liver disease. Thus a GGT level that is 

still elevated after several weeks of abstinence is a sign of liver disease (Conigrave et 

al. 2003; Hastedt et al. 2013; Jastrzębska et al. 2016; Niemelä 2016). 

The activation of GGT is associated with the generation of oxidative stress (Lee 

et al. 2004; Kazemi-Shirazi et al. 2007; Takigawa et al. 2008). A major biological 
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function of GGT lies in the maintenance of the intracellular levels of glutathione, 

which is the major antioxidant in mammalian cells, and the metabolism of 

glutathione conjugates (Zhang and Forman 2009). GGT may thus be capable of 

regulating oxidative stress, the development of superoxide ions, hydrogen peroxide 

and unintended oxidation of low-density lipoprotein within the vascular 

endothelium (Emdin et al. 2005). Accordingly, the existing evidence strongly 

suggests that elevated GGT activity may be a biomarker of oxidative stress and 

proinflammatory status in the body (Lee et al. 2004; Danielsson et al. 2014). 

2.8.1.2 Serum aminotransferases (AST, ALT) 

Serum ALT is a transaminase enzyme located in the cytosol of the hepatocytes with 

an essential role in catalyzing the transfer of amino groups to generate products of 

gluconeogenesis and amino acid metabolism. ALT is also present in kidney, heart 

and skeletal muscle cells, while both acute and chronic hepatocellular injuries result 

in increased serum aminotransferase activities. While ALT originates primarily from 

the hepatocytes, aspartate aminotransferase (AST) is found additionally in the heart, 

skeletal muscle tissue, kidneys and brain. As a consequence, serum ALT is a more 

specific marker of liver disease, whereas AST often shows increased activity 

originating from injury to the heart or skeletal muscle (Pratt and Kaplan 2000). 

Increases in serum aminotransferase activity can be traced to a variety of reasons 

such as heavy alcohol intake, excess body weight, viral or autoimmune hepatitis, iron 

overload, muscle diseases, or strenuous exercise (Niemelä 2016). Over half of the 

abnormal aminotransferase findings in Western countries are currently estimated to 

result from obesity and its comorbidities (Kim et al. 2008). Even mild to moderate 

weight gain may be associated with an increase in serum liver enzymes (Alatalo et al. 

2008; Lee et al. 2001). When alcohol consumption and adiposity occur together, an 

increased risk of abnormal ALT activity is seen (Alatalo et al. 2008). Activities 

exceeding the upper normal limits two to three-fold indicate a higher risk of liver 

injury and are common even in moderate drinkers, if they present with overweight. 

In cases of obesity, ALT activities mark ectopic fat deposition, and the values tend 

to decline with weight loss (Luyckx et al. 1998; Tiikkainen et al. 2003; St George et 

al. 2009). The co-occurrence of increased ALT, the deposition of triglycerides and 

liver steatosis has been linked with type 2 diabetes, metabolic syndrome and insulin 

resistance. Like the changes in GGT, ALT levels also seem to be able to predict 

vascular morbidity (Lee et al. 2008; Danielsson 2014; Niemelä 2016; Karaphillis et 

al. 2017). 
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Also in common with GGT activity, ALT activity has been shown to be 

associated with NAFLD (Clark and Diehl 2003; Kotronen et al. 2007; Schindhelm 

et al. 2007; Ghouri et al. 2010). Mild elevations in ALT were found in nearly half of 

a series of NAFLD patients even without any alcohol consumption (Brunt 2004). 

On the other hand, more than half of all NAFLD patients have activities below the 

reference values (Browning et al. 2004; Kotronen et al. 2007).  

2.8.1.3 The AST/ALT ratio 

The combined use of aminotransferases provides a useful clinical tool for examining 

the nature of liver disease. An increased AST/ALT ratio has been considered to 

suggest an alcoholic aetiology (Nalpas et al. 1984; Salaspuro 1987; Sheth et al. 1998; 

Pratt and Kaplan 2000). Alcohol-related deficiency in pyridoxal 5'-phosphate 

(vitamin B6) in patients with more advanced liver disease may reduce ALT serum 

activity and contribute to an increase in the AST/ALT ratio (Diehl et al. 1984). 

Alterations in the relative activities of AST and ALT in alcoholic patients may be 

due to pronounced hepatic mitochondrial damage and skeletal or cardiac muscle 

damage (alcoholic myopathy). (Nalpas et al. 1984), and changes in the relative 

activities of the liver enzymes may also have a predictive value in terms of a disease 

prognosis (Nakanishi et al. 2004; Goessling et al. 2008; Yun et al. 2009; 

Wannamethee and Shaper 2010). An AST/ALT ratio greater than 1, which suggests 

a poor outcome, is a limit that is exceeded in 61% of patients with advanced fibrosis 

and 24% of patients without fibrosis or with early-stage fibrosis at most (Angulo et 

al. 1999; Giannini et al. 2005).  

In hepatocellular injuries variations in serum ALT activity comparable to those 

in AST also depend on the plasma half-lives of the two enzymes: 47±10 hours versus 

17±5 hours, respectively. In acute hepatocellular injury serum ALT activity rises 

more slowly than AST activity, but because of its longer half-life, it may be higher 

after 24–48 hours. Chronic hepatocellular injury usually leads to higher ALT than 

AST activity at the initial stages, until fibrosis progresses. After that the ALT activity 

typically decreases and the ratio of AST to ALT is elevated (Kim et al. 2008).   

2.8.2 Interactions between multiple lifestyle factors and liver enzymes 

It has been shown that smoking and alcohol consumption together have synergistic 

effects on liver enzyme activities (Breitling et al. 2009; Park et al. 2013), and similarly, 
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a relatively low alcohol intake in obese individuals can increase the relative risk of 

hepatotoxicity, fatty changes in the liver and cirrhosis-related mortality (Lau et al. 

2015; Niemelä et al. 2017; Tapper and Parikh 2018; Åberg et al. 2020). Serum 

aminotransferase activities which exceed the reference limits two-fold indicate an 

increased risk of liver injury and are common in moderate drinkers who present with 

overweight (Alatalo et al. 2008). When several risk factors co-occur, they may also 

be expected to lead to more striking elevations in liver enzyme levels (Daeppen et al. 

1998; Lam and Mobarhan 2004; Lawlor et al. 2005; Puukka et al. 2006; Adams et al. 

2008; Alatalo et al. 2008).  

Oxidative stress is a key pathogenic feature involved in health problems that are 

due to both excess alcohol consumption and obesity (Lieber 2004; Wu et al. 2006; 

Alatalo et al. 2008; Bondia-Pons et al. 2012). In this condition there is excessive 

formation of reactive oxygen species (ROS) and reactive nitrogen species (RNS) 

relative to the antioxidant defence capacity (McCord 2000). Under normal 

conditions ROS and RNS are generated constantly through normal oxidative 

metabolic reactions (Miller and Britigan 1997; McCord 2000; Tohyama et al. 2004; 

Naviaux 2012), whereas excessive formation of these free radicals is associated with 

certain disease states (Willcox et al. 2004; Roberts and Sindhu 2009; Chen et al. 2012; 

Zhao and Zhao 2013). Antioxidants (e.g. glutathione, GSH), some vitamins and 

certain enzymes (e.g. catalase, superoxide dismutase and various peroxidases) have 

the function of delaying, preventing or eliminating such noxious events (Willcox et 

al. 2004). 

The composition of the diet may significantly contribute to alcohol-induced liver 

toxicity (Ruhl and Everhart 2005b; Alatalo et al. 2008; Ioannou et al. 2009), and diet 

also plays an important role in the body’s antioxidant defence status (Lindsay and 

Astley 2002; Nordic Nutrition Recommendations 2012 2014). Therefore, a diet 

including berries, fruits and vegetables together with other sources of antioxidants 

has been recommended (Lindsay and Astley 2002). An additional possible dietary 

source of antioxidants is coffee (see section 2.7) (Butt and Sultan 2011, Morisco et 

al. 2014; Saab et al. 2014).  

2.8.3 C-reactive protein (CRP) and lifestyle 

The concentration of C-reactive protein (CRP), an acute-phase inflammatory protein 

synthesized by the liver, rises in a sensitive manner in response to infection, 

inflammation and tissue injury (Stewart et al. 2002), and also in association with many 
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age-related diseases, incident frailty and alcohol consumption (Shah and Paulson 

2016). In addition, other lifestyle habits and conditions that stimulate low-grade 

inflammation in the body are likely to play a role in changes in the circulating levels 

of CRP (Volpato et al. 2004). CRP has also been shown to predict cardiovascular 

events, even in subjects without any atherosclerotic manifestations or conventional 

risk factors (Koenig 2017; Sproston and Ashworth 2018). 

Some studies involving middle-aged or older participants have shown that light 

to moderate alcohol consumption may be associated with lower levels of CRP than 

in individuals with full abstinence or heavy alcohol consumption (Sierksma et al. 

2002; Volpato et al. 2004; Shah and Paulson 2016). According to Volpato et al. 

(2004), the weekly alcohol consumption that resulted in the lowest levels of CRP was 

1-7 drinks, suggesting a J-shaped association between alcohol and CRP levels.   

2.8.4 Lipid status and lifestyle 

Analyses of lipid profiles have been widely used for assessing cardiovascular health 

risks and genetic abnormalities in lipid metabolism. Together with the increasing 

prevalence of obesity and the metabolic syndrome, increasing attention has also been 

given recently to changes in serum lipids as determinants of the metabolic burden 

created by lifestyle factors and excess body weight. The typical components of a lipid 

profile include total cholesterol, low-density lipoprotein (LDL) cholesterol, HDL 

cholesterol and triglyseride levels (Szczygielska et al. 2003; Cugnetto et al. 2008; 

Kawamoto et al. 2011).  

Mean total cholesterol and triglyceride concentrations have been demonstrated 

to be higher in obese individuals than in subjects of normal weight, while their HDL 

cholesterol levels were lower than in both normal weight and overweight individuals 

and no significant difference was observed in the mean concentrations of LDL 

cholesterol (Szczygielska et al. 2003). An effective dietary therapy has been observed 

to change the values of all the components of a lipid profile towards their target 

ranges (Yu-Poth et al. 1999). 

Previous findings have indicated that there is an association between heavy 

alcohol consumption and increased triglyseride levels (de Gaetano et al. 2016), and 

it has also been suggested that this finding may play a role in the increased risk of 

cardiovascular disease in alcohol consumers, alcoholic fatty liver disease and the 

development of pancreatic disorders. By contrast, low to moderate alcohol 

consumption of wine has been thought to lower plasma triglycerides. So far, 
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however, results regarding the relationships and dose-responses between alcohol 

consumption and triglyseride levels have remained inconclusive (Klop et al. 2013). 

2.8.5 Diagnostic assessment of liver disease    

The detection of liver disease and the categorization of its severity can be crucial in 

clinical work in order to choose the optimal treatment, determine the prognosis for 

the patient and monitor the activity of the disease. A liver biopsy has been considered 

the gold standard in such diagnostic assessments and has served as a reference 

method for grading hepatic inflammation and staging hepatic fibrosis. Various 

scoring systems, such as Metavir, have been developed for determining the stage of 

liver fibrosis from liver biopsy samples (Poynard et al. 1997). This is customarily 

based on a five-point scale from F0 to F4 (Goodman 2007): 

F0: no fibrosis  

F1: portal fibrosis without bridges or septa 

F2: few bridges or septa, excludes significant fibrosis 

F3: numerous bridges or septa without cirrhosis, advanced fibrosis  

F4: cirrhosis.  

There are nevertheless some weaknesses associated with liver biopsy sampling 

and its interpretation, such as low specimen representativity, the possibility of errors 

in sampling, inter-observer variation and, since this is an invasive method, the risk 

of complications (Afdhal 2004; Mumtaz et al. 2019). It has been reported that up to 

5% of liver biopsies lead to complications, and in any case, due to its invasive nature 

this method is poorly suited for repeated monitoring (Chrostek and Panasiuk 2014). 

Consequently, novel non-invasive tools and diagnostic algorithms have been made 

available to allow more frequent patient monitoring and more dynamic assessments 

of the disease prognosis (Kotronen et al. 2009; Niemelä and Alatalo 2010; Poynard 

et al. 2012; Chrostek et al. 2019). Such approaches include both imaging techniques 

and combinations of clinical and laboratory markers which are able to reflect fatty 

changes in the liver or the development of fibrosis in a more specific manner 

(Moreno et al. 2019; Avila et al. 2020). Possible scanning techniques include 

ultrasound (US) transient elastography (TE), acoustic radiation force impulse 

imaging, and magnetic resonance spectroscopy (MRS) (De Robertis et al. 2014; 

Moreno et al. 2019). Biological markers reflect the extracellular matrix turnover, the 

products generated during the fibrogenic process or the consequences of liver 

damage or inflammation (Papastergiou et al. 2012; Lombardi et al. 2015; Niemelä 
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2016). The proposed biomarkers also include fibrogenic cytokines, specific 

extracellular matrix components and degradation products and enzymes involved in 

connective tissue metabolism (Lombardi et al. 2015; Niemelä 2016). Such 

approaches have been proposed as being simple, cost-effective and accurate non-

invasive predictors of both alcoholic and non-alcoholic liver diseases. Clinical studies 

to define their feasibility, advantages and limitations have so far been limited, 

however (Avila et al. 2020). 

2.8.5.1 Laboratory indices of fatty liver 

The fatty liver index (FLI) is a non-invasive tool for assessing fatty liver (hepatic 

steatosis) based on an algorithm derived from the body mass index, waist 

circumference and serum GGT and triglyceride levels. The index is calculated as 

follows:  

FLI = (e0.953 × log
e
(triglycerides) + 0.139 × BMI + 0.718 × log

e
(GGT) + 0.053 × waist 

circumference - 15.745) / (1 + e0.953 × log
e
(triglycerides) + 0.139 × BMI + 0.718 × log

e
(GGT) + 

0.053 × waist circumference - 15.745) × 100 

Comparison of the data resulting from FLI and conventional biomarkers of liver 

function with ultrasonography data has shown FLI to be more accurate for the 

identification of fatty liver than imaging or any single conventional biomarker 

(Bedogni et al. 2006; Koehler et al. 2013). The numerical value given by FLI varies 

from 0 to 100, so that fatty liver can be ruled out in cases of FLI < 30, whereas FLI 

≥ 60 indicates that fatty liver is present. Values between these thresholds remain 

inconclusive (Bedogni et al. 2006).   

The liver fat content and associated metabolic aberrations in patients with 

diabetes or metabolic syndrome have been assessed in a non-invasive manner using 

a formula that requires information on metabolic syndrome and diabetes together 

with fasting insulin, AST and the ratio of AST to ALT (Kotronen et al. 2009). When 

using this formula a result of more than 5.6% refers to fatty liver: 

Liver fat (%) = 10(–0.805 + 0.282 × metabolic syndrome (yes = 1, no = 0) + 0.078 × type 2 diabetes (yes 

= 2, no = 0) + 0.525 × log(fS-insulin[mU/L]) + 0.521 × log(fS-AST [U/L]) - 0.454 × log(AST/ALT)) 
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2.8.5.2 Fibrosis scores  

Monitoring the development of fibrosis is clinically important because the presence 

of fibrosis is a major determinant of the prognosis in patients with liver diseases. In 

the early phase of fibrogenesis the changes can be reversible (Sun and Kisseleva 

2015; Lackner and Tiniakos 2019), and several predictive models are available for 

assessing the risk of hepatic fibrosis in liver diseases of various types. 

For patients with non-alcoholic liver disease the NAFLD fibrosis score (NFS) 

has been recommended. This is calculated using readily available clinical data: age, 

body mass index, presence or absence of hyperglycaemia, platelet count, albumin 

level, and the ratio of AST to ALT. The result provides an estimate of the stage of 

fibrosis and thus helps to identify patients with a more severe disease (Angulo et al. 

2007; Rinella 2015). The formula for calculating NFS is: 

NFS = –1.675 + 0.037 × age (years) + 0.094 × BMI (kg/m2) + 1.13 × 

impaired fasting glucose level or diabetes (yes = 1, no = 0) + 0.99 × 

(AST/ALT) – 0.013 × platelet count (109/L) – albumin level (g/dL)  

A score that is less than –1.455 denotes fibrosis stages 0–2 and a score greater than 

0.675 denotes stages 3–4. Results lying between these limits cannot be classified into 

either of the above groups (Angulo et al. 2007). 

The FIB-4 score is also a widely used surrogate marker for liver fibrosis, especially 

for patients with obesity-induced liver disease or viral hepatitis. It may also be useful 

for patients with alcohol-induced liver disease (Chrostek et al. 2019). This algorithm 

is based on serum AST and ALT activities, platelet count and the patient’s age.  

FIB-4 = (age (years) × AST [IU/L]) / (PLT [109/L] × √(ALT [IU/L])) 

 

The AST/ALT ratio is typically high in cases of alcoholic liver injury, because 

AST often shows a more striking elevation (Vonghia et al. 2014) (see section 2.8.1.3), 

while alcoholic hepatitis normally entails a ratio between 1.5 and 2.0 or greater 

(Thiele et al. 2018; Moreno et al. 2019). 

Heavy alcohol consumption can lead to a reduction in blood platelet counts, as 

alcohol interferes with the production of platelets in the bone marrow. The 

simultaneously occurring decrease in platelet counts and increase in serum AST may 

be used to define the AST to platelet ratio index (APRI) (Wai et al. 2003; Fallatah 

2014; Niemelä 2016), which has been proposed as a useful and cost-effective tool 

for predicting fibrosis in alcoholics.  
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APRI = ((AST [IU/L] / ULN) / PLT [109/L]) × 100  

ULN = upper limit of normal 

Chrostek et al. (2019) recently found that APRI is suitable for distinguishing mild 

fibrosis (F0–F1 and F1) from status F0 and cirrhosis ((F3–F4, F4) from status ≤ F3.  

Enhanced liver fibrosis (ELF) is defined in terms of a combination of three serum 

biomarkers: hyaluronic acid (HA), procollagen III amino terminal peptide (PIIINP) 

and tissue inhibitor of metalloproteinase 1 (TIMP-1) (Parkes et al. 2010; Miele et al. 

2017). The ELF score, calculated using the equation  

ELF score = 2.494 + 0.846 ln(CHA) + 0,735 ln(CPIIINP) + 0.391 ln(CTIMP-1),  

has been recommended for detecting advanced fibrosis (≥ F3) and for excluding 

significant fibrosis (≥ F2) (Thiele et al. 2018).  

Fibrotest is a commercially available algorithm that uses the results of several 

laboratory tests (α2-macroglobulin, haptoglobin, γ-glutamyltransferase, bilirubin and 

apolipoprotein A1) together with the patient’s age and gender to generate a score 

which correlates with the severity of fibrosis (Poynard et al. 2004; Chrostek et al. 

2019). Fibrotest has been widely used in Europe and is thought to achieve a high 

diagnostic accuracy in identifying advanced fibrosis and cirrhosis (Chrostek and 

Panasiuk 2014).  

The Forns index is based on three routine blood tests and age, as follows (Forns 

et al. 2002):  

Forns index = 7.811 – 3.131 × ln(PLT [109/L]) + 0,781 × ln(GGT [IU/L]) + 

3.467 × ln(age) – 0.014 × CHOL [mg/dL].  

It has been maintained that this index achieves higher diagnostic accuracies than 

either APRI or the FIB-4 index when monitoring fibrogenesis in alcoholics 

(Chrostek et al. 2019).  
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3 AIMS OF THE RESEARCH  

Health problems which can be attributed to unhealthy lifestyle are common in 

modern societies. Alcohol drinking, excess body weight, smoking and physical 

inactivity are typical such factors and are known to have harmful effects on health, 

leading to abnormal liver function and increased oxidative stress. The early-phase 

interactions between the various risk factors and their dose responses and health 

outcomes have remained poorly known, however. The aims of this research were 

the following: 

1) to examine the levels of biomarkers of liver status, inflammation and lipid 

profiles in a large population-based sample of individuals classified into 

alcohol drinking risk categories, 

2) to compare the joint and individual effects of binge-type drinking and regular 

alcohol consumption on biomarkers of liver status,  

3) to investigate the combined effects of alcohol, smoking, physical inactivity and 

obesity on the biomarkers of liver status (ALT, GGT), inflammation (C-

reactive protein) and lipid metabolism (cholesterol, HDL cholesterol, LDL 

cholesterol, triglycerides), and  

4) to investigate the individual and combined effects of the above lifestyle risk 

factors on the fatty liver index (FLI), a proxy for fatty liver disease.  
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4 MATERIALS AND METHODS 

4.1 Study design, data sources and participants 

The Finnish National Institute for Health and Welfare has been carrying out a cross-

sectional population health survey (The National FINRISK Study) every five years 

since 1972, and the work reported on here is based on data from the 1997, 2002 and 

2007 surveys. The participants in these FINRISK studies involved were selected 

randomly from the population register following an international protocol (the 

World Health Organization MONICA project) with the intention of providing a 

nationally representative age and gender-stratified sample of persons aged 25–74 

years (World Health Organization 1988). The clinical examinations included physical 

measurements (body weight, height and waist circumference) and laboratory tests 

(GGT, ALT, CRP, cholesterol, HDL cholesterol, LDL cholesterol and triglycerides), 

and the survey also included specifically designed and validated questionnaires 

gathering information on current health status, alcohol intake during the past 12 

months, diet, smoking, physical activity, medical history and socioeconomic factors. 

The participants had no apparent clinical signs of liver disease, ischaemic heart 

disease or brain disease or active infection at the time of the survey. Data on alcohol 

intake included information on the types of beverages consumed, the frequencies of 

intake, and the amounts of alcoholic drinks consumed. Ethanol intakes in grams 

were quantified based on the amounts of absolute alcohol (ethanol) contained in the 

various beverages as follows: regular beer 12 grams (1/3 L), strong beer 15.5 grams 

(1/3 L), long drinks 15.5 grams (1/3 L), spirits 12 grams (4 cL), wine 12 grams (12 

cL) and cider 12 grams (1/3 L). 

Smoking was assessed in terms of the number of cigarettes smoked per day and 

daily coffee consumption as the number of cups drunk, both based on a set of 

standardized questions. The frequencies of physical activity and the total time spent 

on this were similarly ascertained using structured questionnaires, so that the 

participants could be classified into the three subgroups:  

1) moderate or vigorous activity (more than 4 hours a week) 

2) light activity (0.5–4 hours a week) 

3) sedentary activity (less than 0.5 hours of physical activity a week).   
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For calculation of the body mass index (BMI, kg/m2), body weights were 

measured in kilograms to one decimal place and body heights in metres to three 

decimal places. Waist circumference was measured between the lowest rib and the 

iliac crest to the nearest 0.5 cm while the participant was exhaling.   

The numbers of participants in Papers I–IV varied from 12,368 to 22,327 

depending on the data available.      

Based on self-reported total alcohol consumption in grams of absolute ethanol 

per day during the past 12 months, the participants considered in Paper I were 

categorized into five risk levels according to the current World Health Organization 

criteria as follows: 

1) abstinence, i.e. to non-drinkers, 

2) low risk level, consumption from 1 to 40 grams of absolute alcohol (men) or 

from 1 to 20 grams (women), 

3) medium risk level, consumption from 41 to 60 grams (men) or from 21 to 40 

grams (women), 

4) high risk level, consumption from 61 to 100 grams (men) or from 41 to 60 

grams (women), and 

5) very high risk level, consumption more than 100 grams (men) or more than 

60 grams (women). 

In Paper II the participants were categorized into subgroups according to both 

the amount of regular drinking (low, medium and high risk) and the frequency of 

binge drinking, as follows: 

1) low-risk drinking (1–40 grams of absolute alcohol for men, 1–20 grams for 

women) with no binge drinking, 

2) low-risk drinking with binge drinking once a month or less, 

3) low-risk drinking with binge drinking more than once a month, 

4) medium-risk drinking (41–60 grams for men, 21–40 grams for women) with 

binge drinking once a month or less, 

5) medium-risk drinking (41–60 grams for men, 21–40 grams of for women) with 

binge drinking more than once a month 

6) high-risk drinking (61–100 grams for men, 41–60 grams for women) with 

binge drinking once a month or less 

7) high-risk drinking (61–100 grams for men, 41–60 grams for women) with 

binge drinking more than once a month. 

Binge drinking was specified as a drinking pattern which consists of consuming 

large quantities of alcohol in a single session, the lower limits being defined as 60 

grams of absolute ethanol for men and more than 40 grams for women within a 
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relatively short period of time. Such consumption typically results in a blood alcohol 

concentration (BAC) of 0.08 g/dL (= 0.8‰) or higher. The data on the frequency 

of binge episodes were used to divide the participants to subgroups of those without 

binge drinking and those with given intensities of binge episodes. 

In Papers III–IV the data on the various determinants of lifestyle, including 

alcohol consumption, smoking, BMI status and physical activity, were scored for low 

risk (= 0), medium risk (= 1) and high risk (= 2) as shown in Table 5: 

Table 5.  Categorization of subjects according to lifestyle-related risk factors 

Lifestyle factor 0 (low risk) 1 (medium risk) 2 (high risk) 

Alcohol 
consumption 

no consumption 1–14 standard 
drinks/week (men) 
1–7 standard 
drinks/week (women) 

> 14 standard 
drinks/week (men) 
> 7 standard 
drinks/week (women) 

Smoking no smoking 1–19 cigarettes/day ≥ 20 cigarettes/day 

BMI status < 25 kg/m2 ≥ 25 and < 30 kg/m2 ≥ 30 kg/m2 

Physical activity > 4 hours/week 0.5–4 hours/week < 0.5 hours/week 

The total risk factor score was the sum of the above scores (maximum = 8, indicating 

an extremely unhealthy lifestyle). 

4.2 Ethical aspects 

All the research described as having taken place within the present work was 

conducted in accordance with the Declaration of Helsinki and the ethical rules of 

the National Public Health Institute of Finland. Approval for the work was received 

from the Coordinating Ethics Committee of the Helsinki Hospital District.  

4.3 Blood sampling and laboratory measurements 

Venous blood samples were taken into vacuum blood collection tubes after at least 

four hours of fasting. The samples were centrifuged at the survey site 20–30 minutes 

after sample collection. In the 1997 and 2002 surveys total serum cholesterol, high-

density lipoprotein (HDL) cholesterol, triglycerides, GGT, and C-reactive protein 

were determined from fresh serum samples. The transport of these fresh samples 

was possible as the parameters concerned are known to be stable for prolonged 
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periods even at room temperature (Cuhadar et al. 2012; Hedayati et al. 2020). The 

ALT determinations were performed on frozen samples. In 2007 the sera separated 

from centrifuged samples were frozen immediately at the survey site and transported 

on dry ice to the laboratory for analysis. Parts of some of the samples were used for 

analytical comparisons to ensure repeatability of the data between the assays carried 

out using fresh and frozen samples. 

The biochemical parameters were measured in the laboratory of the National 

Public Health Institute of Finland in Helsinki using standard methods approved for 

clinical chemistry. The principles of the analytical methods remained the same 

throughout the research. The serum liver enzymes ALT and GGT were measured 

by standard kinetic methods using an Optima analyser (Thermo Electron 

Corporation, Waltham, Massachusetts, USA) in 1997 and 2002, and an Abbott 

Architect c8000 clinical chemistry analyser (Abbott Laboratories, Abbott Park, IL, 

USA) in 2007. High-sensitivity CRP (hs-CRP) was determined using a latex 

immunoturbidimetric assay (Orion Diagnostica, Espoo, Finland, in 1997 and 2002, 

and Sentinel Diagnostics, Milan, Italy, in 2007). The detection limit for the high-

sensitivity CRP (hs-CRP) used as a biomarker of inflammation was 0.2 mg/L and 

the mean intra-and inter-assay coefficients of variation for CRP were 1.6% and 1.7%, 

respectively. A systematic comparison of the analytical data between the samples 

from the different years was performed in each of the later years to ensure the 

repeatability of the results. The lipid profiles included assays for serum total 

cholesterol, high-density lipoprotein-cholesterol (HDL) and total triglycerides, 

which were measured by standard enzymatic methods: the CHOD-PAP method for 

total cholesterol, the direct enzymatic method for HDL cholesterol and the GPO 

method for triglycerides (Thermo Electron Corporation, Waltham, Massachusetts, 

USA, in 1997 and 2002, and Abbott Laboratories, Abbott Park, IL, USA, in 2007). 

The low-density lipoprotein cholesterol (LDL) results were calculated using 

Friedewald’s formula: LDL = Chol – HDL – 0.45×trigly. The requirement for using 

this formula is that the triglyceride value should not exceed 4.5 mmol/l (Friedewald 

et al. 1972). 

All the laboratory tests were subject to continuous external quality control 

programmes as organized by Labquality, Finland, and the CDC (Center for Disease 

Control and Prevention) quality assurance and standardization programme for 

serum lipids. The previously established national cut-offs for the biomarkers were as 

follows: ALT (50 U/L men; 35 U/L women), GGT (60 U/L men; 40 U/L women) 

(Danielsson et al. 2014; Niemelä and Danielsson 2015; Eskelinen 2016a; Eskelinen 

2016b), CRP (3.0 mg/L) (Eskelinen 2016c), cholesterol (5 mmol/L), HDL 
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cholesterol (1.0 mmol/L men, 1.2 mmol/L women), LDL cholesterol (3.0 mmol/L), 

triglycerides (1.7 mmol/L) (Dyslipidemiat: Current Care Guidelines, 2020). 

The fatty liver index (FLI) algorithm based on BMI, waist circumference, 

triglycerides and GGT, was calculated according to the following formula (Bedogni 

et al. 2006):  

 

FLI = (e0.953 × log
e
(triglycerides) + 0.139 × BMI + 0.718 × log

e
(GGT) + 0.053 × waist circumference - 15.745): (1 

+ e0.953 × log
e
(triglycerides) + 0.139 × BMI + 0.718 × log

e
(GGT) + 0.053 × waist circumference - 15.745) × 100. 

FLI scores below 30 rule out fatty liver, scores between 30 and 60 remain 

inconclusive, whereas scores of 60 and above indicate that fatty liver is present. 

4.4 Statistical methods 

The main characteristics of the groups under investigation are shown in terms of a 

mean ± standard deviation (SD) and were compared using the analysis of variance 

(ANOVA). Due to the skewed distribution of the laboratory values, a logarithmic 

transformation was performed prior to analysis (II, IV).  The potential linear or 

quadratic trend in mean values across ordered groups was evaluated using the trend 

test available in ANOVA (I–IV). The analysis of covariance (ANCOVA) was used 

to control for confounders (II). The presence of a linear trend in proportions was 

evaluated by means of the Chi-square test for a trend (I, III, IV). The Breslow–Day 

test was used to assess whether the effect of binge drinking was homogenous across 

the various BMI categories (II). Binary logistic regression was used to estimate the 

relative risk of dichotomous outcomes associated with the variable of interest and 

the covariates (I–III), and multinomial logistic regression was used in the case of a 

three-class outcome (IV). Potential multicollinearity among the covariates was 

examined by calculating the Variance Inflation Factor (VIF). The estimated risks are 

presented as odds ratios (OR) with 95% confidence intervals (95% CI). A likelihood 

ratio test was performed between the multivariate logistic regression models to 

evaluate the individual impact of the lifestyle risk factors studied here as predictors 

of an abnormal FLI (IV). Spearman’s rank correlation coefficient was used for the 

correlation analyses (II, III, IV). All the analyses were carried out with IBM SPSS 

Statistics 22.0 and 24.0 (Armonk, NY: IBM Corp.). 
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5 RESULTS 

5.1 Biomarkers and risk drinking levels (Paper I) 

The series discussed in this publication included a total of 22,327 participants (10,724 

men and 11,603 women), of whom 9.3% of the men were abstainers, 80.6% low risk 

drinkers, 5.4% moderate risk drinkers, 3.1% high risk drinkers and 1.6% very high 

risk drinkers. The corresponding percentages among the women were 14.7%, 79.0%, 

4.6%, 1.0% and 0.7%. For both genders the prevalence of cigarette smoking was 

found to vary in parallel alcohol consumption (Figure 2) (p < 0.001 for both 

genders). Thus, while the male abstainers smoked an average of 2.5 cigarettes a day, 

their very high risk drinking counterparts smoked an average of 12.9 cigarettes, the 

corresponding figures for the women being 1.0 and 10.3 cigarettes.  

 

 

Figure 2.  Smoking (cigarettes per day) in subjects with different levels of alcohol drinking 

The distributions of abnormal GGT, ALT, cholesterol and HDL levels were found 

to be significantly associated with drinking status. In both genders the occurrence of 

abnormal GGT and ALT findings was found to increase in a more or less linear 
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manner as a function of alcohol drinking status, and a significant association was 

also found in the rates of abnormal CRP values in men.  

The data on the odds ratios (OR) of abnormal biomarker findings across the 

different drinking categories after adjustment for age, waist circumference, physical 

activity, smoking and coffee consumption indicated that the low risk drinkers (p < 

0.0005 for men; p < 0.01 for women), moderate risk drinkers (p < 0.0005 for both 

genders), high risk drinkers (p < 0.0005 for both genders) and very high risk drinkers 

(p < 0.0005 for both genders) all showed significantly higher ORs for abnormal 

GGT activities as compared with the abstainers. In the case of ALT the relative risks 

of abnormal activities were significantly increased in all the alcohol consumption 

groups except for the low risk drinkers among the men and the low to medium risk 

drinkers among the women, while with regard to the serum lipid profiles, alcohol 

drinking was associated with lower odds for HDL values lying outside the target 

range, whereas increased risks were observed in serum cholesterol and LDL in men, 

although not in women. 

5.2 Biomarkers and drinking patterns (Paper II) 

For insights into possible links between liver enzyme activities and drinking patterns 

we analysed data from 19,225 subjects (9,492 men, 9,733 women) classified 

according to their drinking status and numbers of binge drinking episodes. Of the 

men in this series, 90.6% were low-risk drinkers, 6.0% moderate-risk drinkers, and 

3.4% high-risk drinkers, while the corresponding percentages among the women 

were 93.8%, 5.1%, and 1.1%. The participants were further divided into subgroups 

according to the frequencies of their binge drinking episodes, again considering the 

genders separately. Smoking status (p < 0.001 for both genders) and heavy drinking 

episodes (p < 0.001 for both genders) were associated with higher levels of total 

alcohol intake (Figure 3), while age was found to be inversely correlated with the 

number of heavy drinking episodes (p < 0.001 for both genders). The activities of 

the liver enzymes were found to increase in a fairly linear manner as a function of 

total regular alcohol consumption, with the individuals regularly consuming the 

highest quantities of alcohol showing the highest enzyme activities. 

 



 

64 

 

Figure 3.  Distributions of findings in subjects classified according to their alcohol consumption, binge 
drinking (BDE = binge drinking episode) and smoking 

The findings regarding GGT activities across the subgroups indicated significant 

increases in association with increasing frequencies of binge drinking episodes to be 

seen in both genders (p < 0.0005), while for ALT the same observation was made 

among the men but not the women. Separate comparisons between the groups with 

binge episodes and those not reporting any such episodes pointed to a significant 

increase in GGT and ALT already in the men reporting heavy drinking episodes 2–

3 times per year (p < 0.05 for both comparisons) and a more notable increase in 

those with such episodes at least once a month (p < 0.0005 for both GGT and ALT). 

Among the women a significant increase in GGT values was noted in the subgroups 

reporting heavy drinking episodes once a week and those who had these episodes 

more often (p < 0.0005).  

When the data was examined according to both total alcohol consumption and 

the frequency of heavy drinking episodes the activities of the liver enzymes were 

found to increase in a more or less linear manner as a function of total regular alcohol 

consumption, the individuals with the highest total ethanol intake showing the 

highest enzyme activities. Furthermore, drinking patterns were found to influence 

the liver enzyme activities in the sense that the subjects with low-risk total alcohol 
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consumption who reported heavy drinking episodes more than once a month 

showed elevated GGT (p < 0.0005) and ALT (p < 0.0005) activities significantly 

more often than did those who did not report any binge episodes.  Episodes of heavy 

drinking once a month or less were also associated with GGT (p < 0.0005) and ALT 

(p < 0.05) values that were significantly higher than in those subjects without any 

such episodes. No such differences were evident in the subgroups representing 

medium or high risk drinkers. 

When the odds ratios among the low risk drinkers were compared between those 

reporting no episodes of binge drinking and those reporting binge drinking episodes, 

GGT (p < 0.0005 for both genders) and ALT (p < 0.02 for men) indicated 

significantly higher odds on exceeding the upper thresholds in these enzyme 

activities if one had a history of binge drinking. The comparison of CRP levels 

showed slightly higher figures in low risk drinkers with binge drinking (1.36; 1.29–

1.44 mg/L) than in those without (1.25; 1.17–1.34 mg/L) (p < 0.05). No similar 

effect on CRP levels was observed in women.  

5.3 Biomarkers and lifestyle risk factors (Paper III) 

The series included 22,273 participants (10,561 men, 11,712 women) aged 25–74 

years from the National FINRISK Study. These data on alcohol consumption, 

smoking, body weight, and physical activity had been gathered from structured 

interviews and were used here to establish risk scores for the various life style factors 

on a scale of 0–8. Higher levels of alcohol consumption, adiposity, smoking and 

physical inactivity were found to characterize the individuals with high risk scores. 

The highest mean ages were noted in the middle portion of the risk score categories 

(p < 0.0005 for both genders). Interestingly, coffee consumption was also found to 

increase with increasing risk factor scores in both men and women (p < 0.0005 for 

a linear trend in both genders).   

Consistent dose-response relationships were observed between the number of 

unfavourable risk factors and GGT, ALT, CRP and lipid status (Figures 4 and 5). 

The occurrence of abnormal findings for each laboratory parameter was found to 

increase as a function of risk score status in a more or less linear and significant 

manner (p < 0.0005 for all comparisons).  
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Figure 4.  Proportions (%) of biomarker findings exceeding the reference values or target ranges in 
males, classified according to the number of lifestyle-associated risk factor scores (x-axis) 

 

 

Figure 5.  Proportions (%) of biomarker findings exceeding the reference values or target ranges in 
women, classified according to the number of lifestyle-associated risk factor scores (x-axis) 

The multivariable analyses of the relative risks of abnormal biomarker findings 

among the risk categories indicated that the biomarkers of liver status, inflammation 

and lipid profiles were all found to show significant associations with the number of 

risk scores as compared with the participants having zero risk factors. The most 
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striking increases in ORs in the group with the highest numbers of risk factors were 

observed for men in serum GGT: 26.6 (12.4–57.0), ALT: 40.3 (5.3–307.8), CRP: 

16.2 (7.8–33.7) and serum triglycerides: 14.4 (8.6–24.0).  

The closest correlations between the numbers of unfavourable risk factors and 

the laboratory tests were observed for serum GGT (rs = 0.381 for men; rs = 0.311 

for women); ALT (rs = 0.252 for men; rs = 0.166 for women), CRP (rs = 0.308 for 

men; rs = 0.293 for women) and serum triglycerides (rs = 0.274 for men, rs = 0.258 

for women) (p < 0.0001 for all comparisons).  

5.4 Lifestyle risk factors and the fatty liver index (FLI) (Paper IV) 

The association between lifestyle risk factors and FLI was studied in a population 

including 12,368 participants aged 25–74 years classified according to each of the 

lifestyle risk factors (alcohol consumption, smoking, adiposity and physical activity), 

as explained in Paper III.  

The proportions of individuals with FLI ≥ 60 (indicating that fatty liver was 

present) in the subgroups with different levels of lifestyle risk factor scores are 

summarized in Table 2 of Paper IV. Distinct dose-response relationships were 

observed between the number of unfavourable risk factors and FLI levels in all the 

comparisons. In those with zero risk factors a FLI below 30 (ruling out fatty liver) 

was observed in 87.5% of men and 98.5% of women, whereas an increase in the 

amount of risk factors was found to lead to a sharp increase in the prevalence of FLI 

60 or above, suggesting fatty liver, in both genders. The FLI changes, when adjusted 

for BMI, appeared to be more striking among the men (Table 6).  

Table 6.  Percentages of observations among subjects classified according to FLI and lifestyle 
risk factor scores adjusted for body mass index (BMI) 

 FLI 0 1 2 3 4 5 6 7–8 

Men ≥ 60 2.5 6.3 20.1 41.0 51.3 63.9 68.1 84.4 

 30–60 10.7 27.9 38.6 34.9 29.7 22.7 22.6 11.1 

 < 30 86.8 65.8 41.2 24.2 19.0 13.4 9.3 4.5 

Women ≥ 60 0.0 0.3 4.5 16.8 33.2 40.8 49.8 76.8 

 30–60 1.6 7.3 15.1 25.6 29.8 27.0 29.5 21.0 

 < 30 98.4 92.4 80.5 57.6 37.0 32.2 20.7 2.2 
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The rates of abnormal results in this population when classified according to their 

risk factor scores were also compared when alcohol consumption, smoking and 

physical inactivity were taken as independent components of the risk factor 

classification (score range 0–6). By comparison with those having zero risk factors, 

a significant increase in the occurrence of abnormal FLI was found in those with 

one or more risk factors in both genders (p < 0.0005 for all comparisons). The data 

obtained from the multinomial logistic regression analysis after adjustment for BMI, 

age and coffee consumption, further showed that risk score status was associated 

with significant increases in the OR for FLI 60 and above in both genders in the 

groups with one or more risk factors. The most striking influences on the likelihood 

of the occurrence of an abnormal FLI were observed in the case of a lack of physical 

activity (p < 0.0005 for both genders) and in that of alcohol consumption in men 

(14 drinks per week) (p < 0.0005). 

Among the various parameters studied here, significant correlations with FLI 

emerged in the case of serum ALT (rs = 0.512 for men; rs = 0.322 for women) and 

CRP (rs = 0.429 for men; rs = 0.479 for women) (p < 0.001 for all comparisons).  
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6 DISCUSSION 

6.1 Biomarkers of liver function, inflammation and lipid status in 
the WHO risk drinking categories 

Distinct relationships between alcohol intake and abnormalities in common 

laboratory tests were demonstrated in Paper I in individuals classified according to 

the recently established WHO risk drinking categories. Such data may prove to be 

useful when using these categories for clinical assessments of alcohol-drinking 

patients and also when making public health recommendations on these matters.  

The results indicated that the risk of abnormal liver enzyme activities, especially 

in the case of GGT, increase with increasing alcohol consumption in almost a linear 

manner, even in participants with fairly moderate levels of drinking. Recent reports 

on patients classified according to the WHO risk drinking levels have indicated that 

any reduction in risk level may lead to clinical improvement (Hasin et al. 2017; 

Witkiewitz et al. 2017a; 2017b). This is important because for many alcohol users a 

reduction in alcohol intake would be preferable to complete abstinence (Hasin et al. 

2017). Changes in laboratory biomarkers could then prove useful for detecting shifts 

in risk drinking categories at the individual level. 

The current data also support previous findings based on liver enzyme changes 

(Niemelä et al. 2017) or all-cause mortality (Wood et al. 2018) indicating that the 

thresholds for low-risk alcohol consumption in many national guidelines are at too 

high a level (over 100 grams per week). Previous analyses on patterns of alcohol-

attributable health risks have traditionally yielded different types of dose-response 

curve. Although the relationships between heavy alcohol consumption and a wide 

variety of chronic diseases have been well established, there has been controversy 

regarding the health effects of light to moderate alcohol consumption, which has 

even been thought to have protective effects against cardiovascular disease (Di 

Castelnuovo et al. 2006). More recent studies, however, have not been able to 

demonstrate any health benefits when weekly alcohol consumption exceeds 100 

grams, which is equivalent to about eight standard drinks per week (Holmes et al. 

2014; Klatsky 2015; Sipilä et al. 2016; Stockwell et al. 2016; Niemelä et al. 2017; 
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Topiwala et al. 2017; Wood et al. 2018). It should also be noted that light to moderate 

drinking has recently been linked to an increased risk of carcinogenesis in various 

tissues (Bagnardi et al. 2013; Cao et al. 2015; Choi et al. 2018), cognitive decline 

(Topiwala et al. 2017; Schwarzinger et al. 2018), heart problems (Catena et al. 2016; 

McManus et al. 2016) and all-cause mortality (Sipilä et al. 2016; Wood et al. 2018). 

The assessment of health risks and appropriate alcohol consumption at the 

individual level should also take into account possible gender differences in 

biomarker responses. Liver enzyme activities in women increase in response to 

smaller amounts of alcohol than those in men, but women appear to be less sensitive 

than men to changes in inflammation status. The pathogenic mechanisms associated 

with such divergent disease associations remain unknown (Holmes et al. 2014). It 

has been suggested previously that the cardiovascular effects of alcohol consumption 

may be mediated by the diverse effects of alcohol on blood lipid profiles and 

inflammation status (Libby et al. 2009; Moradi et al. 2017; Ridker et al. 2017), and 

there may also be a mechanistic link between lipid metabolism, fatty liver and 

atherosclerosis, since GGT is an enzyme that is able to fuel LDL oxidation in 

coronary plaques (Kozakova et al. 2012). Interestingly, current data suggest that 

serum CRP, a marker of inflammation, is increased among men with rather moderate 

levels of alcohol consumption, especially when occurring together with excess body 

weight or a sedentary lifestyle. Thus even low to moderate alcohol consumption 

could increase the risk of triglyceride accumulation in tissues, insulin resistance and 

adverse vascular events in obese individuals (Ruttmann et al. 2005; Kuulasmaa et al. 

2006; Lee et al. 2006; Targher et al. 2007; Lee et al. 2008; Fraser et al. 2009; Ghouri 

et al. 2010; Kozakova et al. 2012; Tsai et al. 2012; Lau et al. 2015). Since serious 

alcohol consumption often co-exists with obesity in real life situations, the 

synergistic health problems occasioned by these two triggers may be expected to 

occur in an increasing manner, so that separate drinking reduction goals would 

obviously be justified for such individuals (Åberg and Färkkilä 2020). 

6.2 Liver enzymes in alcohol consumers with or without binge 
drinking 

While regular excessive alcohol consumption is known to lead to addiction and 

substantial health loss, comparisons of the health effects brought about by a 

combination of repeated episodes of heavy drinking bouts and regular alcohol 

consumption have been limited. As demonstrated in Paper II, bouts of binge 
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drinking may lead to increased activities of liver-derived enzymes even in individuals 

with low risk overall alcohol consumption. This observation should also be 

considered in health guidelines related to alcohol drinking and in efforts aimed at 

population-level reductions in alcohol consumption. 

Recent findings resulting from large international collaborations have indicated 

that all-cause mortality increases significantly when regular alcohol consumption 

exceeds 100 grams (~8 drinks) per week (GBD 2016 Alcohol and Drug Use 

Collaborators 2018; Wood et al. 2018). In the light of the present data the frequency 

of binge episodes should also be recorded in a more systematic manner in the follow-

up of patients with alcohol problems. Those engaging in heavy drinking bouts appear 

to show increased activities of both GGT and ALT, and it remains to be established 

whether these increases could also be related to higher odds ratios for the typical 

adverse health outcomes described previously in binge-drinking populations 

(Kazemi-Shirazi et al. 2007; Sundell et al. 2008; Hillbom et al. 2011).    

The present results also raise the interesting question of whether previous 

contradictory research findings on the health effects of low to moderate alcohol 

consumption could be explained by drinking patterns. The effects of alcohol 

consumption on health have typically been studied using dose-response curves, 

without considering the drinking pattern, and interestingly, possible beneficial health 

effects of low to moderate alcohol consumption have been reported mainly in 

societies with a low prevalence of binge drinking (Renaud and de Lorgeril 1992; Di 

Castelnuovo et al. 2006). Several studies of populations following Mediterranean 

diets, for instance, have assigned cardio-protective properties to light to moderate 

drinking habits (Di Castelnuovo et al. 2006), whereas a number of studies based on 

other types of population have found no evidence of such benefits (Holmes et al. 

2014; Klatsky 2015; Sipilä et al. 2016; Stockwell et al. 2016; Niemelä et al. 2017; 

Topiwala et al. 2017; Wood et al. 2018).  

The current data underscore the need for more attention to be paid to binge 

drinking in alcohol control policies. Elevated activities of liver enzymes may require 

closer examination and evaluation of the reasons for the increases even though the 

changes may occur within the current reference ranges. In addition to hepatic health 

risks, the monitoring of liver enzyme activities may also be useful for identifying 

extrahepatic risks, including risks of cardio- or cerebrovascular events and metabolic 

syndrome (Ruttmann et al. 2005; Kazemi-Shirazi et al. 2007; Kim et al. 2008; Ruhl 

and Everhart 2009; Niemelä 2016). A systematic use of liver enzyme measurements 

in addition to alcohol self-reports may facilitate the monitoring of treatment aimed 

at the reduction of drinking and the early identification of possible tissue toxicity. 
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For the patient, laboratory measurements concretize the consequences of reducing 

alcohol use for health status, and may thus provide an incentive for aiming at this 

goal.  

Current research has indicated that binge drinking seems to increase the activities 

of liver enzymes in a more pronounced manner in men than in women, and similarly, 

CRP appears to rise slightly more sensitively in men, although it has previously been 

suggested that the immune and inflammatory consequences of binge drinking may 

be more notable among women (Orio et al. 2017; Pascual et al. 2017). While the 

primary mechanisms underlying such observations remain unknown at this time, it 

is possible that alcohol stimulates oxidative stress and inflammatory responses in a 

gender-dependent manner (Finkel and Holbrook 2000; Zhang and Forman 2009). 

GGT plays a pivotal role in the metabolism of glutathione (GSH), and elevated 

activities could be related to an attempt to maintain intracellular GSH levels during 

oxidative stress, which could also be considered a protective mechanism against 

alcohol toxicity (Speisky et al. 1990; Emdin et al. 2005; Zhang and Forman 2009). 

Women, however, actually seem to show elevated liver enzyme activities following a 

smaller total alcohol consumption. Women are also known to be more vulnerable to 

alcohol addiction, alcohol-induced liver disease and central nervous system effects 

(Liu et al. 2010; Hillbom et al. 2011; Alfonso-Loeches et al. 2013; Schwarzinger et al. 

2018).  

The present results also indicate that those who engage frequently in binge 

drinking are younger than those with a low number of such episodes. Another clear 

difference between the subgroups examined was smoking, for as the frequency of 

binge drinking increased, the prevalence of smoking was also found to increase. This 

result is consistent with previous research showing that binge drinking and smoking 

co-occur, especially in young adults (Harrison et al. 2008; Woolard et al. 2015). Thus 

it can be assumed that if a patient consciously aims to reduce the frequency of either 

binge drinking or smoking, the other unfavourable lifestyle risk factor will also 

decrease, which could lead to a reduced risk of hepatotoxicity (Breitling et al. 2009; 

Park et al. 2013).   

6.3 Biomarkers and combined lifestyle factors  

Paper III pointed to previously unrecognized relationships between the total sum of 

lifestyle risk factors and certain biomarker abnormalities which may also prove to be 

useful for planning public health recommendations. The parameters chosen for the 
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comparisons were conventional and readily available laboratory tests for assessing 

liver status, inflammation and lipid profiles, and the outcome was that typical 

pathophysiological features associated with lifestyle and disease risks seem to be 

those involving chronic inflammation, oxidative stress and altered fatty acid 

metabolism (Danielsson 2014; Oh et al. 2015; Zheng et al. 2017). The data showed 

that there was an almost linear relationship between the biomarker abnormalities and 

the total sum of lifestyle risk factors, supporting the view that profound health 

benefits could be achieved by adopting a healthy lifestyle. In the light of recent 

observations this may also be expected to lead to prolonged residual life expectancy 

(Li et al. 2018) and a reduced disease burden (Li et al. 2014; Manuel et al. 2016; 

Rutten-Jacobs et al. 2018). Laboratory tests could be used in routine clinical practice 

as tools for motivating patients to achieve a more favourable lifestyle and to aim at 

long-term maintenance of the lifestyle modifications suggested by clinicians. 

The main individual determinants of a healthy lifestyle include alcohol drinking 

in moderation, weight control, avoidance of smoking, and regular physical exercise 

(Romaguera et al. 2011; Li et al. 2014; Manuel et al. 2016; Li et al. 2018). Previous 

studies on the assessment of alcohol consumption as a lifestyle risk factor have 

concluded that regular alcohol drinking in amounts exceeding 8 standard drinks per 

week would lower the residual life expectancy at the age of 40 years by 0.5 years, 

while 30 drinks per week would leading to a loss of 4–5 years (Li et al. 2014; Manuel 

et al. 2016; Wood et al. 2018). In individuals with excess body weight even smaller 

levels of alcohol consumption would increase the relative risk of health problems 

(Lau et al. 2015; Niemelä et al. 2017; Åberg and Färkkilä 2020).  

Synergistic effects of smoking and alcohol consumption in increasing liver 

enzyme activities have also reported (Breitling et al. 2009; Park et al. 2013), and Li et 

al. (2014) have shown a significant loss of residual life expectancy associated with 

smoking, amounting to 9.4 years for men and 7.3 years for women among heavy 

smokers (over 10 cigarettes per day). In fact the loss of residual life expectancy was 

even more remarkable when combined impacts of heavy smoking, obesity, heavy 

alcohol drinking and high consumption of processed or red meat were studied, as 

these taken together shortened residual life expectancy by 17.0 years in the case of 

men and 13.9 years in women relative to persons who adopted a healthy lifestyle. 

Similar conclusions on the smoking-induced reduction in estimated life expectancy 

have also been reported elsewhere (Tamakoshi et al. 2010; Jha and Peto 2014).  

Recent findings have been interpreted as suggesting that lifestyle intervention 

could be highly effective when treating patients with liver problems (Oh et al. 2015; 

Romero-Gómez et al. 2017; Teeriniemi et al. 2018), there is a likelihood that a wide 
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variety of other clinical conditions such as heart diseases, diabetes or cancer may also 

be driven by lifestyle to a significant extent (Tamakoshi et al. 2009; Li et al. 2014; 

Manuel et al. 2016; Li et al. 2018). Thus it may be expected that systematic 

measurements of biomarkers reflecting liver status, inflammation and lipid profiles 

could also be helpful in the comprehensive assessment of patients presenting with 

lifestyle risk factors.  

Laboratory tests of liver function, inflammation and lipid status could also be 

useful in elucidating the mechanisms behind the adverse effects of various 

behavioural phenotypes. It has been suggested previously that hepatic and 

extrahepatic disease outcomes share certain pathogenic mechanisms, as supported 

by findings indicating that the enzyme GGT is able to fuel LDL oxidation in 

coronary plaques (Kozakova et al. 2012), and in accordance with this, alcohol and its 

reactive metabolites are known to exert toxic effects on virtually all tissues and even 

relatively low levels of chronic drinking may increase the risk of carcinogenesis 

(Bagnardi et al. 2013; Cao et al. 2015; Choi et al. 2018), dementia (Topiwala et al. 

2017; Schwarzinger et al. 2018), cardiac insufficiency (Klatsky 2015; Catena et al. 

2016; McManus et al. 2016) and mortality (Sipilä et al. 2016; Wood et al. 2018), as 

also may abnormalities in blood lipid profiles and indices of inflammation (Libby et 

al. 2009; Moradi et al. 2017; Ridker et al. 2017). According to the present data, 

abnormalities in serum CRP and lipid profiles appear to coincide with a burden of 

unfavourable risk factors and abnormalities in markers of liver function. Previous 

research has shown that CRP levels may mark a low-grade inflammation status and 

predict cardiovascular events even in individuals without any atherosclerotic 

manifestations or conventional risk factors (Koenig 2017; Sproston and Ashworth 

2018), and there is also evidence to suggest an important role for CRP in regulating 

inflammation (Sproston and Ashworth 2018).   

Sedentary behaviour is another typical characteristic of an unhealthy lifestyle and 

is increasingly becoming a common cause of health problems worldwide 

(Romaguera et al. 2011; Kyu et al. 2016; Smith et al. 2016; Sundberg 2016; Warburton 

and Bredin 2016; Romero-Gómez et al. 2017; Li et al. 2018). The present data also 

emphasize physical activity as an independent component of a favourable lifestyle. 

Individuals engaged in moderate or vigorous physical activity have significantly lower 

risks of biomarker abnormalities than those with little activity or a sedentary lifestyle, 

even in the presence of other risk factors. Thus physical exercise may also be 

recommended as a therapeutic approach to counteract lifestyle-associated adverse 

metabolic influences (Lawlor et al. 2005; Kyu et al. 2016; Perreault et al. 2017; 

Zaccardi et al. 2019).  
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In addition to the lifestyle factors studied here, there may also be other types of 

unhealthy behaviour, such as certain particular dietary patterns, which may 

contribute to adverse health effects (Tamakoshi et al. 2009; Li et al. 2014; Manuel et 

al. 2016; Li et al. 2018). It should be noted, however, that unfavourable lifestyle 

factors were found to be associated with an increasing trend towards coffee 

consumption in the high risk subgroups, which is in accordance with previous 

observations indicating an association between heavy smoking and coffee intake 

(Bjørngaard et al. 2017). On the other hand, coffee consumption has been shown 

previously to be associated with a reduced risk of both all-cause and cause-specific 

mortality (Gunter et al. 2017). Decreased levels of liver-derived enzymes have been 

measured previously in alcohol drinkers with high levels of coffee consumption as 

compared with those who do not drink coffee, suggesting possible hepatoprotective 

effects of coffee intake (Gunter et al. 2017; Niemelä et al. 2017).   

Although it may be difficult in real life situations to pay attention simultaneously 

to several favourable lifestyle factors, it is essential that national health policies 

should provide comprehensive guidance on what tools to recommend for patients 

presenting with an unfavourable lifestyle. The present findings suggest that selected 

clinical laboratory tests could play a significant role in this endeavour. 

6.4 Lifestyle factors and the fatty liver index 

The results presented in Paper IV indicate that combinations of unfavourable 

determinants in terms of lifestyle also markedly increase the risk of fatty liver 

(steatosis), as assessed by means of a recently developed predictor algorithm, the 

fatty liver index (FLI). The relatively linear association existing between an abnormal 

FLI and lifestyle risk factors supports the view that significant benefits for the liver 

could be gained by behaviour change and adherence to a healthy lifestyle (Teeriniemi 

et al. 2018). Our data further indicate that FLI, a non-invasive biomarker of steatosis, 

could be a useful clinical tool for patient guidance and motivation during 

interventions aimed at achieving a more favourable lifestyle. 

Fatty liver is currently an extremely common condition in high income countries, 

affecting at least 25–30% of adults in the general population and over 70% of those 

with gross obesity or diabetes (Byrne et al. 2018). Greater awareness of this public 

health challenge is therefore needed. Excess deposition of liver fat has been regarded 

as the hepatic manifestation of metabolic syndrome, and is thereby associated with 

cardio- or cerebrovascular risks and insulin resistance (Ruttmann et al. 2005; 
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Kazemi-Shirazi et al. 2007; Kim et al. 2008; Niemelä 2016; Byrne et al. 2018). As a 

consequence, clinical tools for diagnosing fatty liver in an early phase are also needed 

to prevent possible metabolic, cardiovascular and renal complications. Although the 

FLI algorithm has recently been shown to improve the identification of fatty liver as 

compared with other non-invasive methods (Bedogni et al. 2006; Koehler et al. 2013; 

Jäger et al. 2015), only a few studies have been available as yet on the clinical 

characteristics of FLI or on the effects of various unfavourable lifestyle factors on 

the index.  

The present findings indicate that the main modifiable high-risk lifestyle 

determinants (excessive alcohol drinking, cigarette smoking and physical inactivity), 

and especially their combinations, increase the risk of fatty liver, so that in persons 

with several triggers of hepatotoxicity even low to moderate levels of alcohol 

consumption may lead to elevated liver enzyme activities, fatty deposition and 

increased rates of cirrhosis (Breitling et al. 2009; Park et al. 2013; Lau et al. 2015; 

Niemelä et al. 2017; Tapper and Parikh 2018; Wood et al. 2018; Åberg et al. 2020).  

Previous studies have indicated that there may be shared mechanisms involved 

in the hepatotoxic effects of an unfavourable lifestyle, including low-grade 

inflammation, oxidative stress and altered fatty acid metabolism (Danielsson 2014; 

Oh et al. 2015), and recently a GGT-mediated mechanistic link between hepatic and 

extrahepatic diseases have been proposed based on findings indicating that GGT is 

able to fuel LDL oxidation in coronary plaques (Kozakova et al. 2012). The medical 

consequences of unfavourable lifestyle factors also appear to be mediated by an 

interplay between oxidative stress and inflammation (Libby et al. 2009; Koenig 2017; 

Moradi et al. 2017; Ridker et al. 2017). Interestingly, the present data suggest that 

abnormalities in serum CRP, a marker of inflammation, and lipid profiles also 

correlate with FLI and the burden of unhealthy behavioural traits. 

The spending of more time on sedentary activities is known to be associated with 

a wide variety of adverse health effects, such as an increased risk of cardiovascular 

diseases, diabetes or breast cancer (Chomistek et al. 2013; Kyu et al. 2016; Smith et 

al. 2016; Romero-Gómez et al. 2017; Li et al. 2018), while the present findings 

indicate that physical inactivity can be a major independent contributor to an 

abnormal fatty liver index. Individuals engaged in moderate or vigorous physical 

activity show a lower risk of fatty liver than the corresponding groups of those with 

low activity or a sedentary lifestyle. Adequate levels of physical exercise may also be 

assumed to counteract possible adverse metabolic effects resulting from 

unfavourable exposure to lifestyle-associated risk factors and to yield long-term 
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benefits with respect to the lifestyle-associated liver disease burden in general 

(Lawlor et al. 2005; Kyu et al. 2016; Perreault et al. 2017).  

In addition to the effects of the risk factors reported here, there may also be other 

factors, such as dietary composition, which may significantly influence the status of 

fatty changes in the liver. Unfortunately, with the exception of coffee intake, no 

detailed dietary information was available for use here. Previous studies of non-

alcoholic fatty liver disease have indicated that a vegetarian diet may be inversely 

associated with fatty liver (Chiu et al. 2018). In addition, vitamin D deficiency may 

be associated with NAFLD (Pacifico et al. 2019). Vitamin D supplementation may 

in turn have a protective effect on the progression of fibrosis in patients with chronic 

liver disease (Chen et al. 2020). Deficiencies in vitamin D, vitamin A and zinc are 

common in cases of cirrhosis and have also been shown to correlate with survival 

(Koop et al. 2018). In the present work the number of unfavourable lifestyle factors 

was found to be associated with an increase in coffee consumption, the highest levels 

of which were observed in high risk subgroups. Interestingly, previous studies have 

suggested possible hepatoprotective effects of coffee consumption, so that alcohol 

drinkers whose coffee consumption exceeds 4 cups per day have shown lower GGT 

levels than those without who do not drink coffee (Danielsson et al. 2013; Niemelä 

et al. 2017). A poor diet including high fat and carbohydrate intake together with 

insufficient vitamin intake may also provide additional triggers for hepatotoxicity 

(Tsukamoto et al. 1995; Day and James 1998; Fraser et al. 2009; Ruhl and Everhart 

2009; Ghouri et al. 2010; Liu et al. 2010; Tsai et al. 2012).  

The findings reported in paper IV further suggest that measurements of FLI 

could be used as a tool to support adherence to a low-risk lifestyle on the part of 

patients with suspected liver problems, and these findings should definitely be taken 

into account in national health policies. Novel biomarkers providing feedback on 

possible health risks may also prove to be of value in individualized medicine to 

motivate patients towards adopting more favourable lifestyles and reducing their 

health risks.  

6.5 Strengths and limitations of the present research 

The strengths of this work include the large number of subjects and the 

comprehensive assessment made of both the clinical factors involved and the set of 

biomarkers. Regular alcohol consumption was evaluated on the basis of data from 

the past year, allowing an estimate to be made of each subject’s long-term alcohol 
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consumption and frequencies of heavy drinking episodes. A questionnaire for the 

collection of data on other risk factors was included in the statistical models to 

reduce the effect of confounding factors. Finally, separate assessments were made 

for men and women throughout.  

The work also has some potential limitations. Self-reports are prone to the 

shortcomings of this memory-dependent aspect of day to day activity and it is 

possible that the subjects’ alcohol recall techniques may have led to the 

overestimation of the proportion of those not drinking alcohol at all. The cross-

sectional setting and lack of follow-up data for derive causal relationships can also 

be regarded as a limitation, as does the lack of information on the quality and 

composition of the diet, hampers the making of a more comprehensive evaluation 

of the various combinations of lifestyle-related factors. In addition, although the 

total number of participants was very large, there were relatively small numbers 

belonging to the high and very high risk lifestyle categories. On the other hand, the 

present work underscores the importance of uniform international guidelines and 

risk classification criteria when assessing lifestyle-associated disadvantages by means 

of biomarker data. 

6.6 Future considerations 

The present data provide novel information on the separate and joint effects of 

various lifestyle factors on certain biomarkers of liver function, inflammation and 

lipid status, biomarkers that may prove to be of value in the assessment of 

interventions aimed at reducing unfavourable risk factors and helping individuals to 

persevere in the long-term maintenance of the lifestyle modifications suggested for 

them. The present findings should also be considered when assessing possible 

mechanistic links between hepatic and extrahepatic disease manifestations resulting 

from an unfavourable lifestyle. There is also a need for future follow-up surveys to 

analyse the causal relationships between biomarker changes and lifestyle factors. 
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7 CONCLUSIONS 

The following conclusions can be derived from the present work: 

1) A more systematic use of laboratory tests may improve the assessment of 

alcohol-related health risks. A follow-up of biomarker responses may also be 

useful in health interventions aimed at reducing alcohol consumption.   

2) Research into the relationships between biomarker responses and the patterns 

of alcohol drinking shows that there may be adverse consequences of binge 

drinking for hepatic function even in subjects with low-risk overall 

consumption. The pattern of drinking should be taken into account more 

systematically when making clinical recommendations on the reduction of 

drinking. 

3) The presence of unfavourable lifestyle risk factors is associated with distinct 

abnormalities in laboratory tests for liver function, inflammation and lipid 

status. Such changes occur in an additive manner and may prove to be of value 

for the assessment of interventions aimed at reducing unfavourable risk 

factors and for helping individuals to maintain their lifestyle modifications in 

the long term. 

4) The data also indicate that unfavourable lifestyle risk factors, and especially 

their combinations, can lead to a high likelihood of hepatic steatosis. The fatty 

liver index (FLI) may prove to be a useful non-invasive tool for assessing the 

risk of hepatotoxicity. 
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Abstract  

Low-risk thresholds for alcohol use differ across various national guidelines. To assess the 

novel WHO risk drinking levels in light of alcohol-sensitive common laboratory tests we 

analysed biomarkers of liver status, inflammation and lipid profiles from a population-based 

survey of individuals classified to abstainers and different WHO risk drinking levels defined 

in terms of mean alcohol consumption per day. 

The study included 22,327 participants aged 25–74 years from the National FINRISK Study. 

Data on alcohol use, health status, diet, body weight, and lifestyle (smoking, coffee 

consumption and physical activity) were recorded from structured interviews. Alcohol data 

from self-reports covering the past 12 months was used to categorize the participants into 

subgroups of abstainers and WHO risk drinking categories representing low, moderate, high 

and very high risk drinkers. Serum liver enzymes (GGT, ALT), C-reactive protein (CRP) and 

lipid profiles were measured using standard laboratory techniques.  

Alcohol risk category was roughly linearly related with the occurrence of elevated values for 

GGT, ALT and CRP. Alcohol drinking also significantly influenced the incidence of 

abnormalities in serum lipids. Significantly higher odds for abnormal GGT, ALT and altered 

lipid profiles remained in alcohol drinkers even after adjustment for age, waist circumference, 

physical inactivity, smoking, and coffee consumption.  

A more systematic use of laboratory tests during treatment of individuals classified to WHO 

risk drinking categories may improve the assessment of alcohol-related health risks. Follow-

ups of biomarker responses may also prove to be useful in health interventions aimed at 

reducing alcohol consumption.  

 

Key words: ethanol, harm reduction, inflammation, lipid, liver 



 

Introduction 

Heavy alcohol drinking is known to associate with a broad range of health problems including 

both somatic and psychiatric morbidity [1-3]. The thresholds below which alcohol 

consumption stops being associated with disease risks have, however, remained unclear. 

While full abstinence has been the most widely accepted outcome in current treatment of 

alcohol use disorders, recent studies have indicated that any reduction in alcohol consumption 

could yield significant health benefits [4,5]. Therefore, both European Medicines Agency 

(EMA) and the U.S. Food and Drug Administration (FDA) currently emphasize reduced 

drinking or low-risk drinking as alternative endpoints in the treatment of patients with alcohol 

dependence [5-7].  

 

Current WHO risk drinking protocol defines alcohol consumption as mean ethanol 

consumption in grams of ethanol per day and classify alcohol consumption into categories of 

low, medium, high or very high risk drinking [5,8,9]. Recent studies among alcohol-

dependent individuals have indicated that such patients could indeed benefit from any 

reduction in alcohol consumption [5,8]. Studies on clinical or laboratory outcomes of alcohol 

intake in individuals representing different WHO risk categories have, however, so far been 

limited.   

 

Recent studies on the relationships between the amount of alcohol consumption and all-cause 

mortality [10] or liver status [11] have supported the view that alcohol consumption may be 

associated with health problems even at relatively low drinking levels. A wide variety of 

common laboratory tests, which are frequently used in health screening programs are also 

known to be sensitive to heavy alcohol intake [12]. Current studies have indicated that the 

activities of common liver enzymes are readily increased in early-phase liver disease, which 



 

can result either from alcohol consumption or excess body weight [11-15]. Such findings may 

also be linked with extra-hepatic health risks, including metabolic syndrome, and cardio- or 

cerebrovascular events [15-17]. Alcohol consumption is also readily reflected in biomarkers 

of inflammation [18,19] and serum lipid profiles [20], which may also play a pivotal role in 

the progression of tissue damage induced by excessive alcohol consumption [21,22]. 

 

The purpose of the present study was to compare the occurrence of abnormalities in 

biomarkers of liver status, inflammation and lipid profiles in a large national FINRISK 

population health survey of individuals classified to WHO risk drinking categories based on 

self-reported alcohol consumption from a period of one year preceding blood sampling. Given 

the limited data available on this subject so far the FINRISK survey of individuals with 

detailed records on alcohol consumption, diet and other health-related behaviour affords an 

excellent opportunity to elucidate the associations between alcohol-sensitive biomarkers and 

the different risk drinking categories.  

 

Materials and methods 

Study design, data sources and participants 

In this work, we used data collected from a cross-sectional population health survey (The 

National FINRISK Study) carried out in Finland every five years since 1972. In this study, 

data from surveys between 1997 and 2007 were used, as previously described [11]. The 

participants represent a nationally representative age- and gender stratified random sample 

drawn from the population register according to an international protocol [23]. Clinical 

examinations included both physical measurements and laboratory tests. Data on alcohol 

intake, current health status, diet, smoking, current physical activity, medical history and 

socioeconomic factors were collected using specifically designed and validated questionnaires 



 

for use in a population based health surveys according to the World Health Organization 

MONICA project protocol [23,24]. Body weight and height were measured to the nearest 0.1 

kg and 0.1 cm, respectively. Body mass index (BMI, kg/m2) was calculated as a measure of 

relative body weight. Waist circumference was measured to the nearest 0.5 cm between the 

lowest rib and the iliac crest while exhaling.  

 

The data on regular alcohol consumption from the past 12 months prior to blood sampling 

was recorded from self-reports using structured questionnaires, where the responses were 

assigned to mutually exclusive and collectively exhaustive categories. The questionnaire 

included information on the types of beverages consumed, the frequency of consumption, and 

the amounts of various types of ethanol-containing drinks consumed. The ethanol content in 

different beverages was quantitated in grams of ethanol based on defined portion sizes as 

follows: regular beer 12 grams (1/3 L), strong beer 15.5 grams (1/3 L), long drink 15.5 grams 

(1/3 L), spirit 12 grams (4 cL), wine 12 grams (12 cL) and cider 12 grams (1/3 L). The data 

was available from 22,327 apparently healthy individuals: 10,724 men and 11,603 women 

(mean age 45 ± 13 years, range 25–74 years) who completed the questionnaires and attended 

the medical examination. All participants were devoid of any apparent clinical signs of liver 

disease, ischaemic heart or brain disease or active infection at the time of the study. 

 

The data was subsequently used to categorize the population by gender and drinking habits 

according to recently established WHO criteria as follows: 1. persons who reported no current 

alcohol consumption were referred to as non-drinkers (abstainers), 2. low risk drinkers 

consumed between 1 to 40 grams (men) or 1 to 20 grams (women), 3. moderate risk drinkers 

consumed 41 to 60 grams (men) or 21 to 40 grams (women), 4. high risk drinkers consumed 

61 to 100 grams (men) or 41 to 60 grams (women) and 5. very high risk drinkers consumed 



 

more than 100 grams (men) or more than 60 grams (women) per day. Smoking and coffee 

consumption were assessed with a set of standardized questions and expressed as the amounts 

of cigarettes per day and as the intake of standard servings of coffee (cups) per day, 

respectively. Leisure-time physical activity and the number and total time used for physical 

exercises were registered using structured questionnaires and the data was used to classify the 

population into the subgroups of 1. moderate or vigorous activity (over 4 hours of activity per 

week) 2. light (0.5–4 hours per week), and 3. sedentary activity (less than 0.5 hours per 

week). 

 

The approval for this study was received from the Coordinating Ethics Committee of the 

Helsinki and Uusimaa Hospital District. All surveys were conducted in accordance with the 

Declaration of Helsinki according to the ethical rules of the National Public Health Institute.  

 

Laboratory analyses 

Serum ALT and GGT were measured by standard clinical chemical methods following the 

recommendations of the assay manufacturer on an Abbott Architect clinical chemistry 

analyzer (Abbott Laboratories, Abbott Park, IL, USA). High-sensitivity CRP was determined 

using a latex immunoassay (Sentinel Diagnostics, Milan, Italy) with the Abbott Architect 

c8000 clinical chemistry analyzer. Lipid profiles included determinators of total cholesterol, 

high-density lipoprotein-associated cholesterol (HDL), low-density lipoprotein associated 

cholesterol (LDL) and total triglycerides using standard enzymatic methods. All laboratory 

tests carried out between years 1997 and 2007 were subjects to continuous external quality 

control programs organized by Labquality, Finland and CDC (Center for Disease Control and 

Prevention) quality assurance and standardization program for serum lipids.  The previously 

established national cut-offs for the different biomarkers were as follows: ALT (50 U/L men; 



 

35 U/L women), GGT (60 U/L men; 40 U/L women), CRP (3.0 mg/L), cholesterol (5 

mmol/L), HDL cholesterol (1.0 mmol/L men, 1.2 mmol/L women), LDL cholesterol (3.0 

mmol/L), triglycerides (1.7 mmol/L). 

 

Statistical methods  

The main characteristics of the study population in different drinking groups are shown as 

mean ± SD and the potential linear or quadratic (U-shaped) association in the mean values 

across the groups was tested by analysis of variance with polynomial contrast. The 

distribution of abnormal biomarker levels across drinking groups are presented as percentages 

and the presence of linear trend in proportions was evaluated by Chi-square test for trend. 

Binary logistic regression was used to estimate the relative risk of abnormal biomarker levels 

associated with drinking status and the covariates. The estimates are presented as odds ratios 

(OR) and 95% confidence intervals (CI). As covariates we used age, waist circumference as 

an index of weight, physical activity and smoking habit as these factors are known to 

potentially associate with abnormal biomarker levels and showed association in univariate 

analysis. All factors were entered simultaneously into the multivariable model. Potential 

multicollinearity among the covariates was examined by calculating the Variance 

Inflation Factor (VIF) and no evidence was found. The analyses were carried out with IBM 

SPSS Statistics 22.0 (Armonk, NY: IBM Corp.). A p-value < 0.05 was considered statistically 

significant.  

 

Results 

The main demographic characteristics and lifestyle factors of the participants classified to 

subgroups according to gender and alcohol consumption from the past 12 months are 

summarized in Table 1. Of the 22,327 participants, 9.3% of men (n = 10,724) were abstainers, 



 

80.6% were low risk drinkers, 5.4% were moderate risk drinkers, 3.1% were high risk 

drinkers and 1.6% represented very high risk drinkers. In women (n = 11,603), the 

corresponding percentages were 14.7%, 79.0%, 4.6%, 1.0% and 0.7%. 

 

Figure 1 summarizes the frequencies of values exceeding the upper normal limits for GGT, 

ALT, CRP and triglycerides or target ranges for cholesterol, HDL and LDL in the different 

study subgroups. The individuals with high or very high risk were found to show the highest 

rates of abnormal values (Figure 1). For GGT and ALT the number of abnormal findings in 

the different study groups increased in a rather linear manner as a function of alcohol 

consumption (p < 0.0005). In these comparisons, the distribution of abnormal CRP levels was 

also significantly associated with drinking status in men whereas not in women (Figure 1). A 

gender-dependent effect of alcohol drinking was also observed in the distributions of serum 

LDL and triglyceride values outside the target ranges.   

 

Table 2 summarizes the odds ratios (OR) of abnormal biomarker findings according to 

different drinking categories following adjustment for age, waist circumference, physical 

activity, smoking and coffee consumption. When compared with abstainers, low risk drinkers 

(p<0.0005 for men; p < 0.01 for women), moderate risk drinkers (p < 0.0005 for both 

genders), high risk drinkers (p< 0.0005 for both genders) and very high risk drinkers (p < 

0.0005 for both genders) showed significantly higher ORs of abnormal GGT activities (Table 

2). For ALT, the relative risks of abnormal activities were significantly increased in all other 

alcohol consuming groups except for low risk drinkers of men and low to medium risk 

drinkers of women (Table 2). In serum lipid profiles, alcohol drinking was associated with 

lower odds of HDL values outside the target range, whereas increased risks were observed in 

serum cholesterol and LDL in men, although not in women (Table 2). 



 

 

Discussion 

The present large cross-sectional population-based survey reports on the relationships 

between abnormalities in alcohol-sensitive biomarkers for liver status, inflammation, lipid 

profiles and WHO alcohol drinking risk levels. All the biomarkers chosen for the present 

comparisons are common laboratory tests which are frequently used in health screening 

programs and may also be expected to be sensitive to alcohol consumption [22]. The present 

data supports the usefulness of biomarker-based approaches in a more comprehensive 

assessment of alcohol-attributable health risks.  

 

Reduction in WHO drinking risk levels has been recently suggested as a useful efficacy 

outcome in clinical trials, which is due to the fact that many alcohol-consuming patients 

prefer drinking reduction instead of full abstinence as a treatment goal [4]. Improved 

knowledge on the possible clinical consequences resulting from the presence or absence in 

such risk categories should thus be important in order to improve treatment compliance and 

appropriate patient guidance. In accordance with our recent observations on liver enzymes in 

a population-based sample of individuals classified based on their recent drinking [11], the 

present study on self-reported regular long-term alcohol consumption indicates that the ORs 

for abnormal liver enzyme activities increase even in alcohol consumers representing low to 

moderate risk drinking and further with increasing levels of consumption. Especially GGT 

levels seemed to be sensitive for discriminating between alcohol risk groups. While reduction 

of alcohol drinking has been a long-standing target in public health policies, the specific 

clinical consequences which may be expected to result from lowering the levels of alcohol 

consumption have so far remained obscure. Thus, further follow-up studies are clearly 

warranted to explore whether the changes in GGT activities perhaps combined with other 



 

alcohol specific tests, such as CDT, could provide additional clinical value as diagnostic tools 

for detecting shifts in risk drinking categories at an individual level in a more sensitive and 

specific manner. GGT assays could also prove to be of value as general health indicators 

reflecting both hepatic and extra-hepatic health risks [13,17,22,25].  

 

Previous analyses on the patterns of alcohol-attributable health risks have traditionally yielded 

different types of dose-response curves [10]. While high risk drinking has been unequivocally 

linked to a wide variety of diseases, the relationship between low to moderate levels of 

consumption and health problems has remained as an issue of controversy [1,11,26]. While 

some studies have suggested protective effects of light to moderate drinking [27], more recent 

studies have provided no evidence of health benefits of drinking alcohol in amounts 

exceeding 100 grams (~8 drinks) per week [10,11,28-32]. Even light drinking may increase 

the risk for carcinogenesis in certain tissues [33-35], cognitive decline [32,36], heart problems 

[37,38] and all-cause mortality [10,30]. However, contrasting views have remained especially 

on the associations between alcohol use and cardiovascular disease risks with a lower risks of 

coronary artery disease having been observed among light to moderate drinkers. The 

pathogenic mechanisms associated with such divergent disease associations have also 

remained unknown [28]. The cardiovascular effects of alcohol consumption have been 

suggested to be mediated by the diverse effects of alcohol on blood lipid profiles and the 

status of inflammation, which both seem to play a major role in the development of 

atherosclerosis [39-41]. There may also be a mechanistic link between fatty liver and 

atherosclerosis since GGT enzyme is able to fuel LDL oxidation in coronary plaques [42]. 

Interestingly, current data suggests that serum CRP, a marker of inflammation, is increased 

among men with rather moderate levels of alcohol consumption especially when combined 

with excess body weight or sedentary lifestyle.  



 

 

The present data lends further support to recent findings based on either liver enzymes [11] or 

all-cause mortality [10] as outcomes indicating that the thresholds for low-risk alcohol 

consumption should be at a lower level (below 100 grams per week) than those currently 

recommended in many national guidelines. However, individuals with other concomitant risk 

factors appear to need separate attention in such considerations. Based on current data the 

biomarker responses of liver status [11,43,44] but also those reflecting inflammation and lipid 

metabolism seem to be significantly driven by other determinants of lifestyle, including 

obesity, smoking or sedentary lifestyle among alcohol consumers. The individual assessment 

of health risks and the most appropriate levels of alcohol drinking should therefore include 

multiple factors of lifestyle and measurements of several biomarkers. It should also be noted 

that the time windows for detecting the possible harmful consequences of alcohol intake may 

be different between the various laboratory methods.  

 

Current data also underscores distinct differences between men and women in biomarker 

responses to alcohol consumption. Women seem to show elevated liver enzyme activities 

after smaller amounts of alcohol consumption, whereas they seem to be less sensitive to 

changes in the status of inflammation. Advanced age, the presence of adiposity and sedentary 

lifestyle may be other important determinants of risk with gender-dependent characteristics 

[11,45-49]. Recent statistics have indicated that mortality due to liver cirrhosis has been 

increasing over the past decades mainly driven by deaths due to alcoholic cirrhosis [50]. 

However, there has also been a rapid and simultaneous increase of non-alcoholic liver disease 

in most Western countries. This phenomenon has been linked not only with increasing 

prevalence of adiposity but also with increasing levels of regular yet moderate levels of 

alcohol consumption [14]. Obviously, there may also be significant interactions with ethanol 



 

intake and high-fat diets [51]. Since in real life situations alcohol use often co-exists with 

obesity, synergistic health problems due to these two triggers may be expected to occur in an 

increasing manner and obviously, separate drinking reduction goals may also be justified for 

existing fatty deposition in tissues [11,15,46,52,53]. In obese individuals, even low to 

moderate amounts of drinking could increase the risk of additional deposition of triglycerides 

in tissues, insulin resistance and consequent vascular events. It remains to be established 

whether the prognostication of such adverse outcomes could also benefit from a more targeted 

use of selected biomarkers [16,17,24,42,53-57].  

 

The strengths of this study include the large number of study subjects and a comprehensive 

assessment of clinical factors together with several biomarkers. The evaluation of regular 

alcohol consumption was carried out based on the data from the past one year allowing an 

estimate of long term alcohol consumption. Data on other risk factors, such as waist 

circumference, were included in the statistical models to reduce confounding. The study also 

included separate assessments for men and women. Nevertheless, our study has some 

potential limitations. Self-reports on alcohol consumption are prone to bias and could lead to 

underestimation of the true dose-response associations. The cross-sectional setting of the 

survey can also be kept as a limitation of this study since lack of follow-up data prevents 

analyses on the possible shifts between the different risk drinking categories at an individual 

level. Further studies should also address the possibility whether more alcohol-specific tests, 

such as CDT, would also improve the possibilities for detecting changes between the different 

risk groups. 

 

Taken together, our study demonstrates previously unrecognized relationships between 

alcohol intake and biomarker abnormalities in individuals classified according to the WHO 



 

risk drinking categories. The data may prove to be useful in the clinical assessments of 

patients based on WHO risk drinking levels and in related public health recommendations.  
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Table 1. Main characteristics of the study population, as classified according to drinking status. 
 

Men Abstainers Low Medium High Very high  
Alcohol consumption 0 g/day 1–40 g/day 41–60 g/day 61–100 g/day > 100 g/day p 
N (%) 1001 (9.3) 8648 (80.6) 577 (5.4) 331 (3.1) 167 (1.6)  
Age, years, mean ± SD  55.4 ± 13.6 49.4 ± 13.5 46.9 ± 11.6 47.2 ± 12.2 48.8 ± 11.9 < 0.0005a 
BMIc 27.2 ± 4.2 27.1 ± 4.0 27.4 ± 4.1 27.5 ± 4.4 27.7 ± 4.6 0.057b 
Waist circumference, cm 96.3 ± 12.1 95.6 ± 11.6 97.3 ± 11.8 97.7 ± 12.5 98.4 ± 12.5 < 0.003b 
Smoking, cigarettes/day 2.5 ± 7.5 4.6 ± 8.6 8.5 ± 10.8 9.7 ± 11.9 12.9 ± 14.2 < 0.0005b 
Coffee, cups/day 4.5 ± 3.6 4.6 ± 3.2 4.7 ± 3.3 4.5 ± 3.4 4.4 ± 3.8 0.355a 
Physical activity, 
number of exercises per week 

2.5 ± 2.4 2.4 ± 2.2 1.9 ± 2.0 2.1 ± 2.1 1.8 ± 1.9 0.014b 

Women Abstainers Low Medium High Very high  

Alcohol consumption 0 g/day 1–20 g/day 21–40 g/day 41–60 g/day > 60 g/day p 
N (%) 1703 (14.7) 9166 (79.0) 535 (4.6) 121 (1.0) 78 (0.7)  
Age, years, mean ± SD  55.0 ± 13.7 46.6 ± 12.9 45.0 ± 12.1 47.3 ± 10.9 50.6 ± 11.1 < 0.0005a 
BMI 27.8 ± 5.5 26.2 ± 5.0 26.1 ± 5.0 26.2 ± 4.7 27.2 ± 5.2 < 0.0005a 
Waist circumference, cm 87.4 ± 13.7 83.4 ± 12.8 84.4 ± 13.1 85.3 ± 11.8 88.7 ± 14.1 < 0.0005a 
Smoking, cigarettes/day 1.0 ± 4.0 2.3 ± 5.5 5.0 ± 7.1 8.4 ± 10.2 10.3 ± 12.4 < 0.0005b 
Coffee, cups/day 3.7 ± 2.6 3.7 ± 2.5 3.8 ± 2.4 4.1 ± 3.1 3.9 ± 2.9 0.237b 
Physical activity, 
number of exercises per week 

2.6 ± 2.3 2.5 ± 2.0 2.4 ± 1.9 2.0 ± 2.1 1.8 ± 2.8 0.008b 

 

a analysis of variance, test for quadratic association 
b analysis of variance, test for linear association 

c body mass index 
 



 

Table 2. Odds ratios (OR) of abnormal biomarker levels in various study subgroups representing different 
WHO risk drinking levels (low risk, medium risk, high risk and very high risk drinkers) based on alcohol 
consumption from the past 12 months, as adjusted for participant’s age, waist circumference, physical 
activity, coffee consumption and smoking habit. 
 

 
Men  Women 

Multivariable OR p  Multivariable OR p 
GGT      
 Abstainers 1.00   1.00  
 Low 1.61 (1.28 to 2.03) < 0.0005  1.29 (1.07 to 1.55) 0.008 
 Medium 3.77 (2.81 to 5.07) < 0.0005  2.45 (1.83 to 3.28) < 0.0005 
 High 4.42 (3.17 to 6.16) < 0.0005  3.76 (2.37 to 5.97) < 0.0005 
 Very high 6.73 (4.51 to 10.04) < 0.0005  5.26 (3.13 to 8.82) < 0.0005 
ALT      
 Abstainers 1.00   1.00  
 Low 1.56 (0.97 to 2.52) 0.069  1.10 (0.78 to 1.55) 0.591 
 Medium 2.73 (1.55 to 4.83) 0.001  1.63 (0.97 to 2.73) 0.064 
 High 1.99 (1.03 to 3.84) 0.041  2.52 (1.15 to 5.52) 0.021 
 Very high 4.29 (1.94 to 9.48) < 0.0005  3.58 (1.48 to 8.66) 0.005 
CRP      
 Abstainers 1.00   1.00  
 Low 0.98 (0.81 to 1.18) 0.810  0.95 (0.83 to 1.09) 0.467 
 Medium 1.16 (0.88 to 1.53) 0.289  1.16 (0.90 to 1.49) 0.256 
 High 1.09 (0.79 to 1.51) 0.608  0.96 (0.59 to 1.54) 0.858 
 Very high 1.27 (0.85 to 1.91) 0.239  1.04 (0.60 to 1.81) 0.885 
Cholesterol      
 Abstainers 1.00   1.00  
 Low 1.35 (1.17 to 1.57) < 0.0005  0.97 (0.85 to 1.10) 0.591 
 Medium 1.89 (1.49 to 2.41) < 0.0005  1.01 (0.80 to 1.26) 0.966 
 High 1.50 (1.13 to 2.00) 0.005  1.16 (0.76 to 1.79) 0.487 
 Very high 1.17 (0.81 to 1.70) 0.399  1.00 (0.59 to 1.70) 0.995 
HDL      
 Abstainers 1.00   1.00  
 Low 0.60 (0.50 to 0.70) < 0.0005  0.60 (0.52 to 0.69) < 0.0005 
 Medium 0.28 (0.21 to 0.39) < 0.0005  0.32 (0.23 to 0.44) < 0.0005 
 High 0.30 (0.21 to 0.44) < 0.0005  0.29 (0.15 to 0.54) < 0.0005 
 Very high 0.21 (0.12 to 0.36) < 0.0005  0.14 (0.05 to 0.35) < 0.0005 
LDL      
 Abstainers 1.00   1.00  
 Low 1.25 (1.04 to 1.50) 0.020  0.89 (0.77 to 1.04) 0.154 
 Medium 1.39 (1.05 to 1.84) 0.022  0.80 (0.62 to 1.03) 0.089 
 High 1.28 (0.92 to 1.78) 0.152  0.85 (0.52 to 1.37) 0.504 
 Very high 0.71 (0.47 to 1.08) 0.110  0.79 (0.45 to 1.39) 0.413 
Triglycerides      
 Abstainers 1.00   1.00  
 Low 0.91 (0.78 to 1.06) 0.224  0.76 (0.66 to 0.87) < 0.0005 
 Medium 0.97 (0.77 to 1.23) 0.799  0.70 (0.53 to 0.93) 0.013 
 High 0.87 (0.65 to 1.15) 0.319  0.84 (0.51 to 1.38) 0.479 
 Very high 0.95 (0.66 to 1.37) 0.779  0.67 (0.38 to 1.20) 0.182 
 
GGT, gamma-glutamyltransferase;  ALT, alanine aminotransferase; CRP, C-reactive protein; HDL, high-density 
lipoproteins; LDL, low-density lipoprotein 



 

 

Figure legend 

Figure 1. Distribution of abnormal biomarker findings in groups classified according to WHO risk drinking 

levels. The cut-offs used for the different laboratory tests were as follows: GGT 60 U/L (men), 40 U/L 

(women); ALT 50 U/L (men), 35 U/L (women); CRP 3.0 mg/L; Cholesterol 5.0 mmol/L; HDL 1.0 mmol/L 

(men), 1.2 mmol/L (women); LDL 3.0 mmol/L; triglycerides 1.7 mmol/L. P values for linear trend for each 

parameter are shown.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

References 

1. Connor JP, Haber PS, Hall WD. Alcohol use disorders. Lancet 2016;387:988-98. 

2. Lim SS, Vos T, Flaxman AD, et al. A comparative risk assessment of burden of disease and injury 

attributable to 67 risk factors and risk factor clusters in 21 regions, 1990-2010: a systematic analysis for 

the Global Burden of Disease Study 2010. Lancet 2012;380:2224-60. 

3. Wittchen HU. The burden of mood disorders. Science 2012;338:15. 

4. Hasin DS, Wall M, Witkiewitz K, et al. Change in non-abstinent WHO drinking risk levels and alcohol 

dependence: a 3 year follow-up study in the US general population. Lancet Psychiatry 2017;4:469-76. 

5. Witkiewitz K, Hallgren KA, Kranzler HR, et al. Clinical validation of reduced alcohol consumption after 

treatment for alcohol dependence using the World Health Organization risk drinking levels. Alcohol Clin 

Exp Res 2017;41:179-86. 

6. European Medicines Agency. Guideline on the development of medicinal products for the treatment of 

alcohol dependence. London, UK; 2010. Available from: 

http://www.ema.europa.eu/ema/index.jsp?curl=pages/includes/document/document_detail.jsp?webConte

ntId=WC500074898&mid=WC0b01ac058009a3dc  

7. Food and Drug Administration. Alcoholism: Developing Drugs for Treatment. Silver Spring, MD; 2015. 

Available from: https://www.fda.gov/downloads/drugs/.../ucm433618.pdf  

8. Witkiewitz K, Pearson MR, Hallgren KA, et al. Who achieves low risk drinking during alcohol 

treatment? An analysis of patients in three alcohol clinical trials. Addiction 2017;112:2112-21. 

9. World Health Organization. International Guide for Monitoring Alcohol Consumption and Related 

harm. Geneva, Switzerland; 2000. Available from: 

whqlibdoc.who.int/hq/2000/WHO_MSD_MSB_00.4.pdf  

10. Wood AM, Kaptoge S, Butterworth AS, et al. Risk thresholds for alcohol consumption: combined 

analysis of individual-participant data for 599 912 current drinkers in 83 prospective studies. Lancet 

2018;391:1513-23. 



 

11. Niemelä O, Niemelä M, Bloigu R, et al. Where should the safe limits of alcohol consumption stand in 

light of liver enzyme abnormalities in alcohol consumers? PLoS One 2017;12:e0188574. 

12. Danielsson J, Kangastupa P, Laatikainen T, et al. Impacts of common factors of life style on serum liver 

enzymes. World J Gastroenterol 2014;20:11743-52. 

13. Kim WR, Flamm SL, Di Bisceglie AM, et al. Serum activity of alanine aminotransferase (ALT) as an 

indicator of health and disease. Hepatology 2008;47:1363-70. 

14. Lau K, Baumeister SE, Lieb W, et al. The combined effects of alcohol consumption and body mass 

index on hepatic steatosis in a general population sample of European men and women. Aliment 

Pharmacol Ther 2015;41:467-76. 

15. Ruhl CE, Everhart JE. Elevated serum alanine aminotransferase and gamma-glutamyltransferase and 

mortality in the United States population. Gastroenterology 2009;136:477-85. 

16. Lee TH, Kim WR, Benson JT, et al. Serum aminotransferase activity and mortality risk in a United 

States community. Hepatology 2008;47:880-7. 

17. Ruttmann E, Brant LJ, Concin H, et al. Gamma-glutamyltransferase as a risk factor for cardiovascular 

disease mortality: an epidemiological investigation in a cohort of 163,944 Austrian adults. Circulation 

2005;112:2130-7. 

18. Oliveira A, Rodríguez-Artalejo F, Lopes C. Alcohol intake and systemic markers of inflammation--

shape of the association according to sex and body mass index. Alcohol Alcohol 2010;45:119-25. 

19. Zheng JS, Sharp SJ, Imamura F, et al. Association between plasma phospholipid saturated fatty acids 

and metabolic markers of lipid, hepatic, inflammation and glycaemic pathways in eight European 

countries: a cross-sectional analysis in the EPIC-InterAct study. BMC Med 2017;15:203. 

20. Hao G, Wang Z, Zhang L, et al. Relationship between alcohol consumption and serum lipid profiles 

among middle-aged population in China: a multiple-center cardiovascular epidemiological study. 

Angiology 2015;66:753-8. 

21. Wang HJ, Gao B, Zakhari S, et al. Inflammation in alcoholic liver disease. Annu Rev Nutr 2012;32:343-

68. 



 

22. Niemelä O. Biomarker-based approaches for assessing alcohol use disorders. Int J Environ Res Public 

Health 2016;13:166. 

23. The World Health Organization MONICA Project (Monitoring trends and determinants in 

cardiovascular disease): a major international collaboration. WHO MONICA Project Principal 

Investigators. J Clin Epidemiol 1988;41:105-14. 

24. Kuulasmaa K, Tolonen H, Cepaitis Z, et al. European Health Risk Monitoring Project. 2006. Available 

from: http://www.thl.fi/ehrm/ Accessed April 5, 2018. 

25. Kazemi-Shirazi L, Endler G, Winkler S, et al. Gamma glutamyltransferase and long-term survival: is it 

just the liver? Clin Chem 2007;53:940-6. 

26. Rehm J, Samokhvalov AV, Shield KD. Global burden of alcoholic liver diseases. J Hepatol 

2013;59:160-8. 

27. Di Castelnuovo A, Costanzo S, Bagnardi V, et al. Alcohol dosing and total mortality in men and women: 

an updated meta-analysis of 34 prospective studies. Arch Intern Med 2006;166:2437-45. 

28. Holmes MV, Dale CE, Zuccolo L, et al. Association between alcohol and cardiovascular disease: 

Mendelian randomisation analysis based on individual participant data. BMJ 2014;349:g4164. 

29. Klatsky AL. Alcohol and cardiovascular diseases: where do we stand today? J Intern Med 

2015;278:238-50. 

30. Sipilä P, Rose RJ, Kaprio J. Drinking and mortality: long-term follow-up of drinking-discordant twin 

pairs. Addiction 2016;111:245-54. 

31. Stockwell T, Zhao J, Panwar S, et al. Do "Moderate" Drinkers Have Reduced Mortality Risk? A 

Systematic Review and Meta-Analysis of Alcohol Consumption and All-Cause Mortality. J Stud 

Alcohol Drugs 2016;77:185-98. 

32. Topiwala A, Allan CL, Valkanova V, et al. Moderate alcohol consumption as risk factor for adverse 

brain outcomes and cognitive decline: longitudinal cohort study. BMJ 2017;357:j2353. 

33. Bagnardi V, Rota M, Botteri E, et al. Light alcohol drinking and cancer: a meta-analysis. Ann Oncol 

2013;24:301-8. 

http://www.thl.fi/ehrm/


 

34. Cao Y, Willett WC, Rimm EB, et al. Light to moderate intake of alcohol, drinking patterns, and risk of 

cancer: results from two prospective US cohort studies. BMJ 2015;351:h4238. 

35. Choi YJ, Myung SK, Lee JH. Light alcohol drinking and risk of cancer: a meta-analysis of cohort 

studies. Cancer Res Treat 2018;50:474-87. 

36. Schwarzinger M, Pollock BG, Hasan OSM, et al. Contribution of alcohol use disorders to the burden of 

dementia in France 2008-13: a nationwide retrospective cohort study. Lancet Public Health 2018;3:e124-

32. 

37. Catena C, Colussi G, Verheyen ND, et al. Moderate alcohol consumption is associated with left 

ventricular diastolic dysfunction in nonalcoholic hypertensive patients. Hypertension 2016;68:1208-16. 

38. McManus DD, Yin X, Gladstone R, et al. Alcohol consumption, left atrial diameter, and atrial 

fibrillation. J Am Heart Assoc 2016;5:e004060. 

39. Libby P, Ridker PM, Hansson GK, et al. Inflammation in atherosclerosis: from pathophysiology to 

practice. J Am Coll Cardiol 2009;54:2129-38. 

40. Moradi H, Streja E, Kalantar-Zadeh K. Serum high density lipoprotein cholesterol level and risk of 

death: let's avoid the extremes. J Thorac Dis 2017;9:4849-52. 

41. Ridker PM, Everett BM, Thuren T, et al. Anti-inflammatory therapy with canakinumab for 

atherosclerotic disease. N Engl J Med 2017;377:1119-31. 

42. Kozakova M, Palombo C, Eng MP, et al. Fatty liver index, gamma-glutamyltransferase, and early 

carotid plaques. Hepatology 2012;55:1406-15. 

43. Breitling LP, Raum E, Müller H, et al. Synergism between smoking and alcohol consumption with 

respect to serum gamma-glutamyltransferase. Hepatology 2009;49:802-8. 

44. Conigrave KM, Degenhardt LJ, Whitfield JB, et al. CDT, GGT, and AST as markers of alcohol use: the 

WHO/ISBRA collaborative project. Alcohol Clin Exp Res 2002;26:332-9. 

45. Caro AA, Cederbaum AI. Oxidative stress, toxicology, and pharmacology of CYP2E1. Annu Rev 

Pharmacol Toxicol 2004;44:27-42. 

46. Day CP, James OF. Steatohepatitis: a tale of two "hits"? Gastroenterology 1998;114:842-5. 

47. Finkel T, Holbrook NJ. Oxidants, oxidative stress and the biology of ageing. Nature 2000;408:239-47. 



 

48. Lee DH, Blomhoff R, Jacobs DR Jr. Is serum gamma glutamyltransferase a marker of oxidative stress? 

Free Radic Res 2004;38:535-9. 

49. Loomba R, Bettencourt R, Barrett-Connor E. Synergistic association between alcohol intake and body 

mass index with serum alanine and aspartate aminotransferase levels in older adults: the Rancho 

Bernardo Study. Aliment Pharmacol Ther 2009;30:1137-49. 

50. Tapper EB, Parikh NH. Mortality due to cirrhosis and liver cancer in the United States, 1999-

2016:observational study. BMJ 2018;362:k2817. 

51. Tsukamoto H, Horne W, Kamimura S, et al. Experimental liver cirrhosis induced by alcohol and iron. J 

Clin Invest 1995;96:620-30. 

52. Liu B, Balkwill A, Reeves G, et al. Body mass index and risk of liver cirrhosis in middle aged UK 

women: prospective study. BMJ 2010;340:c912. 

53. Tsai J, Ford ES, Zhao G, et al. Co-occurrence of obesity and patterns of alcohol use associated with 

elevated serum hepatic enzymes in US adults. J Behav Med 2012;35:200-10. 

54. Fraser A, Harris R, Sattar N, et al. Alanine aminotransferase, gamma-glutamyltransferase, and incident 

diabetes: the British Women's Heart and Health Study and meta-analysis. Diabetes Care. 2009;32:741-

50. 

55. Ghouri N, Preiss D, Sattar N. Liver enzymes, nonalcoholic fatty liver disease, and incident 

cardiovascular disease: a narrative review and clinical perspective of prospective data. Hepatology 

2010;52:1156-61. 

56. Lee DH, Silventoinen K, Hu G, et al. Serum gamma-glutamyltransferase predicts non-fatal myocardial 

infarction and fatal coronary heart disease among 28,838 middle-aged men and women. Eur Heart J 

2006;27:2170-6. 

57. Targher G, Bertolini L, Rodella S, et al. Nonalcoholic fatty liver disease is independently associated with 

an increased incidence of cardiovascular events in type 2 diabetic patients. Diabetes Care 2007;30:2119-

21. 

 



Alcohol consumption categories:

0 = Abstainers, 0 g/day

1 = Low risk drinkers, men 1–40 g/day, women 1–20 g/day

2 = Medium risk drinkers, men 41–60 g/day, women 21–40 g/day

3 = High risk drinkers, men 61–100 g/day, women 41–60 g/day

4 = Very high risk drinkers, men > 100 g/day, women > 60 g/day
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: While alcohol use is linked with a wide variety of health problems, the question of whether
in drinking patterns could yield different outcomes has remained unclear.
d methods: We measured liver enzymes (ALT, GGT) from alcohol consumers with or without
ing from a population-based sample in Finland, where binge-type drinking is common. Data
use, diet, body weight, lifestyle (smoking, coffee consumption, physical activity), and health
collected from 19225 subjects (9492 men, 9733 women), aged 25e74 years. The participants
quently classified to subgroups, both according to the frequencies of binge drinking and the
f regular alcohol intake (low-, medium-, and high-risk drinking).
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asions. Binge drinking occurring �1/month also resulted in higher GGT (p < 0.0005) and ALT
activities.
: These results emphasize possible adverse consequences of binge drinking on hepatic
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Alcohol use is a leading cause of addiction and disease
roughout the world (Connor, Haber, & Hall, 2016; GBD 2016
lcohol and Drug Use Collaborators, 2018 a,b; Lim et al., 2012;
anagel et al., 2013; Wittchen, 2012). While the relationships
tween total cumulative alcohol consumption and adverse health
fects have been well established, only a few studies have sepa-
tely investigated the specific characteristics of the ethanol effects
ought about by different patterns of intake. Therefore, the
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rinking that exceeds 60 g of alcohol for men or 40 g of alcohol for
omen on one occasion (National Institute of Alcohol Abuse and
lcoholism, 2004; World Health Organization, 2000). On the
ther hand, chronic drinking can be classified to categories of low-,
edium-, or high-risk drinking, based on mean ethanol con-
umption defined in g of ethanol per day with gender-specific cut-
ffs, as recently recommended by the World Health Organization
Witkiewitz et al., 2017). In the latter protocol, low-risk drinking
epresents drinking in amounts below 40 g (men) or 20 g (women)
er day.
In the present work, we explored the joint and individual effects

f heavy drinking occasions and regular alcohol consumption on
iomarkers of liver status in a large population health survey, the
ational FINRISK Study. The patterns of alcohol drinking are known
o show a notable variation between communities. Since Finland
epresents a country with a high prevalence of binge drinking
Levola & Aalto, 2015), the FINRISK survey of individuals, which
cludes detailed records on alcohol consumption, diet, and other
ealth-related behavior, affords an excellent opportunity to
xamine the associations between the different patterns of drink-
g and health outcomes.

aterials and methods

tudy design, data sources, and participants

Data were collected from a cross-sectional population health
urvey (The National FINRISK Study), which has been carried out in
inland every five years since 1972. In this study, data from surveys
etween 1997 and 2007 were used, as previously described
Niemel€a et al., 2017). A nationally representative age- and gender-
tratified random sample was drawn from the population register
llowing an international protocol (TheWorld Health Organization
ONICA project, monitoring trends and determinants in cardio-
ascular disease: a major international collaboration; WHO MON-
A project principal investigators, 1988) (World Health
rganization, 1988). Clinical examinations included physical mea-
urements, laboratory tests, and detailed questionnaires on the
mounts and patterns of alcohol intake, current health status, diet,
moking, physical activity, medical history, and socioeconomic
ctors (Kuulasmaa et al., 2006). Data were available from 19225
pparently healthy individuals: 9492 men and 9733 women (mean
ge 45 ± 13 years, range 25e74 years) who completed the ques-
ionnaires, attended the medical examination, and were devoid of
ny apparent clinical signs of liver disease, ischemic heart or brain
isease, or active infection at the time of the study.
Data on self-reported alcohol consumption were recorded from

he past 12 months prior to blood sampling using structured
uestionnaires on the types of beverages consumed, the frequency
f consumption, and the amounts of ethanol-containing drinks. The
mount of ethanol in different beverages was quantified in g of
thanol based on defined portion sizes as follows: regular beer 12 g
1/3 L), strong beer 15.5 g (1/3 L), long drink 15.5 g (1/3 L), spirit 12 g
4 cL), wine 12 g (12 cL), and cider 12 g (1/3 L). Binge drinking was
efined as a pattern of drinking, which typically had consisted of
ccasional heavy drinking exceeding 60 g of alcohol for men or 40 g
f alcohol for women on one occasion (National Institute of Alcohol
buse and Alcoholism, 2004; World Health Organization, 2000).
uch drinking within a relatively short period of time typically
esults in blood alcohol levels above 0.08 g/100 ml. Based on the
equency of such episodes, the material was divided to subgroups
f those with no episodes of binge drinking and to those with
ifferent numbers of binge episodes, as indicated. Data on total
lcohol consumption from the period of 12 months prior to sam-
ling were used to further categorize the material according to the
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ished WHO risk drinking protocol (Witkiewitz et al.,
s: 1) those who consumed between 1 and 40 g
g (women) per day represented low-risk drinkers, 2)
rinkers consumed 41e60 g (men) or 21e40 g
ay, 3) high-risk drinkers consumed 61e100 g (men)
omen) per day. Individuals exceeding the levels of
ing (very high-risk drinkers) (n ¼ 245, 167 men, 78
excluded due to the fact that they all represented
h high levels of both total alcohol consumption and
of binge drinking occasions.
t and height were measured to the nearest 0.1 kg
espectively. Body mass index (BMI, kg/m2) was
measure of relative body weight. Waist circumfer-
ured to the nearest 0.5 cm between the lowest rib
st while exhaling. Smoking and coffee consumption
with a set of standardized questions and expressed
of cigarettes per day and as the intake of standard

fee (cups) per day, respectively. For statistical ana-
habits were classified into subgroups as follows: 1)
smoking 1e19 cigarettes per day, and 3) smoking
per day. For coffee consumption, the subgroups
ing: 1) no consumption, 2) coffee consumption 1e4
nd 3) coffee consumption �4 cups per day. Leisure-
ctivity, the number of exercises and total time used
ercises were registered using structured question-
e data were used to classify the population into
) moderate or vigorous activity (over 4 h of activity
ight (0.5e4 h per week), and 3) sedentary activity
per week).
l for this study was received from the Coordinating
ee of the Helsinki and Uusimaa Hospital District. All
conducted in accordance with the Declaration of
ing to the ethical rules of the National Public Health

lyses

and GGT were measured by standard clinical
ods following the recommendations of the assay
n an Abbott Architect clinical chemistry analyzer
tories; Abbott Park, Illinois, United States). High-
eactive protein (CRP), an index of inflammation,
d using a latex immunoassay (Sentinel Diagnostics;
ith the Abbott Architect c8000 clinical chemistry
pper normal limits for the assays were as follows:
men, 35 U/L women; GGT e 60 U/L men, 40 U/L
3.0 mg/L.

ods

xpressed as mean ± SD or mean ± 95% confidence
e main characteristics were compared using anal-
(ANOVA). A logarithmic transformation of GGT and
to obtain non-skewed distributions. ANOVA was
ssess the trend in GGT and ALT activities across the
of heavy drinking occasions. Comparisons of GGT
ies between the groups representing the different
rns were carried out using analysis of covariance
ovariates, we used age and BMI as continuous var-
oking, physical activity, and coffee consumption as
iables (categories as described above). The associa-
GT and ALT levels above the upper normal limit and
rinking patterns was evaluated by means of logistic
ile simultaneously adjusting for aforementioned
BresloweDay test was used to assess whether the
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fect of binge drinking was homogenous across the different BMI
tegories (<25, 25e29.99, and �30). For the analyses, IBM SPSS
atistics 22.0 (Armonk, New York: IBM Corp.) software was used. A
value < 0.05 was considered statistically significant.

esults

The main demographic and lifestyle characteristics of the par-
cipants classified to subgroups according to gender, the amounts
regular alcohol consumption, and the frequencies of heavy
inking occasions are summarized in Table 1. The data on regular
cohol consumption indicated that among the 19 225 participants,
.6% of men (n ¼ 8597) were low-risk drinkers consuming an
erage of below 40 g of ethanol per day, 6.0% (n ¼ 570) were
oderate-risk drinkers, and 3.4% (n ¼ 325) represented high-risk
inkers. In women (n ¼ 9733), the corresponding percentages in
e different alcohol-drinking risk groups were 93.8%, 5.1%, and
1%. Those with higher numbers of heavy drinking occasions were
unger than those with low numbers of such occasions (p < 0.001
r both genders). Smoking was also more common in those with
gher levels of alcohol consumption (p < 0.001 for both genders)
d higher numbers of heavy drinking occasions (p < 0.001 for both
nders), whereas for body weight, coffee consumption, and
ysical activity, no clear patterns were seen in the corresponding
mparisons.
Fig. 1 demonstrates the medians and interquartile ranges of GGT
d ALT activities in the total study population, classified according
the frequency of heavy drinking occasions. The ANOVA analyses
the trends across the subgroups showed significant increases for
GT in both men (p < 0.0005) and women (p < 0.0005) in associ-
ion with increasing frequencies of binge drinking. For ALT, a sig-
ficant trend was observed in men (p < 0.0005), whereas no such
end was observed for women. In individual comparisons of each
oup with binge episodes to those reporting no such episodes, a
gnificant increase in GGTand ALT in menwas first observed in the
oup reporting heavy drinking occasions 2e3 times per year
< 0.05 for both comparisons). A notable increase in liver enzymes
as found in those with heavy drinking occasions at least once a
onth (p < 0.0005 for both GGT and ALT). For women, a significant
crease in GGT values was noted in subgroups reporting heavy
inking occasions once a week or more often (p < 0.0005).
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ble 1
ain characteristics of the study population, as classified according to the amounts and patterns of drinking

Men

Amount of drinking �40 g/day (low risk) 41e

Binge drinking episodes None �1/month >1/month �1/m

n (%) 1248 (13.1) 5249 (55.3) 2100 (22.1) 174
Age, years, mean ± SD 58.6 ± 11.8 48.9 ± 13.1 45.0 ± 12.7 51.7
BMI 27.3 ± 4.0 27.1 ± 3.9 27.1 ± 4.2 27.9
Waist circumference, cm 96.7 ± 11.5 95.4 ± 11.3 95.4 ± 12.2 99.0
Smoking, cigarettes/day 2.1 ± 6.8 4.1 ± 8.1 7.2 ± 10.0 7.4 ±
Coffee, cups/day 4.1 ± 3.3 4.7 ± 3.2 4.7 ± 3.1 4.2 ±
Physical activity, number of exercises per week 2.7 ± 2.3 2.4 ± 2.1 2.3 ± 2.2 2.0 ±

Women

Amount of drinking �20 g/day (low risk) 21e

Binge drinking episodes None �1/month >1/month �1/m

n (%) 3152 (32.4) 5439 (55.9) 535 (5.5) 274
Age, years, mean ± SD 53.8 ± 12.0 43.2 ± 11.7 40.1 ± 11.4 46.7
BMI 27.3 ± 5.2 25.7 ± 4.8 25.6 ± 5.0 26.2
Waist circumference, cm 85.8 ± 13.3 82.2 ± 12.3 82.1 ± 13.0 84.6
Smoking, cigarettes/day 1.1 ± 3.8 2.7 ± 5.9 5.5 ± 7.2 4.6 ±
Coffee, cups/day 3.6 ± 2.3 3.7 ± 2.5 4.1 ± 2.8 3.8 ±
Physical activity, number of exercises per week 2.5 ± 2.2 2.5 ± 2.0 2.3 ± 1.8 2.5 ±

I, body mass index.
the adjusted geometric means of GGT and ALT in
dy subgroups classified according to both the total
ption and the frequency of heavy drinking occa-
ties of the liver enzymes increased in a rather linear
ction of total regular alcohol consumption, with the
h the highest amounts of total ethanol intake
hest activities. The patterns of drinking were found
nce the activities, such that among individuals with
cohol consumption, the individuals reporting heavy
ns more than once a month showed elevated GGT
ALT (p < 0.0005) activities significantly more often

rting no such occasions. Episodes of heavy drinking
r less were also associated with significantly higher
) and ALT (p < 0.05) values than those in individuals
h episodes. In subgroups representing medium- or
rs, such differences were not evident.
arizes the ORs of GGT and ALT activities exceeding
al limits according to the different drinking cate-
adjustment for age, BMI, smoking, physical activ-

onsumption. When compared with those reporting
binge drinking, GGT (p < 0.0005 for both genders)
.02 for men) showed significantly higher odds for
pper thresholds in low-risk drinkers with a history
ng. The effect of binge drinking on GGT and ALT
e upper normal limit was also found to be homo-
BMI categories for both genders (p values varying
4). In additional logistic regression analyses done by
consumption reported from the previous week
nt drinking) to our previous model as adjusting
orized as with or without recent drinking), we
conclusions on higher odds for elevated liver en-
with binge drinking than in those without binge
ot shown).
low overall levels of alcohol consumption, the

tive protein (CRP), a marker of inflammation, were
higher in those with binge drinking (1.36;
L) than in those without such episodes (1.25;
) (p < 0.05), whereas in women, no significant dif-
observed. In the present population, total alcohol
corded from the past 12 months correlated posi-
(r ¼ 0.224, p < 0.01), ALT (r ¼ 0.132, p < 0.01), and
p < 0.01). The number of binge drinking episodes

15
60 g/day (medium risk) 61e100 g/day (high risk)

onth >1/month �1/month >1/month

(1.8) 396 (4.2) 53 (0.6) 272 (2.9)
± 11.3 44.6 ± 11.1 54.7 ± 10.8 45.4 ± 11.7
± 4.1 27.2 ± 4.1 27.5 ± 3.7 27.5 ± 4.5
± 10.9 96.4 ± 12.0 98.8 ± 11.4 97.5 ± 12.7
11.2 8.9 ± 10.4 8.5 ± 12.1 10.0 ± 11.9
3.2 4.9 ± 3.3 4.6 ± 3.4 4.5 ± 3.4
1.8 1.9 ± 2.1 1.8 ± 1.9 2.0 ± 2.1

40 g/day (medium risk) 41e60 g/day (high risk)

onth >1/month �1/month >1/month

(2.8) 224 (2.3) 42 (0.4) 67 (0.7)
± 10.9 40.7 ± 11.7 49.1 ± 9.9 44.7 ± 10.8
± 5.1 25.9 ± 4.9 27.3 ± 4.9 25.6 ± 4.5
± 13.1 83.9 ± 13.0 88.8 ± 12.1 83.6 ± 10.9
7.4 5.6 ± 6.6 7.2 ± 9.3 9.8 ± 10.9
2.4 3.9 ± 2.5 3.9 ± 2.6 4.2 ± 3.5
2.0 2.3 ± 1.8 1.9 ± 1.9 1.8 ± 2.0
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Fig. 1. Median and interquartile ranges of liver enzyme activities in the study population classified according to the number of heavy drinking occasions as follows: 0 ¼ no episodes,
1 ¼ once a year; 2 ¼ 2e3 times per year; 3 ¼ 4e5 times per year; 4 ¼ once per 2 months; 5 ¼ once a month; 6 ¼ two times per month; 7 ¼ once per week; 8 ¼ two times per week
or more. The ANOVA analyses of the trends across the subgroups with different levels of binge drinking showed significant GGT increases in both men (p < 0.0005) and women
(p < 0.0005) and increased ALT activities in men (p < 0.0005). In individual comparisons of each binge drinking subgroup with those reporting no binge drinking, a significant
increase in GGT and ALT in men was first observed in group 2 (reporting heavy drinking occasions 2e3 times per year) (p < 0.05 for both comparisons). In women, a significant
increase in GGT values was noted in subgroups 7e8 reporting heavy drinking occasions once a week or more often (p < 0.0005 for both comparisons). The upper normal limits (ALT
e 50 U/L men, 35 U/L women; GGT e 60 U/L men, 40 U/L women) are indicated by solid lines in each figure. n ¼ number of observations in each subgroup.
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as also found to correlate with GGT (r ¼ 0.158, p < 0.01) and ALT
r ¼ 0.115, p < 0.01) activities.

iscussion

While excessive alcohol consumption is known to cause both
ddiction and substantial health loss, comparisons between the
ealth effects brought about by repeated episodes of heavy drink-
g or regular total alcohol consumption have been limited.
herefore, the present data from a large cross-sectional population-
ased health survey is unique and demonstrates that even in in-
ividuals with low-risk overall alcohol consumption, occasions of
eavy drinking may lead to an extra burden to hepatic tissue and
creased activities of liver-derived enzymes.
Recent findings from large international collaborations have

dicated that all-cause mortality increases significantly when
egular alcohol consumption exceeds the levels of 100 g (~8 drinks)
er week (GBD 2016 Alcohol and Drug Use Collaborators, 2018b;
ood et al., 2018). Therefore, many national guidelines currently

ecommend lowering the thresholds for risky alcohol consumption.
ased on the present data, individuals who habitually engage in
eavy drinking occasions may need separate attention in alcohol
ontrol policies, and the frequency of alcohol binge episodes should
lso be recorded in a more systematic manner in the follow-up of
lcohol-consuming patients. Those engaged in heavy drinking oc-
asions appear to show increased activity of both GGT and ALT,
espite relatively low total alcohol consumption levels. It remains

to be establ
be related
2008; Law
(Hillbom et
Vartiainen,

Based o
ferences in
societies co
attributable
doseerespo
instance, s
nean diets
moderate d
of other stu
et al., 2014
Kaprio, 201
et al., 2018
beneficial h
been obser
binge drink
1992).

Alcohol
mechanism
been learne
drinking. R
binge drink
of inflamm
d whether the increases in liver enzymes could also
igher odds for incident liver disease (Alatalo et al.,
et al., 2014) or possible extrahepatic disease risks
2011; Kazemi-Shirazi et al., 2007; Sundell, Salomaa,
olainen,& Laatikainen, 2008) in individual patients.
rrent findings, it is tempting to speculate that dif-
prevalence of heavy drinking occasions in different
also explain some previous findings on the alcohol-
ealth outcomes that had notable differences in
curves (Connor et al., 2016; Wood et al., 2018). For
al studies from populations following Mediterra-
e proposed cardio-protective properties for light to
ing (Di Castelnuovo et al., 2006), whereas a number
s have found no evidence of such benefits (Holmes
latsky, 2015; Niemel€a et al., 2017; Sipil€a, Rose, &
tockwell et al., 2016; Topiwala et al., 2017; Wood
herefore, it is of interest to note that the possible
h effects related to light to moderate drinking have
primarily from societies with a low prevalence of
(Di Castelnuovo et al., 2006; Renaud & de Lorgeril,

rts its toxic effects through multiple biochemical
ieber, 1995). So far, however, relatively little has
bout the specific pathogenic features of binge-type
nt studies have demonstrated that even young
show elevated levels of blood endotoxin, activation
ry cascades, enhanced oxidative stress, and lipid
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Fig. 2. Geometric mean values of GGT and ALT (adjusted for age, BMI, smoking, physical activity, and coffee consumption) in groups classified according to both alcohol drinking
levels and episodes of binge drinking. L ¼ low-risk drinking, 1e40 g (men) or 1e20 g (women) per day; M ¼ medium-risk drinking, 41e60 g (men) or 21e40 g (women) per day;
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roxidation (Guerri & Pascual, 2010; Orio et al., 2017), as well as
creased markers of neuroinflammation (Ezquer et al., 2018).
eneration of oxidative stress has been linked with activation of
GT enzyme, and several lines of evidence have also suggested a
le for GGT as a biomarker of oxidative stress (Kazemi-Shirazi
al., 2007; Lee, Blomhoff, & Jacobs, 2004; Speisky, Shackel,

arghese, Wade, & Israel, 1990). Its activation seems to be related
the development of superoxide ion, unintended oxidation of li-
proteins, and generation of pro-inflammatory status in the body
anielsson, Kangastupa, Laatikainen, Aalto, & Niemel€a, 2014;
din, Pompella, & Paolicchi, 2005; Kozakova et al., 2012). Alco-
lics with recent drinking have been shown to present with
gher levels of circulating neutrophils, which also correlate with
rum liver enzyme activities (Li et al., 2017). Chronic plus binge
pe drinking also markedly induces liver inflammation and injury

through up
of E-selecti

Based on
ALT enzym
individuals
alcohol-rela
may also pr
hepatic hea
and metabo
Di Biscegli
American
Niemel€a, 20
more system
alcohol self
help to yie

¼ high-risk drinking, 61e100 g (men) or 41e60 g (women) per day. Episodes of binge drinking were classi
inking occasions once a month or less and 2, those with heavy drinking more than once a month.
ble 2
ds ratios (OR) for liver enzymes exceeding the upper normal limits in individuals with low-, medium-,
justed for age, BMI, smoking, physical activity, and coffee consumption)

Binge drinking episodes Low risk Medium risk

OR (95% CI) p valuea OR (95% CI)

Men
GGT None 1.00 <0.0005

�1/month 1.49 (1.21e1.83) 1.00
>1/month 2.63 (2.09e3.30) 1.06 (0.69e1.6

ALT None 1.00 0.015
�1/month 1.49 (0.92e2.44) 1.00
>1/month 1.99 (1.18e3.34) 1.28 (0.60e2.7

Women
GGT None 1.00 <0.0005

�1/month 1.48 (1.25e1.74) 1.00
>1/month 2.41 (1.78e3.26) 1.15 (0.68e1.9

ALT None 1.00 0.272
�1/month 1.16 (0.86e1.56) 1.00
>1/month 1.56 (0.91e2.67) 0.47 (0.19e1.1

a Likelihood Ratio test.
lation of pro-inflammatory cytokines and induction
rtola, Park, & Gao, 2013; Cai et al., 2017).
rrent data, the changes in the activities of GGT and
uld also be used as biomarkers for detecting the
ding the closest monitoring in the assessment of
health risks. Follow-up of liver enzyme activities
to be of value in monitoring both hepatic and extra-
risks, including cardio- or cerebrovascular events
yndrome (Kazemi-Shirazi et al., 2007; Kim, Flamm,
odenheimer, & Public Policy Committee of the
ciation for the Study of Liver Disease, 2008;
Ruhl & Everhart, 2009; Ruttmann et al., 2005). A
c use of liver enzyme measurements in addition to
orts in the follow-up of alcohol patients could thus
a more comprehensive approach for improving

o: 0, those with no episodes of heavy drinking; 1, those with heavy
or high-risk drinking and different levels of binge drinking (as

High risk

p valuea OR (95% CI) p valuea

0.791 1.00 0.347
2) 0.71 (0.35e1.45)

0.524 1.00 0.802
2) 1.21 (0.26e5.57)

0.597 1.00 0.874
4) 0.93 (0.37e2.31)

0.085 1.00 0.174
4) 0.26 (0.03e2.05)
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reatment adherence and for offering specifically targeted support
imed at drinking reduction. In clinical settings, more emphasis
hould also be placed on changes occurring in the low range of liver
nzyme activities.
While the overall biomarker responses to episodes of binge

rinking appeared relatively similar between genders, men seem to
how relatively greater sensitivities for elevations in liver enzymes
response to heavy drinking occasions. Although the primary
echanisms underlying such observations remain unknown at this

ime, it is possible that alcohol use stimulates oxidative stress in a
ender-dependent manner (Finkel & Holbrook, 2000; Zhang &
orman, 2009). GGT plays a pivotal role in the metabolism of
lutathione (GSH), and elevated activities could be related to an
ttempt to maintain intracellular GSH levels during oxidative
tress, which could also be considered as a protective mechanism
gainst alcohol toxicity (Emdin et al., 2005; Speisky et al., 1990;
hang & Forman, 2009). Women, however, seem to show
levated liver enzyme activities following smaller actual quantities
f total alcohol consumption. Women are also known to be more
ulnerable to alcohol addiction, alcohol-induced liver disease, and
entral nervous system effects (Alfonso-Loeches, Pascual, & Guerri,
013; Hillbom et al., 2011; Liu, Balkwill, Reeves, Beral, & Million
omen Study Collaborators, 2010; Schwarzinger et al., 2018).
revious studies have also suggested that the immune and in-
ammatory consequences of binge drinking may be more pro-
ounced among women (Orio et al., 2017; Pascual et al., 2017). In
he present work, the responses in CRP, an acute inflammatory
rotein, to binge drinking was found, however to occur in a slightly
ore sensitive manner among men.
Not surprisingly, those engaged more frequently in heavy

rinking occasions were younger than those with a lower number
f such episodes. In accordance with previous observations, heavy
rinking occasions and smoking also appeared to be highly
oncomitant behaviors, especially in young adults (Harrison, Desai,
McKee, 2008; Woolard et al., 2015). There may also be significant

ynergistic effects between alcohol use and smoking in creating
epatotoxic effects (Breitling, Raum, Müller, Rothenbacher, &
renner, 2009; Park et al., 2013). It may therefore be assumed
hat interventions aimed at reducing smoking could also affect
inge drinking and vice versa. While physical activity, the presence
r absence of obesity (Alatalo et al., 2008), and coffee consumption
Goh, Chow, Wang, Yuan, & Koh, 2014; Xiao, Sinha, Graubard, &
reedman, 2014) have also been suggested as factors influencing
ver enzyme activities in alcohol consumers, in the present mate-
ial such variables were not found to affect the conclusion reached
n the effects of binge drinking on liver enzyme activities.
The strengths of this study include the large number of study

ubjects and separate assessments for men and women. The
uestionnaire used in this study covered the evaluation of both
egular alcohol consumption and the frequencies of heavy drinking
ccasions from the previous year, allowing the assessment of single
nd joint effects of regular or binge-type drinking on liver out-
omes. Various possible covariates, such as age, smoking, waist
ircumference, BMI, physical activity, or coffee consumption were
lso included in the multivariable analyses. Nevertheless, our study
as some potential limitations. Self-reports are prone to the
hortcomings of this memory-dependent channel, and it is possible
hat the alcohol recall techniques overestimate the proportion of
hose not drinking alcohol at all. This could also lead to underes-
imation of the true doseeresponse associations (Livingston &
allinan, 2015). The cross-sectional setting of the survey and lack
f follow-up data can also be considered as limitations of this study.
Taken together, our study demonstrates distinct differences in

ver enzyme responses in alcohol consumers with or without binge
rinking. These data should be considered in health guidelines
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1*

1 Department of Laboratory Medicine and Medical Research Unit, Seinäjoki Central Hospital and Tampere
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Abstract

Background

Adopting a healthy lifestyle is associated with prolonged life expectancy. The main modifi-

able lifestyle-related risk factors are hazardous alcohol drinking, smoking, excess body

weight and lack of physical activity. Our aim was to estimate the impact of unfavourable life-

style factors on abnormalities in laboratory tests reflecting liver status, inflammation and

lipid metabolism in a population-based cross-sectional study.

Methods

The study included 22,273 participants (10,561 men, 11,712 women) aged 25–74 years

from the National FINRISK Study. Data on alcohol use, smoking, body weight, and physical

activity were recorded from structured interviews. The risk scores for the various life style

factors were established on a 0–8 scale and used to stratify the population in classes to

allow estimates of their joint effects. Serum liver enzymes (GGT, ALT), C-reactive protein

(CRP) and lipid profiles were measured using standard laboratory techniques.

Results

Consistent dose-response relationships were observed between the number of unfavour-

able risk factors and serum levels of GGT, ALT, CRP, cholesterol, HDL, LDL and triglycer-

ides (p < 0.0005 for linear trend in all comparisons). When compared with those with zero

risk factors, the multivariable-adjusted odds ratios (ORs) for abnormalities in all biomarkers

were significantly higher in those with a sum of risk score two or more. The most striking

increases in ORs in the group with the highest numbers of risk factors were observed

among men in serum GGT: 26.6 (12.4–57.0), ALT: 40.3 (5.3–307.8), CRP: 16.2 (7.8–33.7)

and serum triglycerides: 14.4 (8.6–24.0).
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Conclusions

The data support the view that the presence of unfavourable life style risk factors is associ-

ated with distinct abnormalities in laboratory tests for liver function, inflammation and lipid

status. Such biomarkers may prove to be of value in the assessment of interventions aimed

at reducing unfavourable risk factors and in helping individuals in long-term maintenance of

lifestyle modifications.

Introduction

Heavy alcohol drinking, smoking, excess body weight and lack of physical exercise are com-

mon modifiable risk factors of lifestyle, which may all contribute to the incidence of chronic

diseases and premature death [1–5]. There may also be synergistic and additive interactions

between such factors in individuals with clustering of unfavourable lifestyle factors [3, 4, 6].

Therefore, interventions aimed at reducing the number of risk factors has been recognized as

an important target in both personalized medicine and public health policies [7]. Recent stud-

ies have estimated that adopting a healthy lifestyle even at the age of 50 could add more than a

decade to life suggesting significant therapeutic potential for lifestyle interventions [3, 8].

A large body of evidence indicates that the occurrence of increased gamma-glutamyltrans-

ferase (GGT), and alanine aminotransferase (ALT) enzyme activities in apparently healthy

individuals may often be attributed to unhealthy lifestyle factors, such as alcohol consumption

or excess body weight [9–13]. The increases in these liver enzymes may also associate with

extra-hepatic disease risks, including metabolic syndrome, and cardio- or cerebrovascular

events [13–15]. While the biochemical pathways underlying such observations have remained

unclear, previous findings have suggested that inflammatory processes [16–18], oxidative

stress [19, 20] and generation of abnormal lipid profiles [21] are key pathogenic factors in the

sequence of events leading to hepatotoxicity [22] or other adverse health effects, such as inci-

dent stroke [5], in individuals presenting with various clusters of risk factors.

So far, only few studies have been available to examine the individual and joint impacts of

the various unfavourable life style factors on biochemical indices of health. Considering this

issue, we aimed to investigate the combined effects of various lifestyle-related factors on bio-

markers of liver status (ALT, GGT), inflammation (C-reactive protein) and lipid metabolism

(cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides) in a large national FINRISK

population-based study, which includes detailed records on alcohol consumption, smoking,

physical activity and health status. It is assumed that further understanding of the biomarker

behaviour in response to various types of unhealthy behaviours may improve our possibilities

for interventions aimed at adopting more favourable lifestyles.

Materials and methods

Study design, data sources and participants

The study collects extensive data from a cross-sectional population health survey (The

National FINRISK Study) carried out in Finland in 1997, 2002 and 2007. In each survey year

an age- and gender stratified random sample was drawn from the population register accord-

ing to an international protocol [23]. Clinical examinations included physical measurements,

laboratory tests and detailed questionnaires gathering information on current health status,

alcohol intake, diet, smoking, physical activity, medical history and socioeconomic factors [23,

Laboratory tests and lifestyle
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24]. Body weight and height were measured to the nearest 0.1 kg and 0.1 cm, respectively.

Body mass index (BMI, kg/m2) was calculated as a measure of relative body weight. The data

was available from 22,273 apparently healthy individuals: 10,561 men and 11,712 women

(mean age 49 ± 13 years, range 25–74 years) who completed the questionnaires and attended

the medical examination. The study excluded individuals with any apparent clinical signs of

liver disease, ischaemic heart or brain disease or active infection at the time of blood sampling.

The questionnaire used here for registering information on health and lifestyle has been

previously developed and validated for use in international population-based health surveys

[23–25]. The responses to each question on alcohol consumption, smoking, physical activity

and coffee consumption are assigned to mutually exclusive and collectively exhaustive catego-

ries [25]. Data on alcohol consumption was registered from the past 12 months prior to blood

sampling and included information on the types of beverages consumed as well as the amounts

and frequencies of consumption. The ethanol content in different beverages was quantitated

in grams of ethanol based on defined portion sizes as follows: regular beer 12 grams (1/3 L),

strong beer 15.5 grams (1/3 L), long drink 15.5 grams (1/3 L), spirit 12 grams (4 cL), wine 12

grams (12 cL) and cider 12 grams (1/3 L). Information on smoking habits was collected with a

set of standardized questions and the data was expressed as the amounts of cigarettes per day.

Habitual physical activity including both the number and total time used for physical exercises

were also registered from each participant. Coffee consumption was assessed with a set of stan-

dardized questions and expressed as the intake of standard servings of coffee (cups) per day.

The data obtained from the questionnaires was subsequently used to define scores for low

risk (= 0), medium risk (= 1) and high risk (= 2) categories for each individual risk factor fol-

lowing recent work on health-related risk assessment in relation to alcohol consumption,

smoking, BMI status and physical activity [3, 8, 26–28]. In this work, the variables were, how-

ever, categorized into three ordinal levels to yield increased statistical power as compared to

previously used dichotomous classification [3]. For alcohol consumption the scores were

defined as follows: 0 = no consumption; 1 = alcohol consumption between 1–14 (men) or 1–7

(women) standard drinks per week; 2 = alcohol consumption exceeding 14 drinks (men) or 7

drinks (women) per week. For smoking 0 = no smoking, 1 = 1–19 cigarettes per day, 2 = � 20

cigarettes per day; for BMI 0 = BMI < 25; 1 = BMI � 25 and < 30; 2 = BMI � 30. For physical

activity 0 represents those with physical activity over 4 hours per week; 1 = those with physical

activity between 0.5 and 4 hours per week and 2 = those with physical activity less than 30

min/week. The sum of these scores provided a total number of risk factors, with higher scores

(maximum = 8) indicating an unhealthier lifestyle.

The approval for the data collection was received from the Coordinating Ethics Committee

of the Helsinki and Uusimaa Hospital District in 2002 and 2007 and from the Ethics Commit-

tee of the National Public Health Institute in 1997. All surveys were conducted in accordance

with the Declaration of Helsinki according to the ethical rules of the National Public Health

Institute.

Laboratory analyses

Serum liver enzymes (ALT and GGT) were measured by standard clinical chemical methods

on an Abbott Architect clinical chemistry analyzer following the recommendations of the

assay manufacturer (Abbott Laboratories, Abbott Park, IL, USA). High-sensitivity CRP, a bio-

marker of inflammation, was determined using a latex immunoassay (Sentinel Diagnostics,

Milan, Italy) with the Abbott Architect c8000 clinical chemistry analyzer. Lipid profiles

included determinations of total cholesterol, high-density lipoprotein-associated cholesterol

(HDL), low-density lipoprotein (LDL) and total triglycerides using standard enzymatic

Laboratory tests and lifestyle
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methods. All laboratory tests were subjects to continuous external quality control programs

organized by Labquality, Finland and CDC (Center for Disease Control and Prevention) qual-

ity assurance and standardization program for serum lipids. The cut-offs for the normal limits

of the different markers were as follows: ALT (50 U/L men; 35 U/L women), GGT (60 U/L

men; 40 U/L women), CRP (3.0 mg/L), cholesterol (5 mmol/L), HDL cholesterol (1.0 mmol/L

men, 1.2 mmol/L women), LDL cholesterol (3.0 mmol/L), triglycerides (1.7 mmol/L).

Statistical methods

The main characteristics were examined using analysis of variance (ANOVA) with polynomial

contrasts to reveal possible trends across increasing risk score categories. The distribution of

abnormal biomarker levels across the risk categories were analysed by chi-square test for

trend. Binary logistic regression was used to estimate the odds ratios (ORs) of abnormal bio-

marker levels associated with the risk score categories, adjusting for age and coffee consump-

tion, as these factors are known to potentially associate with abnormal biomarker levels and

showed association in univariate analysis. All factors were entered simultaneously into the

multivariable model. Potential multicollinearity among the covariates was examined by calcu-

lating the Variance Inflation Factor (VIF) and no evidence was found. Correlations between

the risk scores and various biomarkers were calculated using Spearman’s rank correlation

coefficients. The analyses were carried out with IBM SPSS Statistics 24.0 (Armonk, NY: IBM

Corp.). A p-value < 0.05 was considered statistically significant.

Results

The main demographic characteristics of the participants classified to subgroups according to

the distribution of unfavourable lifestyle risk factor scores and gender are summarized in

Table 1. Higher levels of alcohol consumption, increased body weight, smoking and physical

inactivity were found to characterize the individuals with high risk scores. Age of the partici-

pants showed a quadratic association between the risk scores such that the highest mean ages

were noted in the middle portion of the risk score categories (p < 0.0005 for both genders).

Coffee consumption was found to increase with increasing number of risk factor scores in

both men and women (p < 0.0005 for linear trend in both genders).

Fig 1 demonstrates the median and interquartile ranges for the various biomarkers in

groups with different risk factor status. Consistent dose-response relationships were observed

between the number of unfavourable risk factors and biomarker levels in all biomarkers. The

frequencies of values exceeding the upper normal limits for GGT, ALT, CRP and triglycerides

or deviations from the target ranges for serum lipids in the different subgroups are summa-

rized in Table 2. The occurrence of abnormal findings in each laboratory parameter was found

to increase in a rather linear and significant manner as a function of the risk score status

(p < 0.0005 for all comparisons).

Table 3 summarizes the multivariable relative risks of abnormal biomarker findings accord-

ing to different risk categories. The biomarkers of liver status, inflammation and lipid profiles

were all found to react to life-style associated risk factors in a sensitive manner and to show sig-

nificant associations with the number of risk scores when compared with participants with

zero risk factors. The most striking increases in ORs in the group with the highest numbers of

risk factors were observed for men in serum GGT: 26.6 (12.4–57.0), ALT: 40.3 (5.3–307.8),

CRP: 16.2 (7.8–33.7) and serum triglycerides: 14.4 (8.6–24.0). When using BMI as a covariate

in the binary logistic regression analyses, similar findings on ORs for abnormal biomarker sta-

tus were observed, except for the lack of significance for HDL cholesterol in men and for

HDL-, LDL- and total cholesterol in women (data not shown).

Laboratory tests and lifestyle
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The strongest correlations between the numbers of various unfavourable risk factors and

laboratory tests were observed for serum GGT (rs = 0.381 for men; rs = 0.311 for women); ALT

(rs = 0.252 for men; rs = 0.166 for women), CRP (rs = 0.308 for men; rs = 0.293 for women) and

serum triglycerides (rs = 0.274 for men, rs = 0.258 for women (p < 0.0001 for all comparisons).

Discussion

The present cross-sectional observational study among a large population-based sample of

individuals indicate that unfavourable lifestyle factors increase the risk for abnormalities in

biomarkers for liver status, inflammation and lipid profiles in a rather linear and significant

manner, which supports the view that profound health benefits could be achieved following

the habits of a healthy lifestyle. According to recent observations adherence to favourable life-

style factors significantly prolongs residual life expectancy [3] and reduces the burden of vari-

ous chronic diseases [5, 26, 27]. Our data further indicates that laboratory parameters could be

used as tools in patient advice and guidance during interventions aimed at achieving a more

favourable lifestyle. The biomarkers chosen for the present comparisons appear to be sensitive

indicators of adverse biomedical effects related to lifestyle and could therefore also be used in

the follow-up of individual patients for long-term maintenance of lifestyle modifications.

Recent findings in lifestyle medicine have indicated that the main determinants for adopt-

ing a healthy life style include alcohol drinking in moderation, weight control, not smoking,

and taking regular exercise [3, 6, 26, 27]. These studies have also emphasized the benefits of

avoiding combinations of unfavourable risk factors, which is also in accordance with the pres-

ent findings using biomarker levels as outcome measures. Previous studies on alcohol con-

sumption as an individual lifestyle risk factor have recently concluded that regular alcohol

Table 1. Main characteristics of the participants, as classified according to lifestyle risk factor scores.

Men

Risk score 0 1 2 3 4 5 6 7–8

n (%) 217 (2.1) 1131 (10.7) 2321 (22.0) 2737 (25.9) 2181 (20.7) 1213 (11.5) 563 (5.3) 198 (1.9)

Age, years, mean ± SD 44.1 ± 14.3 47.5 ± 14.3 50.0 ± 14.3 51.2 ± 13.5 50.1 ± 13.2 49.3 ± 12.2 47.9 ± 11.7 47.4 ± 10.4

Alcohol consumption, g/day 0.0 ± 0.0 4.4 ± 6.3 6.9 ± 8.8 10.2 ± 13.0 15.3 ± 17.6 22.9 ± 25.1 33.0 ± 30.0 41.9 ± 29.8

BMI 23.1 ± 1.4 24.1 ± 2.1 25.6 ± 2.8 27.2 ± 3.3 28.6 ± 4.4 29.3 ± 4.7 29.7 ± 5.1 31.7 ± 4.1

Waist circumference, cm 82.8 ± 5.7 86.9 ± 7.0 91.3 ± 8.7 96.2 ± 9.9 100.1 ± 12.2 102.1 ± 12.6 103.1 ± 13.2 108.4 ± 11.1

Smoking, cigarettes/day 0.0 ± 0.0 0.3 ± 1.8 1.0 ± 3.4 2.7 ± 6.2 5.8 ± 8.9 11.4 ± 11.0 18.2 ± 12.0 24.3 ± 9.4

Coffee, cups/day 3.6 ± 2.9 3.9 ± 2.7 4.0 ± 2.7 4.5 ± 3.0 5.0 ± 3.5 5.3 ± 3.6 5.7 ± 3.7 5.9 ± 4.4

Physical activity,

number of exercises per week

4.3 ± 2.6 3.5 ± 2.1 2.9 ± 2.0 2.4 ± 2.0 2.0 ± 2.2 1.4 ± 1.7 1.3 ± 2.1 0.9 ± 1.8

Women

Risk score 0 1 2 3 4 5 6 7–8

n (%) 447 (3.8) 1939 (16.6) 3183 (27.2) 3004 (25.6) 1945 (16.6) 816 (7.0) 297 (2.5) 81 (0.7)

Age, years, mean ± SD 41.5 ± 12.5 44.8 ± 13.4 47.8 ± 13.5 49.5 ± 13.2 49.9 ± 13.1 48.8 ± 12.2 47.5 ± 11.0 48.4 ± 11.4

Alcohol consumption, g/day 0.0 ± 0.0 1.9 ± 3.2 3.3 ± 5.0 4.6 ± 7.5 6.4 ± 8.0 12.3 ± 11.9 16.8 ± 15.2 22.8 ± 18.7

BMI 22.4 ± 1.6 23.0 ± 2.4 24.7 ± 3.3 27.4 ± 4.9 29.9 ± 5.7 30.7 ± 6.0 31.0 ± 5.7 33.3 ± 4.7

Waist circumference, cm 73.8 ± 5.8 75.7 ± 7.3 79.7 ± 9.1 86.3 ± 12.2 92.4 ± 14.0 94.6 ± 14.5 95.9 ± 14.0 102.1 ± 12.0

Smoking, cigarettes/day 0.0 ± 0.0 0.2 ± 1.2 0.9 ± 3.1 1.9 ± 4.6 3.6 ± 6.2 6.8 ± 8.3 14.6 ± 11.0 18.8 ± 6.7

Coffee, cups/day 3.1 ± 2.5 3.2 ± 2.4 3.5 ± 2.4 3.8 ± 2.4 4.0 ± 2.6 4.2 ± 2.9 4.9 ± 3.1 4.5 ± 2.9

Physical activity,

number of exercises per week

3.7 ± 1.8 3.2 ± 2.1 2.7 ± 2.1 2.4 ± 2.0 2.0 ± 2.0 1.7 ± 1.9 1.3 ± 2.0 0.8 ± 0.8

BMI, body mass index; n, number of observations

https://doi.org/10.1371/journal.pone.0218463.t001
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drinking in amounts exceeding 8 standard drinks per week would lower residual life expec-

tancy at the age of 40 years by 0.5 years, the levels of 30 drinks per week leading to a loss of 4–5

years [26–28]. In individuals with excess body weight even smaller levels of alcohol consump-

tion increase the relative risk of hepatotoxicity, as reflected in elevated liver enzyme activities,

fatty changes in the liver and increased rates of mortality due to liver cirrhosis [11, 12, 29]. Pre-

vious studies have also reported significant synergistic effect of smoking and alcohol use in

increasing liver enzyme activities [30, 31].

Based on current findings lifestyle intervention could be effective when treating patients

with liver problems [32–34]. However, the likelihood for a wide variety of other clinical condi-

tions, such as heart diseases, diabetes or cancer are also significantly driven by lifestyle [3, 8,

26, 27]. Typical pathophysiological characteristics associated with lifestyle and disease risks

seem to include chronic inflammation, oxidative stress and altered fatty acid metabolism [9,

18, 34]. Thus, it may be expected that systematic measurements of conventional biomarkers

reflecting liver status, inflammation and lipid profiles could also offer a significant contribu-

tion to the comprehensive assessment of such patients and help in elucidating the mechanisms

behind the adverse effects of various behavioural phenotypes. Previously, changes in liver

enzyme activities have been shown to be associated with both hepatic and extrahepatic disease

risks, including cardio- and cerebrovascular risks, deposition of triglycerides in tissues and the

Fig 1. Biomarkers of liver function, inflammation and lipid status in individuals with varying lifestyle risk factor status. The data for liver

enzymes (GGT, ALT), hs-CRP (biomarker for inflammation) and lipid profiles (cholesterol, HDL, LDL, triglycerides) are shown for both men and

women as medians and interquartile ranges. The box represents the middle 50% of the values and the whiskers go down to the 10th percentile and up

to the 90th. The scores for the individual risk factors were defined as follows: Alcohol consumption, 0 = no consumption; 1 = alcohol consumption

between 1–14 (men) or 1–7 (women) standard drinks per week; 2 = alcohol consumption exceeding 14 drinks (men) or 7 drinks (women) per week

Smoking, 0 = no smoking, 1 = 1–19 cigarettes per day, 2 = � 20 cigarettes per day BMI, 0 = BMI < 25; 1 = BMI � 25 and < 30; 2 = � 30 Physical

activity, 0 = physical activity over 4 hours per week; 1 = physical activity between 0.5 and 4 hours per week; 2 = physical activity less than 30 min per

week. The sum of the above scores provided a total number of risk factors, with higher scores (maximum = 8) indicating an unhealthier lifestyle.

https://doi.org/10.1371/journal.pone.0218463.g001

Table 2. The proportion (%) of abnormal biomarker findings in individuals classified according to the number of life-style associated risk factor scores.

Men

Risk score 0 1 2 3 4 5 6 7–8 pa

GGT � 60 U/L 3.7 5.8 8.2 14.7 20.8 29.2 38.2 49.5 < 0.0005

ALT � 50 U/L 1.4 2.8 6.0 11.3 14.7 18.8 25.3 31.8 < 0.0005

CRP-hs � 3 mg/L 4.2 8.9 13.3 16.0 22.0 28.0 33.8 42.1 < 0.0005

Cholesterol � 5 mmol/L 47.0 57.0 64.1 69.0 69.4 73.6 74.7 82.3 < 0.0005

HDL � 1 mmol/L 7.8 9.7 15.9 19.0 21.2 21.0 21.6 25.3 < 0.0005

LDL � 5 mmol/L 52.9 56.3 61.4 64.8 66.3 68.0 73.5 66.9 < 0.0005

Triglycerides � 1.7 mmol/L 12.0 16.8 25.7 35.6 41.4 47.8 50.3 65.7 < 0.0005

Women

Risk score 0 1 2 3 4 5 6 7–8 pa

GGT � 40 U/L 5.8 4.7 7.1 11.5 16.4 25.5 30.6 33.3 < 0.0005

ALT � 35 U/L 3.7 5.8 6.0 9.0 12.7 14.2 16.4 11.1 < 0.0005

CRP-hs � 3 mg/L 9.7 12.0 15.1 23.0 33.3 35.8 39.4 58.0 < 0.0005

Cholesterol � 5 mmol/L 54.9 56.9 62.5 67.1 68.9 67.5 67.0 76.5 < 0.0005

HDL � 1.2 mmol/L 6.3 8.9 12.0 16.4 22.1 23.4 20.1 30.0 < 0.0005

LDL � 5 mmol/L 44.5 47.3 53.5 58.8 60.7 60.3 59.9 71.2 < 0.0005

Triglycerides � 1.7 mmol/L 6.7 8.9 12.7 19.7 25.2 29.0 31.0 43.2 < 0.0005

a, p for linear trend

GGT, gamma-glutamyltransferase; ALT, alanine aminotransferase; CRP, C-reactive protein; HDL, high-density lipoproteins; LDL, low-density lipoprotein

https://doi.org/10.1371/journal.pone.0218463.t002
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Table 3. Odds ratios (ORs) for abnormal biomarker status according to individual lifestyle risk factor scores, as

adjusted for age and coffee consumption.

Men Women

Risk score OR (95% CI) OR (95% CI)

GGT 0

1 1.5 (0.7 to 3.1) 0.7 (0.4 to 1.1)

2 2.1 (1.0 to 4.4)a 1.0 (0.6 to 1.5)

3 4.2 (2.1 to 8.7)c 1.6 (1.1 to 2.4)a

4 6.7 (3.3 to 13.7)c 2.4 (1.6 to 3.7)c

5 10.5 (5.1 to 21.5)c 4.6 (3.0 to 7.1)c

6 16.6 (8.0 to 34.4)c 6.6 (4.1 to 10.6)c

7–8 26.6 (12.4 to 57.0)c 7.0 (3.8 to 13.1)c

ALT 0

1 2.1 (0.3 to 16.4) 1.6 (0.7 to 3.8)

2 5.0 (0.7 to 37.2) 1.6 (0.7 to 3.8)

3 11.3 (1.5 to 82.4)a 2.6 (1.1 to 6.0)a

4 15.6 (2.1 to 114.4)b 3.8 (1.6 to 8.8)b

5 20.8 (2.8 to 153.0)b 4.4 (1.8 to 10.4)b

6 30.0 (4.0 to 222.4)b 5.4 (2.1 to 14.1)c

7–8 40.3 (5.3 to 307.8)c 3.5 (0.8 to 15.0)

CRP 0

1 2.0 (1.0 to 4.0) 1.2 (0.9 to 1.8)

2 3.0 (1.5 to 5.8)b 1.6 (1.2 to 2.3)b

3 3.6 (1.8 to 7.1)c 2.7 (2.0 to 3.8)c

4 5.6 (2.8 to 11.0)c 4.7 (3.3 to 6.5)c

5 7.9 (4.0 to 15.7)c 5.4 (3.8 to 7.6)c

6 11.1 (5.5 to 22.2)c 6.6 (4.4 to 9.8)c

7–8 16.2 (7.8 to 33.7)c 13.7 (7.9 to 23.7)c

Chol 0

1 1.4 (1.0 to 1.9)a 0.9 (0.7 to 1.1)

2 1.8 (1.4 to 2.4)c 1.0 (0.8 to 1.2)

3 2.1 (1.6 to 2.8)c 1.1 (0.9 to 1.4)

4 2.2 (1.7 to 3.0)c 1.2 (1.0 to 1.5)

5 2.8 (2.1 to 3.8)c 1.2 (0.9 to 1.5)

6 3.0 (2.1 to 4.2)c 1.2 (0.9 to 1.7)

7–8 4.9 (3.1 to 7.8)c 1.9 (1.1 to 3.4)a

HDL 0

1 1.3 (0.7 to 2.1) 1.5 (1.0 to 2.3)

2 2.2 (1.3 to 3.6)b 2.1 (1.4 to 3.1)c

3 2.7 (1.7 to 4.5)c 2.9 (2.0 to 4.4)c

4 3.2 (1.9 to 5.3)c 4.2 (2.8 to 6.4)c

5 3.2 (1.9 to 5.3)c 4.7 (3.0 to 7.1)c

6 3.3 (1.9 to 5.7)c 3.9 (2.4 to 6.4)c

7–8 4.1 (2.3 to 7.5)c 6.6 (3.5 to 12.2)c

LDL 0

1 1.1 (0.8 to 1.6) 1.0 (0.7 to 1.3)

2 1.4 (1.0 to 1.9) 1.1 (0.9 to 1.4)

3 1.5 (1.1 to 2.2)a 1.3 (1.0 to 1.7)a

4 1.6 (1.2 to 2.3)b 1.4 (1.1 to 1.9)b

(Continued)
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development of insulin resistance [10, 15, 35, 36]. Based on the present analysis which

excluded individuals with clinically apparent diseases at the time of the study the biomarker

responses appear to represent early changes in the sequence of events leading from risk expo-

sure to possible disease outcomes. It should further be noted that in this material similar con-

clusions on a significant linear relationships between the sum of lifestyle risk factors and

current biomarker levels were also reached by further exclusions of individuals with any previ-

ous history of cardiac or cerebrovascular diseases, chronic inflammatory diseases, diabetes or

abnormal oral glucose test (data not shown).

Previous studies have suggested possible mechanistic links between hepatic and extrahe-

patic disease outcomes, as supported by findings indicating that GGT enzyme is able to fuel

LDL oxidation in coronary plaques [37]. In accordance with this view, alcohol and its reactive

metabolites are known to exert toxic effects virtually in all tissues and even relatively low levels

of chronic drinking may increase the risk for carcinogenesis [38–40], cognitive decline [41,

42], cardiac dysfunction [43–45] and all-cause mortality [28, 46], which may also associate

with abnormalities in blood lipid profiles and indices of inflammation [47–49]. Based on the

present data abnormalities in serum CRP, a widely used clinical biomarker of inflammation,

and lipid profiles appear to follow the burden of unfavourable risk factors and abnormalities in

markers of liver function in a sensitive manner. Although CRP alone may be considered as a

relatively unspecific biomarker of inflammation, previous studies have shown that CRP levels

predict cardiovascular events even in individuals without any atherosclerotic manifestations or

conventional risk factors [50, 51]. Evidence also suggests that CRP is an important regulator of

inflammatory processes [51].

Physical inactivity and sedentary behaviour are typical characteristics of an unhealthy life-

style and increasingly common causes of health problems across the world [3, 6, 32, 52–55].

The present biomarker-based data also underscores the benefits of physical activity as an inde-

pendent and significant part of a favourable lifestyle. The individuals engaged in moderate or

vigorous physical activity show significantly lower risks for biomarker abnormalities than the

corresponding groups of those with low or sedentary activity even in the presence of other risk

factors. The data also supports the view that physical exercise could also be used as a

Table 3. (Continued)

Men Women

Risk score OR (95% CI) OR (95% CI)

5 1.8 (1.3 to 2.6)b 1.4 (1.1 to 1.9)a

6 2.3 (1.5 to 3.4)c 1.4 (1.0 to 2.1)

7–8 1.7 (1.1 to 2.9)a 2.5 (1.3 to 4.8)b

Trigl 0

1 1.5 (0.9 to 2.3) 1.2 (0.8 to 1.8)

2 2.5 (1.6 to 3.8)c 1.6 (1.1 to 2.4)a

3 3.9 (2.6 to 6.0)c 2.7 (1.8 to 4.0)c

4 5.1 (3.3 to 7.9)c 3.8 (2.5 to 5.5)c

5 6.7 (4.4 to 10.4)c 4.8 (3.2 to 7.3)c

6 7.6 (4.8 to 11.9)c 5.8 (3.7 to 9.2)c

7–8 14.4 (8.6 to 24.0)c 9.7 (5.4 to 17.4)c

a, p < 0.05
b, p < 0.01
c, p < 0.001. For abbreviations, see Table 2.

https://doi.org/10.1371/journal.pone.0218463.t003
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therapeutic approach to counteract life-style associated adverse metabolic and obesogenic

effects and possibly confer long-term benefits to lifestyle-associated disease burden in general

[54, 56–58]. Previously, moderate to vigorous physical activity was found to improve the

degree of hepatic steatosis in fatty liver disease through reducing inflammation and oxidative

stress and altering lipid metabolism even in the absence of any detectable weight reduction

[34]. Interestingly, recent UK biobank based study has also concluded that physically active

individuals have longer life expectancies across the different levels and indices of adiposity

than those with low levels of activity [58].

Based on current data the biomarker responses to factors of lifestyle seem to be significantly

driven by their joint effects. However, it should be emphasized that there may also be other

types of unhealthy behaviours, such as particular dietary patterns, which may contribute to

adverse health effects [3, 8, 26, 27]. Unfortunately, in this work we did not have sufficient

information available on the exact compositions of the diet. Here the unfavourable lifestyle fac-

tors were, however, found to be associated with an increasing trend of coffee consumption in

the high risk subgroups, which is in accordance with previous observations indicating that

heavy smoking may be related with increased coffee intake [59]. Interestingly, coffee consump-

tion has been previously shown to be associated with a reduced risk for both all-cause and

cause-specific mortality [60]. Lower levels of liver-derived enzymes have also been found to

occur in alcohol consumers with high levels of coffee consumption when compared to those

with no coffee consumption suggesting possible hepatoprotective effects of coffee intake [12,

60].

Previous work has also emphasized the role of high-fat diets in aggravating inflammation,

oxidative stress and metabolic aberrations [18–20]. High carbohydrate and processed/red

meat consumption together with insufficient vegetable, fruit or vitamin intake are other

important dietary components which may associate with adverse metabolic and hepatic effects

[18, 26, 27, 32, 61]. Thus, the individual assessment of health risks should include consider-

ations of the quality of the diet which may include several synergistic triggers for adverse

health effects, as also previously reported from both experimental animal models [20] and

human studies [12, 13, 18, 62–67]. In real life situations simultaneous adherence to several

low-risk lifestyle-related factors may, however, be difficult. Thus, there is an obvious need for

improved national health policies emphasizing tools for health care outcome measurements.

The present findings suggest a possible expanded role for clinical laboratory information in

the follow-up of patients presenting with unfavourable lifestyle risk factors.

Following previous work on lifestyle factors and health risks [3], we used BMI here as a part

of the risk factor scoring system instead of using it as a covariate. This may be justified to pre-

vent over-adjustment due to controlling for a variable which may be on a causal pathway

between exposure and outcome. In this work the lack of information on the quality of the diet

may further support the choice of using BMI as part of the lifestyle-related index. This

approach was also supported by additional analyses using BMI as a covariate where similar

conclusions were also reached on a linear relationships between the sum of lifestyle risk factors

and biomarker levels, except for a lack of significance for HDL-cholesterol in men and for

HDL-, LDL- and total cholesterol in women.

The strengths of this study include the large number of study subjects and a comprehensive

assessment of various lifestyle risk factors together with several biomarkers. The study also

included separate assessments for both genders. Nevertheless, our study has some potential

limitations. Due to the observational and cross-sectional nature of the study and lack of fol-

low-up data it is difficult to derive any causal relationships. The lifestyle factors were self-

reported and thus underreporting and biased recall may occur particularly in the parameters

pertaining to less socially desirable behaviours. The association between the current risk
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factors, the quality of the diet and biomarker responses clearly warrant future studies in large

follow-up materials. Future studies are also needed to examine the effect of lifestyle factors on

indices of inflammation using a wider selection of biomarkers.

Nevertheless, our study demonstrates previously unrecognized relationships between life

style risk factors and biomarker abnormalities, which may prove to be useful in public health

recommendations. The data also suggests a potential for using biomarker-based algorithms in

a comprehensive assessment of interventions aimed at reducing the risks, which based on

recent findings seem to have a major impact on life expectancies and disease outcomes.
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Abstract

Background: Factors of lifestyle may have a major impact on liver-related morbidity and mortality.
We examined independent and joint effects of lifestyle risk factors on fatty liver index (FLI), a biomarker of hepatic
steatosis, in a population-based cross-sectional national health survey.

Methods: The study included 12,368 participants (5784 men, 6584 women) aged 25–74 years. Quantitative
estimates of alcohol use, smoking, adiposity and physical activity were used to establish a total score of risk factors,
with higher scores indicating an unhealthier lifestyle. FLI was calculated based on an algorithm including body
mass index, waist circumference, serum gamma-glutamyltransferase and triglycerides.

Results: The occurrence of FLI ≥ 60% indicating fatty liver increased from 2.4% in men with zero risk factors to
81.9% in those with a total risk score of 7–8 (p < 0.0005 for linear trend) and in women from 0 to 73.5%
(p < 0.0005). The most striking individual impacts on the likelihood for FLI above 60% were observed for physical
inactivity (p < 0.0005 for both genders) and alcohol consumption (p < 0.0005 for men). Interestingly, coffee
consumption was also found to increase with increasing risk factor scores (p < 0.0005 for linear trend in both
genders).

Conclusions: The data indicates that unfavorable combinations of lifestyle risk factors lead to a high likelihood of
hepatic steatosis. Use of FLI as a diagnostic tool may benefit the assessment of interventions aimed at maintaining
a healthy lifestyle and prevention of liver-related morbidity.

Keywords: Alcohol, NAFLD, Obesity, Physical activity, Steatosis

Background
Excessive alcohol use, smoking, and lack of physical ac-
tivity are typical risk factors of lifestyle, which may con-
tribute to adiposity, fatty deposition in the liver and
increased all-cause mortality [1–4]. Furthermore, several
risk factors are often present concomitantly in the same
individual [5, 6]. Recent studies have concluded that
simultaneous adherence to multiple healthy lifestyle fac-
tors could significantly prolong life expectancy

suggesting substantial therapeutic implications for inter-
ventions focusing on basic lifestyle factors [1, 7, 8].
In current societies, hepatic steatosis is a highly com-

mon manifestation of health problems driven by behav-
ioral factors. Building of too much fat in the liver may
lead to a wide variety of clinical symptoms ranging from
asymptomatic increases in biomarkers of liver function
to liver cirrhosis [2, 9–11]. Recent studies have indicated
that elevated alanine aminotransferase (ALT) and
gamma-glutamyltransferase (GGT) activities are com-
mon in obese individuals with mild to moderate alcohol
consumption suggesting cumulative hepatotoxic effects
for adiposity and alcohol use [6, 9, 10, 12–14]. Smoking
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together with alcohol use may also have synergistic
effects in increasing the odds of abnormal GGT levels
[15, 16]. The increases in liver enzymes under such con-
ditions also appear to associate with systemic inflamma-
tion, abnormal lipid status and increased risk for both
hepatic and extra-hepatic complications, including car-
dio- and cerebrovascular diseases [14, 17–19].
Recent advances in research on liver diseases have led

to the introduction of various algorithms designed for
assessing individual disease risks in a non-invasive man-
ner. Fatty liver index (FLI) is an algorithm designed for
the prediction of fatty liver, which in previous external
validation studies involving comparisons with ultrason-
ography data, has been shown to be more accurate for
the identification of fatty liver than any of the conven-
tional biomarkers of liver function [11, 20]. So far, no
data have, however, been available on the impacts of un-
healthy behaviors on FLI. In this work, we aimed to in-
vestigate the individual and joint effects of various
lifestyle risk factors on FLI in a large Finnish population-
based cohort (the National FINRISK study) encompass-
ing detailed records on alcohol use, smoking habits,
physical activity and other health-related behavior. Im-
proved knowledge on the associations between FLI, as a
proxy for fatty liver, and various risk factors of lifestyle
may be assumed to provide new tools for clinical man-
agement and counseling regarding factors of lifestyle in
patients with suspected hepatic steatosis.

Methods
Study design
Data from a cross-sectional population health survey
(The National FINRISK Study) carried out in six geo-
graphical areas in Finland in years 1997, 2002 and 2007
were used [13, 21, 22]. The material includes a nationally
representative age- and gender stratified sample, which
was drawn from the population register according to an
international protocol [21]. Clinical examinations com-
prised physical measurements, laboratory analyses and
detailed questionnaires encompassing alcohol intake,
smoking, coffee consumption, physical activity, medical
history, current health status and socioeconomic factors
[21, 22]. Body mass index (BMI, kg/m2) was calculated
as an index of relative body weight based on body weight
and height, which were measured to the nearest 0.1 kg
and 0.1 cm, respectively. Waist circumference (to the
nearest 0.5 cm) was obtained from the measurements
between the lowest rib and iliac crest while the study
subject was at minimal respiration.
Data on alcohol use from the past 12 months was

collected through questionnaires gathering informa-
tion on the types of beverages, the frequency of
consumption, and the amounts of each type of
ethanol-containing standard drink (corresponding to

12 g of ethanol) [18]. Information on smoking was
gathered with standardized questionnaires and the
data was given as the number of cigarettes per day.
Leisure-time physical activity including the number
and total time used for physical exercises were reg-
istered using specifically designed structured ques-
tionnaires, as previously described [21, 22]. Coffee
consumption as derived from the sets of standard-
ized questions were expressed as the amounts of
standard coffee servings (cups) per day.
The responses to each question on alcohol consump-

tion, smoking, physical activity and coffee consumption
were assigned to mutually exclusive and collectively ex-
haustive categories [21, 22]. The data was subsequently
used to categorize the subjects into three ordinal levels
to define scores for low risk (= 0), medium risk (= 1)
and high risk (= 2) for each lifestyle factor, as previously
described [1, 13]. For scoring alcohol consumption the
currently recommended national limits of low-risk alco-
hol consumption were followed: 0 = no consumption;
1 = alcohol consumption between 1 and 14 (men) or 1–7
(women) standard drinks per week (low risk consump-
tion); 2 = alcohol consumption exceeding 14 drinks
(men) or 7 drinks (women) per week (high risk con-
sumption). For smoking 0 = no smoking, 1 = 1–19 ciga-
rettes per day, 2 = ≥ 20 cigarettes per day; for BMI 0 = <
25; 1 = ≥ 25 and < 30 (overweight); 2 = ≥ 30 (obesity).
For physical activity, score = 0 refers to those with phys-
ical activity over 4 h per week; 1 = physical activity be-
tween 0.5 and 4 h per week and 2 = physical activity less
than 30min/week. The sum of the above scores pro-
vided the total number of risk factors, with higher scores
indicating an unhealthier lifestyle.
The data was available from 12,368 participants (5784

men, 6584 women, mean age 49 ± 13 years, range 25–74
years) who completed the questionnaires and attended
the medical examination. The study excluded individuals
with any apparent clinical signs of liver disease, diabetes
or abnormal oral glucose test, ischemic heart or brain
disease, chronic inflammatory diseases, malignancy or
active infection at the time of blood sampling. The in-
vestigation was performed with the understanding and
written informed consent of each individual and was ap-
proved by the Coordinating Ethics Committee of the
Helsinki and Uusimaa Hospital District. All surveys were
conducted in accordance with the Declaration of
Helsinki according to the ethical rules of the National
Public Health Institute.

Laboratory analyses
Serum ALT and GGT were analyzed by standard clin-
ical chemical methods on an Abbott Architect
analyzer following the instructions of the manufac-
turer (Abbott Laboratories, Abbott Park, IL, USA).
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Assays of high-sensitivity C-reactive protein (CRP)
were carried out using a latex immunoassay (Sentinel
Diagnostics, Milan, Italy) on Abbott Architect c8000
analyzer. Determinations of total cholesterol, high-
density lipoprotein-associated cholesterol (HDL), low-
density lipoprotein associated cholesterol (LDL) and
total triglycerides were based on standard enzymatic
methods. All laboratory tests were subjects to con-
tinuous external quality control programs organized
by Labquality, Finland and CDC (Center for Disease
Control and Prevention) quality assurance and
standardization program for serum lipids. The cut-
offs for the normal limits of the parameters were as
follows: ALT (50 U/L men; 35 U/L women), GGT (60
U/L men; 40 U/L women), CRP (3.0 mg/L), cholesterol
(5 mmol/L), HDL cholesterol (1.0 mmol/L men, 1.2
mmol/L women), LDL cholesterol (3.0 mmol/L), tri-
glycerides (1.7 mmol/L).

Fatty liver index
Fatty liver index is a predictor algorithm for fatty liver
disease, which was computed based on BMI, waist cir-
cumference, triglycerides and GGT, as previously de-
scribed by Bedogni and coworkers [20]. In this
algorithm, FLI scores below 30 exclude fatty liver, scores
below 30 and 60 remain inconclusive whereas scores of
60 and above indicate that fatty liver is present [20].

Statistical methods
The study variables are reported as mean ± standard de-
viation (SD) or geometric means with 95% confidence
intervals, as indicated. For parameters with skewed dis-
tributions a logarithmic transformation was performed.
Comparisons between the variables were carried out
using analysis of variance (ANOVA) with polynomial
contrasts to reveal possible trends across the ordinally
increasing risk score categories. The distribution of find-
ings exceeding the cut-offs for FLI and other biomarkers
in various risk categories were analyzed by chi-square
test for trend. Multinomial logistic regression was used
to estimate the odds for abnormal FLI according to the
individual number of lifestyle risk factor scores, adjusting
for BMI, age and coffee consumption. To evaluate the
individual impact of the lifestyle risk factors as predic-
tors of abnormal FLI (≥ 60) multivariate binary logistic
regression with likelihood ratio test was performed and
estimates are presented as odds ratios (OR). The differ-
ences in proportions between men and women were
tested using Pearson chi-square test and Fisher’s exact
test as appropriate. Correlations between the study vari-
ables were calculated using Spearman’s rank correlation
coefficients. The analyses were carried out with IBM
SPSS Statistics 24.0 (Armonk, NY: IBM Corp.). A
p-value < 0.05 was considered statistically significant.

Results
Table 1 summarizes the main clinical characteristics of
the subjects classified according to the score of lifestyle
risk factors and gender. Higher quantities of alcohol in-
take, excess body weight, higher levels of cigarette smok-
ing and physical inactivity were found to characterize
the individuals with increased risk scores. In men, there
was a quadratic trend between age and ordinal lifestyle
risk score categories, the highest mean ages being noted
in the middle section of the risk categories (p < 0.01)
whereas in women a linear trend was observed (p <
0.0005). There was also a significant association between
coffee consumption and increasing risk factor scores
(p < 0.0005 for linear trend in both genders). Among the
individual components of the risk factor score, a signifi-
cant association was found to exist between coffee con-
sumption and smoking status. Coffee consumption ≥4
cups/day was found in 52.3% of non-smokers, 70.9% of
those smoking 1–19 cigarettes per day and in 84.4% of
those smoking ≥20 cigarettes/day (p < 0.0005).
The data on the clinical and laboratory parameters

in subgroups with different lifestyle risk factor status
are summarized in Table 2. The proportions of indi-
viduals with FLI ≥ 60 (indicating that fatty liver is
present) and the percentages of individuals exceeding
the reference limits in the individual components of
the FLI (BMI, waist circumference, serum triglycerides
and GGT) as well as in biomarkers of liver function
(ALT), inflammation (CRP) and lipid status (choles-
terol, HDL-cholesterol, LDL-cholesterol) are also
shown. Distinct dose-response relationships were ob-
served between the number of unfavorable risk fac-
tors, FLI levels and biomarker data in all
comparisons. In those with zero risk factors FLI
below 30 (ruling out fatty liver) was observed in
87.5% of men and 98.5% of women (Fig. 1). While in
both genders the increase in the amount of risk fac-
tors was found to lead to a sharp increase in the
prevalence of FLI 60 or above suggesting fatty liver,
the changes among men were found to occur in a
more sensitive manner (p < 0.0005 for differences in
proportions) (Fig. 1).
Figure 2 demonstrates the rates of abnormal FLI re-

sults in the study population classified according to risk
factor scores based on alcohol consumption, smoking
and physical inactivity as independent individual compo-
nents of risk factor classification (score range 0–6). In
comparisons to those with zero risk factors, a significant
increase in the occurrence of abnormal FLI was found in
those with one or more risk factors (p < 0.0005 for all
comparisons). In these analyses, the FLI responses were
also found to be more pronounced among men. The
data on multinomial logistic regression analysis for in-
creased FLI, as adjusted for BMI, age and coffee
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consumption, are summarized in Table 3. The risk score
status was associated with significant increases in ORs
for FLI 60 and above in the groups with one or more
risk factors. The most striking influences on the likeli-
hood of abnormal FLI were observed for lack of physical
activity (p < 0.0005 for both genders) and alcohol con-
sumption exceeding current low risk drinking limits in
men (14 drinks per week) (p < 0.0005) (Table 4).
In the analyses of correlations between FLI and the

various study parameters, significant correlations were
found to emerge between FLI and serum ALT (Rs =
0.512 for men; Rs = 0.322 for women) and CRP (Rs =
0.429 for men; Rs = 0.479 for women) (p < 0.001 for all
comparisons).

Discussion
The present findings indicate that combinations of un-
favorable determinants in lifestyle markedly increase the
risk for fatty liver, as assessed using a recently developed
predictor algorithm, FLI. The rather linear association
between abnormal FLI and combined lifestyle risk factor
status supports the view that significant benefits on liver
health could be gained from simultaneous adherence to
multiple low-risk lifestyle-related factors and from sys-
tematic behavior change support systems for individuals
presenting with high-risk lifestyles [1–4, 7, 8]. Based
on recent population surveys successful lifestyle

interventions could lead to a striking reduction in mor-
tality from both hepatic and extrahepatic causes [1, 2, 4,
17, 19]. Current data indicates that FLI, a non-invasive
biomarker of steatosis, could perhaps be used as a clin-
ical tool for patient guidance and motivation during in-
terventions aimed at maintaining long-term lifestyle
changes that promote the loss of liver fat.
Fatty liver is currently a highly common condition

in high income countries being estimated to affect at
least 25–30% of adults in general population and over
70% of those with gross obesity or diabetes [23–25].
Therefore, greater awareness of this phenomenon is
important to prevent a looming public health crisis.
Building of excess fat in liver cells has been regarded
as the hepatic manifestation of the metabolic syn-
drome, which associates with cerebro- and cardiovas-
cular disease risks, tissue triglyceride deposition,
hyperinsulinemia and insulin resistance [10, 19, 23,
26–28]. Therefore, new non-invasive tools for detect-
ing hepatic steatosis in an early phase are needed to
prevent progression of liver disease and associated
metabolic comorbidities. Although the FLI algorithm
has recently been shown to improve the identification
of fatty liver when compared with other non-invasive
methods [11, 20, 29–31], as yet, only few studies have
been available on the clinical applications of FLI or
the effects of lifestyle factors on FLI.

Table 1 Main characteristics of the study population, as categorized to subgroups according to the number of lifestyle risk factor
scores

Men

Risk score 0 1 2 3 4 5 6 7–8

N (%) 168 (2.9) 740 (12.8) 1392 (24.1) 1413 (24.4) 1068 (18.5) 615 (10.6) 294 (5.1) 94 (1.6)

Age, years, mean ± SD 41.8 ± 13.8 44.1 ± 13.4 45.5 ± 13.6 46.2 ± 12.9 44.1 ± 12.2 45.4 ± 11.7 44.4 ± 11.0 43.7 ± 9.7

Alcohol use, g/day 0.0 ± 0.0 4.9 ± 6.5 7.8 ± 9.0 11.5 ± 13.8 17.0 ± 19.1 23.6 ± 26.4 34.2 ± 30.5 44.7 ± 30.5

Smoking, cigarettes/day 0.0 ± 0.0 0.3 ± 1.7 1.2 ± 3.7 3.3 ± 6.7 7.2 ± 9.5 13.1 ± 11.0 18.9 ± 11.7 23.8 ± 8.5

Body mass index 23.1 ± 1.3 23.9 ± 2.0 25.3 ± 2.7 26.6 ± 3.1 27.5 ± 4.0 28.2 ± 4.3 28.6 ± 4.9 30.8 ± 3.7

Waist circumference, cm 82.5 ± 5.7 86.0 ± 6.7 89.8 ± 8.4 94.1 ± 9.1 96.3 ± 11.3 98.7 ± 11.9 100.2 ± 12.9 105.8 ± 11.1

Physical activity, exercises/week 4.1 ± 1.8 3.4 ± 1.9 2.8 ± 1.9 2.3 ± 2.0 1.7 ± 1.7 1.4 ± 1.7 1.3 ± 2.3 0.6 ± 0.9

Coffee, cups/day 3.7 ± 2.8 3.9 ± 2.9 4.1 ± 2.8 4.7 ± 3.1 5.3 ± 3.3 5.9 ± 3.8 6.0 ± 4.1 6.7 ± 4.7

Women

Risk score 0 1 2 3 4 5 6 7–8

N (%) 338 (5.1) 1286 (19.5) 1877 (28.5) 1596 (24.2) 923 (14.0) 391 (5.9) 139 (2.1) 34 (0.5)

Age, years, mean ± SD 39.6 ± 11.9 42.3 ± 12.7 44.0 ± 12.6 45.1 ± 12.4 44.9 ± 12.5 44.3 ± 11.1 44.5 ± 10.4 47.0 ± 11.6

Alcohol consumption, g/day 0.0 ± 0.0 2.2 ± 3.4 3.9 ± 5.5 5.3 ± 7.1 7.7 ± 8.8 13.8 ± 12.3 15.6 ± 13.2 19.4 ± 12.9

Smoking, cigarettes/day 0.0 ± 0.0 0.2 ± 1.3 1.1 ± 3.4 2.3 ± 4.9 4.8 ± 6.8 7.8 ± 8.5 14.5 ± 10.3 17.4 ± 6.8

Body mass index 22.3 ± 1.6 22.8 ± 2.4 24.1 ± 3.2 26.2 ± 4.4 28.3 ± 5.1 29.1 ± 5.7 30.3 ± 5.5 32.8 ± 3.5

Waist circumference, cm 73.6 ± 5.9 75.0 ± 7.1 78.2 ± 8.7 83.0 ± 11.2 88.5 ± 13.0 90.1 ± 13.7 93.3 ± 13.1 99.9 ± 11.1

Physical activity, exercises/week 3.8 ± 1.8 3.2 ± 2.1 2.5 ± 2.0 2.3 ± 2.0 2.0 ± 2.0 1.6 ± 1.9 0.9 ± 1.3 0.8 ± 0.9

Coffee, cups/day 3.0 ± 2.3 3.2 ± 2.4 3.6 ± 2.4 3.9 ± 2.4 4.3 ± 2.7 4.5 ± 3.0 5.4 ± 3.5 4.4 ± 3.0
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Alcohol drinking, cigarette smoking, and physical
inactivity are currently the main modifiable high-risk
determinants of lifestyle [1]. The present findings in-
dicate that each of these components and especially
their co-existence increase the risk of metabolic aber-
rations in the liver. In obese individuals or in
smokers, regular alcohol drinking even in relatively
modest amounts may increase the risk for abnormal

liver enzyme activities [6, 15, 18, 32]. The combined
triggers from multiple unfavorable lifestyle factors
may also stimulate inflammation and lead to progres-
sion of fibrosis [6, 12, 15, 16, 33]. The present find-
ings also lend support to the view that no safe limit
of alcohol consumption in relation to the risk of pro-
gression of non-alcoholic fatty liver disease (NAFLD)
can be defined. Thus, questioning such patients about

Fig. 1 The distributions of FLI scores below 30, ≥ 30 and < 60 and 60 or above in individuals classified to lifestyle risk factor scores as follows:
Alcohol consumption, 0 = no consumption; 1 = alcohol consumption 1–14 (men) or 1–7 (women) drinks/week; 2 = alcohol consumption in
amounts exceeding 14 drinks (men) or 7 drinks (women) per week Smoking, 0 = no smoking, 1 = 1–19 cigarettes/day, 2 = ≥ 20 cigarettes/day.
BMI, 0 = BMI < 25; 1 = BMI≥ 25 and < 30; 2 =≥ 30. Physical activity, 0 = those with physical activity over 4 h/week; 1 = those with physical activity
0.5–4 h/week; 2 = those with physical activity less than 30min/week. The sum of the scores yielded a total risk factor number, with higher scores
indicating an unhealthier lifestyle (maximum= 8)

Fig. 2 The occurrence of abnormal FLI in groups classified according to alcohol use, smoking and physical activity as risk factors in men and
women as follows: Alcohol consumption, 0 = no consumption; 1 = alcohol consumption 1–14 (men) or 1–7 (women) drinks/week; 2 = alcohol
consumption exceeding 14 drinks (men) or 7 drinks (women) per week Smoking, 0 = no smoking, 1 = 1–19 cigarettes/day, 2 =≥ 20 cigarettes/
day. BMI, 0 = BMI < 25; 1 = BMI≥ 25 and < 30; 2 = ≥ 30. Physical activity, 0 = physical activity more than 4 h/week; 1 = physical activity 0.5–4 h/
week; 2 = physical activity less than 30 min/week. The sum of the scores yielded a total risk factor number, with higher scores indicating an
unhealthier lifestyle (maximum = 6)
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alcohol intake and other factors of lifestyle warrants
further attention. Previous findings have indicated
that there may be common pathogenic features in
lifestyle-related disease manifestations, including sys-
temic inflammatory response, oxidative stress and al-
tered fatty acid metabolism [9, 34–36]. Therefore, use
of FLI together with biomarkers reflecting the above
mentioned pathophysiological pathways could also
help in elucidating the primary mechanisms of fatty
deposition in various behavioral phenotypes. Recently,
a link between hepatic and extrahepatic manifesta-
tions of fatty liver have been proposed based on find-
ings indicating that LDL oxidation in coronary
atherosclerotic plaques can be boosted by the action
of GGT enzyme, which is also a key mediator of oxi-
dative stress [37, 38]. There may also be an interplay
between oxidative stress and inflammation [13, 39–
41]. In line with this view, current data shows that
abnormalities in serum CRP, a biomarker and

important regulator of inflammation also coincide
with the burden of high-risk lifestyle factors and ab-
normalities in FLI.
Lack of physical activity has recently been recog-

nized as an increasingly important lifestyle-associated
contributor to poor health [42, 43]. Spending more
time in sedentary behaviors associates with a wide
variety of adverse health outcomes, including cardio-
vascular diseases, diabetes and carcinogenesis [1, 44–
47]. The present data shows that physical inactivity is
also a major independent contributor of abnormal
FLI. Those with moderate and vigorous physical activ-
ity show markedly lower odds for fatty liver than
those with sedentary activity. Sufficient doses of phys-
ical exercise could also have a major impact in redu-
cing the adverse metabolic effects of unfavorable
lifestyle. Regular physical activity may also be ex-
pected to lead to significant long-term health benefits
in reducing hepatic steatosis and insulin resistance

Table 3 Odds ratios for abnormal FLI according to the individual number of lifestyle risk factor scores, as derived from multinomial
logistic regression analysis, adjusted for BMI, age and coffee consumption

Men Women

FLI≥ 30 and < 60 FLI ≥ 60.0 FLI≥ 30 and < 60 FLI ≥ 60.0

Risk score OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

0 1.0 1.0 1.0 1.0

1 1.8 (1.3–2.6) 1.7 (1.0–2.8) 0.8 (0.6–1.2) 2.2 (1.1–4.5)

2 2.3 (1.7–3.3) 3.6 (2.2–5.9) 1.2 (0.8–1.7) 3.5 (1.7–7.2)

3 2.9 (2.0–4.1) 6.6 (4.0–11.0) 1.8 (1.2–2.7) 6.4 (3.0–13.5)

4 4.6 (3.0–6.9) 13.5 (7.7–23.7) 2.1 (1.3–3.4) 9.6 (4.1–22.9)

5 7.4 (4.5–12.1) 29.7 (15.5–57.1) 3.5 (1.9–6.6) 26.3 (8.9–77.8)

6 6.2 (3.0–12.7) 28.1 (11.2–70.9) 9.3 (2.3–37.6) 32.8 (11.6–92.3)

FLI fatty liver index, OR odds ratio

Table 4 Individual impacts of lifestyle factors on fatty liver index in multivariate binary logistic regression analysis

Men Women

Adjusted OR (95% CI) p* Adjusted OR (95% CI) p*

Physical activity per week < 0.0005 < 0.0005

> 4 h 1.0 1.0

0.5–4 h 2.54 (2.21–2.92) 2.53 (1.99–3.22)

< 30min 2.78 (2.35–3.28) 3.82 (2.94–4.96)

Standard drinks per week < 0.0005 0.086

none 1.0 1.0

1–14 (men) or 1–7 (women) 1.01 (0.88–1.15) 0.84 (0.72–0.99)

> 14 (men) or > 7 (women) 1.81 (1.53–2.15) 1.02 (0.80–1.30)

Cigarettes per day 0.047 0.185

none 1.0 1.0

1–19 0.84 (0.73–0.98) 0.88 (0.7–1.08)

≥ 20 0.88 (0.75–1.04) 1.25 (0.88–1.78)
*likelihood ratio test
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[35, 45, 48–50]. In accordance with this view, moder-
ate or vigorous physical activity were recently shown
to reduce fat, inflammation and oxidative stress in the
liver even in cases without any notable changes in
BMI status [35].
Previous studies have shown that Western diet charac-

terized by high fat, high carbohydrate and insufficient
vitamin intake may provide triggers for insulin resistance
and associated hepatotoxicity [14, 46, 51–56]. On the
other hand, adherence to a healthy diet has recently
been emphasized among the first-line treatment options
for NAFLD [52, 57]. Unfortunately, in this work infor-
mation on the exact compositions of the diet were not
available. A large body of evidence has supported the
view that nutrients rich in antioxidants show an inverse
association with the risk of mortality due to NAFLD
[52]. Interestingly, consumption of coffee, which is a rich
source of antioxidants, has been previously associated
with a reduced risk for liver cirrhosis and liver enzyme
elevations in alcohol consumers [58, 59]. Coffee intake
has also been suggested to be inversely related with the
risk of NAFLD possibly by modulating pathways of the
gut-liver axis [60]. In the present population, the lifestyle
risk factor score was found to correlate positively with
coffee intake, which was explained by a high prevalence
of coffee drinking among smokers [61]. The question
whether and how coffee consumption could exert pro-
tective effects towards the oxidative stress induced by
combined lifestyle associated risk factors remains, how-
ever, unknown.
A major strength of this study is the large sample

size of over 12,000 participants with a comprehensive
assessment of the relationships between FLI, other la-
boratory markers and lifestyle-related risk factors. Al-
though the present material was collected from
different geographical areas in Finland, the population
represents a Caucasian population with a high degree
of environmental and genetic homogeneity. Based on
previous evidence indicating profound gender-related
differences in susceptibilities for liver disease, we have
also included separate analyses for men and women.
In accordance with recent findings from an animal
model for NAFLD [62], our data suggests that alter-
ations in liver enzymes and lipid status among men
may occur relatively early in the sequence of events
leading abnormal FLI. However, the changes in CRP,
a biomarker of inflammation, in response to com-
bined life style risk factors appeared to be more pro-
nounced among women.
The main limitation of the study is the cross-

sectional setting and lack of follow-up data to address
possible causal relationships. The data on lifestyle de-
terminants were based on self-reports and therefore
we cannot rule out the possibility of recall bias or

underreporting especially concerning the data reflect-
ing socially less desirable behaviors, such as alcohol
intake. Lack of detailed information on the patterns
of diet may also be kept as a limitation of the study.
Therefore, future longitudinal studies are needed to
examine causal relationships between combinations of
life style risk factors and fatty change in the liver.
The possible role of FLI as a clinical tool for support-
ing behavior changes in NAFLD patients also warrant
future studies in large materials. It should further be
emphasized that although elevated blood glucose
levels is known to be an important determinant of
metabolic health in both normal weight and obese
subjects [63], in this study data on simultaneous mea-
surements of fasting blood glucose levels were not
available. The occurrence of abnormal blood glucose
status is, however, unlikely to create a significant con-
founding factor in the present analyses since we ex-
cluded all subjects who had been previously
diagnosed with diabetes or had shown abnormal re-
sults in oral glucose tolerance tests.

Conclusions
Taken together, current data demonstrates distinct rela-
tionships of lifestyle-related risk factors and fatty liver,
which should be implicated in recommendations aimed
at promoting liver health. The data also emphasizes the
possibility of using FLI algorithm as a non-invasive clin-
ical tool for providing feedback in approaches to reduce
the number of unfavorable lifestyle risk factors and to
prevent morbidity and mortality resulting from fatty
liver disease and associated metabolic comorbidities.
Interestingly, recent studies have indicated that FLI
could also serve as a risk predictor for extrahepatic com-
plications, such as chronic kidney disease [64].
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