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Abstract

Background: Studies investigating the relationship between maternal tea drinking and risk of preterm birth have
reached inconsistent results.

Methods: The present study analyzed data from a birth cohort study including 10,179 women who delivered a
singleton live birth were conducted in Lanzhou, China between 2010 and 2012.

Results: Drinking tea (OR =136, 95 % Cl: 1.09-1.69), and specifically green (OR =142, 95 % Cl: 1.08-1.85) or scented
tea (OR=161, 95 % Cl: 1.04-2.50), was associated with an increased risk of preterm birth. Drinking tea was associated
with both moderate preterm (OR =141, 95 % Cl: 1.12-1.79) and spontaneous preterm birth (OR= 141, 95 % Cl: 1.09-1.
83). Risk of preterm birth increased with decreasing age of starting tea drinking (<20 years, OR=1.60, 95 % Cl: 1.17-2.
20) and increasing duration (p for trend < 0.01). The relationship between tea drinking and preterm birth is modified by
both maternal age (p < 0.05) and gestational weight gain (p < 0.05).

Conclusions: Despite conflicting findings in the previous literature, we saw a significant association with maternal tea
drinking and risk of preterm birth in our cohort. More studies are needed both to confirm this finding and to elucidate

the mechanism behind this association.
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Background

Tea is among the most widely consumed beverage world-
wide [1, 2]. Tea contains tea catechins and phenolic com-
pounds, and has shown a protective effect for risk of
ovarian and endometrial cancers [3] and type 2 diabetes in
non-pregnant adults [4]. While tea’s beneficial effects have
been investigated, potential adverse effects on human
reproductive health have also been reported, due to toxic-
ities associated with certain elements in tea and possible
contamination [5]. Maternal daily caffeine intake >180 mg
from tea has been associated with a 38 % increased risk for
small for gestational age infants (OR =1.38, 95 % CI: 1.08—
1.76) [6]. At least one drink of tea per day during the

* Correspondence: 2305470816@qqg.com; yawei.zhang@yale.edu

"Equal contributors

'Gansu Provincial Maternity and Child Care Hospital, 143 North Road Qilihe
District, Lanzhou, Gansu Province 730050, China

2Yale University, School of Public Health, 60 College Street LEPH 440, New
haven, CT 06520, USA

( BioMed Central

periconceptional period was associated with an elevated
risk of neural tube defects (OR = 3.4, 95 % CI: 1.4-8.3) [2].

The rapid industrialization in China over the past several
decades has caused increased deterioration of the environ-
ment, which has brought pollution and contamination to
tea [7, 8]. Heavy metal levels in tea were the highest in
Chinese samples as compared to those from other coun-
tries [9]. While health concerns have been raised for tea
consumption during pregnancy [9], up to 21.5 % pregnant
women in China are tea consumers [2].

Preterm birth (<37 completed weeks of gestation) is the
leading cause of child death [10] and is associated with
poor developmental trajectories in infancy [11]. Preterm
birth is a multifactorial complex condition whose etiologic
influences may act at different times during pregnancy
[12], and even prior to the onset of pregnancy [13]. Several
epidemiologic studies have investigated tea consumption
and preterm birth; however, results have been inconsistent
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[6, 14—19]. Furthermore, no study has been conducted in
Chinese population, where tea consumption is more preva-
lent and heavy metal contamination is high. In light of the
inconsistent results linking tea consumption and risk of
preterm birth, as well as a paucity of studies conducted in
the Chinese population, we analyzed data from a birth
cohort study in Lanzhou, China to examine the hypothesis
that tea consumption is associated with an increased risk of
preterm birth.

Methods

A birth cohort study was conducted in the Gansu Provin-
cial Maternity and Child Care Hospital, the largest mater-
nity and child care hospital in Lanzhou, China between
2010 and 2012 [20]. A total of 14,535 eligible women came
to the hospital for delivery and 14,359 participated in this
study. After excluding women who gave multiple births
and/or still birth, 10,179 women were included in the final
analysis. All study procedures were approved by the human
investigation committees at the Gansu Provincial Maternity
and Child Care Hospital and Yale University.

Eligible women were informed of study procedure upon
their arrival at the hospital for delivery. After obtaining
written consent, trained study interviewers conducted in-
person interviews at the hospital using a standardized and
structured questionnaire. The majority of women (84 %)
were interviewed within three days after delivery, while
16 % of women were interviewed within two days before
delivery. Information regarding tea consumption before
and during pregnancy was collected. Ever tea drinkers
were defined as individuals who drank tea at least three
times per week, those who did not fit this description were
classified as never tea drinkers [21]. Women were further
classified based on whether or not they consumed tea (1)
prepregnancy only (consumed tea before pregnancy but
not during pregnancy), (2) during pregnancy only (con-
sumed tea during pregnancy but not before pregnancy),
(3) prepregnancy (consumed tea before pregnancy, no
matter whether or not comsumed tea during pregnancy),
(4) during pregnancy (consumed tea during pregnancy, no
matter whether or not comsumed tea before pregnancy),
and (5) prepregnancy and during pregnancy (consumed
tea both before and during pregnancy). Information on
types of tea typically consumed (green, black, scented and
oolong), age they began drinking tea, and duration of tea
consumption (in months) were also collected. The ques-
tionnaire also included demographic information and
other potential confounding factors including reproduct-
ive history, medical conditions and medication use, and
environmental and lifestyle factors. Prepregnancy body
mass index (BMI) was categorized as underweight (BMI <
18.5 kg/m?), normal weight (18.5 kg/m?<BMI <24 kg/
m?), and overweight and obese (BMI=> 24 kg/m?) using
the standard of Working Group on Obesity in China [22].
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Weight gain during pregnancy was calculated as the differ-
ence between prepregnancy and delivery weight. Adequacy
of gestational weight gain (GWG) was defined according to
the Institute of Medicine GWG recommendations: 12.5—
18 kg (prepregnancy BMI < 18.5 kg/m?), 11.5-16 kg (BMI
18.5-23.9 kg/m?), 7-11.5 kg (BMI 24.0-27.9 kg/m?), and
5-9 kg (BMI > 28 kg/m?) [23].

Preterm birth was defined as delivery before 37 com-
pleted weeks of gestation. The gestational age at delivery
was calculated in completed weeks from the first day of
the last menstrual period. Preterm birth was divided into
moderate preterm birth (32—-36 weeks of gestation), very
preterm birth (28-31 weeks of gestation), and extremely
preterm birth (<28 completed weeks of gestation) accord-
ing to World Health Organization (WHO) classification
[24]. To increase statistical power, we combined very pre-
term and extremely preterm births into a single group
labeled very preterm birth. In addition, preterm births
were further classified as either medically indicated or
spontaneous [25]. Examples of medically indicated preterm
birth include placenta or vasa previa, placenta accreta, pla-
cental abruption, prior classical cesarean delivery, uterine
rupture or dehiscence, fetal growth restriction, select fetal
anomalies, severe preeclampsia, uncontrolled gestational or
chronic hypertension, complicated pregestational diabetes,
and oligohydramnios.

The relationship between selected characteristcs and tea
drinking was analysed using y* test. Multivariate logistic
regression models were used to estimate odds ratios (OR)
and 95 % confidence intervals (CI) for the association
between tea drinking and preterm birth and its clinical
subtypes. Models were adjusted for the following potential
confounding factors: maternal age (<26, 26-28, 28-31,
>31 years), years of education (<9, 10-15, 216), employ-
ment status during pregnancy (yes or no), monthly income
(£2000, 2000-4000,>4000 yuan), parity (nulliparous or
parous), history of preterm birth (yes or no), hypertension
during pregnancy (yes or no), maternal prepregnancy BMI
(<18.5, 18.5-23.9, >24 kg/m?), alcohol consumption (yes or
no), and active and/or passive tobacco smoke exposure
during pregnancy (yes or no). Additionally, sex of the child,
nausea and vomiting during pregancy were included in the
models but did not appreciably change the results, there-
fore they were not included in the final models. All analyses
were performed using SAS software, version 9.2 (SAS Insti-
tute, Inc., Cary, North Carolina).

Results

In our study, 7.73 % (787) and 4.38 % (446) women drank
tea before and during pregnancy, respectively. 99.6 % of
the consumed tea was produced in China. Of the 10,179
singleton live births, 10.01 % (1019) were preterm. Of
those 1019 preterm births, 81.75 % (833) were moderate
preterm births, 18.25 % (186) were very preterm births,
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Table 1 Characteristics of pregnant women depending on never
and ever drink tea (=3 times/week) (n =10 179), Urban China,
2010-2012

Characteristics Never (n=9303) Ever (n=876) P value

n % n %

Age, years <0.0001

<26 2104 2262 198 226

26-28 2915 31.33 232 2648

28-31 2332 2507 206 2352

> 31 1952 2098 240 2740
Education, years 0.0034

<9 2004 2154 234 2671

10-15 3650  39.23 327 3733

216 3475 37.35 304 3470

Missing 174 "
Employment during 0.36
pregnancy

Yes 4812 5173 439 5011

No 4491 4827 437  49.89
Monthly income (¥) 0.0003

<2000 2190 2354 231 2637

2000-4000 4365 46.92 349 3984

> 4000 1858 1997 213 2432

Missing
Parity <0.0001

Nulliparous 6773 7280 576 6575

Parous 2530 2720 300 3425
Pregnancy hypertension 0.026
disease

No 8838 9500 817 9326

Yes 465 5.00 59 6.74
Prepregnancy BMI 0.34

<185 1863 2003 163 1861

18.5-23.9 6146 6606 573 6541

224 978 10.51 107 1221

Missing 316 33
Alcohol drinking during <0.0001
pregnancy

No 9116 9799 835 9532

Yes 49 053 29 331

Missing 138 12
Active smoke during 0.0002
pregnancy

No 9235 9927 859 9806

Yes 68 0.73 17 1.94

Passive smoke during
pregnancy
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Table 1 Characteristics of pregnant women depending on never
and ever drink tea (=3 times/week) (n =10 179), Urban China,
2010-2012 (Continued)

No 7623 8194 614 7009 <0.0001
Yes 1680 1806 262 2991

Sex of the child 0.51
Boy 491 5279 447 5103
Girl 4361 4688 427 4874
Missing 31 2

Abbreviation: BMI body mass index

33.17 % (338) were medically indicated preterm births,
and 66.83 % (681) were spontaneous preterm births.

Compared to women who never drank tea, those who
drank tea were more likely to be older, less educated, par-
ous, drink alcohol and smoke during pregnancy, and have
either <2000 or >4000 yuan household income (Table 1).
Tea drinkers were also more likely to be diagnosed with
hypertention during pregnancy.

Drinking tea was associated with an increased risk of
preterm birth (OR=1.36, 95 % CIL: 1.09-1.69, Table 2).
After stratification by subtype, statistically significant associ-
ations were seen for moderate (OR =1.41, 95 % CIL: 1.12—
1.79) and spontaneous preterm birth (OR =141, 95 % CL:
1.09-1.83). When we examined tea drinking by exposure
windows, significant associations were remained for drink-
ing tea before pregnancy, as well as before and during preg-
nancy, but not for drinking tea during pregnancy only.
Significant association was also seen for medically indicated
preterm birth with drinking tea during pregnancy ever
(OR=1.76, 95 % CI: 1.13-2.76).

When the association was examined by duration and
age at which women began consuming tea, significant
associations were seen for those who had been consuming
tea more than 48 months (OR = 1.49, 95 % CI: 1.08-2.04.
P for trend = 0.008), and for those who began drinking tea
before age 20 (OR=1.60, 95 % CIL: 1.17-2.20, Table 3).
After stratification by subtypes, similar associations were
found for moderate and spontaneous preterm birth.

Drinking green tea or scented tea consumption was asso-
ciated with increased risk of preterm birth (OR =1.42, 95 %
CIL: 1.08-1.85 and OR =1.61, 95 % CIL: 1.04-2.50, respect-
ively, Table 4). No significant associations were observed
for black tea consunption.

We further examined whether maternal age and GWG
were effect modifiers (Table 5). Significant interactions were
observed for tea consumpton and maternal age (P for inter-
action = 0.0208) and GWG (P for interaction = 0.0371).
Significantly increased risk of preterm birth was associated
with tea drinking among women who were aged 30 years
or older (OR=1.87, 95 % CI: 1.36-2.59), and those who
had GWG exceeding the recommendations (OR =1.87,
95 % CI: 1.28-2.73).
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Table 2 Associations between tea consumption and risk of preterm birth (n =10 179), Urban China, 2010-2012
Drink tea Term Preterm (n=1019)  Moderate preterm  Very preterm Medically indicated  Spontaneous
(n) (n=2833) (n=186) (n=338) (n=681)
No. OR(95 % Cl) No. OR(95 % ClI) No. OR(95 % Cl) No. OR(95 % CI) No. OR(95 % Cl)
Never 8403 900 1 733 1 167 1 295 1 605 1
Ever 757 119 1.36(1.09-1.69) 100 141(1.12-1.79) 19 1.05(064-1.72) 43  1.24(0.85-1.83) 76 141(1.09-1.83)
Before pregnancy 680 107 1.39(1.10-1.75) 91 47(1.1 87) 16 01(0.59-1.73) 36 1.24(0.82-1.88) 71 1.49(1.14-1.94)
During pregnancy ever 377 69 138(1.04-1.83) 55 37(1.00-1.87) 14 134(0.75-239) 33 1.76(1.13-2.76) 36 1.19(0.83-1.72)
Before pregnancy only 380 50 1.33(097-1.83) 45 47(1.05-2.05) 5 0.66(0.27-165) 10  0.62(030-128) 40 1.67(1.18-2.36)
Before and during pregnancy 300 57 145(1.06-1.98) 46 47(1.05-2.06) 11 135(0.71-258) 26  1.92(1.17-3.15) 31 1.29(0.87-1.92)
During pregnancy only 77 12 10(0.57-2.14) 9 01(048-2.13) 3 1.30(0.38-442) 7 1.25(048-3.28) 5 0.78(0.30-2.03)

Adjusted for maternal age, educational level, employ status during pregnancy, monthly family income, parity, hypertensive disorder during pregnancy,

prepregnancy BMI, alcohol drinking and smoking (active and passive smoking)
Abbreviation: BMI body mass index

Discussion
To the best of our knowledge, this study represents the
first to comprehensively examine the associations between
tea consumption and preterm birth by various clinical
subtypes in a Chinese population. It supports that drink-
ing tea is associated with an increased risk of preterm
birth, and that risk varies by preterm birth subtypes.
Caffeine, a xanthine alkaloid, is readily available in tea
[26]. Caffeine can readily cross the placental barrier to the
fetus [27] and lead to decrease in placental blood supply
[28], which may influence fetal growth. Besides, a high
plasma total homocysteine level during pregnancy is a fac-
tor contributing to preterm birth [29]. Folate plays a crucial
role in reducing homocysteine level [30]; however tea cate-
chins inhibit folate metabolism pathway [31] and lead to
lower serum folate level during pregnancy [32], which may
increase risk of preterm birth. Oxidative stress induced
pathological damage plays an important role in preterm
birth [33, 34]. Exposure to heavy metals [35] and pesticides

during pregnancy and history of preterm

[36] in tea leaves can result in abnormally high generation
of reactive oxygen species. These reactive oxygen species
may lead to irreversible alteration of cellular macromole-
cules, such as lipids and proteins affecting the normal
functioning of mitochondrial membranes, and disrupt
reproductive function [37]. Therefore, it is biologically
plausible that exposure to tea infusion is associated with
an increased risk of preterm birth.

Several studies have investigated the association between
tea drinking and preterm birth, however, the results were
inconsistent [6, 14—19]. Three studies reported no associ-
ation between caffeine concentrations from tea consumed
during pregnancy and risk of preterm [6, 16, 17]. A
Norwegian study reported caffeine consumption from
black tea during the first two trimesters was significantly
associated with elevated risk of preterm birth (OR =1.61,
95 % CIL: 1.10-2.35) [15]. One study from Connecticut
and Massachusetts including 2291 mothers with single-
ton live births reported that caffeine consumption from

Table 3 Associations between tea consumption and risk of preterm birth by duration and starting age of tea consumption (n=10 179),

Urban China, 2010-2012

Drink tea Term  Preterm (n=1019)  Moderate preterm  Very preterm Medically indicated  Spontaneous
(n) (n=833) (n=186) (n=3398) (n=168)
No. OR(95 % Cl) No. OR(95 % Cl) No. OR(95 % Cl) No. OR(95 % Cl) No. OR(95 % CI)
Never 8403 900 1 733 1 167 1 295 1 605 1
Ever
Duration, month
<48 321 48  1.24(089-1.73) 36 1.16(080-1.68) 12  152(0.83-2.83) 22 161(095-2.73) 26  1.08(0.70-1.64)
>48 304 52 149(1.08-2.04) 46 1.62(1.16-227) 6  084(036-194) 17 1.14(063-207) 35 1.65(1.14-2.39)
P for trend 0.008 0.0028 0.65 0.26 0.012
Start drinking tea age, year
<20 272 55 160(1.17-220) 48 1.76(1.26-246) 7  095(043-2.08) 20 1.68(097-291) 35 1.64(1.13-2.39)
220 340 46 131(094-183) 39 1.35(094-194) 7 1.03(047-226) 14 095(0.51-1.80) 32  148(1.01-2.17)

Adjusted for maternal age, educational level, employ status, monthly family income, parity, hypertensive disorder complicating pregnancy, prepregnancy BMI,
alcohol drinking and smoking (active smoking and passive smoking) during pregnancy and history of preterm

Abbreviation: BMI body mass index



Huang et al. BMC Public Health (2016) 16:456

Table 4 Associations between types of tea consumption and
risk of preterm birth (n=10 179), Urban China, 2010-2012

Drink tea Term Preterm (n=1019)
") No. OR(95 % Cl)
Never 8403
Types of tea
Green tea 502 74 1.42(1.08-1.85)
Black tea 119 17 1.11(0.64-1.91)
Scented tea 140 28 1.61(1.04-2.50)
Before pregnancy
Green tea 449 67 1.46(1.11-1.93)
Black tea 99 15 1.21(0.68-2.17)
Scented tea 114 24 1.77(1.10-2.84)
During pregnancy
Green tea 225 38 1.42(0.98-2.05)
Black tea 54 9 1.01(047-2.18)
Scented tea 70 15 147(0.81-2.65)
Before pregnancy only
Green tea 257 33 1.41(0.96-2.07)
Black tea 58 8 1.44(0.67-3.13)
Scented tea 62 12 1.87(0.96-3.64)
Before and during pregnancy
Green tea 172 31 1.53(1.01-2.30)
Black tea 34 7 1.21(0.50-2.91)
Scented tea 44 11 1.71(0.85-3.45)

tea during the first trimester was associated with sig-
nificantly increased risk of preterm delivery. However,
after adjustment for confounding factors such as par-
ity and smoking, the results were attenuated [18].
Chiaffarino et al. from North Italy [17], Moussally et

Page 5 of 8

al. from Quebec [14] and Santos et al. from Brazil
[19] reported no significant association between tea
consumption during pregnancy and risk of preterm
birth. The first two studies used women who did not
drink tea during pregnancy as the reference group,
without consideration for preconception tea drinking.
We similarly saw no association with preterm birth
when tea drinkers during pregnancy were compared
to those who did not consume tea during pregnancy,
regardless of their prepregnancy consumption (data
not shown).

In addition to caffeine, heavy metals, pesticides and
persistent organic pollutants have also been found in
Chinese tea leaves including lead (Pb), chromium (Cr),
cadmium (Cd) [1, 38], perfluorooctanoic acid [38], atra-
zine [39], and dichlorodiphenyltrichloroethane (DDT)
[39]. A study from Iran reported that a 1 pg/dl increase
in maternal blood lead levels during first trimester led
to a 40 % increased risk of preterm birth [40]. A study
from Kentucky showed a 26 % increased risk of preterm
birth for the highest atrazine exposure group (20.08 ug/L)
compared with the lowest exposure group (<0.0015 pg/L)
[41]. Perfluorooctanoic acid and DDT have also been
linked to elevated risk of preterm delivery [42, 43]. A ran-
dom sample survey conducted in Beijing, China, showed
lead concentrations ranging from 0.20 to 6.35 mg/kg for a
local market tea sample [7], concentrations significantly
higher than those reported by other countries [44, 45]. An
experimental study used 3042 tea samples from south
China, discovered pesticide residue concentrations of
30.2-73.4 % tea samples higher than Europe maximum
residue limits [39]. The increased risk of preterm delivery
associated with tea consumption observed in our study
could be due to higher contaminations of tea consumed
by our study population.

Table 5 Associations between tea drinking and preterm birth by mother age (n =10 179) and gestational weight gain (n =9752), Urban

China, 2010-2012

Characteristics Never Ever
Term Preterm Term Preterm
" No. OR(95 % Cl) ) No. OR(95 % Cl)
Maternal age
<30 5078 512 1 806 93 1.04(0.81-1.34)
230 2754 327 1.33(1.05-1.68) 522 87 1.87(1.36-2.59)
Interaction p value 0.0208
Gestational weight gain
Normal or less normal 3180 507 1 319 58 1.04(0.76-1.43)
Overnormal 4896 311 0.99(0.78-1.26) 405 50 1.87(1.28-2.73)
Interaction p value 0.0371

Adjusted for maternal age, educational level, employ status, monthly family income, parity, hypertensive disorder complicating pregnancy, prepregnancy BMI,
alcohol drinking and smoking (active smoking and passive smoking) during pregnancy and history of preterm (additionally, GWG was adjusted for gestational

weight gain as a continuous variable)
Abbreviations: BMI body mass index, GWG gestational weight gain
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Tea consumption is a complicated exposure, as different
types of tea have different constitutions and contamina-
tions. For example, black tea contains the highest amount
of arsenic; oolong tea contains the highest amount of
chromium [1], while scented tea contains higher levels of
pesticide residue [39]. Existing studies have treated tea as
one entity [14, 17] which may obscure associations with
preterm birth [42]. We found higher risks of preterm birth
for green tea and scented tea consumption. Oolong tea
was not analyzed separately in our study due to small
numbers.

We observed that tea consumption only during preg-
nancy was not significantly associated with an increased
risk of preterm birth, based on a small numbers of exposed
cases. Women who only drank tea during pregnancy had
short duration of tea consumption, and likely began drink-
ing tea at older ages. Our study found that the risk of
preterm birth was higher for those who started drinking tea
before age 20 and for those who had longer duration of tea
drinking. In this study, those with younger started age had
the longer duration of tea drinking (r = -0.72). It is unclear
whether the higher risk of preterm associated with starting
drinking tea at younger age is due to longer duration of
exposure, immaturity of metabolic organ or enzymes might
prolong metabolizing harmful elements [6]. Long term con-
sumption of tea may cause lipid-soluble contaminants to
bio-accumulate effect in the body [9].

We found that maternal age modified the association
between tea consumption and risk of preterm birth.
Women who are older would have longer accumulated
exposure to environmental pollutants. GWG is corre-
lated with fat retention [46], increased fatty tissues leads
to bioaccumulation of environmental contaminants [42]
and synergistically increases risk of preterm birth. Future
studies are needed to confirm these associations and elu-
cidate the underlying mechanisms.

There were 1.2 million preterm births in China in 2010
[47]. The estimated population attributable fraction is
3.01 % (95 % CL: 0.77 %, 561 %), suggesting that 0.77-
5.61 % of the preterm birth in the Chinese population could
be attributed to maternal tea consumption. Since maternal
tea consumption is an easily modifiable risk factor of pre-
term birth, there are still approximately 10,000 to 70,000
preterm births could be prevented annually by reducing
maternal tea consumption before and during pregnancy
even though the PAF is relatively small.

A major strength of our study was the relatively large
sample size, which allowed us to explore the associations
with tea consumption and preterm birth by various clinical
subtypes. In addition, detailed information on tea drinking
habits allowed us to comprehensively examine associations
with tea drinking by exposure time windows, duration, and
type of tea. Birth outcomes and maternal complications
during pregnancy were obtained from medical records,
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which minimized potential disease misclassification.
Detailed information on potential confounders such as
pre-pregnancy BMI, active and passive smoking, and
history of preterm delivery were collected and con-
trolled for in our analysis.

Limitations should be considered when interpreting the
results. We did not quantify the caffeine concentration
from tea drinking, which limited our ability to clarify the
relationship between caffeine from tea and preterm birth.
Information on exposure was collected through in-person
interview before/after delivery; therefore, potential recall
bias might exist. However, because in China tea consump-
tion is considered one of healthy lifestyles, and women are
not informed to avoid tea consumption during pregnancy,
if any recall bias exists, it is likely to be non-differential
and would result in an underestimation of the observed
association. Lack of quantification of tea consumption
prevented us from analyzing more detailed categories of
tea drinking. Future studies should collect information on
amount of tea consumed per day.

Conclusions

In conclusion, this study supports the hypothesis that in
a Chinese population drinking tea is associated with an
increased risk of preterm birth though the underlying
etiological mechanism is still unknown. Additionally, the
risk of preterm birth might vary by type of tea consumed,
age at first tea consumption, and duration of tea consump-
tion. Future studies are needed to explore the potential
mechanism by which certain elements in tea, including
potential contaminations, influence risk of preterm birth.

Abbreviations
BMI: body mass index; Cl: confidence interval; GWG: gestational weight gain;
OR: odds ratio; WHO: World Health Organization.

Acknowledgement

We sincerely thank all the investigators in the Gansu Provincial Maternity and
Child Care Hospital for their significant contributions to the study. We also
thank all the iundividuals who participated in the study.

Authors’ contributions

LH and CL prepared the first draft of the manuscript. YZ, JQ, and QL conceived
the study and oversaw the field implementation. WQ, XH, HC, LL, RX, and XX
collected the data and reviewed the manuscript. TY, JL, and HH conducted the
data analyses. All authors reviewed and approved the manuscript.

Availability of data and materials
Data will be available upon request from the correspondence authors.

Funding

The study was supported by internal funding from the Gansu Provincial
Maternity and Child Care Hospital, Gansu Provincial Science and Technology
Department Grant (1204WCGA021), Fogarty International Center and the
Eunice Kennedy Shriver National Institute of Child Health and Human
Development, National Institutes of Health Grant (K02HD70324), and the
Natural Science Foundation of China (81473061).

Ethics approval and consent to participate
All study procedures were approved by the human investigation committees at
the Gansu Provincial Maternity and Child Care Hospital and Yale University.



Huang et al. BMC Public Health (2016) 16:456

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 20 November 2015 Accepted: 13 May 2016
Published online: 31 May 2016

References

1.

2.

20.

21.

22.

Shen FM, Chen HW. Element composition of tea leaves and tea infusions
and its impact on health. Bull Environ Contam Toxicol. 2008,80(3):300-4.

Ye R, Ren A, Zhang L, Li Z, Liu J, Pei L, Zheng X. Tea drinking as a risk factor
for neural tube defects in northern China. Epidemiology. 2011,22(4):491-6.
Butler LM, Wu AH. Green and black tea in relation to gynecologic cancers.
Mol Nutr Food Res. 2011;55(6):931-40.

InterAct Consortium, van Woudenbergh GJ, Kuijsten A, Drogan D, van der
ADL, Romaguera D, Ardanaz E, Amiano P, Barricarte A, Beulens JW. Tea
consumption and incidence of type 2 diabetes in Europe: the EPIC-Inter Act
case-cohort study. PLoS One. 2012;7(5):.e36910.

Cao H, Qiao L, Zhang H, Chen J. Exposure and risk assessment for aluminium
and heavy metals in Puerh tea. Sci Total Environ. 2010,408(14):2777-2784.
Bakker R, Steegers EA, Obradov A, Raat H, Hofman A, Jaddoe VW. Maternal
caffeine intake from coffee and tea, fetal growth, and the risks of adverse
birth outcomes: the Generation R Study. Am J Clin Nutr. 2010;91(6):1691-8.
Qin F, Chen W. Lead and copper levels in tea samples marketed in Beijing.
China Bull Environ Contam Toxicol. 2007;78(2):128-31.

Perera F, Li TY, Zhou ZJ, Yuan T, Chen YH, Qu L, Rauh VA, Zhang Y, Tang D.
Benefits of reducing prenatal exposure to coal-burning pollutants to
children’s neurodevelopment in China. Environ Health Perspect. 2008;
116(10):1396-400.

Schwalfenberg G, Genuis SJ, Rodushkin I. The benefits and risks of consuming
brewed tea: beware of toxic element contamination. J Toxicol. 2013;2013:370460.
Blencowe H, Cousens S, Oestergaard MZ, Chou D, Moller AB, Narwal R,
Adler A, Vera Garcia C, Rohde S, Say L. National, regional, and worldwide
estimates of preterm birth rates in the year 2010 with time trends since
1990 for selected countries: a systematic analysis and implications. Lancet.
2012;379(9832):2162-72.

Kovachy VN, Adams JN, Tamaresis JS, Feldman HM. Reading abilities in
school-aged preterm children: a review and meta-analysis. Dev Med Child
Neurol. 2015;57(5):410-9.

lams JD. Prevention of preterm parturition. N Engl J Med. 2014;370(19):1861.
Savitz DA, Murnane P. Behavioral influences on preterm birth: a review.
Epidemiology. 2010,21(3):291-9.

Moussally K, Berard A. Exposure to herbal products during pregnancy and the
risk of preterm birth. Eur J Obstet Gynecol Reprod Biol. 2010;150(1):107-8.
Sengpiel V, Elind E, Bacelis J, Nilsson S, Grove J, Myhre R, Haugen M, Meltzer
HM, Alexander J, Jacobsson B. Maternal caffeine intake during pregnancy is
associated with birth weight but not with gestational length: results from a
large prospective observational cohort study. BMC Med. 2013;11:42.

Jarosz M, Wierzejska R, Siuba M. Maternal caffeine intake and its effect on
pregnancy outcomes. Eur J Obstet Gynecol Reprod Biol. 2012;160(2):156-60.
Chiaffarino F, Parazzini F, Chatenoud L, Ricci E, Tozzi L, Chiantera V,
Maffioletti C, Fedele L. Coffee drinking and risk of preterm birth. Eur J Clin
Nutr. 2006;60(5):610-3.

Bracken MB, Triche EW, Belanger K, Hellenbrand K, Leaderer BP. Association
of maternal caffeine consumption with decrements in fetal growth. Am J
Epidemiol. 2003;157(5):456-66.

Santos IS, Matijasevich A, Valle NC. Mate drinking during pregnancy and risk
of preterm and small for gestational age birth. J Nutr. 2005;135(5):1120-3.
Qiu J, He X, Cui H, Zhang C, Zhang H, Dang Y, Han X, Chen Y, Tang Z,
Zhang H. Passive smoking and preterm birth in urban China. Am J
Epidemiol. 2014;180(1):94-102.

Nechuta S, Shu XO, Li HL, Yang G, Ji BT, Xiang YB, Cai H, Chow WH, Gao YT,
Zheng W. Prospective cohort study of tea consumption and risk of
digestive system cancers: results from the Shanghai Women's Health Study.
Am J Clin Nutr. 2012;96(5):1056-63.

Zhou BF, Cooperative Meta-Analysis Group of the Working Group on
Obesity in China. Predictive values of body mass index and waist
circumference for risk factors of certain related disease in Chinese adults:

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

42,

43.

44,

45.

Page 7 of 8

study on optimal cut-off points of body mass index and waist
circumference in Chinese adults. Biomed Environ Sci. 2002;15(1):83-96.

IOM (Institute of Medicine) and NRC (National Research Council). Weight
Gain During Pregnancy:Reexamining the Guidelines. Washington, DC: The
National Academies Press. 2009.

Howson CP, Kinney MV, McDougall L, Lawn JE. Born Toon Soon: Preterm
birth matters. Reproductive Health. 2013;10(Suppl 1):S1.

American College of Obstetricians and Gynecologists. ACOG committee
opinion no. 560: Medically indicated late-preterm and early-term deliveries.
Obstet Gynecol. 2013;121(4):908-10.

CARE Study Group. Maternal caffeine intake during pregnancy and risk
of fetal growth restriction: a large prospective observational study. BMJ.
2008,337:a2332.

Knutti R, Rothweiler H, Schlatter C. The effect of pregnancy on the
pharmacokinetics of caffeine. Arch Toxicol Suppl. 1982;5:187-92.

Kirkinen P, Jouppila P, Koivula A, Vuori J, Puukka M. The effect of caffeine on
placental and fetal blood flow in human pregnancy. Am J Obstet Gynecol.
1983;147(8):939-42.

Vollset SE, Refsum H, Irgens LM, Emblem BM, Tverdal A, Gjessing HK,
Monsen AL, Ueland PM. Plasma total homocysteine, pregnancy
complications, and adverse pregnancy outcomes: the Hordaland
Homocysteine study. Am J Clin Nutr. 2000;71(4):962-8.

Carmel R, Green R, Rosenblatt DS, Watkins D. Update on cobalamin, folate, and
homocysteine. Hematol Am Soc Hematol Educ Program. 2003,2003:62-81.
Navarro-Peran E, Cabezas-Herrera J, Garcia-Canovas F, Durrant MC,
Thorneley RN, Rodriguez-Lopez JN. The antifolate activity of tea catechins.
Cancer Res. 2005;65(6):2059-64.

Shiraishi M, Haruna M, Matsuzaki M, Ota E, Murayama R, Murashima S.
Association between the serum folate levels and tea consumption during
pregnancy. Biosci Trends. 2010;4(5):225-30.

Kacerovsky M, Tothova L, Menon R, Vlkova B, Musilova |, Hornychova H,
Prochazka M, Celec P. Amniotic fluid markers of oxidative stress in
pregnancies complicated by preterm prelabor rupture of membranes. J
Matern Fetal Neonatal Med. 2014;27:1-10.

Sakata M, Sado T, Kitanaka T, Naruse K, Noguchi T, Yoshida S, Shigetomi H,
Onogi A, Oi H, Kobayashi H. Iron-dependent oxidative stress as a
pathogenesis for preterm birth. Obstet Gynecol Surv. 2008,63(10):651-60.
Samuel JB, Stanley JA, Princess RA, Shanthi P, Sebastian MS. Gestational
cadmium exposure-induced ovotoxicity delays puberty through
oxidative stress and impaired steroid hormone levels. J Med Toxicol.
2011;7(3):195-204.

Dewan P, Jain V, Gupta P, Banerjee BD. Organochlorine pesticide residues in
maternal blood, cord blood, placenta, and breastmilk and their relation to
birth size. Chemosphere. 2013,90(5):1704-10.

Al-Gubory KH. Environmental pollutants and lifestyle factors induce
oxidative stress and poor prenatal development. Reprod Biomed Online.
2014;29(1):17-31.

Zheng H, Li JL, Li HH, Hu GC, Li HS. Analysis of trace metals and
perfluorinated compounds in 43 representative tea products from South
China. J Food Sci. 2014;79(6):C1123-9.

Huang Z, Li Y, Chen B, Yao S. Simultaneous determination of 102 pesticide
residues in Chinese teas by gas chromatography-mass spectrometry. J
Chromatogr B Analyt Technol Biomed Life Sci. 2007;853(1-2):154-62.

Vigeh M, Yokoyama K, Seyedaghamiri Z, Shinohara A, Matsukawa T, Chiba
M, Yunesian M. Blood lead at currently acceptable levels may cause preterm
labour. Occup Environ Med. 2011,68(3):231-4.

Rinsky JL, Hopenhayn C, Golla V, Browning S, Bush HM. Atrazine
exposure in public drinking water and preterm birth. Public Health Rep.
2012;127(1):72-80.

Ferguson KK, O'Neill MS, Meeker JD. Environmental contaminant exposures
and preterm birth: a comprehensive review. J Toxicol Environ Health B Crit
Rev. 2013;16(2):69-113.

Wu K, Xu X, Peng L, Liu J, Guo Y, Huo X. Association between maternal
exposure to perfluorooctanoic acid (PFOA) from electronic waste recycling
and neonatal health outcomes. Environ Int. 2012;48:1-8.

Lasheen YF, Awwad NS, EL-Khalafawy A, Abdel-Rassoul AA. Annual effective
dose and concentration levels of heavy metals in different types of tea in
Egypt. Int J Phys Sci. 2008;3:112-9.

Nookabkaew S, Rangkadilok N, Satayavivad J. Determination of trace
elements in herbal tea products and their infusions consumed in Thailand. J
Agric Food Chem. 2006;54(18):6939-44.



Huang et al. BMC Public Health (2016) 16:456

46.

47.

Butte NF, Ellis KJ, Wong WW, Hopkinson JM, Smith EO. Composition of
gestational weight gain impacts maternal fat retention and infant birth
weight. Am J Obstet Gynecol. 2003;189(5):1423-32.

Blencowe H, Cousens S, Oestergaard M, Chou D, Moller AB, Narwal R, Adler
A, Garcia CV, Rohde S, Say L. National, regional and worldwide estimates of
preterm birth. Lancet. 2012;379(9832):2162-72.

Page 8 of 8

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit ( BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgement
	Authors’ contributions
	Availability of data and materials
	Funding
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References

