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Chronic Alcohol Consumption and its Impact on Bone and
Metabolic Health — A Narrative Review
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Chronic consumption of a large quantity of alcohol often results in the disruption of the communication between the nervous, endocrine and
immune systems leading to profound and serious consequences at the physiological and behavioral levels. The overall impact of excessive
alcohol consumption on bone health, metabolic profile and body composition, especially at moderate levels, is not well understood. Chronic
excessive alcohol consumption adversely affects bone health through multiple mechanisms leading to low bone mass. It may also be significantly
associated with various components on the metabolic syndrome. This review summarizes the findings from published studies that provide
consistent evidence on the various effects of alcohol abuse on the bone health and metabolism.
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INTRODUCTION: THE “ALcoHoL BURDEN”

Alcohol, a non-essential component of diet referred as “ethyl
alcohol”, is consumed as an alcoholic beverage in diluted
concentrations of absolute (i.e., 100%) ethyl alcohol. One
standard alcoholic beverage corresponds to 10 g of absolute
alcohol. The quantity differs among the different types of
available alcoholic beverages. The most commonly used
alcoholic beverages in India include beer, wine, whiskey,
rum, vodka, gin, brandy and locally brewed beverages such
as arrack and toddy. Some of the definitions associated with
alcohol consumption are as follows:

a. Alcohol use disorder (AUD): This is a pattern of alcohol
use that involves problems controlling drinking, being
preoccupied with alcohol, continuing to use alcohol even
when it causes problems, having to drink more to get the
same effect, or having withdrawal symptoms when the
dose is rapidly decreased or stopped.t

b. Hazardous drinking: The World Health Organisation
(WHO) defines hazardous drinking as “a quantity or
pattern of alcohol consumption that places individuals
at risk for adverse health events”.

c. Harmful drinking: This is defined as “alcohol
consumption that results in physical or psychological

harm”.
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d. Alcohol dependence: This is defined as “a cluster of
behavioral, cognitive, and physiological phenomena that
develop after repeated alcohol use”.?!

In India, according to the Sample Registration Survey
conducted in 2014, the prevalence of alcohol consumption
among adult males was found to be 10%.5! In a similar study
done in southern part of India, it was found that 67% of alcohol
consumers had a problematic drinking pattern with 52.5%
having a hazardous/harmful drinking pattern and 14.7% being
dependent alcoholics.” A community based, cross-sectional
study conducted among 946 subjects who were aged 18 years
and above, in rural Tamil Nadu, India using “Alcohol Use
Disorder Identification Test” (AUDIT) scale showed a
prevalence of alcohol use of 9.4%.0]

Assessment of alcohol consumption
The most common and validated tool for screening the pattern
of alcohol use among individuals is the AUDIT test which was
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developed by the WHO. It is a ten-item screening tool with
scores ranging 0—40 to assess alcohol consumption, drinking
behaviors, and alcohol-related problems. A cut-off score of >8
provides guidance to whether a person has a problematic
drinking behaviour or not. Those individuals with a problematic
drinking pattern are further classified into hazardous
drinkers (score 8-15), harmful drinkers (score 16-20), and
possible dependent alcohol consumers (score >20—40). On
the basis of the amount of alcohol consumption, three groups
are defined as follows:
1. Light alcohol consumption: consumption of 1-10 g of
ethanol/day
2. Moderate alcohol consumption: 11-30 g of ethanol/day
3. Heavy alcohol consumption: >30 g of ethanol/day

Methodology

A detailed literature search was conducted utilising Pubmed
and the Google search engines using the keywords “Alcohol”,
“Bone”, “osteoporosis”, “vertebral fractures” “mechanisms
of bone loss”, “body composition”, “obesity”, “diabetes”,
“obesity”. All review articles and original studies describing
the effect of alcohol and body composition were appraised in

synthesising this review.

EEINT3

Alcohol consumption and bone health

Chronic excessive alcohol consumption could result in low
bone mass and this may predispose to fragility fractures and
an increased morbidity and poor health-related quality of
life. Regular alcohol consumption is most common following
skeletal maturity, emphasising the importance of understanding
the skeletal consequences of drinking in adults.

Normal bone physiology: In adults, bone tissue is continuously
broken down and built up by a coupled process known as
bone remodelling. During bone remodelling, osteoclasts are
initially recruited to areas of quiescent bone surfaces (under
the control of osteocytes) where they degrade bone tissue.
Following this, osteoblasts are recruited to the site of resorption
where they secrete a collagenous matrix that subsequently
undergoes mineralisation to form mature bone. This bone
remodelling cycle takes about 4—6 months to complete.
A basic multicellular unit which is the functional unit of
bone remodelling, includes not only bone cells (osteocytes,
osteoblasts and osteoclasts) but also cells that support other
bone functions, including endothelial and immune cells. An
increased rate of bone resorption relative to formation will
eventually result in lower bone mineral density (BMD).l”! On
the one hand, excessive rates of bone remodelling will impair
bone quality by increasing cortical porosity and/or decreasing
trabecular connectivity. On the other hand, bone remodelling is
necessary for repair of microfractures generated by activities of
daily living. Moreover, reduced bone remodelling might lead
to accumulation of microfractures, which could potentially
reduce bone strength.®!

Mechanisms of adverse effects of alcohol on bone health
The mechanism of the production of ethanol associated
osteopenia may be a direct effect of alcohol on bone cells or

an indirect effect through mineral regulating hormones such
as vitamin D metabolites, PTH, and calcitonin® [Figure 1].

Direct effects: Different mechanisms may be responsible for

the direct effects of ethanol on bone as follows:

a. Changes in the number and activity of the osteoblasts
and osteoclasts as well as an increase in osteocyte
apoptosis. Suh et al. studied the differentiation ability
of mesenchymal cells obtained from patients undergoing
hip replacement for alcohol-induced osteonecrosis and
patients with proximal femur fracture.'” It was found
that mesenchymal cells obtained from the marrow
of alcohol-induced osteonecrosis displayed reduced
differentiation ability of the osteogenic lineage as
compared to mesenchymal cells obtained from the
marrow of individuals with proximal femur fracture.
Mesenchymal cells exposed to ethanol showed reduced
proliferative capacity and reduced expression of alkaline
phosphatase and osteocalcin. Additionally, high levels of
ethanol could act directly on osteoclasts to increase their
activity and their differentiation.!"!

b. Changes modulated by the Wnt/DKK 1 signalling pathway
due to increased oxidative stress. Wnts are secreted
glycoproteins which act through four different pathways.
The most commonly studied pathway is called the
canonical pathway and designated as the Wnt/p- catenin
pathway. This pathway is important for the differentiation
of osteoblasts and the proliferation and synthesis of bone
matrix. Osteocytes also use the Wnt/p-catenin pathway
to transmit signals of mechanical loading to cells on the
bone surface. There is also evidence to suggest that the
Wnt/p-catenin pathway in osteocytes may be triggered by
crosstalk with the prostaglandin pathway in response to
mechanical and this leads to a decrease in the expression of
negative regulators of the pathway such as sclerostin (sost)
and dickoppf (dkkl1). The Wnt/B-catenin pathway is
activated by the binding of the appropriate Wnt to a
co-receptor complex involving Lrp5 or Lrp6. f-catenin
has the ability to accumulate in the cytoplasm and to
translocate into the nucleus to affect gene transcription.
Therefore, it can regulate a number of genes important
in the differentiation, proliferation, apoptosis, and
functionality of bone cells.!'?! Dickoppf (DKK1) is an
antagonist of the Wnt pathway. It has been shown to be
upregulated by alcohol, which confirms that a decrease
of the Wnt pathway may be linked to the suppression of
bone formation observed with alcohol.!'

Changes in cell differentiation may be responsible for
low bone mass and is associated with an increase of fat
accumulation in the bone marrow. Giuliani et al.' reported that
alcohol (at concentrations of 0.04-0.6%) and acetaldehyde (at
concentrations of 0.004% and 0.02%) could induce suppression
in the recruitment of cells committed to the osteoblast lineage
in bone marrow cultures from alcoholics compared with
age-matched healthy controls. These concentrations are
consistent with the serum ethanol concentrations observed
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Alcohol mediates adverse effects on the bone through direct effects that include decreased differentiation of osteoblasts,
osteocyte apoptosis and increased osteoclast differentiation. Alcohol also upregulates dickoppf, an antagonist of the wnt pathway,
which is involved in osteogenesis. There is also a suppression of stem cells committed to osteoblast differentiation and

increased adipogenesis. Among the indirect effects mediated by alcohol include malnutrition, vitamin D deficiency, hypogonadism
and resultant low bone mass as well as decreased levels of insulin like growth factor 1 (IGF1).

Figure 1: Mechanisms of adverse effects of alcohol on bone

in humans (0.02-0.3%). It has also been shown that alcohol
treatment on cultured bone marrow stem cells obtained from
mouse decreases osteogenesis and increases adipogenesis at
gradually increasing concentrations of ethanol.[') The number
of'adipocytes and the percentage of the area that contained the
cells with fat vesicles increased significantly (P < 0.05), with
longer durations and higher concentration of ethanol exposure.
Moreover, an analysis of gene expression showed diminished
expression of osteocalcin in these cells.

Indirect effects: The effects of alcohol consumption on bone

may also be indirect and may be mediated by a decrease of

calorie intake, alteration in hormone levels and signalling, and

a change of body composition.

a. Nutrition: Malnutrition is often associated with chronic
alcohol abuse!® and low body weight is a well-established
risk factor for low BMD. Acute weight loss has been
shown to be detrimental to bone health and is associated
with binge drinking.["! Chronic ethanol use is also
associated with micronutrient deficiencies. Although
hypomagnesemia is the most common deficiency,
hypocalcemia, hypercalciuria, hypophosphatemia, and
hypokalemia have also been reported.'™ Also, a wide
range of defects in renal tubular handling of minerals
are noted to be prevalent in chronic alcohol consumers.
Magnesium deficiency in humans, a known risk factor

for bone loss, could result in hypocalcemia, impaired
PTH secretion, and low-serum concentrations of
1,25-dihydroxyvitamin D.

Alterations in hormone levels and signalling: Excess
alcohol consumption is associated with alterations in levels
and/or signalling by several classes of hormones known
to influence bone metabolism. These include hormones
that regulate mineral homeostasis such as vitamin D
and PTH, hormones that couple bone remodelling
to energy metabolism like growth hormone and the
reproductive hormones namely androgens and estrogens.
Many individuals with chronic alcohol consumption
have subnormal levels of 25-hydroxyvitamin D. Very
low vitamin D levels could contribute to calcium
and phosphate deficiency as well. Individuals with
alcohol-related cirrhosis of the liver have been noted to
have a decrease in the levels of vitamin D binding protein
due to impaired hepatic protein synthesis with resultant
low concentrations of total 1,25-dihydroxyvitamin D. The
low 25-hydroxyvitamin D level could also be attributed
to reduced hepatic 25-hydroxylase activity, inadequate
sunlight exposure, poor nutritional intake, and
malabsorption.'”? In a study done by Laitinen et al.,*"
it was noted that short-term alcohol administration
resulted in transient hypoparathyroidism. Specifically,
the parathyroid glands may not adequately respond
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to hypocalcemia by increasing PTH secretion in
alcohol-intoxicated individuals. Many of the actions of
growth hormone are mediated through circulating and/
or locally produced insulin like growth factor-1 (IGF-1);
acute as well as chronic alcohol consumption is
associated with reduced serum IGF-1.2 Moderate alcohol
consumption is also associated with decreased plasma
total and free testosterone® which is associated with low
BMD in humans.??4

Alcohol and bone: previous studies

In a study conducted by Peris et al.,*) to assess whether
vertebral fractures are associated with osteopenia in patients
with chronic alcohol consumption, it was found that 36% had
vertebral fractures, but only 6.5% had BMD below the fracture
threshold. Jang ez al.% studied the association between alcohol
intake and postmenopausal women’s BMD by using data
from the Korean National Health and Nutrition Examination
Survey. A total of 3312 subjects were included and subjects
were stratified into three groups: non-drinkers, light drinkers
and heavy drinkers. Participants were also divided into three
groups by AUDIT score: <5, 5-9, and >9. The mean femoral
BMD for light drinkers was statistically significantly greater
than that of heavy drinkers and non-drinkers. The mean BMD
of participants with AUDIT scores 5-9 was equal to or greater
than those of the other subgroups (AUDIT scores <5 and >9).
Ganry et al.’” studied the potential associations between
alcohol consumption and BMD in women aged >75 years.
It was found that compared with non-users, women who
drank 11-29 g of alcohol/day had higher BMD values at the
trochanteric site (P = 0.0017). However, alcohol intake was
not associated with BMD at the femoral neck. Data suggested
that moderate drinking is associated with an increase in
trochanteric BMD in elderly ambulatory women. However,
higher levels of alcohol intake may have detrimental effects on
bone mass. Marrone et al.*® conducted a study to ascertain the
underlying possible cellular mechanisms responsible for the
putative beneficial effects of moderate alcohol intake on bone in
postmenopausal women. BMD was determined by dual energy
x-ray absorptiometry (DXA) in 40 healthy postmenopausal
women. Serum levels of the bone formation marker
osteocalcin and resorption marker C-terminal telopeptide
of type 1 collagen (CTx) were measured at baseline (day 0)
and following alcohol withdrawal for 14 days. Participants
then consumed alcohol and were assayed the following
morning. Serum osteocalcin and CTx increased following
abstinence. Osteocalcin and CTx decreased following
alcohol re-administration compared to the previous day. They
concluded that abstinence from alcohol resulted in increased
markers of bone turnover whereas resumption of alcohol
reduced bone turnover markers. Diamond et al.*” found
that ethanol may be responsible for osteoblastic dysfunction
resulting in diminished bone formation and reduced bone
mineralisation. Moreover, in a meta-analysis done by Cheraghi
et al.,”% it was found that compared with abstainers of
alcohol, persons consuming 0.5—1 drinks/day had 1.38 times

the risk of developing osteoporosis (adjusted RR = 1.38,
95% CI: 0.90-2.12); persons consuming 1-2 drinks/day
had 1.34 times the risk of developing osteoporosis (adjusted
RR = 1.34, 95% CI: 1.11-1.62), and persons consuming two
drinks or more per day had 1.63 times the risk of developing
osteoporosis (adjusted RR = 1.63, 95% CI: 1.01-2.65).

Alcohol consumption, metabolism and body composition
Studies have shown that alcohol consumption was significantly
associated with the prevalence of various components of
metabolic syndrome. Moreover, a global transition in disease
pattern has been observed, where the relative impact of
infectious diseases is decreasing while chronic diseases like
cardiovascular disease (CVD) and diabetes are increasingly
dominating the disease pattern. Metabolic syndrome is
characterized by a constellation of individual risk factors of
CVD. Central obesity is associated with changes in many
biochemical variables, especially with the various adipokines
like leptin and adiponectin.

Criteria for identifying metabolic syndrome (International
Diabetes federation):

According to the IDF definition, a person is said to have
metabolic syndrome if they havel! the following criteria:

Central obesity: (defined as a waist circumference >94 cm for
European men and >80 cm for European women with ethnicity
specific values for other groups *

Plus any two of the following four factors.

Raised Triglyceride levels: >150 mg/dL or specific treatment
for this lipid abnormality

Reduced HDL cholesterol <40 mg/dL in males and <50 mg/dL
in females or specific treatment for this lipid abnormality

Raised blood pressure: systolic BP >130 or diastolic
BP >85 mm Hg or treatment for previously diagnosed
hypertension.

Raised fasting plasma glucose (FPG) >100 mg/dL or
previously diagnosed type 2 diabetes mellitus. If FPG
is >100 mg/dL, an oral glucose tolerance test is strongly
recommended, but is not required for the diagnosis of the
syndrome.

Note: The defining limit of waist circumference in Asian is
80 cm for women and 90 cm for men.

Body composition and visceral adiposity: Abdominal
adiposity is characterized by increased adipose tissue
surrounding the intra-abdominal organs. It is also referred
to as visceral or central obesity. While abdominal obesity is
determined by the accumulation of both subcutaneous adipose
tissue (SCAT) and visceral adipose tissue (VAT), it has been
distinctly linked to several pathological conditions including
impaired glucose and lipid metabolism, and insulin resistance.["
Body mass index (BMI) is not always a measure of fatness
and individuals with high muscle mass may be incorrectly
classified as obese which is defined as excess body fat that
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has accumulated to the extent that it may have a negative
effect on health, leading to reduced life expectancy and/or
increased health problems. The difference between visceral and
subcutaneous adipose tissue is as shown in Table 1.5%

ALcoHoL CONSUMPTION, METABOLISM AND BODY
COMPOSITION: PREVIOUS STUDIES

Freiberg et al.¥ conducted a study with an aim to examine the
association between alcohol consumption and the prevalence of
the metabolic syndrome and its components in the US population.
Alcohol consumption was significantly and inversely associated
with the prevalence of the following three components of the
metabolic syndrome: low serum HDL cholesterol, elevated
serum triglycerides, high waist circumference, as well as
hyperinsulinemia (P — 0.05 for all). It was concluded that
mild to moderate alcohol consumption is associated with a
lower prevalence of the metabolic syndrome, with favourable
influence on lipids, waist circumference, and fasting insulin.
Kim et al.®* investigated the relationship between alcohol

Table 1: Comparison of VAT and SCAT
VAT SCAT

Under the skin in
subcutaneous areas

VAT is present mainly in the mesentery
and omentum, and drains directly
through the portal circulation to the liver.
Present mainly in omentum and mesentry

Predictor of insulin resistance Probably is protective

More cellular and contains large number Less cellular

of inflammatory and immune cells

More androgen receptors Very less androgen receptors

Metabolically more active Less metabolically active
More Lipolytic Less lipolytic

Greater predictor of mortality Lesser predictor of mortality

consumption and the components of metabolic syndrome and
its prevalence among individuals in Republic of Korea. In both
men and women, alcohol consumption of 0.1-5.0 g/day was
associated with a low prevalence of metabolic syndrome and
its components. However, alcohol consumption >5 g/day may
contribute to abnormalities in the components of the metabolic
syndrome, including high glucose, high blood pressure,
hypertriglyceridemia, and low HDL cholesterol.

Once ingested, ethanol is immediately metabolised and yields
7.1 kcal per each gram of ethanol. Apart from fat, ethanol
is the macronutrient with the highest energy density and it
affects the individual’s total daily energy intake. In heavy
alcohol drinkers, energy derived from alcoholic beverages
might replace the energy from other macronutrients such
as carbohydrate and fat. There is a paradoxical relationship
between the amount of alcohol consumed and body weight
in chronic or heavy alcohol drinkers.’> Weight loss, loss of
temporal fat, peculiar body composition, and malnutrition are
commonly observed in chronic drinkers.?¢

Addolorato et al.% studied the influence of chronic alcohol
consumption on body composition in chronic alcohol
consumers compared to healthy social drinkers. Body
composition of 34 male alcohol consumers was compared with
weight-matched controls and the study showed that alcoholics
had a significantly lower body fat mass (although a higher
waist to hip ratio), suggesting that they were less capable of
storing ethanol-derived calories as fat compared with controls.
Liangpunsakul et a/.*”! studied the relationship between
alcohol intake, body composition, and physical activity in the
US population using the third National Health and Nutrition
Examination Survey (NHANES III). In both genders, moderate
and hazardous alcohol drinkers were younger (P < 0.05), had
significantly lower BMI (P <0.01) and body weight (P <0.01)
than controls (non-drinkers). Females had significantly
higher percent body fat than males. In the multivariate linear
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Figure 2: Body composition analysis in a chronic alcohol consumer (left panel). In comparison, the body composition analysis from a health adult
male who is not an alcohol consumer is provided (right panel). The body composition has been performed using a DXA scan. The total body fat is
32.1% in the alcohol consumer as opposed to 23.2% in the non-alcohol consumer
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regression analyses, the levels of alcohol consumption were
found to be an independent predictor associated with lower
percent body fat in male subjects. In yet another study done by
Coulson et al.,*® it was found that increasing levels of alcohol
intake was associated with greater total and central body
adiposity. The body composition analysis by DXA may be an
additional tool in assessing visceral adiposity and total body
fat especially in subjects with normal BMI. Figure 2 shows
the body composition analysis performed by a DXA scan, of
a 44-year-old man, a chronic alcohol consumer with a total
body fat of 32% and low lean muscle mass despite a normal
BMI of 19 kg/m?. The body composition of a healthy adult
non-alcoholic male is also shown alongside for comparison.

Studies relating to alcohol consumption and diabetes have
yielded conflicting results. In a recent study on 39259
participants from rural China, it was observed that increased
risk of diabetes was associated with lower age at initiation
of alcohol consumption as well as increased duration and
quantity of alcohol intake. On the other hand, as the duration
of abstinence from alcohol consumption increased, there was a
reduction in the risk of type 2 diabetes mellitus.*” A systematic
review and meta-analyses done by Hirst et al.*"! however,
failed to show that light to moderate consumption of alcohol
adversely affected any measure of glycemic control.

ConcLusioN

Chronic excessive alcohol consumption may have deleterious
effects on bone and might result in low bone mass which
may predispose to fragility fractures leading to increased
morbidity. Understanding the long-term impact of regular
alcohol consumption on the skeleton is important because
fractures represent a major cause for morbidity and mortality.
Chronic excess alcohol consumption may also be significantly
associated with various components of metabolic syndrome
with conflicting reports in type 2 diabetes mellitus. Chronic
alcohol consumption is also associated with alteration in body
composition and fat which in turn might have effect on bone
health.
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