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Abstract: Osteoporosis is a common bone metabolic disorder that can make people weak. It is characterized by reduced bone density and
mass, and is often associated with damaged trabecular bone structures, leading to an increased risk of fracture. The pathogenesis of osteoporosis
is complex, and the influencing factors include genetic factors, environmental factors, dietary conditions, poor living habits, etc. Moreover, the
risk of osteoporosis also varies among different ages, genders and races. At present, there are few studies on the relationship between caffeine
and alcohol intake and osteoporosis at home and abroad, and the conclusions of relevant studies are still controversial. Therefore, this study
intends to use the large data set of the National Health and Nutrition Examination Survey to investigate the relationship between caffeine and
alcohol intake and osteoporosis, and the results of this study can provide scientific basis for the prevention of osteoporosis in adults.
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1. Introduction

Osteoporosis is a degenerative metabolic bone
disease caused by a variety of causes. It is mainly
characterized by decreased bone density and bone
mass, accompanied by microstructure destruction of
bone tissue, resulting in increased brittle bone and
prone fracture [1]. Fractures are the most common
complication of osteoporosis, including fractures of the
hip, spine, wrist, and other sites. Among them, hip
(femoral neck) fracture is the most serious, which is
more common in middle-aged and elderly people and
usually occurs after a fall or squeeze[2]. It is estimated
that by 2050, the number of hip fractures caused by
osteoporosis will increase to 6.26 million[3].
Data from the Third National Health and Nutrition

Examination Survey (NHANES III) showed that the
incidence of femoral neck osteoporosis in white
women, Hispanic women and African Women
accounted for about 20%, 10% and 5%, respectively
[4]. With the rapid development of people's living
standards and lifestyle, the aging of the global
population is becoming more and more serious, and
osteoporosis is becoming a major public health
problem that must be given priority attention. For
elderly patients, once fracture occurs, it is usually
accompanied by chronic pain, long-term bedridden,
disability and even death, which to a large extent
brings huge economic burden to the country and
individuals [5].
Osteoporosis can be prevented and treated, but since

the symptoms of this disease are not obvious at the
early stage of the disease and there is no warning
before the fracture occurs, the chronic bone loss is
difficult to detect, which leads to the failure of timely

diagnosis and effective treatment in the early stage of
the disease in many middle-aged and elderly people [6].
Existing studies have shown that osteoporosis is the
result of a combination of multiple factors, including
genetic factors, demographic variables, anthropometric
variables, adverse lifestyle and living environment
factors, etc., and its pathogenesis has not been fully
elucidated. Therefore, it is extremely important to
explore controllable risk factors and protective factors
related to osteoporosis.
A large number of domestic and foreign studies have

been conducted on the relationship between
osteoporosis and various influencing factors, but
relatively few studies have been conducted on the
relationship between caffeine and alcohol intake and
the risk of osteoporosis, and the conclusions of each
study are still controversial. Therefore, this paper
summarizes the relationship between caffeine and
alcohol intake and osteoporosis, providing scientific
and effective directions and ideas for the further
development of primary prevention of osteoporosis.

2. Osteoporosis

2.1 Definition of osteoporosis
Osteoporosis is a chronic disease classified as a

degenerative bone disease characterized by reduced
bone mass and destruction of bone tissue
microstructure, resulting in increased fragility and
susceptibility to fractures.
Generally speaking, osteoporosis can be divided into

three categories according to the cause of the disease,
namely primary, secondary and idiopathic osteoporosis.
Among them, the primary cause of secondary
osteoporosis is clear, mostly related to some diseases
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affecting bone metabolism (such as secretory disease,
digestive system disease, blood disease, etc.) or drugs
(such as glucocorticoid, heparin, etc.). Idiopathic
osteoporosis, on the other hand, is caused by any cause
not currently known, including idiopathic adolescent
osteoporosis (which is rare) and idiopathic adult
osteoporosis, whose etiology and pathogenesis are
quite different. As the most common and main type,
primary osteoporosis is divided into two types
according to its pathogenesis, namely type I and type II.
Type I primary osteoporosis is postmenopausal
osteoporosis in postmenopausal women. It is mainly
due to the lack of postmenopausal estrogen, which
leads to enhanced osteoclast activity, accelerated bone
loss, and enlarged bone space. Type II primary
osteoporosis, known as senile osteoporosis, occurs in
the elderly. Due to the gradual decrease of sex
hormone secretion accompanied by aging, osteoblasts
were inhibited and osteoclasts enhanced in function,
resulting in nutritional dysfunction and organ failure.
Osteoporosis is clinically manifested as fracture,

bone pain and spinal deformity (such as hunched back,
shortened height). Fractures occur in the proximal
femur (hip), vertebrae (spine), and distal forearm
(wrist), and in other parts (ribs, humerus, clavicle, etc.).
While spinal compression fractures are more common
in PMOP patients, hip fractures are more common in
patients with senile osteoporosis, often due to falls or
compression. It is important to note that osteoporosis is
called "a silent epidemic" because most osteoporosis
patients are generally asymptomatic in the early stages
of the disease, leaving chronic bone loss undetected.
Measurement methods of osteoporosis
Bone Mineral Density (BMD) measurement is the

main and quantitative method for the diagnosis of
osteoporosis. BMD measurement methods are
relatively large. At present, the methods of
measurement are mainly adopted by dual-energy X-ray
Absorptiometry (DXA) and Quantitative Ultrasound
(QUS). DXA is the BMD measurement method
recommended by the World Health Organization. Its
results can be used as the "gold standard" for the
diagnosis of osteoporosis and can also predict the risk
of fracture in patients with osteoporosis. The main
measurement sites are the axial bone (including the
lumbar spine and proximal femur). QUS is mainly
used to measure the calcaneal position. The measuring
device is fast and portable, low cost and free of
ionizing radiation.

2.2 Diagnostic criteria for osteoporosis
The diagnostic criteria for osteoporosis vary

according to the specific population. In the United
States, for postmenopausal women and elderly men
with osteoporosis, the results of the axial bone (lumbar,
femoral neck, or hip) BMD measured by DXA is T<-
2.5 as its diagnostic criteria. Based on T score (T<-2.5),

the diagnosis of osteoporosis is an important method to
identify individuals at risk of fracture [7].
In The Guidelines for the Diagnosis and Treatment

of Primary Osteoporosis 2017, China points out that
there are two diagnostic methods, in addition to the
diagnosis based on BMD measurement, there is also a
diagnosis based on fragile fracture. A brittle fracture,
also known as a nontraumatic fractures or osteoporotic
fracture, especially one resulting from a fall from a
standing or lower height. Participants were diagnosed
with the disease if they met one of three conditions: (1)
brittle fractures of the hip or vertebral body;(2) T<-2.5
at the axial or distal 1/3 of the radius; (measured by
DXA); (3) BMD measurements showed a low bone
mass (-2.5 < T < -1.0) and brittle fractures of the
proximal humerus, pelvis, or distal forearm.
In addition, the National Bone Health Alliance

(NBHA)[8] still recommends the use of T score as the
diagnostic criteria for osteoporosis, and recommends
the FRAX score or the presence of an osteoporosis
fracture as the diagnostic criteria for osteoporosis.

2.3 Factors influencing osteoporosis
Osteoporosis is a systemic metabolic bone disease,

and its occurrence and development are inevitably
affected by a variety of factors. Currently, the widely
recognized influencing factors of osteoporosis include
genetic demographics and anthropometry variables,
such as poor lifestyle and living environment.
Studies have shown that different vitamin D receptor

gene polymorphisms have different effects on
postmenopausal osteoporosis and BMD in
postmenopausal women[9]. A case control study
conducted by Cai et al.[10] showed that the genetic
susceptibility to PMOP in han postmenopausal women
was related to the reduced thioquinone gene. In
addition, a meta-analysis of Chinese postmenopausal
women concluded that there was a significant
correlation between the risk of postmenopausal
osteoporosis and rs35767 gene polymorphism[11].
Therefore, genetic factors are closely related to the risk
of osteoporosis.
Demographic and anthropometric variables also

play an important role in osteoporosis. First of all, the
prevalence of osteoporosis also varies among people of
different ages, genders and RACES [12]. Considering
that bone mineral content and BMD decrease with age,
androgen deficiency is also involved in the formation
of senile osteoporosis. Secondly, BMD decreases faster
in women than in men after menopause. In addition to
the age factor, reduced estrogen secretion in
postmenopausal women leads to enhanced osteoclast
function and accelerated bone loss, which is the main
influencing factor of postmenopausal osteoporosis. In
addition, studies have shown that postmenopausal
women who are underweight or obese are more likely
to suffer from postmenopausal osteoporosis [13].
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The influence of adverse lifestyle and living
environment factors on osteoporosis should not be
ignored. Howe et al.[14] conducted a randomized
controlled trial, pointing out that exercise is very
important for the prevention of postmenopausal
osteoporosis patients. At the same time, moderate to
high intensity physical exercise can be used to
effectively prevent postmenopausal osteoporosis[15].
A meta-analysis conducted by Moradi et al.[16] on the
relationship between sleep duration and osteoporosis
showed that middle-aged and elderly women with
long-term sleep (i.e., sleep duration over 8 hours) may
have a higher risk of osteoporosis. Another study[17]
concluded that there was a U-shaped relationship
between sleep time and osteoporosis in middle-aged
and elderly people, and sleep time of more than or less
than 8 hours may increase the risk of osteoporosis. In
addition, existing evidence suggests that smoking and
alcohol abuse may also contribute to the development
of osteoporosis, but the specific mechanism needs
further study[18].
A large number of studies have shown that dietary

factors are closely related to osteoporosis. Intake of
fruits[19] and fish and shellfish[20] is now known to
be associated with a reduced risk of osteoporosis. A
meta-analysis of observational studies conducted by
Hu et al.[19] showed that fruit intake may play a role
in preventing postmenopausal women from developing
postmenopausal osteoporosis. Choi et al.[20]
conducted a cross-sectional study in which the subjects
were postmenopausal women and men aged 50 and
over from the Nutrition and Health survey in the
United States and South Korea. The results showed
that moderate consumption of fish and shellfish also
reduced the risk of osteoporosis in South Koreans.
Secondly, moderate drinking of coffee or hot tea in
leisure time[21] can also reduce the risk of
osteoporosis by improving BMD. However, the
association between caffeine intake (a major
component of coffee) and the risk of osteoporosis
needs to be further explored. In addition, increasing the
intake of nutrients such as vitamin C[22] and calcium
and vitamin D[23] is also an effective way to prevent
the occurrence of osteoporosis.

3. Caffeine

3.1 Sources of caffeine
Caffeine is a plant alkaloid found mainly in coffee

beans, tea leaves, cocoa beans and kola nuts. It is often
added to some foods and beverages, among which
important dietary sources include coffee, tea, yerba
mate, soft drinks and energy drinks, etc.[24]. Coffee is
the main source of caffeine, and the amount of caffeine
depends on the type of bean (i.e. the raw material) and
how it is prepared. The average cup of coffee contains
40 to 100 milligrams of caffeine. Tea is another
important source of caffeine and contains about half

the amount per cup of coffee. Different types of tea
also contain different amounts of caffeine, with
fermentable teas (e.g., black tea) generally containing
more caffeine than non-fermentable teas (e.g., green
tea). Soft drinks, such as Cola, contain caffeine,
typically 10 to 50 milligrams per bottle. That compares
with about 50 milligrams per energy drink.

3.2 Caffeine and disease
Caffeine, a stimulant, has been added to the list of

causes of cancer by the World Health Organization's
International Agency for Cancer. According to relevant
studies, considering its special neuroexcitability and
toxicity, it is believed that healthy adults who consume
up to 400 mg of caffeine per day generally will not
have obvious adverse reactions[25]. For healthy
pregnant women and children, the recommended daily
intake should not exceed 300 mg. Now, there is a
growing interest in the link between caffeinated
beverages and disease. A large number of
epidemiological studies have suggested that moderate
intake of coffee, tea or caffeine may have potential
benefits for some chronic diseases, including type 2
diabetes[26], cardiovascular disease[27], Parkinson's
disease[28], depression[29] and some cancers[30].

4. Alcohol

4.1 Sources and classification of alcohol
Drinks that contain more than 0.5% alcohol are

often called alcoholic beverages, also known as
beverage alcohol. In addition to the main component
of alcohol (ethanol), beverage alcohol also contains
many other components (such as water, sugars,
aldehydes, acids and a small amount of vitamins and
minerals, etc. There are many kinds of drinks and
different classification methods. Fruit and grain as the
two main raw materials of beverage wine, so according
to the different production of raw materials, will be
divided into fruit wine (such as wine) and grain wine
(such as yellow rice wine, liquor). Next according to
brewing method classification, can be divided into
brewing wine (fermented wine, such as beer), distilled
wine (such as liquor) and prepared wine. In addition,
still can undertake classification according to alcohol
content, cent is low degree wine and high degree wine
two kinds.
4.2 Alcohol consumption and disease
As one of the most popular drinks at present, alcohol

(ethanol) is the main ingredient, which can be
converted into alcohol in many ways. The World
Health Organization has classified alcohol as a
carcinogen, which is related to the amount of alcohol
consumed[31].At present, a large number of
epidemiological studies have reported the potential
preventive effect of moderate alcohol intake on some
diseases, including cardiovascular diseases[32], type 2
diabetes[33], cholelithiasis[34] and Parkinson's
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disease[35].However, excessive alcohol consumption
is associated with an increased risk of certain diseases,
including cirrhosis[36], gout and periodontitis[37].

5. Caffeine and alcohol intake are associated with
osteoporosis

5.1 Research status of caffeine intake and
osteoporosis
Research on the relationship between caffeine intake

and osteoporosis risk has focused on coffee drinks, and
the results are still controversial, according to a
national and international database search. First, Choi,
etc.[38] from South Korea is the fourth and fifth
national health and nutrition survey (2011-2008)
KNHANES data of 4066 cases of postmenopausal
women conducted a cross-sectional study, the results
showed that after adjusting for age, BMI, and
behavioral factors (including diet), social factors
(including household income and education level) and
hormonal factors, after drinking two cups of coffee a
day and don't drink coffee, compared to a significantly
lower risk of osteoporosis (OR, 0.64;95% CI: 0.43,
0.95).Shanghai, China, has conducted a study on the
relationship between coffee intake and osteoporosis in
postmenopausal women and men, and reached a
consistent conclusion that coffee intake has a
protective effect on postmenopausal women[39] and
men[40] with osteoporosis.
Haiqing Wang, however, such as of a matching

(differ according to age and menopausal status within
4 years old) of a case-control study, points out that in
110 pairs of elderly women osteoporosis patients and
220 control for 1:2 after the match, found that coffee
intake can increase the prevalence of osteoporosis, can
be used as older women a potential risk factors for
osteoporosis. Similarly, a Swedish cohort study[41]
showed a significant positive association between
coffee and caffeine intake and osteoporotic fractures in
women.
In addition, another cohort study conducted by

Hollstrom et al.[42] in Sweden showed that there was
no statistically significant association between coffee
intake and the risk of osteoporosis. They concluded
that long-term consumption of caffeinated beverages
such as coffee had little effect on osteoporosis. Fei Qi
et al. investigated the influencing factors of
osteoporosis in elderly male patients over 70 years old
in Fangzhuang community of Beijing, and found that
coffee consumption had no significant correlation with
the risk of osteoporosis in elderly male patients.

5.2 Research status of alcohol intake and
osteoporosis
There have been relatively few studies on the

relationship between alcohol consumption and the risk
of osteoporosis. To date, several studies have reported

an association between alcohol consumption and the
risk of osteoporosis, but the results remain
controversial. Therefore, Cheraghi etc.[18] in view of
the relationship between drinking and osteoporosis, to
conform to the inclusion criteria of six research
conducted a systematic review and meta-analysis, the
results show that compared with non-drinkers,
drinking 1 to 2 glasses of wine a day can significantly
increase the risk of osteoporosis, drink two cups a day
and above also will increase the risk of osteoporosis.
Alcohol consumption has been shown to be a

potential risk factor for osteoporosis in several studies
[43, 44]. Hansen et al.[45] conducted a cohort study in
the United States showing that alcohol consumption,
especially beer and liquor, was associated with an
increased risk of osteoporotic fracture in
postmenopausal women. Similarly, a prospective
cohort study of middle-aged women in the United
States showed that alcohol consumption also
significantly increased the risk of osteoporotic
fractures[46]. However, no significant association
between alcohol consumption and osteoporosis was
found in other studies[47].

6. Mechanism

6.1 Mechanisms of caffeine and osteoporosis
The biological mechanism between caffeine intake

and osteoporosis is still under debate. We speculate on
several possible potential mechanisms as follows. First,
caffeine itself has an inhibitory effect on intestinal
calcium absorption, but not a significant one[48]. A
previous review reported that caffeine intake was
associated with an increased risk of osteoporosis, but
not the majority[48]. For young adult women with
adequate calcium intake, moderate caffeine intake may
have little harmful effects on bones, according to a
comparison of available epidemiological data with
animal and human studies. Other studies[49] indicated
that low and medium doses of caffeine have a potential
protective effect on adipocytes and bone marrow
stromal cells, which can promote the differentiation of
osteoblasts. However, this effect, mediated by
activation of runt-related transcription factor 2, was
significantly inhibited at high doses of caffeine.
Secondly, caffeine intake can inhibit the longitudinal
growth of bone by blocking the body components
related to bone growth[50]. Meanwhile, caffeine
exposure can directly inhibit the synthetic activity and
orderly expression of chondrocyte related genes, thus
interfering with cartilage induction[51]. Finally, studies
have shown that exposure to caffeine in fast-growing
mice can lead to the destruction of osteoblasts and the
delay of bone development[51].
On the other hand, there have been many studies on

the effects of caffeinated beverages on osteoporosis.
The effects of soft drinks, such as coffee, tea, and
energy drinks on osteoporosis are mostly beneficial
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and may have little to do with the caffeine content. It is
well known that in addition to containing caffeine,
these caffeinated beverages contain many biologically
active substances that can more or less influence the
outcome.

6.2 Mechanisms of alcohol consumption and
osteoporosis
Alcoholism may be a risk factor for bone diseases

such as osteoporosis. The possible mechanisms we can
think of are as follows: Firstly, alcohol can regulate the
number and activity of osteoblasts and osteoclasts,
accelerate the apoptosis of osteocytes, thus reducing
bone formation and increasing bone resorption [52-54].
Secondly, chronic alcohol intake can inhibit bone
formation by stimulating oxidative stress and blocking
the Wnt signaling pathway. The Wnt signaling
pathway plays an important role in the proliferation
and differentiation of bone cells[55, 56]. Thirdly, long-
term consumption of high dose of alcohol will damage
the differentiation process of mouse bone marrow
mesenchymal stem cells[57], resulting in bone loss and
osteoporosis. Finally, alcohol intake can indirectly
have a negative effect on bones through insufficient
caloric intake and changes in body composition[58].
On the other hand, some studies suggest that

moderate drinking may have a protective effect on
osteoporosis, and the possible mechanism is as follows.
Firstly, existing studies have shown that moderate
drinking can significantly inhibit acute bone
resorption[59]. Secondly, a small amount of alcohol
intake can increase calcitonin production to inhibit
bone resorption, which may have a beneficial effect on
BMD, especially in older women[60, 61]. Finally, light
to moderate alcohol consumption may slow age-related
bone loss by reducing bone remodeling rates, which
may be associated with elevated estrogen levels in
postmenopausal women[62-64].

7. Conclusion

In summary, the relationship between caffeine and
alcohol intake and osteoporosis risk remains
controversial, so more prospective cohort studies and
experimental studies are needed to further explore the
relationship between caffeine and alcohol intake and
osteoporosis. Through reasonable dietary habits and
lifestyle changes, provide scientific and effective
guidance and help for the prevention of osteoporosis,
as far as possible to reduce the incidence of
osteoporosis and its fracture, can effectively reduce the
morbidity and mortality of patients, so as to improve
the quality of life of patients.
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