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Abstract
Objective To assess changes in metabolic risk factors and
cancer-related growth factors associated with short-term
abstinence from alcohol.
Design Prospective, observational study.
Setting Single tertiary centre.
Participants Healthy subjects were recruited based
on intention to: (1) abstain from alcohol for 1 month
(abstinence group), or (2) continue to drink alcohol
(control group). Inclusion criteria were baseline alcohol
consumption >64 g/week (men) or >48 g/week (women).
Exclusion criteria were known liver disease or alcohol
dependence.
Primary and secondary outcome measures The
primary outcome was change in insulin resistance
(homeostatic model assessment (HOMA) score). Secondary
outcomes were changes in weight, blood pressure (BP),
vascular endothelial growth factor (VEGF), epidermal
growth factor (EGF) and liver function tests. Primary and
secondary outcomes were adjusted for changes in diet,
exercise and cigarette smoking.
Results The abstinence group comprised 94 participants
(mean age 45.5 years, SD ±1.2) and the control group
47 participants (mean age 48.7 years, SD ±1.8). Baseline
alcohol consumption in the abstinence group was
258.2 g/week, SD ±9.4, and in the control group 233.8 g,
SD ±19.0. Significant reductions from baseline in the
abstinence group (all p<0.001) were found in: HOMA score
(−25.9%, IQR −48.6% to +0.3%), systolic BP (−6.6%,
IQR −11.8% to 0.0%), diastolic BP (−6.3%, IQR −14.1%
to +1.3%), weight (−1.5%, IQR −2.9% to −0.4%), VEGF
(−41.8%, IQR −64.9% to −17.9%) and EGF (−73.9%,
IQR −86.1% to −36.4%). None of these changes were
associated with changes in diet, exercise or cigarette
smoking. No significant changes from baseline in primary
or secondary outcomes were noted in the control group.
Conclusion These findings demonstrate that abstinence
from alcohol in moderate–heavy drinkers improves insulin
resistance, weight, BP and cancer-related growth factors.
These data support an independent association of alcohol
consumption with cancer risk, and suggest an increased

Strengths and limitations of this study
►► Prospective study design.
►► Recruitment of a control group.
►► Thorough characterisation of the biological and life-

style confounders.
►► Lack of randomisation to groups.
►► Study cohort all from university teaching hospital or

science magazine.

risk of metabolic diseases such as type 2 diabetes and
fatty liver disease.

Introduction
Alcohol is a major cause of disability and
preventable death. Globally, alcohol is the
seventh leading risk factor overall in terms of
disability-adjusted life years (DALYs), and is
the leading risk factor globally in working age
individuals (ages 15–59). Moreover, alcohol
use-attributable DALYs have increased by over
25% in the last 25 years.1 European countries
have among the highest alcohol consumption. Eastern Europe has the highest per
capita consumption worldwide,2 and in the
UK over 25% of the adult population drink
in excess of recommended guidelines.3
Aside from liver disease, which is the third
most common cause of preventable death
in the UK, there is also a significant burden
from alcohol-related cancer and metabolic syndrome.3 Alcohol has been classified by the WHO as a class I carcinogen for
some decades, and a report from the World
Cancer Research Fund/American Institute for Cancer Research states that there is
convincing evidence that alcohol is causally
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Methods
Study design
This was a single-centre, prospective, observational study
conducted at the Royal Free London NHS Foundation
Trust. Written informed consent was obtained from all
participants. Study recruitment was initiated through email
advertising within University College London, Queen Mary
University of London and New Scientist Magazine. The
entry criteria were baseline alcohol consumption of >64 g/
week (eight units) for men or >48 g/week (six units) for
women. Exclusion criteria were >3 days abstinence from
alcohol prior to commencement of the study, the presence
of known liver disease or alcohol dependence. Participants
were not randomised to group, but were allocated based
on intention to maintain abstinence for 1 month (abstinence group) or to continue alcohol consumption (control
group).
Participants were assessed at baseline, and after 1 month.
The primary outcome was change in insulin resistance
(homeostatic model assessment (HOMA) score) at baseline and 1 month. Secondary outcomes were changes in
weight, blood pressure (BP), vascular endothelial growth
factor (VEGF), epidermal growth factor (EGF) and liver
function tests. Information on diet, exercise and smoking
history were obtained by self-reporting using components
of the Simple Lifestyle Indicator Questionnaire (SLIQ).9
Self-reported alcohol intake was assessed at baseline
using the full Alcohol Use Disorders Identification Test
(AUDIT) questionnaire, and a direct interview by a single
interviewer (KM) was also conducted to assess alcohol
intake over the preceding 2 months, using the timeline
follow back method.10 Additionally, a follow-up telephone
interview was conducted at 6–8 months to determine
drinking habits following the study period, using the full
2

AUDIT questionnaire (modified to capture data for the
preceding 6–8 months).
Sample size calculation for the control group was
performed, based on pre/post data acquired from the
abstinence group (table 1). Specifically, based on these
data, a power calculation determined that the following
sample sizes were required to detect statistically significant differences of the same magnitude (80% power,
alpha 5%, two-sided test): HOMA score n=47, weight
n=21, VEGF n=31, EGF n=30.
BP was measured seated, following a 2 min rest period,
and the mean of three measurements was recorded.
Fasting blood was taken, between 08:00 and midday, for
measurement of glucose, insulin, liver function tests,
lipids, carbohydrate deficient transferrin (abstinence
group only) and VEGF (isoforms 165, 145 and 121) and
EGF (Randox Investigator, Randox, Belfast, UK). The
HOMA score was calculated according to the methods
of Matthews et al.11 Participants with diabetes requiring
treatment were excluded from HOMA measurements.
Statistical analysis
Baseline and 1-month differences were analysed by
paired t-test for normally distributed differences in
continuous variables, by Wilcoxon signed-rank test for
non-normally distributed differences in continuous
variables, and differences in categorical variables by Χ2
test. Differences between abstinence and control groups
were analysed by unpaired t-test for normally distributed
variables, and Mann-Whitney test for variables that were
not normally distributed. Lifestyle factors were categorically graded (better/same/worse), and delta change in
biological variables between lifestyle groups was assessed
by Kruskal-Wallis test. Multivariable logistic regression
analysis was also used to test the effect of abstinence on
improvement in HOMA, weight, BP, VEGF and EGF once
other lifestyle factors (diet and exercise) were taken into
account. Correlation between biological variables was
assessed by Spearman’s correlation. All analyses were
performed using STATA V.13.1 and SPSS Statistics V.21.0.
SD is reported for means and IQR for medians where
applicable. All p values are two sided; p<0.01 was considered significant to account for multiple comparisons.
Patient and public involvement
The research question was developed following public
feedback to a pilot project, conducted in collaboration
with, and published by, New Scientist magazine (New
Scientist, 31 December 2013). Additionally, the research
question was informed by focus groups, funded through
the National Institute for Health Research Enabling
Involvement Fund. No specific patient advisers were
involved in the design or conduct of the study. Results of
the study will be disseminated to all participants by email.
Results
Ninety-seven participants were recruited to the abstinence group, and forty-eight participants to the control
Mehta G, et al. BMJ Open 2018;8:e020673. doi:10.1136/bmjopen-2017-020673
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related to cancers of the oral cavity, pharynx, larynx,
oesophagus, breast and colorectum.4
Moreover, it has long been recognised that there is
an important interaction between alcohol misuse and
fatty liver disease.5 One of the main factors driving the
development of fatty liver disease and steatohepatitis is
insulin resistance. Thus, any action that improves insulin
resistance will have a major impact on the development
and severity of fatty liver disease. However, there remains
debate as to the impact of alcohol consumption on fatty
liver disease driven predominantly by insulin resistance
and metabolic factors.6 7
In this climate of increased awareness of alcohol-related morbidity, the UK Chief Medical Officers have
revised downwards their weekly guidance limits.8 Additionally, public health campaigns, where non-dependent
drinkers are encouraged to commit to short-term abstinence from alcohol, are increasingly common. The aim
of this study was to assess changes in insulin resistance,
metabolic risk factors and cancer-related growth factors
with short-term abstinence from alcohol in moderate
drinkers.
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lipoprotein; VEGF, vascular endothelial growth factor.
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Flow chart of study participants.

group. Three subjects in the abstinence group and one
subject in the control group did not attend for follow-up.
Thus, the final abstinence group comprised 94 participants (43 men, 51 women) mean age 45.5 years, SD ±1.2,
and the control group comprised 47 participants (22
men, 25 women) mean age 48.7 years, SD ±1.8. Mean
baseline alcohol intake for the abstinence group was
258.2 g/week, SD ±9.4 (men 275.9, SD ±25.5; women
243.1, SD ±12.8). All subjects in this group, except one
individual, remained abstinent for the study period—this
participant was included in all analyses. Mean weekly
baseline alcohol intake for the control group was 233.8 g,
SD ±19.0 (men 270.2, SD ±26.6; women 200.2, SD ±25.8),
and was not significantly different at 1 month 260.1 g,
SD ±20.8 (men 286.4, SD ±26.6; women 235.8, SD ±31.1),
p=0.11. A flowchart of participants and observations is
shown in figure 1.
Baseline and 1-month variables for the abstinence and
control groups are listed in table 1. There were no significant differences in baseline characteristics between abstinence and control groups, aside from baseline BP which
was significantly lower in the control group (systolic BP:
135.8 SD ±1.9 mm Hg vs 125.7 SD ±2.0 mm Hg, p<0.01;
diastolic BP: 87.7 SD ±1.2 mm Hg vs 74.3.7 SD ±1.5 mm
Hg, p<0.01). Antihypertensives were used in one participant in the abstinence group, and one participant in
the control group. Lipid-lowering agents were used in
two participants in the abstinence group, one subject
in the control group. These participants were excluded
from analyses for BP and lipids, respectively. Significant
reductions from baseline (pre vs post) in the abstinence
group were observed in: HOMA score (−25.9%, IQR
−48.6 to +0.3%), systolic BP (−6.6%, IQR −11.8% to
0.0%), diastolic BP (−6.3%, IQR −14.1% to +1.3%) and
weight (−1.5%, IQR −2.9% to −0.4%). HOMA score was
not performed due to type 1 diabetes in one participant
in the abstinence group. By chance, no participants had
4

type 2 diabetes. Levels of VEGF and EGF also markedly
reduced in the abstinence group, at −41.8% (IQR −64.9%
to −17.9%) and −73.9% (IQR −86.1% to −36.4%) respectively (figure 2). Serum lipids (pre vs post) also improved
in the abstinence group: fasting total serum cholesterol
(−13.4%, IQR −18.9% to −2.7%), low-density lipoprotein (LDL) cholesterol (−9.4%, IQR −20.1% to +4.8%),
high-density lipoprotein (HDL) cholesterol (−16.7%,
IQR −25.0% to 0.0%). All the above variables were significantly reduced from baseline, p<0.001. By contrast, the
control group did not show significant changes from
baseline in any of the above variables. Changes from baseline in HOMA score, VEGF, EGF, weight and systolic and
diastolic BP are shown in figure 3.
Liver function tests also improved in the abstinence
group; thus, there was a significant reduction in serum
alanine aminotransferase (ALT) (−14.5%, IQR −28.9
to +6.7%, p<0.001) and gamma GT (−28.6%, IQR −43.5
to −14.4%, p<0.001), and a trend towards reduction
in serum aspartate aminotransferase (AST) (−5.4%,
IQR −16.two to +9.5%, p=0.03). No significant change
in these variables was seen in the control group, aside
from a small rise in AST (+4.5%, IQR −5.6 to +23.1%,
p<0.01).
Lifestyle factors did not account for changes in the
abstinence group. No changes were seen in exercise
score (10.9 SD ±4.7 vs 10.7 SD ±4.6, p=0.82) or cigarette
smoking (1.3 SD ±0.7 vs 1.4 SD ±0.7, p=0.17). A small
change in diet score was noted (from 8.2 SD ±3.3 to 8.8
SD ±3.0, p=0.03). The pre/post differences in HOMA
score, weight, VEGF, EGF, triglycerides and HDL were
distributed with a left (negative) skew. Therefore,
non-parametric approaches were adopted to account
for lifestyle variables. Changes in HOMA score, BP and
weight in the abstinence group were not associated with
changes in any lifestyle score (see online supplementary table 1). There was also no association between
Mehta G, et al. BMJ Open 2018;8:e020673. doi:10.1136/bmjopen-2017-020673
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Figure 2 Baseline and 1-month data for the abstinence group presented as pre/post scatter plot (left) and bar chart chart
(right). Bar chart data are presented as median (IQR). Panels (clockwise from top right): homeostatic model assessment (HOMA)
score, weight, diastolic blood pressure (bp), epidermal growth factor (EGF), vascular endothelial growth factor (VEGF), systolic
bp. Baseline and 1-month values were compared with Wilcoxon signed-rank test, p<0.01 taken as level of significance.

Open Access

changes in HOMA score and weight (r=0.04, p=0.73).
However, changes in total cholesterol and LDL cholesterol attained borderline significance between groups
when compared by change in diet in the abstinence
group (see online supplementary table 1; p=0.01 and
p=0.02, respectively).
Additionally, multivariable logistic regression analysis was used across the whole cohort, combining the
abstinence and control groups, to determine predictors
of: HOMA score reduction ≥20%, systolic BP reduction ≥5%, weight reduction ≥2%, VEGF reduction ≥20%,
EGF reduction ≥20%. The model used covariates of abstinence (yes/no) or change in exercise and diet SLIQ
score (better/same/worse). Abstinence was a highly
significant predictor of improvement in these biological
variables (all p<0.01). By contrast, change in exercise and
6

diet score was not associated with improvement in any of
these variables (table 2).
A further important result relates to follow-up questionnaire data, obtained in 77 individuals (81.9%) in
the abstinence group and 40 (83.3%) in the control
group, at 6–8 months following the study period. In
the abstinence group, a significant reduction in alcohol
consumption was maintained from their prestudy
assessment. Thus, there was a significant reduction in
overall AUDIT score from 10.0 (IQR 7.0 to 15.0) to 7.0
(IQR 5.0 to 9.0), p<0.001, and in the proportion of individuals with harmful use of alcohol (AUDIT score >8)
(61.0% vs 28.5%, p<0.001) at 6–8 months compared
with baseline. By contrast, in the control group, there
was a non-significant trend to reduction in overall
AUDIT score from 8.5 (IQR 6.3 to 12.0) to 8.0 (IQR
Mehta G, et al. BMJ Open 2018;8:e020673. doi:10.1136/bmjopen-2017-020673
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Figure 3 Percentage change from baseline in homeostatic model assessment (HOMA) score, vascular endothelial growth
factor (VEGF), epidermal growth factor (EGF), systolic blood pressure (bp), diastolic bp and weight in abstinence (dark bar) and
control (light bar) groups. Data are presented as median (IQR). Changes from baseline in abstinence and control groups were
compared with Mann-Whitney test, p<0.01 taken as level of significance.
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Biological variable (target
reduction)
Covariate

All study participants (n=141)
OR

95% CI

P values

HOMA score (reduction ≥20%)
 Abstinence

3.48

1.60 to 7.53

0.002

 Exercise+diet SLIQ score

0.87

0.43 to 1.77

0.694

 Abstinence

6.47

2.71 to 15.46

 Exercise+diet SLIQ score

1.47

0.70 to 3.08

Systolic BP (reduction ≥5%)
<0.001
0.310

Weight (reduction ≥2%)
 Abstinence

15.63

3.54 to 68.95

<0.001

0.74

0.323 to 1.69

0.475

 Abstinence

4.35

1.93 to 9.81

<0.001

 Exercise+diet SLIQ score

2.17

0.97 to 4.86

0.59

15.26 to 156.06

<0.001

 Exercise+diet SLIQ score
VEGF (reduction ≥20%)

EGF (reduction≥20%)
 Abstinence
 Exercise+diet SLIQ score

48.81
2.52

0.80 to 7.95

0.115

Results are presented as adjusted odds ratios and 95%
confidence intervals using multivariable logistic regression
analysis.
SLIQ, Simple Lifestyle Indicator Questionnaire; EGF, epidermal
growth factor; HOMA, homeostatic model assessment; VEGF,
vascular endothelial growth factor.

6.0 to 10.8), p=0.06), and no significant change in the
proportion with harmful use (50% vs 40%, p=0.37).
Discussion
This study is the first to comprehensively assess the effects
of short-term abstinence from alcohol in a population
of ‘healthy’ individuals, who are representative of the
25% of the wider population who drink alcohol above
national guidelines. The key findings of this study are
improvements in insulin resistance, BP, body weight and
a decrease in circulating concentrations of cancer-related
growth factors following a month of abstinence from
alcohol.
The strengths of this study are the prospective study
design, the recruitment of a control group and the thorough characterisation of the participant’s biological
and lifestyle data. A weakness is the lack of randomisation of groups, although for ethical reasons the allocation of individuals to a predefined alcohol consumption
regimen was inappropriate. A further weakness relates
to the study cohort, who were recruited through staff at
university teaching hospitals and a science magazine, and
thus probably had higher educational attainment and
health-related motivation than the average population. A
further confounder is the possibility of lifestyle change in
the abstinence group, alongside abstinence from alcohol.
We have tried to minimise the impact of these using the
SLIQ questionnaire, a self-reported measure of lifestyle
Mehta G, et al. BMJ Open 2018;8:e020673. doi:10.1136/bmjopen-2017-020673

factors contributing to metabolic risk with good retest reliability.9 As such, changes in HOMA score, weight and BP
were independent of changes in lifestyle as measured by
the SLIQ score. Nevertheless, it remains possible that
the questionnaire scoring for diet, exercise and cigarette
smoking has inadequate sensitivity for all lifestyle changes
within this cohort.
The primary endpoint of insulin resistance, measured
by HOMA score, showed a marked decrease (~25%)
following the cessation of alcohol consumption. Some
previous epidemiological data have supported a protective effect of low-dose alcohol use on the risk of type 2
diabetes,12 although more recent work suggests this may
be due to incomplete adjustment for ‘sick quitters’,13 and
prospective alcohol intervention studies have provided
mixed results.14 15 Our data support a positive association of moderate–heavy alcohol use with an increased
risk of type 2 diabetes. Moreover, the observed effects of
abstinence on HOMA score noted in this study are too
dramatic to be accounted for by weight loss alone, and
no specific association was found between change in
HOMA score and weight. To our knowledge, this is the
first paper to prospectively demonstrate a link between
excess alcohol consumption and insulin resistance.
A major novel finding of this study is the rapid decrease
in serum VEGF and EGF with short-term abstinence from
alcohol, which was seen in 90% of subjects in the abstinence group. Importantly, these changes were not seen in
the control group with continued alcohol consumption.
Alcohol is causally related to the development of several
cancers, including the digestive tract, nasopharynx, liver
and breast, and is classified as a class I carcinogen.4 16 The
increased risk caused by alcohol persists even at low levels
of consumption. The mechanism of mutagenesis is
thought to relate to direct effects of the alcohol metabolite, acetaldehyde.4 However, in this study, we chose to
study VEGF and EGF, since they are key molecules in the
multistep progression of cancer, are both highly expressed
in the solid tumours listed above and are common therapeutic targets for these tumours.17 VEGF plays a key role
in tumour progression through angiogenic pathways, and
VEGF expression is driven by oncogene expression (eg,
Ras, src, HER2, EGFR).18 EGF signalling contributes to
oncogenesis by directly promoting cell proliferation,19
and expression levels are correlated with progressive
tumour growth and metastasis.20–22
Mechanistically, rodent models have demonstrated
that alcohol exposure directly promotes the progression
of several cancers, including breast cancer. Lu et al have
shown, in a mouse model of breast cancer, that alcohol
directly induces tumour angiogenesis and accelerated
tumour growth through a VEGF-dependent mechanism.23
Similar evidence for an alcohol-VEGF pathway exists in
mouse models of colon cancer and melanoma.24 25 The
EGF pathway has also been implicated in alcohol-related
breast cancer.26–28 The baseline levels of VEGF and EGF
reported in this study are lower than reported in other
studies exploring associations of circulating VEGF/EGF
7
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Table 2 Independent predictors of improvement in HOMA
score, systolic BP, weight, VEGF and EGF
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to cancer risk, and the synergistic relationship between
alcohol and metabolic syndrome. Further attention
should be directed to determining the durability of these
biological effects of abstinence, and conveying these
complex public health messages to the public.
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