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Abstract
Objective: Association was found between tea and neural tube defects. However,
few studies investigated the relationship between tea consumption and blood
folate levels. We aimed to investigate the association between tea consumption
and plasma folate concentrations among women aged 18–30 years in different eth-
nicities of China.
Design: Data were obtained from a national cross-sectional study conducted from
2005 to 2006 of women aged 18–30 years in China. Socio-demographic character-
istics and lifestyle were obtained from a questionnaire. Dietary folate intake was
determined by 24-h dietary recall. Plasma folate concentrations were measured
by a microbiological assay. Multiple linear regression model was used to calculate
partial regression coefficients after adjusting for confounding factors.
Setting: Nine provinces or autonomous regions in China.
Participants: A total of 2932 women aged 18–30 years in China.
Results: After stratifying by ethnicity and tea type, tea consumption was signifi-
cantly positively associated with plasma folate levels in Han women who drank
unfermented tea weekly ( β= 0·067, and P = 0·037) or daily ( β = 0·119, and
P= 0·031) and in Uighur women who drank fermented tea weekly ( β= 0·325,
and P= 0·028). For women who drank unfermented tea in Han ethnicity, weekly
and daily tea drinkers had 6·77 % (95 % CI: 6·36 %, 7·21 %) and 7·13 % (95 % CI:
6·40 %, 7·96 %) increase in plasma folate concentration compared with no tea
drinkers.
Conclusions: There is a suggestion of possible positive association between unfer-
mented tea drinking in Han ethnicity and plasma folate concentrations, for Chinese
women aged 18–30 years. The relationship between tea drinking in other ethnic
groups and plasma folate still needs to be further explored.
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Folate deficiency during the periconceptional period has
been strongly confirmed as a risk factor for many adverse
pregnancy outcomes, especially neural tube defects
(NTD)(1,2). Therefore, any factors affecting folate levels
may be associated with NTD.

Tea is the most popular beverage worldwide. It is con-
sumed by two-thirds of the world’s population, and drink-
ing tea has been considered a health-promoting habit since
ancient times(3). However, several studies have found that
drinking tea was associated with an increased risk for NTD
under the condition with no consideration of dietary folate
intake. A case–control study conducted in northern China

showed that women who drank tea every day were over
three times more likely to have an NTD-affected pregnancy
compared with those who did not drink tea(4), and another
case–control study conducted in America found an
increased risk of spina bifida associated with daily con-
sumption of tea(5). A hypothesisedmechanism for this asso-
ciation was that tea intake may affect the absorption and
metabolism of folate(6). In addition, Yazdy et al. studied
the relationship between tea consumption and spina bifida
after adjusting for dietary folic acid (FA) intake after 1988,
and they think there is a suggestion of a possible interaction
between higher levels of FA intake and tea consumption.
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However, the results of these interactions were not sta-
tistically significant (OR range contained 1·00), which
may be due to the small sample size of each group after
stratification(7). Animal experiment shows that high levels
of green tea catechins can decrease serum 5-methyltetrahy-
drofolate concentrations of rats(8).

Previous epidemiological studies have investigated the
association between tea consumption and blood folate lev-
els, but results have been inconsistent. An open-label rand-
omised crossover study revealed that consumption of
green or black tea was associated with a low serum folate
level for healthy volunteers(9). A cross-sectional survey
showed no association between tea drinking and plasma
folate concentrations in pregnant Chinese women with
high and low prevalence of NTD(10). However, most stud-
ies did not take into account the effects of dietary folate
intake, despite its being the most important factor for folate
levels in the body other than FA supplement. Therefore, the
aim of this study was to determine whether tea drinking
was associated with plasma folate concentration in women
aged 18–30 years in China after adjusting for confounding
variables including dietary folate intake, FA supplement
and BMI. Moreover, China is a multi-ethnic country, and
different ethnic groups have its own tea drinking character-
istics, especially tea types, so, we further analysed the rela-
tionship between tea drinking and plasma folate
concentration after stratifying by ethnics and tea types.

Materials and methods

Study design and selection of participants
This study was based on a nationwide cross-sectional study
designed to investigate the nutritional status of women
aged 18–30 years in areas with different levels of economic
development in China; this study was partly described else-
where(11). It was conducted in nine provinces or autono-
mous regions in China, including Inner Mongolia, Gansu,
Liaoning, Shandong, Sichuan, Guangdong, Xinjiang
Uygur, Guangxi and Hubei; in each province, one city
and one county were selected as project sites. The study
was conducted during two periods (April to May 2005
and October 2005 to April 2006). One hundred women
were planned to be recruited in each city or county during
each period. The inclusion criteria were (1) 18–30 years of
age, (2) not pregnant or breast-feeding, (3) living in the area
for more than 1 year and (4) free from hypertension, diabe-
tes, cancers, and heart, liver, renal and gastrointestinal dis-
eases, as well as other serious diseases. A total of 3660
women were recruited from 2005 to 2006, of whom 3269
women were eligible, 203 (5·55 %) were excluded because
of age and 188 (5·14 %) were excluded because of the dis-
eases mentioned above.

We conducted the present study using data collected
in the study described above. Of 3269 eligible women,
we excluded 174 (5·32 %) with missing data on plasma

folate concentration, 66 (2·02 %) with missing data
on tea consumption frequency and 97 (2·97 %) with miss-
ing or unclear information on tea types. After these
exclusions, 2932 targeted participants (89·69 % of eli-
gible women) were included in the final analysis. The
flow chart of participants in this study was presented
in Fig. 1.

Measurements and definitions of major variables
At the community health centre, a trained interviewer
administered a structured questionnaire to subjects to
collect data on socio-demographic and personal character-
istics, including age, ethnicity, educational level, current
cigarette and alcohol use, use of oral contraception, and
use of FA supplements or multivitamins containing FA.
FA supplement was defined as a self-report of having taken
FA supplements or multivitamins containing FA in the past
3 months. Dietary data were collected using 24-h recall
through face-to-face interview by trained nurses for one
time, with two-dimensional drawings of bowls and plates
to estimate portion sizes. Dietary folate intake levels were
calculated based on Chinese Food Composition(12). Dietary
folate concentrations were adjusted by energy intake to
minimise the influence of dietary false reporting(13), calcu-
lating through 1000*dietary folate concentrations (μg)/
energy intake (kcal). Dietary folate was divided into three
groups according to the 25th and 75th percentiles of its
natural logarithm (low: 3·07–4·46, medium: 4·47–5·08
and high: 5·09–7·43). It is worth noting that there was no
promotion and use of folate-fortified foods in China.
Therefore, the folate intake of the study population was
mainly derived from dietary folate intake.

Body weight in light clothing and height without shoes
were measured to the nearest 0·1 kg and 0·1 cm with a
beam weighing scale and a height scale, respectively.
BMI was calculated as weight (kg)/height (m)2.
Underweight, normal weight, overweight and obese were
defined according to the standards recommended by the
Working Group on Obesity in China(14) (underweight:
BMI < 18·5 kg/m2; normal weight: BMI= 18·5–23·9
kg/m2; overweight: BMI= 24·0–27·9 kg/m2 and obese:
BMI > 28·0 kg/m2).

3660 women recruited

3269 women eligible

203 recruit <18 or >30 years old
188 having serious diseases 

174 plasma folate concentration missing
66 tea consumption frequency missing
97 tea types missing or unclear

2932 women analysed

Fig. 1 The flow chart of participants in this study
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Subjects were asked ‘how many days have you drunk
tea each week over the past three months?’ If the answer
was one to seven (not zero), they were further asked what
type of tea they usually drank. We defined 0 d a week as no
tea consumption, while 1–7 d(s)/week as tea consumption.
The type of tea was divided into two categories according
to different production processes: fully fermented tea
(black tea and compressed tea) and unfermented tea
(green tea and scented tea)(15). Smoking was defined as
smoking at least one cigarette per day for six consecutive
or cumulatively months and above. And drinking alcoholic
beveragewas defined as drinking alcohol more than once a
month in the last year.

Overnight fasting blood (9 ml) was collected from each
subject by venepuncture by a qualified nurse. Blood sam-
ples were drawn into K3EDTA-containing Vacutainer tubes
(Becton Dickinson) and centrifuged within 1 h of collec-
tion. Plasma and erythrocytes were separated and frozen
at –20 °C. All specimens were transported on dry ice to
the central laboratory of the Institute of Reproductive
and Child Health, Peking University, and stored at –70 °C
before nutritional analyses. Plasma folate concentrations
were determined by a microbiological assay(16). The intra-
and inter-assay coefficients of variation were less than 9 %
across the full range of folate concentrations.

Statistical analysis
Sample size was determined based on a cross-sectional
study conducted in China, which geometric mean concen-
trations of plasma folate acid for women were 23·0 ± 11·8
and 18·2 ± 9·3 nmol/l in spring and fall, respectively(17).
Then, statistical power and the two-sided significance level
were set to be 90 % and 0·05. For the original research, the
minimum sample size should be 208 women. However, for
this research, we calculated that under the condition of a
sample size of 2932, the test power was 1·00, which can
meet the research requirement.

The Little’sMCAR test was done to test whether themiss-
ingness was completely at random. The basic characteris-
tics of participants in the different study groups were
compared using Student’s t test for quantitative variables,
the χ2 test for non-ordered categorical variables and the
Kruskal–Wallis test for ordered categorical variables. The
distributions of dietary folate intake and plasma folate con-
centrations adjusted by energy were positively skewed, so
geometric means and interquartile range were used to
describe their distributions, and values were log-
transformed before further analysis, including t tests. We
used multiple linear regression to evaluate the partial cor-
relation coefficients with 95 % CI after adjusting for con-
founding factors. These factors include mentioned in
previous studies (age, education, delivery status, FA sup-
plement, smoking, BMI and concentration of dietary folate
adjusted by energy)(10,11,13), imbalanced between tea con-
sumption and no tea consumption group (ethnicity,

delivery status and drinking), and other factor we are inter-
ested in may affect plasma folate levels (oral contracep-
tives). Then, we conducted a stratified analysis of the
subjects according to ethnic groups and tea types, and
we performed the same multiple linear regression analysis
in each group, after adjusting for confounding factors men-
tioned above.

SPSS for Windows software (ver.20.0; SPSS, Inc.) was
used for statistical analyses, and two-sided P< 0·05 was
considered significant.

Results

Basic characteristics of targeted participants are shown in
Table 1. Approximately 46·1 % (1353) of these women
reported that they drank tea in the past 3 months; these
women were more likely to be Mongolian or Uighur
(23·2 % or 16·0 % v. 0·4 % or 2·1 %), educated through high
school or higher (60·4 % v. 45·7 %), occupation type was
others or unemployed (57·5 % or 11·2 % v. 35·5 % or
9·4 %), primiparous (48·1 % v. 38·9 %), drinking alcoholic
beverage (11·6 % v. 3·9 %) and overweight or obese
(16·0 % or 3·5 % v. 11·5 % or 2·0 %) compared with the
no tea drinking group. Women who consumed tea had sig-
nificantly lower geometric mean dietary folate adjusted by
energy (112·86 μg/1000 kcal) and plasma folate levels
(12·92 nmol/l) compared to women who did not consume
tea (127·24 μg/1000 kcal and 16·77 nmol/l, respectively).
However, there were no significant differences between
the two groups in oral contraceptive use, FA supplement
use and smoking.

The Little’s MCAR test was used in SPSS for the missing
data, when quantitative variable was log-transformed
plasma folate levels, and categorical variables were educa-
tion, occupation, oral contraceptives, delivery status, FA
supplement, smoking and BMI. χ2= 0·103, and P = 0·749.
So the missingness was completely at random.

Table 2 shows the relationship between log-trans-
formed plasma folate concentrations and concerned fac-
tors. Ethnicity was a significant predictor of log-
transformed plasma folate levels. When the Han ethnic
group was used as the reference group, Mongolian and
Uygur women had lower folate levels ( β= –0·606 and –

0·614), and Zhuang women had higher folate levels
( β= 0·342). High dietary folate intake was associated with
increased log-transformed plasma folate levels ( β= 0·154,
P < 0·001), and high BMI was inversely correlated with
log-transformed plasma folate. Tea drinking frequency
had no statistical association with log-transformed plasma
folate levels after adjusting for confounding variables
(weekly and daily tea drinking, P= 0·063 and 0·204,
respectively).

Further analyses were conducted to examine the rela-
tionship between tea drinking frequency and log-trans-
formed plasma folate concentrations stratified by
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Table 1 Characteristics of Chinese women aged 18 to 30 years in the study

Characteristics

All partici-
pants (n
2932)

Tea consump-
tion (n 1353)

No tea con-
sumption (n

1579)

Pn % n % n %

Age (years) 0·002*
Mean 25·79 25·57 25·97
SD 3·47 3·59 3·35

Ethnicity
Han ethnic group 2013 68·7 773 57·1 1240 78·5 < 0·001†
Mongolian 321 10·9 314 23·2 7 0·4
Uighur 249 8·5 216 16·0 33 2·1
Zhuang ethnic group 349 11·9 50 3·7 299 18·9

Education
Junior high school or lower 1385 47·2 531 39·2 854 54·1 < 0·001†
High school and secondary school 803 27·4 398 29·4 405 25·6
College or higher 736 25·1 419 31·0 317 20·1
Missing data 8 0·3 5 0·4 3 0·2

Occupation
Farmers 932 31·8 284 21·0 648 41·0 < 0·001†
Workers 340 11·6 126 9·3 214 13·6
Others 1339 45·7 778 57·5 561 35·5
Unemployed 301 10·3 152 11·2 149 9·4
Missing data 20 0·7 13 1·0 7 0·5

Oral contraceptives
No 2750 93·8 1245 92·0 1505 95·3 0·102†
Yes 55 1·9 31 2·3 24 1·5
Missing data 127 4·3 77 5·7 50 3·2

Delivery status
None 1265 43·1 651 48·1 614 38·9 < 0·001†
Yes 1479 50·4 590 43·6 889 56·3
Missing data 188 6·4 112 8·3 76 4·8

FA supplement
No 2700 92·1 1235 91·3 1465 92·8 0·468†
Yes 218 7·4 67 5·0 70 4·4
Missing data 95 0·5 51 3·7 44 2·8

Smoking
No 2851 97·2 1302 96·2 1549 98·1 0·060†
Yes 49 1·7 29 2·1 20 1·3
Missing data 32 1·1 22 1·7 10 0·6

Drinking alcoholic beverage
No 2714 92·6 1196 88·4 1518 96·1 < 0·001†
Yes 218 7·4 157 11·6 61 3·9

BMI
Underweight 428 14·6 177 13·1 251 15·9 < 0·001†
Normal weight 2018 68·8 904 66·8 1114 70·6
Overweight 398 13·6 217 16·0 181 11·5
Obese 80 2·7 48 3·5 32 2·0
Missing data 8 0·3 7 0·5 1 <0·1

Concentration of dietary folate (μg) < 0·001§
Mean 186·52‡ 178·03‡ 194·12‡
Interquartile range 131·69–

262·64
124·87–
252·44

137·13–
271·42

Concentration of dietary folate adjusted by energy (μg/1000 kcal) < 0·001||
Mean 120·39‡ 112·86‡ 127·24‡
Interquartile range 86·73–161·81 80·43–151·48 93·23–169·02

Plasma folate (nmol/l) < 0·001||
Mean 14·87‡ 12·92‡ 16·77‡
Interquartile range 9·61–22·98 8·36–19·26 11·04–25·95

No tea consumption group: 0 d/week; tea consumption group: 1–7 d/week.
*Student’s t test.
†χ2 test.
‡Geometric mean (interquartile range).
§Mann–Whitney test.
||Student’s t test was performed after computing natural logarithm of folate levels.
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ethnicity and tea types (Table 3). The results showed that in
women of Han ethnicity, consuming unfermented tea
weekly ( β= 0·067, P= 0·037) or daily ( β = 0·119,
P= 0·031) was significantly associated with a higher log-
transformed plasma folate level after adjusting for con-
founding variables. We further transformed β of the unfer-
mented tea drinking group in Han ethnicity (the geometric
mean of plasma folate concentration for those who did not
drink tea in Han ethnicity was 15·79 nmol/l), and the results
showed that when compared with no tea drinkers, weekly
tea drinkers and daily tea drinkers had 6·77 % (95 % CI:
6·36 %, 7·21 %) and 7·13 % (95 % CI:6·40 %, 7·96 %)
increase in plasma folate concentration, as shown in
Supplemental Table S1.

In women of Uighur ethnicity, drinking fully fermented
tea weekly was also positively associated with elevated
plasma folate levels. However, no statistically significant
correlation was found in other groups in this study.

Discussion

In this cross-sectional study, we examined the association
between tea drinking and plasma folate concentrations
among women aged 18–30 years in China. A total of
2932 women from four ethnic groups (Han and three
national minorities) were included in this study. When
we stratified by ethnicity and tea type, we found that tea

Table 2 Multiple linear regression model on plasma folate concentration and related factors in Chinese women aged 18–30 years*,†,‡

Variables n β P

95% CI

Lower bound Upper bound

Age 2627 0·010 0·015 0·002 0·017
Ethnicity
Han ethnic group 1831 Ref Ref Ref Ref
Mongolian 257 −0·606 < 0·001 −0·705 −0·507
Uighur 205 −0·614 < 0·001 −0·709 −0·518
Zhuang ethnic group 334 0·342 < 0·001 0·276 0·408

Education
Junior high school or lower 1277 Ref Ref Ref Ref
High and secondary school 715 0·016 0·571 −0·040 0·072
College and higher 635 0·042 0·213 −0·024 0·109

Occupation
Farmers 880 Ref Ref Ref Ref
Workers 320 −0·287 < 0·001 −0·360 −0·213
Others 1178 −0·091 0·004 −0·152 −0·029
Unemployed 249 −0·026 0·507 −0·104 0·051

Oral contraceptives
No 2575 Ref Ref Ref Ref
Yes 52 −0·157 0·036 −0·304 −0·010

Delivery status
None 1202 Ref Ref Ref Ref
Yes 1425 0·070 0·024 0·009 0·130

FA supplement
No 2501 Ref Ref Ref Ref
Yes 126 0·120 0·015 0·023 0·217

Smoking
No 2587 Ref Ref Ref Ref
Yes 40 −0·143 0·091 −0·308 0·023

Drinking alcoholic beverage
No 2454 Ref Ref Ref Ref
Yes 173 0·060 0·164 −0·024 0·144

BMI
Underweight 385 0·034 0·269 −0·026 0·094
Normal weight 1812 Ref Ref Ref Ref
Overweight 357 −0·139 < 0·001 –0·200 –0·078
Obese 73 −0·187 0·003 −0·313 −0·062

Natural logarithm of dietary folate adjusted by energy
Low 651 Ref Ref Ref Ref
Medium 1314 0·038 0·139 −0·013 0·089
High 662 0·154 < 0·001 0·094 0·214

Tea consumption§
None 1459 Ref Ref Ref Ref
Weekly 638 0·049 0·063 −0·003 0·100
Daily 530 0·051 0·204 −0·028 0·130

*The number of valid observations in final model is 2627.
†All of the variables in the table were included in the regression model.
‡β values are per unit increase in log-transformed plasma folate levels.
§None= 0 d/week; Weekly: 1–6 d/week; Daily: 7 d/week.
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consumption was positively correlated with plasma folate
concentrations in Han women who drank unfermented
tea weekly or daily and in Uighur women who drank fully
fermented tea weekly. And for women who drank unfer-
mented tea in Han ethnicity, weekly and daily tea drinkers
had 6·77 % (95 % CI: 6·36 %, 7·21 %) and 7·13 % (95 % CI:
6·40 %, 7·96 %) increase in plasma folate concentration
compared with no tea drinkers. This is a suggestion of pos-
sible positive association between tea drinking and plasma
folate concentrations.

Tea is second only to water as the most commonly con-
sumed beverage (3), and regular tea consumption has been
reported to have beneficial health, including cancer pre-
vention(18,19), cardiovascular benefits(20,21) and neuronal
disease prevention(22). This study revealed that 46·1%
(1353/2932) of Chinese women aged 18–30 years drank
tea at least once a week in the 3 months prior to the survey.
This was higher than the 21·3 % of Chinese women aged
30–79 years who consumed tea weekly as reported by Li
X(23). This difference may be due to inclusion in our study
of minorities with high tea consumption rates, such as
Mongolian and Uighur women. Our results also showed
that the dietary intake of folate adjusted by energy in this
population (geometric mean = 120·39 μg/1000 kcal (inter-
quartile range: 86·73–161·81)) was higher than that of preg-
nant women in Japan (median= 110 μg/1000 kcal
(interquartile range: 91–139)) and that the plasma folate
concentration (geometric mean = 14·87 nmol/l (inter-
quartile range: 9·61–22·98)) was higher than that of
Japanese women (median= 11·2 nmol/l (95% CI: 8·6,
19·5))(11) but lower than that of women of childbearing
age in the USA before cereal grain was fortified with

140 mg/100 g of FA during 1988–1994 (median= 15·3
nmol/l (95% CI: 14·3, 16·8))(24).

Only a few studies have explored the relationship
between tea consumption and folate levels. Alemdaroglu
et al.(9) found that consumption of green or black tea
was associated with a low serum folate level in healthy vol-
unteers, and Shiraishi et al.(13) found that high consump-
tion of green tea or oolong tea was associated with low
serum folate levels during pregnancy. The probable
mechanism for such a relationship is that catechins in tea
are similar to folate in structure and competitively bind
to dihydrofolate reductase, affecting folate metabolism(6).
These catechins include epigallocatechin 3-gallate (consti-
tuting about 59 % of total catechins), epigallocatechin, epi-
catechin-3-gallate and epicatechin(25). However, Augustin
et al.(8) pointed out that normal tea consumption levels
did not reduce plasma folate concentrations, and a 70-kg
human would have to drink almost 100 cups of green
tea infusion per day to decrease serum folate concentra-
tions via this mechanism. Moreover, few studies have con-
trolled dietary folate intake, as stated above, which is an
important factor that is significantly associated with plasma
folate levels(26).

No association was found between tea drinking fre-
quency and plasma folate concentrations when we
adjusted for BMI and dietary folate adjusted by energy.
However, when we stratified our analysis by ethnicity
and tea types, we found that Han women drinking unfer-
mented tea and Uighur women drinking fully fermented
tea had higher plasma folate levels after adjusting for
dietary folate intake. This may be due to the relatively large
amount of folate in tea. Chen et al.(27) found that, of the

Table 3 Multiple linear regressionmodel on plasma folate concentration and tea consumption in Chinese women aged 18–30 years stratified
by ethnicity and types of tea*,†

Fully fermented tea‡ Unfermented tea§

Variables n β P
95% CI lower

bound
95% CI upper

bound n β P
95% CI lower

bound
95% CI upper

bound

Han
None 1141 Ref Ref Ref Ref Ref Ref Ref Ref
Weekly 81 0·009 0·893 −0·121 0·139 473 0·067 0·037 0·004 0·129
Daily 19 −0·257 0·058 −0·523 0·009 117 0·119 0·031 0·011 0·228

Mongolian
None 6 Ref Ref Ref Ref Ref Ref Ref Ref
Weekly 16 0·136 0·475 −0·239 0·511 3 −0·269 0·499 −1·116 0·578
Daily 216 0·103 0·536 −0·224 0·431 16 0·223 0·291 −0·219 0·664

Uighur
None 26 Ref Ref Ref Ref Ref Ref Ref Ref
Weekly 17 0·325 0·028 0·035 0·616 1 – – – –
Daily 158 0·156 0·119 −0·041 0·353 3 0·029 0·937 −0·730 0·788

Zhuang
None 286 Ref Ref Ref Ref Ref Ref Ref Ref
Weekly 2 −0·156 0·598 −0·739 0·427 45 −0·017 0·815 −0·159 0·125
Daily 0 – – – – 1 0·375 0·367 −0·442 1·191

*Adjusted for age (continuous), education, occupation, oral contraceptives, delivery status, FA supplement, smoking, alcoholic beverage drinking, BMI and dietary folate intake
adjusted by energy.
†There were no or few objects in this group.
‡Fully fermented tea: including black tea and compressed tea.
§Unfermented tea: including green tea and scented tea.
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three major types of tea (green, black and oolong), green
tea leaves possessed the highest total FA (TFA) content,
with an average of 1·12 mg/100 g, and black tea leaves
had a moderate amount of 0·73 mg/100 g. They also found
that brewed green tea had the highest total FA content
(6·92 μg/100 ml), followed by black tea (5·16 μg/100 ml).
For these measurements, researchers used a standard pro-
cedure of adding boiling water to tea leaves at a ratio of
100:1 (w/w) and allowing an infusion time of 5 min(28).
Meanwhile, the result of the China Kadoorie Biobank
(CKB) survey revealed that Chinese women drank an aver-
age of 3·4 cups of tea each day(23). According to the stan-
dard cup volume of 300 ml, the daily intake of folate
from drinking tea was about 70·6 μg and 52·6 μg from green
tea and black tea, respectively. Similarly, Stagg et al.(28)

considered that if five cups of tea were consumed daily,
6–13 % of the RDA (400 μg) for folate would be obtained.
Therefore, tea leaves and tea brews could be regarded as
a good source of folate(27). Moreover, some cross-sectional
population studies have found that a higher intake of tea
was associated with lower total homocysteine (29), and they
considered the folate in tea may contribute to lower total
homocysteine(30). These studies provide some support
for that drinking tea could increase plasma folate levels,
but specific mechanisms remain to be identified.

Our result that different types of tea were correlated with
plasma folate concentrations in different ethnicities may be
due to differences in typical tea type consumption among eth-
nicities. The lack of relationship between tea consumption
and plasma folate concentrations in Mongolian and Zhuang
women may be that there were too few women who did
not drink tea inMongolian or drank tea in Zhuang nationality,
respectively. Therefore, the correlation between tea con-
sumption and plasma folate concentration in minorities
requires further research to confirm. And the different rela-
tionship in different ethnicities may be due to differences in
tea-making process, brewing methods and even different
genetic information, especially methylenetetrahydrofolate
reductase. Further research is needed to collectmore compre-
hensive information, including methylenetetrahydrofolate
reductase in different ethnicities, to investigate the exact influ-
encing factors behind ethnic groups.

This study has several limitations. First, we used ‘days/
week’ to measure the frequency of tea consumption, which
may not be accurate enough compared to ‘cups/week’ or
‘ml/week’. And we did not collect information on the tea-
making process, brewing methods, and so on, and these
factors affect tea composition. Second, we did not measure
erythrocyte folate concentrations in this study. Erythrocyte
folate is stable in the human body for 3–4 months and
would provide a better summary of folate status(31,32).
Then, we used a 24-h recall method to collect dietary intake
from the women, but this method was relied on personal
memories and there may be exposure misclassification.
However, we used two-dimensional drawings of bowls
and plates to estimate portion sizes, which may improve

the accuracy as much as possible. What needs to be men-
tioned is there may be some noise of energy-adjusted folate
intake because it relies on 1-d folate and 1-d energy. But it is
approximately normal distribution after natural logarithmic
transformation, which means a very small noise effect in
this study. Finally, the number in each group was very
few after stratification by ethnicity and types of tea, so
the relationship in other ethnic groups other than Han still
needs a large sample size research to be identified.

Our study also has several strengths. First, we controlled
for the level of dietary folate intake, which strengthened
our results. Most existing studies have not made this adjust-
ment. Additionally, this study included populations in dif-
ferent areas of China, and diverse ethnicities and tea types
were taken into account. This makes our result more com-
prehensive than most.

Conclusions

In conclusion, after stratifying by ethnic group and tea type,
we found that Han women drinking unfermented tea and
Uighur women drinking fully fermented tea had higher
plasma folate levels. There is a suggestion of a possible pos-
itive association between tea drinking and plasma folate
concentrations.

The English in this document has been checked by at
least two professional editors, both native speakers of
English. For a certificate, please see http://www.
textcheck.com/certificate/wHiXXd
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