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Abstract
Summary The present meta-analysis shows no clear
association between coffee consumption and the risk of hip
fractures. There was a nonlinear association between tea
consumption and the risk of hip fracture. Compared to no tea
consumption, drinking 1−4 cups of tea daily was associated
with a lower risk of hip fracture.
Introduction Prospective cohort and case–control studies have
suggested that coffee and tea consumption may be associated
with the risk of hip fracture; the results have, however, been
inconsistent. We conducted a meta-analysis to assess the
association between coffee and tea consumption and the risk
of hip fracture.
Methods We performed systematic searches usingMEDLINE,
EMBASE, and OVID until February 20, 2013, without limits
of language or publication year. Relative risks (RRs) with 95%

confidence intervals (CI) were derived using random-effects
models throughout all analyses. We conducted categorical,
dose–response, heterogeneity, publication bias, and subgroup
analyses.
Results Our study was based on 195,992 individuals with 9,
958 cases of hip fractures from 14 studies, including six cohort
and eight case–control studies. The pooled RRs of hip
fractures for the highest vs. the lowest categories of coffee
and tea consumption were 0.94 (95 % CI 0.71–1.17) and 0.84
(95 % CI 0.66–1.02), respectively. For the dose–response
analysis, we found evidence of a nonlinear association
between tea consumption and the risk of hip fracture
(pnonlinearity<0.01). Compared to no tea consumption, 1–4
cups of tea per day may reduce the risk of hip fracture by
28% (0.72; 95% CI 0.56–0.88 for 1–2 cups/day), 37% (0.63;
95 % CI 0.32–0.94 for 2–3 cups/day), and 21 % (0.79; 95 %
CI 0.62–0.96 for 3–4 cups/day).
Conclusions We found no significant association between
coffee consumption and the risk of hip fracture. A nonlinear
association emerged between tea consumption and the risk of
hip fracture; individuals drinking 1–4 cups of tea per day
exhibited a lower risk of hip fractures than those who drank
no tea. The association between 5 daily cups of tea, or more,
and hip fracture risk should be investigated.
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Introduction

Hip fractures may lead to increased mortality, especially when
they occur with other systemic diseases [1–5]. Therefore,
identifying and confirming the modifiable risk factors for the
prevention of hip fractures is of significant importance for
public health research [6, 7].
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The possible risk factors for hip fractures, such as daily
calcium intake, physical activity level, body mass index
(BMI), smoking, alcohol consumption, and dietary coffee and
tea consumption, are hypothesized to be potential risk factors
[7, 8]. Coffee and tea—among the most widely used
psychoactive substances in the world—are now the main
sources of dietary caffeine intake. Epidemiological studies
have, however, found that high dietary caffeine intake is
associated with reduced bone mineral density and increased
body calcium loss [9]. Polyphenols and catechins in tea,
meanwhile, had favorable effects on bone biology [10, 11].

An earlier meta-analysis by Liu and colleagues suggested
that coffee consumption has an overall harmful effect of
increasing the risk of fractures [12]. However, they did not
provide the results of the subtypes of fractures, which may
have reduced the strength of their conclusions. Moreover, the
authors included coffee consumption only and did not refer to
tea consumption [12]. Other prospective cohort studies
targeted different outcomes and reported that the association
between coffee and tea consumption and the risk of hip
fracture was statistically nonsignificant [8, 13]. Additional
research is, therefore, required to establish the role of both
coffee and tea consumption in hip fractures.

We performed a meta-analysis of prospective cohort and
case–control studies for the following purposes: (1) assess the
link between coffee consumption and the risk of hip fractures
and (2) to conduct an overview of the relationship between tea
consumption and the risk of hip fractures.

Methods

We performed a systematic review of the available literature
according to a meta-analysis: the MOOSE guidelines and the
PRISMA statement [14, 15].

Search strategy

We searched MEDLINE (1966 to February 20, 2013),
EMBASE (1980 to February 20, 2013), and OVID (1950 to
February 20, 2013) for prospective cohort and case–control
studies, with no language or publication years restrictions. All
of the relevant studies were performed using medical subject
headings (MeSH) or free text words. We followed MeSH
search strategies and combined search terms for the outcome
(hip fracture) and the influencing factor (caffeine, coffee, and
tea). Additionally, we searched the reference lists and
reviewed all of the studies that our search identified as relevant
publications. We inspected the full text of relevant citations.
We searched, by hand, through abstracts of meetings related to
nutrition and osteoporosis that provided printed or electronic
publications (no meeting abstracts, however, were pertinent to
the present study).

Selection criteria

Reviewers independently evaluated all studies that presented
quantitative estimates regarding the association between
coffee and tea consumption, and the risk of hip fracture; the
studies that met our criteria were included in this meta-
analysis. Discrepancies between their decisions regarding
study inclusion and data interpretation were resolved by
arbitration, and consensus was reached after discussion.
Studies were included in the meta-analysis if they met the
following criteria: (1) prospective cohort or case–control
design, (2) adult population, (3) the independent variables of
interest were coffee or tea consumption, (4) the outcome of
interest was hip fracture, and (5) the risk estimates, such as
relative risks (RRs), odds ratios, hazard ratios, or incidence
rate ratio with 95 % confidence intervals (CI), were reported.
Those studies that did not meet the inclusion criteria were
excluded during the initial review.

Data extraction

Two reviewers using a standardized data collection form
independently extracted all data. We resolved discrepancies
in judgment by discussion and consulting the original articles.
The following data were collected from each study: the first
author's last name, publication year, country, duration of
follow-up, recruitment time, size of study population,
participant sex and age, the number of cases, the measure
and range of exposure, the adjustment variables, and the risk
estimates with corresponding CIs for categories of con-
sumption variables. We extracted the RRs and 95 % CIs that
reflected the greatest degree of control for potential con-
founders and used these values in our main analyses. We
collected data for the categories of coffee or tea consumption
(e.g., 1, 2, 3 cups/day). A third reviewer served to resolve
disagreement regarding the abstracted data.

Statistical analyses

We used RRs as the means of measuring association across
studies. Hazard ratios and odds ratios were transformed into
RRs [16, 17]. We pooled the RRs to summarize associations
between the highest and the lowest coffee and tea con-
sumption categories, and to conduct the dose–response
analyses.

For the meta-analysis, we used random-effects models. We
assessed the heterogeneity of selected studies using Cochran
I2 statistics [18]. As suggested by Higgins et al., we con-
sidered I2 values of 25 % as low, 50 % as moderate, and
75 % as high [19]. To summarize the association between
coffee and tea and the risk of hip fracture, we pooled the effect
measures for the highest vs. the lowest categories, and the
dose–response relationship for coffee and tea consumption.
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We used restricted cubic splines (three knots at fixed per-
centiles of 10, 50, and 90 % of the distribution) by employing
generalized least-squares regression to examine the potential
nonlinear dose–response associations between coffee and tea
consumption and the risk of hip fracture [20, 21]. A
probability value for nonlinearity was calculated by testing
the null hypothesis that the coefficient of the second spline
was equal to 0 [20].

We employed subgroup analyses to find associations
between the risk of hip fracture and relevant study cha-
racteristics (i.e., participants' ages, geographical location,
study design, duration of follow-up, sex, and adjustment for
calcium intake) as possible sources of heterogeneity. Funnel
plot asymmetry, which we used to explore publication bias,
was measured by Egger and Begg's regression tests. To assess
the possible effect of publication bias in our meta-analysis, we
also performed the “trim and fill” procedure. This method
considers the possibility of hypothetical “missing” studies,
imputing their RRs, and obtaining a pooled RR that included
the hypothetical missing studies as though they had actually
been performed [22, 23]. We used Stata 11 (StataCorp,
College Station, TX, USA) to perform all of the analyses,
and considered p <0.05 to be statistically significant.

Results

Figure 1 presents the process of the study selection. After we
evaluated titles and abstracts, 35 studies remained. We
excluded several studies because of the cross-sectional design
or a lack of data and included a total 14 studies in the meta-

analysis [8, 13, 24–35]. Observers reached agreement on
which studies should be included (Cohen's unweighted
κ =0.88).

The characteristics of included studies

The characteristics of the included studies are summarized in
Table 1. After a review of 1,723 abstracts, we included 14
studies: six of these were prospective cohort studies, and eight
were case–control studies. Ten of the total 14 studies reported
data for both coffee and tea; additionally, three studies
reported data for coffee only, and one study reported data for
tea only. There were 195,992 participants in this meta-
analysis, and 9,958 hip fractures. The MEDOS study
conducted by Johnell and Kanis was a multicenter study
enrolling participants from several European countries. The
remaining studies took place across nice different countries
(four studies from the USA, and one each from Canada,
Australia, Italy, Japan, Norway, Finland, Sweden, and India).
Five studies recruited male and female participants, two
studies recruited only males, and seven studies recruited only
females. All participants were ≥19 years old. The follow-up
time of the cohort studies ranged from 6 to 30 years. All the
information was obtained from self-reported food frequency
or self-administered questionnaires for daily coffee or tea
consumption. Fractures were identified using self-report of
fracture experience, radiologic diagnosis, or hospital
admission records. The covariates most commonly taken into
account were age, BMI, smoking, calcium intake, alcohol
consumption, and estrogen-replacement therapy (only in
female participants). Physical activity was adjusted in four
studies.

Coffee consumption and risk of hip fracture

A total of 13 studies including 195,792 individuals reported
on the association between coffee consumption and the risk of
hip fractures. The sum of all of the selected studies, the
multivariate-adjusted RRs of each study, and the categories
of the highest vs. the lowest coffee consumption are presented
in Fig. 2a. The pooled RR of hip fractures for the highest vs.
the lowest categories of coffee consumption was 0.94 (95 %
CI 0.71–1.17), with moderate heterogeneity between studies
(p <0.01; I2=56.3 %). The Egger test exhibited a publication
bias (p <0.01), and Begg's test demonstrated a borderline
evidence of publication bias (p =0.05). The “trim and fill”
method confirmed that the six possibly missing studies could
alter the pooled estimation of RR to 0.82 (95%CI 0.59–1.06).

For the dose–response analysis, we found no association
between coffee consumption and the risk of hip fracture
(pnonlinearity=0.89). Compared with no coffee consumption,
the pooled RRs of hip fracture were 0.95 (95 % CI 0.69–1.20)
for 1–2 cup of coffee per day, 0.91 (95 % CI 0.77–1.06) for 2–

Used in meta-analysis (n=14)

Retrieved for eligibility (n= 35)

Identified from database search (n=1723)

Excluded (n= 1688):
Duplicates (n= 1070)
Did not satisfy criteria (n=618)

Excluded (n= 21):
Lack of data on hip fracture(n=12)
Cross-sectional or case-control design 
(n=9)

Fig. 1 Flowchart for the study selection
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3 cups/day, 0.92 (95 % CI 0.70–1.15) for 3–4 cups/day, 1.07
(95 % CI 0.61–1.53) for 4–5 cups/day, and 0.71 (95 % CI
0.41–1.01) for 5–6 cups/day (Fig. 3a).

Tea consumption and risk of hip fracture

A total of 11 studies with information on 147,488 individuals
examined the association between tea consumption and the
risk of hip fracture. The multivariate-adjusted RRs of each
study and categories of the highest vs. the lowest tea
consumption are available in Fig. 2b. The pooled RR of hip
fractures for the highest vs. the lowest categories of tea
consumption was 0.84 (95 % CI 0.66–1.02), with moderate
heterogeneity between studies (p =0.05; I2=45.3 %). The
Egger test exhibited a potential publication bias (p =0.06),
while Begg's test demonstrated no publication bias (p =
0.14). The trim and fill method confirmed that the three
potentially missing studies could alter the pooled estimation
of RR to 0.73 (95 % CI 0.52–0.94).

The dose–response analysis showed evidence of a
nonlinear association between tea consumption and risk of
hip fracture (p nonlinearity<0.01). Compared to no tea
consumption, the pooled RRs of hip fractures were 0.72
(95 % CI 0.56–0.88) for 1–2 cup of tea per day, 0.62 (95 %
CI 0.32–0.94) for 2–3 cups/day, 0.79 (95 % CI 0.62–0.96) for
3–4 cups/day, 0.95 (95 % CI 0.62–1.29) for 4–5 cups/day,
0.95 (95 % CI: 0.48–1.41) for 5–6 cups/day, and 1.25 (95 %
CI 0.40–2.10) for more than 6 cups/day (see Fig. 3b).

Subgroup analyses

Results of the subgroup analyses for the association between
coffee or tea consumption and the risk of hip fracture are
presented in Table 2. The analyses demonstrated that the
participants' age, geographical location, study design,
adjustment for calcium intake, and follow-up period did not
influence the association between dietary coffee consumption
and the risk of hip fracture. The pooled analysis in male
participants demonstrated a 34 % lower risk of hip fracture
(RR 0.66, 95 % CI 0.43–0.89). However, only three studies
were performed, for a total of 49,144 male participants. This
may have led to a lower statistical power in assessing the
relationship between coffee consumption and risk of hip
fractures in males. This result should be interpreted with
caution and would benefit from being verified by further
research. The analyses demonstrated that geographical
location, the follow-up period, adjustment for calcium intake,
and gender did not influence the inverse associations between
dietary tea consumption and the risk of hip fracture, whereas
the pooled analysis of five studies that examined participants
whose mean age (at the time of recruitment) was more than
70 years showed a 33 % lower risk of hip fractures (RR 0.67,
95 % CI 0.55–0.79). Furthermore, eight case–control studiesT
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showed a 20 % lower risk of hip fracture (RR 0.80, 95 % CI
0.60–1.00).

Discussion

Our meta-analysis was based on 195,992 individuals with 9,
958 hip fractures and indicated that coffee consumption has no
significant statistical association with the risks of hip fracture.
In the dose–response analysis of tea consumption, however,
we found a nonlinear association between tea consumption
and the risk of hip fracture. Most interestingly, our results
showed that in comparison to individuals who drank no tea,
drinking 1–4 cups of tea daily was associated with lower risks

of hip fracture. The association between 5 or more cups of tea
per day and hip fracture risks remains unclear, andmay benefit
from further research.

Coffee—one of the most widely consumed beverages in
the world—has been linked to many pathological conditions,
such as cancer, cardiovascular and cerebrovascular diseases,
and type 2 diabetes mellitus [20, 36–38]. Our meta-analysis
focused on hip fractures and demonstrated that hip fractures
were not significantly associated with coffee consumption. In
a subgroup analysis, we found 34 % lower risk of hip fracture
in men with the highest amount of coffee consumption
compared to men with the lowest amount of coffee con-
sumption. Due to the limited relevant data pertaining to
men, we note that the inverse association might be attributed

Fig. 2 Adjusted relative risk
(RR) of coffee (a) and tea (b)
(95 % CI) and hip fracture
(highest vs. lowest categories)
using the random-effects mode
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to chance or result from systematic error (e.g., residual
confounding or selection bias). This finding should be
interpreted carefully, and additional well-designed and
stratified cohort studies should be conducted in men.

Regarding tea consumption, our results showed a nonlinear
association with the risk of hip fractures; compared to no tea
consumption, drinking 1–4 cups of tea daily appeared to show
a significant and independent protective effect. However, due
to small numbers and low statistical power for the higher
intake categories (reflected in the wide confidence intervals
in Fig. 3), the association between 5 cups or more of tea per
day and hip fracture risk deserves further attention.

Several plausible mechanisms have been proposed to
explain the relationship between tea consumption and fracture

benefits, including biologically active compounds, such as tea
polyphenols (or catechins), fluoride content, and the phy-
toestrogenic content. Catechins, including epigallocatechin
gallate, epicatechin gallate, epicatechin, epigallocatechin,
and essential elements, such as chromium, manganese,
selenium, and zinc, are biologically active tea components
that may improve bone mineral density. These compounds
may act by enhancing osteoblastic proliferation, diffe-
rentiation, and mineralization, and by suppressing osteoclastic
differentiation and promoting osteoclast apoptosis. This
would result in increased bone density, thus reducing the risk
of hip fractures [10, 11, 39, 40].

Not all components contained in tea have positive effects.
Caffeine, contained therein, has detrimental effects on bone
biology. The majority of studies demonstrated that middle-to-
high concentrations of caffeine (1 to 10 mM) dose-dependently
enhanced osteoclast differentiation by enhancing RANKL-
induced osteoclastogenesis, modulating intracellular calcium
levels, or by decreasing vitamin D receptor expression, leading
to reduced bone mineral density [41–43]. In contrast, other
studies suggested that low-concentrations caffeine (lower than
1 mM) enhanced osteoblast viability and osteoblastic mine-
ralization without affecting osteoclastic bone resorption activity
[42].

Previous meta-analytic research by Liu et al. [12] exami-
ning the relationship between coffee and fractures (10
studies), including various fracture subtypes (7 assessed hip
fractures and 3 examined different subtypes of fractures), and
suggested an overall weak destructive effect of coffee intake
on the total risk of fractures (RR 1.03, 95 % CI 1.00, 1.06).
The authors, however, did not provide the results of their
meta-analysis on fracture subtypes, which may have reduced
the strength of their conclusions. Moreover, Liu and col-
leagues only examined coffee consumption, but did not assess
that of tea. Our meta-analysis, meanwhile, focused on both
and demonstrated that coffee consumption has no significant
statistical association with the risk of hip fracture; tea
consumption, however, exhibited a nonlinear association with
the risk of hip fracture.

Our meta-analysis had several limitations. First, because our
work consisted of several individual studies, the quality of each
study varied, and the adjustments for potential statistical
confounding factors fluctuated. Our meta-analysis was
subjected to the influence of confounders which could be innate
in the included studies. Although most of the selected studies
were adjusted for gender, age, BMI, menopause statement,
estrogen-replacement therapy, alcohol intake, education,
marital status, physical activity, and caloric consumption, the
factors we controlled could, theoretically, offer a possible
explanation for our results. Nevertheless, it is difficult to
determine whether other types of consumption, the specific
effects of coffee or tea, or the possible beneficial nutrients in
these beverages were responsible for the observed outcomes.

Fig. 3 Adjusted relative risk (RR) of coffee (a) and tea (b) (95%CI) and
hip fracture (every category, the reference levels are 0 cups/day) using the
random-effects model
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Moreover, the classification of coffee or tea consumption is
difficult to evaluate, which directly weakens the strength of the
observed relationship. In the dose–response analysis, it is
difficult to single out variations in effects at high levels; we
therefore used common categorization of coffee/tea con-
sumption (refer to previous dose–response meta-analyses) that
may affect the validity of the results [20, 36]. Moreover,
whether the participants consumed coffee with or without tea
could not be assessed. Because the consumption of coffee and
tea was primarily estimated by self-administered and self-
reported food frequency, and the content of affecting factors
varied, errors were difficult to avoid; the underestimation of the
RRs was, therefore, difficult to avoid.

Third, the heterogeneity in the present study may be
introduced by methodological differences among the studies
selected for inclusion. Although many of the I2 values we
estimated were assessed as moderate in the subgroup analysis,
we explored age, study design, and sex for potential sources of
heterogeneity in the analysis of coffee; only age was consi-
dered for the analysis of tea. These issues may reduce the
strength of our conclusions.

Fourth, the abstainer bias should be considered [44, 45].
People decrease their caffeine consumption as they age and
become ill or frail, or increase their use ofmedications. If these
individuals are included in the no coffee or tea consumption
categories, results may be erroneous. This also relates to the
unexpected finding of Trimpou et al. concerning coffee
(Fig. 2a), where the most frequent coffee drinkers had an RR
for hip fracture of 0.55 (95 % CI 0.42–0.73) compared with
non-drinkers. None of the selected studies, however, reported
the numbers of abstainers. Thus, well-designed cohort studies
with controls for abstainer factors are needed.

We are, lastly, concerned about publication bias because
smaller studies reporting null results tend not to be published.
As we have demonstrated in the funnel plot and Egger's test in
the analysis of the association between tea consumption and
the risk of hip fracture, a potential publication bias may exist,
altering the pooled estimation of RR to 0.73 (95 % CI 0.52–
0.94); this implies that an inverse association may exist
between tea consumption and the risk of hip fractures. Our
findings, therefore, should be interpreted with caution.

Conclusion

Our meta-analysis found no statistical association between
dietary coffee consumption and risk of hip fracture. In the
dose–response analysis, however, there was a nonlinear
association between tea consumption and the risks of hip
fracture: we found that compared with no tea consumption,
1–4 cups of tea daily may reduce the risks. The association
between five cups or more and hip fracture risk, however,
should be examined further. Due to the presence of publication

bias, our results may underestimate the true magnitude of this
association. Additional well-designed and stratified cohort
studies with wide coverage of controls for confounding factors
are, therefore, required to elucidate the link between coffee and
tea consumption, and the risk of hip fractures.
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