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Abstract: Fractures are important causes of healthy damage and economic loss nowadays. The conclusions of ob-
servational studies on tea consumption and fracture risk are still inconsistent. The objective of this meta-analysis
is to determine the effect of tea drinking on the risk of fractures. In this study, a comprehensive literature search
was conducted in Pubmed, Embase and reference lists of the relevant articles. Observational studies that reported
an estimate of the association between tea drinking and incidence of fractures were included. A meta-analysis was
conducted by the STATA software. The results indicated that a total of 9 studies involving 147,950 individuals that
examined the association between tea consumption and risk of fractures were included in this meta-analysis. The
odds ratios (ORs) with 95% confidence intervals (Cls) were pooled using a random-effects model. The pooled OR of
9 observational studies for the tea consumption on risk of fracture was 0.89 (95% Cl, 0.78-1.04). In the subgroup
analyses, no significant association was detected in neither cohort studies (n = 3; OR, 0.97; 95% Cl, 0.89-1.06) nor
case-control studies (n = 6; OR, 0.91; 95% Cl, 0.70-1.19), respectively. Because of the varied and limited data of
the included studies, we are not able to conduct the dose-response meta-analysis. In conclusion, tea consumption
might be not associated with the risk of fractures. The following large-sample and well-designed studies are required

to confirm the existing conclusions.
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Introduction

Fractures are important causes of healthy dam-
age and economic loss in the whole world.
Several risk factors have been detected includ-
ing the lower body mass density (BMD) [1] and
the increased body mass index (BMI). Besides,
the tobacco exposure [2], coffee intake [3], cal-
cium and vitamin D intake [4] and history of
fractures are also considered to be associated
with the risk of fractures. The realization of the
relationship between these modifiable factors
and incidence of fractures would provide more
effective strategy for the fracture prevention in
the future.

Tea is the most popular beverage in the world.
Several kinds of antioxidants, including flavo-
noid, catechin, thearubigin and theaflavin, exist
in the tea. Nowadays, the tea drinking behave
is considered to be associated with the devel-

opment and progression of different kinds of
diseases. Tea consumption is reported to be a
protective factor of the cardiovascular diseases
[B], Parkinson’s disease [6] and several kinds of
cancers [7, 8]. What’s more, habitual tea drink-
ing is reported to have a positive effect on the
BMD [9, 10], which may thus prevent the inci-
dence of fracture (osteoporotic fracture, in par-
ticular). However, tea is a beverage which con-
tains caffeine as well. It was reported that the
caffeine could decrease the BMD and subse-
quently increase the risk of fractures [11]. The
contradictory effects of tea drinking make its
role on the risk of fractures indistinct. Several
epidemiological studies have researched the
relationship between tea consumption and inci-
dence of fracture; however, no accordant con-
clusion was obtained by now [10, 12]. Meta-
analysis is a useful statistical tool to pool the
relevant studies together and gain a more pow-
erful conclusion. For instance, meta-analysis
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was used to detect the risk factors of lung can-
cer [13], breast cancer [14], type 2 diabetes
[15] and thyroid lesions [16]. The purposes of
this study were: firstly, quantify the effect of tea
consumption on the incidence of fractures by
meta-analyzing the existing observational stud-
ies and provide quantitative and high-level evi-
dence and secondly, provide some suggestions
for the following advanced studies.

Methods
Search strategy and inclusion criteria

This current meta-analysis was conducted
according to the PRISMA guidelines and MOOSE
guidelines [17, 18]. We searched two databas-
es (Pubmed and EMBASE) with the key words
“tea”, “green tea”, “black tea”, “flavonoid”, “cat-
echin”, “thearubigin”, “polyphenol”, “theaflavin”
in combine with “fracture” through July 8§,
2013. No language or any other restrictions
were set in the search strategy. The additional
articles were obtained through consulting the
reference lists of the relevant studies. When
different articles from the same dataset were
obtained, only the most recent study with avail-
able data was included in the meta-analysis.
The contact with the corresponding author of
certain article was conducted when more data

was required.

A study would be included in this meta-analysis
when it met the following inclusion criteria: (1)
the association between tea consumption and
risk of fractures was evaluated; (2) a cohort or
case-control study design was obtained; (3) the
value of relative risk (RR), odds ratio (OR) with
95% confidence intervals (Cl) or enough data to
calculate them were reported.

A study would be also excluded in this meta-
analysis when it met the following inclusion cri-
teria: (1) the fractures which were caused by
the other reasons, such as injury, trauma, and
etc. (2) The patients who consumed the tea
only for a few days or months, or with
intervals.

Data extraction and assessment of study qual-
ity

The data of each included article was extracted
by two reviewers independently and any dis-
crepancy was checked again and resolved
through discussion. The following data was
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extracted from each article: the name of the
first author, publishing year, study design, study
site, age and gender of participants, type and
amount of cases, adjustments of the confound-
ing factors, and the OR/RR value with 95% CI.

The study quality was assessed by two review-
ers back to back and any disagreement was
discussed with the third reviewer. All the includ-
ed studies are cohort or case-control studies.
Considering the observational study design of
the included studies, the Newcastle-Ottawa
Scale (NOS) was obtained to assess the meth-
odological quality of the included studies [19].
It assessed the selection, comparability and
exposure of a case-control study, while the
selection, comparability and outcome of a
cohort study. A maximum of 9 stars was scored
for a study and the study with over 6 stars
would be regarded as relative high quality.

Statistical methods for the meta-analysis

Both OR and RR were reported in the included
studies and the OR was obtained to approxi-
mate RR in this meta-analysis. When both
crude and adjusted OR/RR values were offered
in the article, only the adjusted ones were
adopted for the meta-analysis. A random-
effects model was obtained to estimate the
pooled effects, thus it would provide a more
conservative conclusion. The effects of tea
drinking on the incidence of fractures were
measured with the OR with 95% CI. The hetero-
geneity among the included studies was detect-
ed by both x? and I? tests. When P for the het-
erogeneity < 0.1 and > > 50%, the heterogeneity
would be considered statistically significant.
The source of the statistically significant het-
erogeneity was explored by both removing the
included studies one by one and conducting
the subgroup analysis. A cumulative meta-anal-
ysis was conducted as well through sorting all
the studies by the publishing year.

We examined a potential nonlinear dose-
response relationship between tea consump-
tion and fracture risk using restricted cubic
splines with three knots at percentiles 25%,
50%, and 75% of the distribution. A two-stage
random-effects dose-response meta-analysis
tested was adopted for the detection of the
potential nonlinear relation. A P value for non-
linearity was calculated by testing the null
hypothesis that the coefficient of the second
spline is equal to O [20, 21].
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Figure 1. Flow diagram showing the identification of relevant studies in the meta-analysis. A total of 500 articles
(203 from Pubmed and 297 from EMBASE) were identified from the electronic database searching. Besides, 43
more records were identified through consulting the citations of the relevant reviews and articles. A total of 165 re-
cords were detailed evaluated and19 full-text were assessed for eligibility after removing 146 reviews, case reports
and overlapped articles. Subsequently 3 articles in which tea extract was studied and 7 ones in which the data not
in usable format were excluding from the inclusion and in final, a total of 9 articles were included for the quantita-

tive synthesis.

The sensitivity analyses were conducted to
detect the robustness of the conclusions by
two independent methods. Firstly, we conduct-
ed a one-way sensitivity analysis in which the
included study was excluded one by one.
Secondly, we excluded the studies with a rela-
tive lower methodological quality and assess
the effect of tea consumption and risk of frac-
ture. The potential publication bias was esti-
mated by visually evaluation of funnel plot,
Bgger’s test and Egger’s test concurrently [22,
23]. The Stata software package (version 11.0;
Stata Corp., College Station, TX) was obtained
to conduct the meta-analysis.

Results
Identification and selection of studies

A total of 500 articles (203 from Pubmed and
297 from EMBASE) were identified from the
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electronic database searching. Besides, 43
more records were identified through consult-
ing the reference lists of the relevant reviews
and articles. After excluding 378 articles with
unrelated topics, a total of 165 records were
detailed evaluated. Among the 165 articles, 19
full-texts were assessed for eligibility after
removing 146 articles (reviews, case reports
and overlapped articles). Subsequently 3 arti-
cles in which tea extract was studied and 7
ones in which the data not in usable format
were excluding from the inclusion and in final, a
total of 9 studies were included for the quanti-
tative synthesis [24-33] (Figure 1).

Study characteristics and quality

A total of 17,965 cases and 147,950 individu-
als in 9 observational studies were indemnified
in this current meta-analysis. All the detailed
characteristics of each included study were
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Table 1. Baseline of the included studies

. . Type and No. of No. par- Categories of tea con- .
Author Year Study design  Site Age (year) Gender ye L P g . Adjustment
fractures ticipants sumption
Kreiger N [17] 1992  Case-control Canada 50-84 Female Hip fracture, 102 533 2 categories, < 3 cup/day, = Age, Quetelet index, ovariectomy, estrogens,
Wrist fracture, 154 3 cup/day replacement, cigarette, smoking
Johnell 0 [18] 1995  Case-control  Southern >50 Female Hip fracture, 2086 5618 4 categories, never, 1-2 cup/ Age, center and BMI
Europe day, 3 cup/day, = 4 cup/day
TavaniA[19] 1995 Case-control Italy 19-74 Female Hip fracture, 279 1340 2 categories, no drinking, Age, education, body mass index, smoking status,
drinking total alcohol consumption, calcium intake, meno-
pausal status, estrogen replacement therapy use.
Chen Z [20] 2003 Cohort USA 50-79 Female Hip fracture, 386 91465 4 categories, < 1 cup/day, Age, BMI, ethnicity, hormone replacement therapy
forearm/wrist fracture, 1 cup/day, 2-3 cup/day, > 4 use, smoking, years since menopause, fracture
1809 cup/day history, osteoporosis drug use, walking, soy milk
consumption, coffee drinking, depression
Hallstr D [21] 2010 Case-control India 65.2+15.1 M:F 86:114 Hip fracture, 100 200 2 categories, < 1 cup/day, > Age, BMI, agility, eat pander, eat fish, active per-
1 cup/day sons, take calcium supplements.
Jha RM [22] 1999 Case-control  Southern 50-100 Male Hip fracture, 730 1862 4 categories, never, 1-2 cup/ Age, center and BMI
Europe day, 3 cup/day, = 4 cup/day
Kanis J [23] 2013  Case-control China 1+7 M:F 148:433  Hip fracture and femo- 581 2 categories, No drinking, NA
ral neck fracture, 396 drinking
Zeng FF [24] 2011 Cohort China >90 M:F 226:467 Osteoporotic fracture, 703 2 categories, Former drink- Age, gender, sleep habits, educational levels,
72 ing, current drinking religion habits, temperament.
Tomata Y [25] 2012 Cohort Japan > 65 M:F 6176: 7812 Hip fracture, 55 13988 4 categories, never, 1-2 cup/ NA
day, 3 cup/day, = 4 cup/day
8350 Int J Clin Exp Med 2015;8(6):8347-8357
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Table 2. Quality assessment of included studies

Americas (n = 2; OR, 1.01;

Quality assessment criteria

95% Cl, 0.88-1.1) and the

Outcome/ Overall

Asia (n = 3; OR, 0.921;

oxposure qualiy  95%Cl,0.68-1.25) showed

Author Study design Selection Comparability
Kreiger N [17] Case-control RK wx
Johnell O [18] Case-control RK *
Tavani A [19] Case-control ad *

Chen Z [20] Cohort e *
HallstromH [21] Cohort FERXK X

Jha RM [22] Case-control wx wx
Kanis J [23] Case-control XK wx
Zeng FF [24] Case-control Rk wx
Tomata Y [25] Cohort RK wRA

no statistically significant

*k* 8

e results. In the two sexual
6 N

s subgroups, no significant
7 association was in neither

*x 6 male group (n = 2; OR,

rHE 9 0.818; 95% ClI, 0.62-1.09)

* 5 nor female group (n = 6,

EEEY 8 OR, 0.961; 95% ClI, 0.77-

o 7 1.20). When stratified by

. 8 the fracture types, no sig-

nificant association bet-

The study quality is evaluated by Downs and Black score and Newcastle-Ottowa Scale

(NOS). The NOS were obtained to assess the selection, comparability and exposure of
the case-control study, while the selection, comparability and outcome for the cohort

study. *: one point; **: two points; ***: three points.

presented in Table 1. The included studies
were published between 1992 and 2013. A
total of 3 cohort studies and 6 case-control
studies were identified in this current meta-
analysis. Among all the included studies, 4
studies were in European, 2 in Americas and 3
in Asia. The age, gender distribution, categories
of tea consumption, and adjustments of con-
founding factors were demonstrated in Table 1.

The NOS were obtained to assess the selec-
tion, comparability and exposure of the case-
control study, while the selection, comparability
and outcome of the cohort study. All the scores
of each part in the evaluation of all the studies
were displayed in Table 2. Eight in nine studies
were in relative high quality (over 6 stars) and
the mean NOS score was 6.90 stars (standard
deviation: 1.37).

Tea consumption and risk of fractures

Figure 2 showed the pooled estimation of the
tea consumption and risk of fractures in a ran-
dom-effects model. In this meta-analysis, tea
intake was not associated the incidence of
fractures (OR, 0.89; 95% Cl, 0.78-1.04). No sig-
nificant association was detected in neither
cohort studies (n = 3; OR, 0.97; 95% ClI, 0.89-
1.06) nor case-control studies (n = 6; OR, 0.91;
95% Cl, 0.70-1.19). When the geographical dis-
tributions of the included studies were consid-
ered, the studies that conducted in the Europe
(n = 4; OR, 0.827; 95% ClI, 0.61-1.13), the
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ween tea consumption
and hip fracture (n = 8; OR,
0.897; 95% ClI, 0.74-1.09)
nor humeral fracture (n =
2; OR, 0.943; 95% Cl, 0.71-
1.25) was detected. All the results of the sub-
group analysis were presented in Table 3.

A cumulative meta-analysis was conducted as
well. The cumulative effect was estimated after
sorting the included studies by the publishing
date. Figure 3 demonstrated the forest plot of
the cumulative effect of tea intake and risk of
fractures. It could be detected that, from 1992
to 2013, the tea consumption was inversely
associated with the risk of fractures; however,
the association was not statistically significant
constantly.

Heterogeneity and sensitivity analysis

The heterogeneity was significant when all the
9 studies were pooled in the meta-analysis (I,
73.6%; P < 0.001). We tried to explore the
source by excluding the included studies one by
one and re-count the heterogeneity; however,
no single article could explain the source of the
heterogeneity. The subgroup analysis by study
design, study site, gender and fracture type
demonstrated no satisfactory results in explor-
ing the source of heterogeneity.

A one-way sensitivity analysis was conducted
and Figure 3 showed the results. No significant
influence was detected after any single article
excluded from the meta-analysis. Besides, we
just included the articles with a relative high
quality (over 6 stars NOS score in the meta-
analysis); however, no significant association

Int J Clin Exp Med 2015;8(6):8347-8357
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Figure 2. Forest plot of risk estimates of the association between tea drinking and risk of fracture. In a random-
effects meta-analysis, tea intake was not associated the incidence of fracture (OR, 0.89; 95% Cl, 0.78-1.04). A
significant heterogeneity was observed when all the 9 studies were pooled (12, 73.6%; P < 0.001).

Table 3. Subgroup analysis of tea consumption and fracture risk with combined OR

Subgroups s’;‘t?aic;fs Summary effect Heterogeneity
OR (95% Cl) p Value 12, % p Value
) Cohort 3 0.97 0.89-1.06 0.486 1.05 0.591
Study design
Case-control 6 0.91 0.70-1.19 0.499 80.1 <0.001
Europe 4 0.827 0.61-1.13 0.232 72.4 0.012
Site Americas 2 1.01 0.88-1.1 0.52 0 0.857
Asia 3 0.921 0.68-1.25 1.41 82.2 0.001
Gender Male 2 0.818 0.62-1.09 0.168 29.9 0.232
Female 6 0.961 0.77-1.20 0.726 70 0.005
Fracture type Hip fracture 8 0.897 0.74-1.09 0.276 75.8 <0.001
Humeral fracture 2 0.943 0.71-1.25 0.679 0 0.889

OR: odds ratio. The results with statistical significance were marked in bold.

was detected neither (OR, 0.88; 95% CI, 0.78-
1.00). A significant heterogeneity should be
noted as well (I = 65.9%, P = 0.005).

Dose-response meta-analysis

Then, we assessed the dose-response relation-
ship between tea consumption and the risk of
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fracture progression. We found no obvious evi-
dence of statistical significance from linearity
(P = 0.983). Figure 4 demonstrated the dose-
response relationship between tea consump-
tion and risk of fracture.

Both Begg's graph and Egger's test were
obtained to detect the potential publishing

Int J Clin Exp Med 2015;8(6):8347-8357
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quantitative  synthesis  of
these observational studies
demonstrated that tea con-
sumption showed neither pro-
tective nor harmful effect on
the incidence of fractures. Me-
anwhile, the subgroup analy-
sis by the study designs, study
sites, genders and fracture
types displayed no statistical
significant results. The cumu-
lative meta-analysis showed
that an inverse but not signifi-
cant association between tea
intake and risk of fractures
since 1992. No significant
association was detected in
the dose-response meta-anal-
ysis. Fractures are producing

year RR (95% CI)

1992 0.98 (0.67, 1.43)
1995 0.78 (0.53, 1.14)
1995 0.93 (0.60, 1.42)
1999 0.86 (0.64, 1.17)
2003 0.90 (0.71, 1.14)
2006 —_— 0.89 (0.71, 1.10)
2010 ——r— 0.95(0.72, 1.24)
2012 B R 0.93(0.77,1.13)
2013 —_— 0.90 (0.77, 1.06)

0.5132 1 1.58

more and more physical ills
and economic loss in the
whole world. The studies on

Figure 3. Forest plot of the cumulative meta-analysis. From 1992 to 2013,
the tea consumption was inversely associated with the risk of fracture, how-
ever, the association was not statistical significant constantly.

the detection of the risk fac-
tors of the fractures would

provide us better knowledge
on the prevention of the inci-
dence of fractures. Several
lifestyles and dietary factors,
such as the tobacco exposure,
coffee intake, calcium and
vitamin D intake, were associ-
ated with the risk of fracture
as mentioned above. Tea is
regarded as the most fre-
quently consumed beverage
and the protective or harmful

1,60
1.40 e ——e B
¥ 1.20 LTI -
va i
® rd
2
S 1.004 - ————
v
~
N
S e L
0.80 | - i

e effects on the health are sub-
stantial public issues. As a

0 1 2 3 4 5 6 T 8 modifiable factor, the under-
Tea consumption, cups/day standing of the relationship

_____ e R—— between tea drinking and r.|sk

rrwithref of fractures would provide

Figure 4. Dose-response relationship between tea intake and fracture risk.

bias. No significant publication bias was found
in this current meta-analysis (funnel plot, sym-
metrical; Begg's test, P = 0.474; Egger’s test, P
=0.627).

Discussion

In this current meta-analysis, a total of 9 stud-
ies with 147,950 individuals were included. The
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potentially effective preventa-
tive measures of the frac-
tures.

The association between tea consumption and
BMD has been studied in several studies.
However, PA collected the physical and lifestyle
data from 62 postmenopausal women and the
intake of tea was reported to be associated
with increased BMD measurements [34].
Hegarty VM et al. compared the BMD measure-
ments of 1,134 tea drinkers and 122 non-tea
drinkers; and higher BMD was detected in the

Int J Clin Exp Med 2015;8(6):8347-8357
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tea drinkers [35]. However, as a beverage that
contains caffeine, tea drinking was also consid-
ered to be risk factors of bone loss. In animal
models, high doses of caffeine could induce
calcium loss and influence the normal develop-
ment of bone [36]. Nowadays tea, regarded as
a beverage with multiple nutrients and caf-
feine, is a positive factor in the bone health
[37].

Several epidemiological studies were also con-
ducted to study the association and risk of frac-
tures directly. A cross-sectional study in Sich-
uan China observed the association between
habits of smoking, alcohol consumption, tea
consumption and exercise and osteoporotic
fracture among very old people. Among all the
lifestyles, tea consumption was reported to be
unrelated with the incidence of osteoporotic
fracture [32]. Besides, the observational stud-
ies, including cohort and case-control studies,
were conducted as well to detect the etiological
effect of tea consumption on the incidence of
fractures. In this current meta-analysis, we
studied the association between tea drinking
and risk of fractures. Through pooling the pub-
lished observational studies together, we found
that tea consumption was not associated with
the risk of fractures. This result was similar with
the most included studies. Among all the
included studies, only a case-control study
demonstrated that tea drinking was a risk fac-
tor of the incidence of fracture [29]. Through
the comparison of 100 cases and 100 age and
sex matched controls, tea drinkers was report-
ed to have a higher risk of hip fractures (OR,
22.8; 95% Cl, 3.73-139.43). The ethnic and
regional differences might explain part of the
result differences. However, the relative small-
er amount of participants would result in more
unsteadiness of the result. Contrarily, three
case-control studies demonstrated that tea
consumption produced a protective effect on
the incidence of fracture [25, 30, 31]. However,
these studies might not be powerful enough to
influence the general conclusion in this
meta-analysis.

In the subgroup analysis by the study designs,
no association was detected between tea con-
sumption and risk of fractures in cohort study
group and case-control study group. The cohort
study design could avoid the potential recall
bias and would provide more credible conclu-
sions. In our meta-analysis, the results of the
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subgroups from both study designs were accor-
dant and thus the conclusion was quite sub-
stantial. Besides, the sensitivity analysis when
the studies with high quality were included
showed a slight but not significant result (OR,
0.88; 95% Cl, 0.78-1.00). Moreover, the cumu-
lative meta-analysis showed that the associa-
tion between tea drinking and incidence of frac-
ture was not statistically significant; however, a
potential trend that indicated the protective
effect from tea consumption couldn't be
ignored.

The data about the tea or tea extract on the
bone metabolism is abundant. The tea con-
tains several kinds of antioxidants, including
flavan-3-ols, flavanols and flavones, and these
polyphenol produced multiple effects on the
bone metabolism. At a low concentration, poly-
phenol would increase osteoblast proliferation,
while at a high concentration; polyphenol would
inhibit its proliferation inversely [37]. Oka Y et
al. reported that polyphenols, particularly epi-
gallocatechin-3-gallate (EGCG), which were
extracted from the green tea, could inhibit
MMPs expression and activity. Meanwhile the
tea polyphenols could inhibit osteoclast forma-
tion and differentiation in vitro [38]. Choi EM
reported that treatment with catechin increased
alkaline phosphatase activity which could indi-
cate the activity of osteoblastic and reduced
osteoblastic apoptosis induced by the tumor
necrosis factor (TNF) [39]. Oxidative stress is
regarded as a pivotal physiopathological pro-
cess in the age-related bone loss [40]. Das AS
et al. [41] showed that the black tea extract
would protect the mononuclear cells from the
oxidative stress and thus slowed the progres-
sion of bone loss. Apart from the polyphenol,
the other contents in tea, such as fluorine and
caffeine, also play important roles in the bone
health [37, 42].

To our best knowledge, this is the first meta-
analysis involving the relationship between tea
consumption and risk of fracture. There are
some strengths of this work. Firstly, a compre-
hensive literature search and advanced con-
sulting the relevant references make available
included in this meta-analysis. Secondly, the
included studies are mainly of high quality and
the sensitivity analysis showed that the results
are quite tough, and thus the conclusions are
credible.

Int J Clin Exp Med 2015;8(6):8347-8357
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However, there are some limitations could not
be ignored in this study. Firstly, most of the
studies followed a case-control study design,
and therefore there were recall and selection
bias which are inherent to retrospective stud-
ies. Even through the subgroup analyses by the
study designs were conducted, the efficiency
was limited by the absence of enough cohort
studies. Secondly, tea is mainly grouped into
green tea and black tea. The functional con-
tents and effects were not identical for their
two tea subtypes and thus the potential bias
should be noted. The following epidemiological
might need to take this into consideration.

In conclusion, tea consumption might not be
associated with the risk of fracture. However,
these conclusions should be considered with
cautions because the inherent limitations in
this meta-analysis. More large-sample and
well-designed studies are required to confirm
the existing conclusions or detect the covered
significant association in this meta-analysis.
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