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Abstract

Introduction.—Nationally representative studies of the combined impact of drinking and body 

mass (BMI) on mortality outcomes are unavailable. We investigate whether both act together to 

elevate risk of all-cause or liver mortality.

Methods.—We obtained self-reported histories of drinking and BMI from 129 098 women (mean 

age 47.2 years) and 102 568 men (mean age 45.6 years) ≥18 years interviewed from 1997 to 2004 

in the National Health Interview Survey and related these data to the deaths that occurred by 31 

December 2006 (women = 8486; men = 7819 deaths). Death hazards among current drinkers in 

different BMI groups were adjusted for age, education, race and smoking.
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Results.—Obese (≥30 kg m−2) adults with consumption of >40 g day−1 (women) or >60 g day−1 

(men) pure ethanol were at risk of increased mortality from all-cause and chronic liver disease 

(P trend <0.0001). For heavy drinkers with BMI ≥30 kg m−2, each 5 kg m−2 higher BMI was 

associated with an elevated all-cause mortality in men (hazard ratios 1.27, 95% confidence interval 

[CI]: 1.16–1.40) and women (1.12, [1.02–1.24]). The excess risk due to interaction was more 

pronounced in men (7.30, [3.60–11.00]) than women (2.90, [0.50–5.30]).

Discussion and Conclusions.—Obesity and excess alcohol are both related to all-cause and 

liver mortality—the latter with evidence of a supra-additive interaction between the risk factors. 

The presence of both factors in the same population and their impact should inform treatment, 

public health policies and research.
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Introduction

Individual habits and behaviours can have a major influence on health, and among the 

especially damaging behaviours are alcohol use, nutrition and exercise habits that contribute 

to obesity [1]. Consequently, these risk factors have been included as indicators in the 

United Nations efforts to reduce premature mortality of non-communicable diseases [2] and 

in the indicators for Sustainable Development Goals [3]. For the USA, estimates from the 

Global Burden of Disease 2017 Study suggest that in this year for the population under age 

70 years of age, 16.3% of US deaths were caused by high body mass index (BMI) (referred 

to here as obesity) and 7.5% by alcohol use [4].

One specific cause of death important in this context has been chronic liver disease, in 

particular liver cirrhosis [5]. This cause of death, closely related to alcohol and BMI, has 

shown markedly increased mortality rates over the past years and has been identified as one 

of the main reasons for stagnating life expectancy in North America [6,7].

The present paper aims to examine the impact of the two risk factors—alcohol use and 

obesity—on all-cause and liver disease mortality. For all-cause mortality, alcohol use has 

been linked to more than 200 disease and injury conditions [8], but four broad causes of 

death cover the majority of alcohol-attributable mortality (cancer, cardiovascular disease, 

chronic liver disease and injury), all with a multitude of different pathways. Obesity is 

mainly linked to non-communicable disease, in particular cardiovascular disease [1]. While 

some of the pathways may interact, overall, the effects of both risk factors on all-cause 

mortality seem to be additive.

As for chronic liver disease, in particular liver cirrhosis, there are established pathways via 

heavy drinking [9] and obesity [10], but there are indications that both pathways interact [9]. 

If we use BMI as the indicator for obesity, there have been four longitudinal cohorts studied 

on a potential interaction in predicting liver hospitalisations or mortality [11–14], all with 
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large sample sizes (up to more than 1.2 million participants in the million women study) 

[13].

The mechanisms by which alcohol consumption and obesity affect the liver are not 

completely understood, but biochemical and pathological evidence suggests a presence 

of a common pathway [15]. One possible mechanism of the synergistic effect of alcohol 

and obesity could be linked to raised serum alanine aminotransferase and aspartate 

aminotransferase levels, a marker for liver injury in the general population [16]. Second, 

studies have suggested that there is an integral role of cytochrome (CYP2E1), a catalytic 

enzyme, in the pathogenesis of fatty liver disease due to alcohol and obesity [17]. It is 

well accepted that both obesity and chronic alcohol consumption result in oxidative stress 

leading to adipokine dys-regulation and subsequent progression of alcoholic liver disease, 

which may explain the interaction effect of both factors in causing liver injury [18,19]. 

Third, through its effect of hepatic insulin sensitivity, obesity leads to steatohepatitis and the 

lipid solubility of alcohol makes adipose tissue a main target for its effects [15]. Contrary, 

alcoholic fatty liver induces insulin resistance and promotes obesity. This could be mediated 

through the appetite enhancing effect of ethanol [20] or inability to make up for the extra 

energy obtained from alcohol by decreasing other food intake [21].

A better understanding of the effect of alcohol consumption and obesity on all-cause, and 

in particular liver disease, mortality may help physicians and health professionals in treating 

their patients and establishing strategies to reduce the burden. We aim to evaluate whether 

alcohol and obesity interact to increase the risk of mortality, based on a large cohort study of 

US adults.

Methods

Study design

We examined data from a cohort of 242 397 adults in the US National Health Interview 

Survey (NHIS) between 1997 and 2004 [22,23] that were linked to the National Death 

Index [24,25]. The NHIS is a cross-sectional nationally representative health survey of 

the civilian, noninstitutionalised population of the USA. The survey uses a stratified and 

multistage sample design and allows representative sampling of the households. One adult 

(18 years or older) is randomly selected from each household for a detailed interview on 

socio-demographic and health behaviours. The NHIS samples were drawn from each of the 

50 states and the District of Columbia. Response rates were in the range of 87% in 2004 to 

92% in 1997.

Each year, approximately 35 000 households and 87 500 persons are enrolled in the survey. 

Black and Hispanic population were deliberately oversampled, but the sample weights 

ensure that the final totals conform to national ethnic proportions. The NHIS sampling frame 

excludes only approximately 7 million adults (primarily patients in long-term care, prisons 

and active-duty military facilities) from the total US domestic population of 226 million 

adults in 2004. Mortality among survey participants until 31 December 2006 was assessed 

by means of periodic matching of their records to the National Death Index [24,25], which 

includes information from death-certificates for all deaths in the USA since 1986. Matching 
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of records was performed for a combination of name, date of birth and Social Security 

number with a success rate over 95%.

Rates of enrolment for women exceeded those for men. A total of 136 808 women and 105 

589 men aged 18 years or older participated in the NHIS between 1997 and 2004. Of these 

participants, 7710 women (561 of whom died) and 3021 men (273 of whom died) were 

excluded because of missing data (e.g. educational level, smoking status, drinking status, 

BMI status or cause of death). We ensured NHIS’ complex sample survey design was taken 

into account prior to analysis. Additional details about the survey can be obtained elsewhere 

[26].

Statistical analysis

Information on height, weight, drinking alcohol, smoking, education and race was self-

reported in the survey. BMI (kg m−2) was calculated from the weight in kilograms divided 

by the square of the height in metres. Drinking status was divided into lifetime abstainer, 

former drinker and current drinker. Lifetime abstainers were those who reported not having 

12+ drinks in any year in their lifetime. Former drinkers were those who reported lifetime 

drinking of at least 12+ drinks in any year but not drinking in the past year. Current drinkers 

are those who drink at least one drink in the past year. The amount of pure ethanol in a 

standard drink across all types of alcoholic beverages was approximately 14 g. Drinking 

frequency and average number of drinks per drinking day were converted into average daily 

consumption of ethanol in grams per day (up to 20, >20 to 40, >40 to 60 and >60 g day−1). 

We calculated hazard ratios for drinkers in low and high BMI groups (<23.5 kg m−2 defined 

as weight category I lower BMI, 23.5 to 29.9 kg m−2 defined as weight category II higher, 

served as reference, or ≥30 as obese) with the use of an sex-stratified Cox proportional 

hazards model [27], adjusted for educational level (less than high school, equal to high 

school, or more than high school), race (White, Black or Hispanic and other) and smoking 

tobacco (non-smoker, former smoker or current smoker). Proportional hazards assumption 

was assessed through Schoenfeld residuals. As a sensitivity analysis, Cox regression using 

multivariable fractional polynomial [28] was used with BMI ≥25 to fit the risk curves on 

a continuous scale. Overall hazard ratios (HR) for all cause and chronic liver diseases 

excluding deaths in the first two years of follow-up were also analysed.

To investigate any supra-additive interaction [see also; 29,30] between BMI and alcohol 

consumption, the relative excess risks due to interaction (RERI) and the synergy index (SI) 

were obtained, using the methodology described in Andersson et al [31]. RERI indicates the 

extent to which the relative excess risk, when both factors are present, is greater than the 

sum of the relative excess risks for each of the factors individually. The SI is the ratio of 

the combined effects and the individual effects. We hypothesised that the combined effect 

of excess alcohol consumption and obesity would outweigh the simple additive effects of 

each factor separately and would be indicated by a RERI value greater than zero and an SI 

greater than one. For this analysis, obesity was defined as BMI ≥30 kg m−2 (with 23.5 to 

29.9 as reference) and excess alcohol drinking [32,33] was defined as drinking >60 g pure 

alcohol/day for men and >40 g day−1 for women. P-values were calculated using two-sided 
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tests. All estimates were weighted according to the NHIS sample weights [24]. All analyses 

were performed in STATA SE (Release 14) [34].

Results

Characteristics of the study participants

Among 129 098 women and 102 568 men, aged 18 years or older, who were followed for a 

mean of 7 years (1.5 million person-years), a total of 16 305 deaths (8486 deaths in women 

and 7819 in men) were recorded (see Table 1). Chronic liver diseases constituted 1.3% of 

all deaths (76 women and 135 men) (See Table S1, Supporting Information, for details). The 

proportions of lower weight and obesity were 29.9% and 22.6%, respectively. Overweight 

people (BMI ≥30 kg m−2) were more likely to be of Black ethnicity, socially more stable, 

had more pre-existing conditions and more commonly drank alcohol; lower weight people 

(BMI < 23.5 kg m−2) were more likely to be younger, lived without family, had lower 

education levels and more commonly smoked tobacco. The proportion of overweight people 

increased with age until age 60, whereas lower weight people increased with age after age 

60 (see Figure 1).

Impact of alcohol consumption and BMI on all-cause and liver mortality

Higher levels of daily alcohol consumption were strongly associated with increased all-cause 

and liver mortality. When past drinkers or people with pre-existing conditions relevant to 

the outcomes were excluded, the HRs for all-cause mortality associated with increasing 

alcohol consumption strengthened, rather than weakened (P for trend <0.0001; see Table 2). 

Similarly, strong dose–response associations were observed when analysis was restricted to 

the obese population (BMI ≥30 kg m−2) in both all-cause and liver mortality (for details 

of all-cause see Table S2, Supporting Information). Obese women, in particular, showed 

eightfold risk at 5 drinks per day as opposed to obese men little under fivefold (Figure 2, see 

also Appendix S1, Supporting Information, for risk functions). Alcoholic liver mortality, in 

particular, was notable with an increase in alcohol dose where hazards were manifold (P for 

trend = 0.0145). Analyses excluding deaths in the first two years of follow-up data yielded 

results similar to those reported here (see Table S3, Supporting Information). A stratified 

analysis of obese drinkers by age at baseline showed HRs per 5 kg increment were inversely 

associated with age (Figure 3); and men [1.27, 95% confidence interval (CI) 1.16–1.40] 

were more vulnerable than women (1.12, 95% CI 1.02–1.24). Findings were contrary for 

drinkers in the BMI <30 kg m−2 group (Table S4, Supporting Information).

Interaction effect of obesity and heavy drinking on liver and all-cause mortality

We found evidence of a supra-additive interaction between obesity and heavy drinking of 

alcohol on liver mortality. Figure 4 shows, by sex, the excess risks due to obesity, heavy 

alcohol consumption, and their interaction in an analysis of liver disease mortality adjusted 

for all risk factors. The excess risk due to obesity was relatively small and significant only 

for women (men 0.93, 95% CI 0.44–1.95; women 3.39, 95% CI 1.62–7.10) compared with 

that due to alcohol (men 8.09, 95% CI 3.43–19.10; women 5.41, 95% CI 2.29–10.77). As 

for interaction indices, both were larger in men than women (RERI: men 7.30, 95% CI 

3.60–11.00; women 2.90, 95% CI 0.50–5.30; SI: men 2.04, 95% CI 1.27 to 3.27; women 
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1.43, 95% CI 1.01–2.05). In other words: the effect of the combination of obesity and 

heavy drinking of alcohol was larger than the additive effect of the two separately; being 

both overweight or obese and consuming over 60 g day−1 (40 g day−1 in women) of 

alcohol led to a greater risk of dying of chronic liver disease and cirrhosis. In contrast, the 

interaction analysis on all-cause mortality did not show any significant excess risk (Table S5, 

Supporting Information).

Discussion

In this large, prospective, nationally representative study, we investigated the joint effects of 

obesity and heavy alcohol consumption on all-cause and liver mortality. We noted the impact 

of both risk factors on these outcomes and a supra-additive interaction effect on chronic 

liver disease and cirrhosis deaths—suggesting the combination of obesity and heavy alcohol 

consumption is greater than the additive effect of these two factors separately.

Findings in relation to other studies

Our findings on the association between obesity and liver cirrhosis mortality are largely 

consistent with previous prospective studies across sex [12,13,35,36], but the magnitude of 

the risk was relatively higher. It could be due to the fact that our study uniquely examined 

mortality data unlike other studies [12,13,36] that examined hospital admission and death, 

altogether. An Australian cohort study [37] found that obese individuals with 40 g+ day−1 

alcohol intake had abnormally higher level of serum liver enzymes and obesity accounted 

for half of the raised level and alcohol accounted approximately 10%. Contrary to this, we 

observed that among obese participants who were excess drinkers, alcohol accounted for 

over 47% (8.1/17.3) of the total effect on mortality in men; and obesity accounted for 27% 

(3.4/12.7) of the total effect on mortality in women (see Figure 4). This difference could be 

attributed to differences in study design and settings between countries. Consistent with the 

Million Women Study [13] and Prospective Studies Collaboration [35], we also observed 

an increased risk of liver mortality with higher alcohol dose (40 g day−1 or more) among 

individuals in the lower BMI category (Table 2). Interpreting the relevance of the association 

between lower BMI and cirrhosis is difficult, but it is likely that early liver disease may 

trigger reduced appetite or cause malabsorption.

Strengths and limitations

Our study has some limitations. First, there could be some unknown confounding factors 

other than the variables recorded in the NHIS. Second, the NHIS excludes the prison 

population (who tend to have an increased prevalence of drinking [38]). This should not 

materially affect the observed differences between current drinkers (or their body mass) 

and those who never drank, among the adults surveyed in the NHIS. Third, the number of 

deaths in our study was lower than that noted in other studies [39], but this is offset by 

the fact that the surveyed individuals in this study are representative of the US population 

[24]. Fourth, misclassification of the causes of death, including hospital death certificates, 

particularly of older patients [40,41], might affect the observed hazards for liver disease 

mortality, although this may not affect our analysis on all-cause risks. Fifth, data on self-

reported alcohol consumption and body mass might have been underestimates of their true 
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values. Since these data were collected only at baseline, some of the surveyed drinkers may 

have subsequently quit or their body mass may have changed, thereby somewhat reducing 

their risk, but, with 7 years of follow-up, any distortion of the hazard ratios might be 

insignificant. Similarly, the excess mortality among former drinkers might be overestimated 

due to reverse-causality (i.e. the sick-quitters effect) [42]. To address this issue, we explored 

analyses excluding deaths in the first 2 years of follow-up data, which did not materially 

change the results reported here (data not shown). However, a single measurement of the 

exposure at baseline may lead to regression dilution bias, thus leading to an underestimate 

of the real relationships [43]. Lastly, it is possible that deaths may have been slightly 

underestimated due to incomplete matching of records to the National Death Index.

Conclusion

Our findings have very important research, clinical and public health implications. It 

reiterates that alcohol use should be considered in clinical practice for all diagnoses of 

chronic liver disease, irrespective of whether they have been labelled as alcoholic liver 

cirrhosis or not [44]. In fact, the classification of liver disease into distinct categories—such 

as alcoholic—may hinder both clinical practice and research [45]. Moreover, our findings 

raise the question of whether there are thresholds for alcohol use and its impact on liver 

disease, or whether there is an impact of alcohol use below the level of heavy drinking, as 

usually defined [9]. If the latter is the case, there may also be interactions with other risk 

factors. In terms of public health implications, we need to be aware of the population health 

implications of current trends of increased alcohol consumption [46] and BMI [47], not only 

visible at the global level, but also in many countries, including the USA [48,49]. These 

trends likely have contributed to the increase in chronic liver deaths in the USA. At least 

for alcohol, there are proven effective and cost-effective policies to reverse such trends [50]. 

While such policies should be implemented, as they also reduce any interaction with other 

risk factors, better measures to reduce the trend of increasing obesity should be developed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
The proportions of NHIS participants who were lower weight (category I: BMI <23.5 kg 

m−2), higher weight (category II: 23.5–29.9 kg m−2) and obese (BMI ≥30 kg m−2) are 

shown for men and for women.
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Figure 2. 
Multivariable adjusted* hazard ratios (95% CI) of chronic liver disease mortality by daily 

alcohol intake (grams/day) in obesity.

*Adjusted for age at baseline, education, race/ethnicity and smoking status.
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Figure 3. 
All-cause mortality of drinkers with obesity (≥30 kg m−2) at different age at baseline. 

Hazard ratio per 5 kg increment in BMI. All analyses adjust for age at baseline, sex, 

education, race/ethnicity and smoking status.
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Figure 4. 
Relative risks of contribution of obesity and excess drinking of alcohol to liver disease 

mortality. Note: Obesity was defined as ≥30 BMI kg m−2 (BMI 23.5–29.9 kg m−2 was 

assigned a reference for this analysis). Lifetime abstention, as reference to high-risk 

drinking, is defined as having less than 12 drinks in entire life. Excess drinking was defined 

as drinking alcohol >60 g day−1 for men (>40 g day−1 for women). Adjusted for age 

at baseline, sex, education, race/ethnicity and smoking status. Delta method was used to 

calculate uncertainty around interaction indices (covariance matrix of main and interaction 

variables were obtained from overall sample size). BMI, body mass index; RR, relative risk.
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