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Abstract: Background: This study was aimed at estimating the associations between coffee intake and osteoporosis
(OP) in Chinese postmenopausal women. Methods: We conducted a large-scale, community-based, cross-sectional
study to investigate the associations by using self-report questionnaire to access frequency of coffee intake. The
total of 1817 participants was available to data analysis in this study. Multiple regression models controlling for
confounding factors to include frequency of coffee intake variable were performed to investigate the relationships
for OP. Results: Positive correlations between frequency of meat food intake and T-score were reported (8 = 0.216,
P value < 0.001). Multiple regression analysis indicated that the frequency of meat food intake was significantly
associated with OP (P < 0.05 for model 1 and model 2). The postmenopausal women with high frequency of meat
food intake had a lower prevalence of OP. Conclusion: The findings indicated that frequency of coffee intake was
independently and significantly associated with OP. The prevalence of OP was more frequent in Chinese postmeno-

pausal women not preferring coffee habits.
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Introduction

Osteoporosis (OP) is a bone disease in which
the amount of bone decreases and the struc-
tural integrity of trabecular bone is impaired [1].
Cortical bone becomes more porous and thin-
ner, which makes the bone weaker and more
likely to fracture. The T-score is the most com-
mon method for measuring the level of OP with
a bone density detector device. The residual
lifetime risk of fracture was estimated to be
around 50% in elderly women and 30% in elder-
ly men [2]. OP has become a major health prob-
lem with increased morbidity and mortality in
postmenopausal women all over the world.

Although OP is associated with multiple fac-
tors, lifestyle plays a key role in the prevention
of OP [3]. Therapeutic lifestyle modification is
mainly recommended, including regular exer-
cise, a well-balanced diet, smoking cessation,
and reduced alcohol consumption [3]. A dietary
adjustment that might show promise for the
prevention of OP is increasing consumption of

products that correlate positively with bone
health. Coffee is widely consumed in Western
countries, and increasingly, Chinese are also
consuming coffee. Coffee consumption has
potential benefits, such as prevention of type 2
diabetes and cardiovascular disease [4-7]; how-
ever, coffee consumption can also have harm-
ful effects on human health. Generally, the
average individual daily coffee consumption in
China is equivalent to a moderate level in
Western countries.

Recently, studies revealed possible associa-
tions between coffee consumption and OP in
postmenopausal women [8, 9]. However, no
associations between coffee consumption and
outcome in postmenopausal women have been
reported [10-13]. No consistent conclusion has
been drawn from studies that investigated the
associations. Thus, we conducted a large-scale
study that evaluated risk factors for common
diseases using a self-report questionnaire. The
data showed that a subjective self-report ques-
tionnaire on the frequency of coffee consump-
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tion can reflect actual caffeine intake. The pur-
pose of this study was to estimate the associa-
tions between coffee consumption and OP in
Chinese postmenopausal women in a large-
community sample by using a self-report
questionnaire.

Methods
Study population

We performed a risk-factor study for OP using a
random sample of the Chinese population.
Participants were recruited from rural and
urban communities in Shanghai. Participants
aged 30-90 years were included in this study.
More than 2,000 postmenopausal women
were invited to a screening visit between 2011
and 2014. Atotal of 1817 participants (90.26%)
with complete information was available to
data analysis in this study. Written consent was
obtained from all patients before the study,
which was performed in accordance with the
ethical standards in the Declaration of Helsinki,
and approved by the Medicine Ethical
Committee of the Changfeng Healthcare
Center.

Some participants with chronic diseases and
conditions that might potentially affect bone
mass, structure, or metabolism were excluded.
Briefly, the exclusion criteria were as follows: a
history of 1) serious residual effects of cerebral
vascular disease; 2) serious chronic renal dis-
ease (Glomerular filtration rate-GFR < 30 mL/
min/1.73 m?2); 3) serious chronic liver disease
or alcoholism; 4) significant chronic lung dis-
ease; 5) corticosteroid therapy at pharmaco-
logic levels; 6) evidence of other metabolic or
inherited bone disease, such as hyper-or hypo-
parathyroidism, Paget disease, osteomalacia,
or osteogenesis imperfecta; 7) recent (within
the past year) major gastrointestinal disease,
such as peptic ulcer, malabsorption, chronic
ulcerative colitis, regional enteritis, or signifi-
cant chronic diarrhea; 8) Cushing syndrome; 9)
hyperthyroidism; and 10) any neurologic or
musculoskeletal condition that would be a non-
genetic cause of low bone mass.

Data collection
All study subjects underwent complete clinical

baseline characteristics evaluation, which
included a physical examination and response
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to a structured, nurse-assisted, self-adminis-
trated questionnaire to collect information on
age, gender, residential region, visit date, family
history, lifestyle, dietary habits, physical activi-
ty level during leisure time, use of vitamins and
medications, smoking, alcohol consumption,
and self-reported medical history. Body weight
and height were measured according to a stan-
dard protocol. Smoking and alcohol consump-
tion were categorized as never, current (smok-
ing or consuming alcohol regularly in the past 6
months), or ever (cessation of smoking or alco-
hol consumption for more than 6 months).

Regular exercise was defined as any kind of
physical activity 3 or more times per week.
Education was commonly divided into four stag-
es: preschool, primary school, secondary
school, and college. Self-reported medical and
therapy history was categorized as “no” or
“yes.” HTN was defined as blood pressure >
140/90 mmHg, or a history of hypertension
medication. Diabetes mellitus (DM) was defined
by oral glucose tolerance test (OGTT) and either
HBALC > 6.5% or the use of insulin or hypogly-
cemic medications.

Dietary habits, including consumption of coffee
was evaluated by a semi-quantitative food fre-
quency questionnaire (group 1: seldom, group
2: sometimes, group 3: always). To determine
frequency of coffee preference, the partici-
pants were asked, “How often you drink cof-
fee?” The possible answers were: “seldom,”
“sometimes,” or “always,” and the answers
were taken as a subjective assessment. To
answer the question, the participants were
required to decide two issues based on their
impressions: 1) whether or not the consumed
drink were actually coffee; and 2) the frequency
with which they consumed coffee.

The study outcomes

The bone mineral density (BMD g/cm?) was
measured at calcaneus by standardized quanti-
tative ultrasound (QUS, Hologic Inc., Bedford,
MA, USA) utilizing T-scores based on WHO crite-
ria [14], which were obtained from the automat-
ed equipment. T-score refers to the ratio
between patient’s BMD and that of young adult
population of same sex and ethnicity. T-score of
> -1 was taken as normal, between -1 and -2.5
osteopenic and < -2.5 as osteoporotic.
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Table 1. Baseline characteristics of subjects

Association between coffee and OP

Frequency of coffee intake

Variable Total sample - P-value
Seldom Sometimes Always
Demographical information
N 1817 1614 108 95 -
Age 62.51 +9.02 62.95 £+ 9.02 58.45 +8.11 59.66 + 8.44 <0.001
Education 251 (13.81%) 214 (13.26%) 21 (19.44%) 16 (16.84%) <0.001
Exercise 1294 (71.22%) 1148 (71.13%) 82 (75.93%) 64 (67.37%) 0.394
Smoking 15 (0.83%) 11 (0.68%) 1 (0.93%) 3(3.16%) 0.125
Alcohol intake 36 (1.98%) 26 (1.61%) 6 (5.56%) 4 (4.21%) 0.028
Qil 18.92 £ 9.02 18.97 + 8.97 18.9 + 9.98 18.21 + 8.77 0.726
Medical history
HTN 804 (44.89%) 730 (45.83%) 37 (34.58%) 37 (40.66%) 0.054
CAD 167 (9.60%) 153 (9.88%) 8 (7.92%) 6 (6.67%) 0.506
DM 204 (11.47%) 195 (12.34%) 5 (4.72%) 4 (4.35%) 0.005
RA 105 (5.99%) 99 (6.35%) 3(2.91%) 3(3.3%) 0.195
Therapy history
Vitamin C 234 (12.88%) 203 (12.58%) 14 (12.96%) 17 (17.89%) 0.323
Vitamin D 76 (4.18%) 67 (4.15%) 5 (4.63%) 4 (4.21%) 0.971
Outcome
T-score -1.87 £ 0.74 -1.91+0.73 -1.62 + 0.69 -1.52+0.8 <0.001
OP 524 (28.84%) 495 (30.67%) 13 (12.04%) 16 (16.84%) < 0.001

Note: HTN - hypertension, CAD - coronary artery disease, DM - diabetes mellitus, RA - Rheumatoid arthritis, OP - Osteoporosis.

Table 2. Univariate linear regression analysis for associations

among variables and T-score

so it is safer than dual energy
X-ray absorptiometry (DEXA).

Variable B SE P value 95% Cl for 3 e i

Statistical analysis
Age -0.032 0.002 <0.001 -0.037--0.029
Education 0.089 0.014 <0.001 0.061-0.116 Continuous variables were ana-
Exercise 0.064 0.037 0.095 -0.012-0.136 lyzed to determine whether they
Smoking -0.091 0.091 0.334 -0.271-0.092 followed normal distributions,
Drink 0.032 0.050 0.591  -0.084-0.147 using the Kolmogorov-Smirnov
HTN -0.045 0.035 0.191 -0.113-0.0213 Test. Variables that were not
CAD -0.115 0.058 0.048 -0.231--0.001 normally distributed were log-
DM 0.039 0.057 0.467 -0.067-0.146 transformed to approximate a
RA -0.134 0.075 0.075 -0.278-0.013 normal distribution for analysis.
Vitamin C 0114 0.051 0.024 -0.213--0.015 Results are described as mean
Vitamin D 0.058 0.085 0503 -0.225-0.111 + SD or median, unless stated
Frequency of coffee intake 0.213 0.035 <0.001 0.144-0.282 otherwise. Differences in vari-

Note: HTN - hypertension, CAD - coronary artery disease, DM - diabetes mellitus,

RA - Rheumatoid arthritis.

Daily calibration was performed during the
entire study period by a trained technician. The
coefficients of variation of the accuracy of the
QUS measurement were 0.9%. The QUS tech-
nology is less expensive, portable and also has
the advantage of not using ionising radiation,
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ables among subjects grouped
by frequency of coffee intake
were determined by one way
analysis of variance. Among
groups, differences in properties were detect-
ed by x? analysis.

For the associations analysis, there model have
been developed. In model 1, frequency of cof-
fee intake were categorized by group 1: seldom,
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Figure 1. Comparison of T score among groups according to frequency of cof-
fee intake. A. The results of comparison of T-score among groups according
to Model 1 (Model 1: frequency of coffee intake were categorized by group
1: seldom, group 2: sometimes, group 3: always). The mean T-score was
-1.91, -1.62 and -1.52 in the three groups, respectively. There were signifi-
cantly differences among the three groups (P value < 0.001). B. The results
of comparison of T-score between groups according to Model 2 (Model 2:
frequency of coffee intake were categorized by low frequency and high fre-
quency groups). The mean T-score was -1.91 and -1.57 in the two groups,
respectively. There were no significantly differences between the two groups
(P value < 0.001).

outcomes (T-score or OP), and
to estimate confounding fac-
tors possibly disturbing the
relation of frequency of coffee
intake to outcomes (T-score or
OP). Multivariable regression
(MR) was performed to control
potential confounding factors
and determine the indepen-
dent contribution of variables
to outcomes (T-score or OP).

Results were analyzed using
the Statistical Package for
Social Sciences for Windows,
version 16.0 (SPSS, Chicago,
IL, USA). Tests were two-sided,
and a p-value of < 0.05 was
considered significant. Odds
ratios (OR) with 95% confi-
dence intervals (Cl) were cal-
culated for the relative risk of
frequency of coffee intake
with the outcome of OP.

Results

Clinical characteristics of
subjects

The clinical baseline charac-
teristics of the 1817 Chinese
postmenopausal women are
listed in Table 1. In the total
sample, the mean age was
62.51 years. The proportions
of subjects having current
smoking and alcohol habits
were 0.83% and 1.98%,
respectively. The prevalence
of HTN, coronary artery dis-
ease (CAD), DM and Rheu-
matoid arthritis (RA) were
44.89%, 9.60%, 11.47%, and
5.99%, respectively. There
were significant differences
in age, education, alcohol
intake and prevalence of DM
among groups according to
frequency of coffee intake

group 2: sometimes and group 3: always. In (P value < 0.05 for all). An average T-score of
model 2: frequency of coffee intake were cate- -1.87 was reported and the prevalence of
gorized by low frequency and high frequency OP was 28.84% in our study sample. Signifi-
groups. Univariate regression analysis was per- cant differences in T-Score and the prevalence
formed to determine variables associated with of OP among the three groups were reported (P
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Table 3. Univariate logistic regression analysis for associations

among variables and osteoporosis

between frequency of coffee
intake and T-score.

Variable B S.E. Pvalue OR 95.0% Cl Multivariate linear regres-
Age 0.098 0.007 <0.001 1.105 1.091-1.119 sion analyses were devel-
Education -0.241 0.043 <0.001 0.788 0.722-0.857 oped to include frequency of
Exercise -0.236 0.112 0.033 0.792 0.635-0.982 coffee intake and the out-
Smoking 0.032 0276 0.913 1.032 0.602-1.769 come of T-score. After
Drink 0193 0192 0315 0825 05641202  adjustment for  relevant
HTN 0.312 0103 0.003 1.365 1.114-1.669 potential confounding fac-
CAD 0.498 0.162 0.002 1.647 1.197-2.261 :Z;;};Z;nm;:;%fsted2?:;(
DM 0178 0.158 0.255 1.194 0.879-1.626 ed significant associations
RA 0.481 0.207 0.021 1.615 1.075-2.429 (B = 0.147, p-value < 0.001,
Vitamin C 0.314 0.146 0.030 1.368 1.032-1.818 95% Cl for B: 0.078-0.215
Vitamin D 0.491 0.238 0.039 1.637 1.028-2.603 for model 1; and B = 0.216,
Frequency of coffee intake -0.565 0.135 <0.001 0.569 0.436-0.741 p-value < 0.001, 95% ClI

Note: HTN - hypertension, CAD - coronary artery disease, DM - diabetes mellitus, RA -

Rheumatoid arthritis.

Table 4. Multiple variables linear regression analysis for the associa-

tions between frequency of coffee intake and T score

for 3: 0.108-0.324 for model
2, Table 4).

Association analysis for OP

Univariate logistic analyses
were performed to evaluate

Model Variable B SE

Pvalue 95% Cl for 8

associations with OP. The

Model 1 Frequency of coffee intake 0.147 0.035 < 0.001 0.078-0.215
Model 2 Frequency of coffee intake 0.216 0.055 < 0.001 0.108-0.324

results indicate that age,
education, HTN, CAD, RA,

Note: Model 1: frequency of coffee intake were categorized by group 1: seldom,
group 2: sometimes, group 3: always; Model 2: frequency of coffee food intake were
categorized by low frequency and high frequency groups; and all models adjusted for
age, smoking, alcohol intake, education, exercise, medical and therapy history.

value < 0.001 for T-score and the prevalence of
OP).

Association analysis for T-score

Univariate linear regression analyses were
developed to include demographical informa-
tion, lifestyle, medical and therapy history to
estimate the association of various clinical fac-
tors and T-score (Table 2). The variables age,
education, Vitamin C supplement and coffee
preference were significantly associated with
the T-score (P < 0.05 for all).

The comparison of T-scores among groups
according to Model 1 discovered that the mean
T-score was -1.91, -1.62 and -1.52 in the three
groups, respectively (Figure 1A). There were
significant differences among the three groups
(P value < 0.001). Additionally, there were sig-
nificant differences among groups according to
model 2 (Figure 1B, P value < 0.001), Univariate
analysis demonstrated a positive correlation
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Vitamin C, Vitamin D and fre-
quency of coffee intake were
significantly associated with
OP (P value < 0.05 for all,
Table 3).

The comparison of prevalence of OP among
groups according to model 1 reported that the
prevalence of OP was 30.66%, 12.04%
and 16.84% in the three groups, respectively
(Figure 2A). There were significant differen-
ces among the three groups (P value < 0.001).
Significant differences among groups accord-
ing to model 2 were also reported (Figure 2B,
P value < 0.001 for model 2). Univariate
analysis demonstrates a negative correlation
between frequency of coffee intake and OP.

Multivariate logistic regression analyses were
employed to evaluate the association between
frequency of coffee intake and the OP outcome.
After adjustment for relevant potential con-
founding factors, the multivariate logistic
regression analyses detected significant asso-
ciations (p-value = 0.017 for model 1; and
p-value = 0.007 for model 2, Table 5). In partici-
pants with high frequency of coffee intake, the
OR for OP was 0.541 (95% Cl: 0.347-0.843).
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Figure 2. Comparison of prevalence of osteoporosis among groups accord-
ing to frequency of coffee intake. A. The results of comparison of prevalence
of osteoporosis among groups according to Model 1 (Model 1: frequency
of coffee intake were categorized by group 1: seldom, group 2: sometimes,
group 3: always). The prevalence of osteoporosis was 30.66%, 12.04% and
16.84% in the three groups, respectively. There were significantly differences
among the three groups (P value < 0.001). B. The results of comparison of
prevalence of osteoporosis between groups according to Model 2 (Model 2:
frequency of coffee intake were categorized by low frequency and high fre-
quency groups). The prevalence of osteoporosis was 30.66% and 14.29%
between the two groups, respectively. There were significantly differences
between the two groups (P value < 0.001).

in postmenopausal women.
One of the most important
strengths of our study is that
we collected data from a lar-
ge population-based cohort
of postmenopausal women.
BMD was evaluated using the
QUS, which has many advan-
tages in assessing osteoporo-
sis. Specifically, the modality
is small, no ionizing radiation
is involved, measurements
can be made quickly and eas-
ily, and the cost of the device
is low compared with DXA and
quantitative computed tomog-
raphy devices. Several con-
founding factors such as age,
education, and medical histo-
ry were detected under uni-
variate regression analysis or
clinical analysis in practice.
Multiple regression analysis
adjustment for relevant po-
tential confounding factors
offered evidence that there
were independent and signifi-
cant associations between
coffee consumption and out-
come. In addition, coffee con-
sumption was negatively cor-
related with the prevalence of
OP.

The data on the association
between coffee consumption
and the prevalence of OP
are inconclusive. Early results
supported that coffee con-
sumption was positively corre-
lated with risk of OP. However,
different results have shown
no associations between cof-
fee consumption and OP, or
moderate coffee consump-
tion may be negatively corre-
lated with the risk of OP. Choi
et al. conducted a population-
based cross-sectional study
to assess the relationship

Discussion
We conducted a large-scale, community-based,

cross-sectional study to investigate the associ-
ations between coffee consumption and OP
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between coffee consumption and BMD in
Korean premenopausal women [9]. Their find-
ings did not support the hypothesis that coffee
is a risk factor for impaired bone health in
Korean premenopausal women. Similarly,

Int J Clin Exp Med 2015;8(9):15958-15966
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Table 5. Multiple variables logistic regression analysis for associations between frequency of coffee

intake and osteoporosis

Model Variable S.E. P value OR 95% ClI
Model 1 Frequency of coffee intake -0.346 0.145 0.017 0.708 0.533-0.940
Model 2 Frequency of coffee intake 0.614 0.226 0.007 0.541 0.347-0.843

Note: Model 1: frequency of coffee intake were categorized by group 1: seldom, group 2: sometimes, group 3: always; Model
2: frequency of coffee intake were categorized by low frequency and high frequency groups; and all models adjusted for age,
smoking, alcohol intake, education, exercise, medical and therapy history.

Tavani and colleagues performed a case-con-
trol study in northern Italy to explore the possi-
ble relation between coffee and hip fracture
and found no associations between hip frac-
tures among women and the consumption of
regular or decaffeinated coffee, tea, or cola
[15]. In another study, Lloyd et al. aimed to eval-
uate in a cross-sectional study whether dietary
caffeine intake was a risk factor for bone loss
in postmenopausal women [16]. This study did
not support the notion that caffeine is a risk
factor for bone loss in healthy postmenopausal
women. Additionally, in an animal study,
Sakamoto et al. investigated the effects of cof-
fee on bone metabolism and found that coffee
does not stimulate bone loss in rats [17].
Similar results were reported in our study con-
cerning the associations between moderate
coffee consumption and OP.

In contrast, several studies have shown that
heavy coffee consumption is associated with
the risk of OP. Meyer et al. analyzed dietary
data from a prospective study and found that
women who drank 9 or more cups of coffee per
day also had an increased risk of fracture, while
there was no association between coffee con-
sumption and hip fracture in men [12]. In addi-
tion, Hallstrom et al. explored whether coffee,
tea, and caffeine consumption was associated
with osteoporotic fracture risk in a cohort of
31,527 Swedish women aged 40-76 years and
found that daily intake of 330 mg of caffeine,
equivalent to 4 cups (600 ml) of coffee or more,
may be associated with a modestly increased
risk of osteoporotic fracture [11]. In an animal
study, Lacerda et al. investigated the effects of
coffee on bone metabolism in rats [18] and
found that coffee/caffeine intake caused seri-
ous adverse effects on calcium metabolism in
rats that led to a delay in the bone repair pro-
cess. Meta-analyses suggested that daily con-
sumption of coffee is associated with an
increased risk of fracture in women and a con-
trasting decreased risk in men [10, 19].
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However, the current data are insufficient to
reach a convincing conclusion, and further
research must be conducted. The inconsistent
results found in the literature may be attributed
to incompleteness and/or inaccuracies in data
collection regarding sample size, age of sub-
jects, or the studies’ gender-specific nature;
inclusion of cigarette smoking as a covariate;
the method of coffee preparation (boiled or fil-
tered); genetic differences in coffee metabo-
lism and the caffeine content of the coffee bev-
erage consumed; and lack of information
regarding intake of other ingredients. According
to these studies, heavy coffee consumption
was associated with an increased risk of OP in
women. Moderate coffee consumption may
help prevent OP. Our data showed that moder-
ate coffee consumption was independently and
significantly associated with the prevalence of
OP and negatively correlated with outcome. A
slight increase in coffee consumption might be
beneficial in the prevention of OP among
Chinese postmenopausal women.

Coffee contains the stimulant caffeine, as well
as antioxidants and other plant chemicals, all
of which affect disease risk. The mechanism of
caffeine-induced bone mineral density loss is
still unclear; however, several possible causes
have been elucidated by researchers. The cyto-
toxicity of caffeine may be due to its ability to
trigger apoptosis [20]. A number of cysteine
proteases, known as caspases, play important
roles in apoptosis [21, 22], similar to members
of the Bcl-2 family [23] , which regulate mito-
chondrial membrane potential changes and the
release of cytochrome C by modulating the per-
meability of the outer mitochondrial membrane.
Heavy caffeine intake increases the urinary
excretion of calcium, whereas moderate coffee
consumption (1 or 2 cups per day) does not
appear to significantly impact calcium imbal-
ance in postmenopausal women [24] . Some
studies have shown that coffee consumption
seems to be a non-harmful habit for individuals
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who drink it regularly and in moderation, and in
fact, coffee consumption may even be benefi-
cial for most people. The most recently avail-
able evidence suggests that coffee consump-
tion can help reduce the risk of several diseas-
es, most notably type 2 diabetes, Parkinson’s
disease, Alzheimer’'s disease, cardiovascular
disease, and cancer [4-7], although the under-
lying mechanisms of these effects are still
being investigated. Regarding coffee’s other
beneficial properties, some studies have shown
that coffee may help reduce inflammation and
pain more than the use of some painkillers
alone [25]. Moreover, based on other findings,
coffee may exert beneficial effects on bone
health due to its high polyphenol composition;
the impacts may be especially prominent in
men, who are resistant to caffeine-induced
bone loss [26, 271].

This study has several potential limitations.
First, this investigation was based on data
obtained from a self-administered question-
naire. The questionnaire did not include refer-
ences to the size of a cup of coffee, which could
have led to misclassification. Additionally,
genetically-determined differences in caffeine
metabolism might be important for studying
how BMD is affected by coffee [28]. However,
our study did not involve the genotyping of par-
ticipants. Finally, the study’s sample was com-
posed entirely of Chinese postmenopausal
women, and thus, the generalizability of our
results is limited.

In conclusion, our findings suggested that fre-
quency of coffee consumption was indepen-
dently and significantly associated with OP. The
prevalence of OP was more common in Chinese
postmenopausal women who did not consume
coffee. This study suggests that a change in
preference for coffee consumption might be
beneficial in the prevention of OP in Chinese
postmenopausal women.
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