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Maternal caffeine intake during pregnancy and risk of fetal
growth restriction: a large prospective observational study

CARE Study Group

" ABSTRACT

Objective To examine the association of maternal caffeine
intake with fetal growth restriction.

Design Prospective longitudinal observational study.
Setting Two large UK hospital maternity units.
Participants 2635 low risk pregnant women recruited
between 8-12 weeks of pregnancy.

Investigations Quantification of total caffeine intake from
4 weeks before conception and throughout pregnancywas
undertaken with a validated caffeine assessment tool.
Caffeine half life (proxy for clearance) was determined by

.measuring caffeine in saliva after a caffeine challenge.

Smoking and alcohol were assessed by self reported
status and by measuring salivary cotinine concentrations.
Main outcome measures Fetal growth restriction, as
defined by customised hirth weight centile, adjusted for
alcohol intake and salivary cotinine concentrations.
Results Caffeine consumption throughout pregnancy was
associated with an increased risk of fetal growth restriction
{odds ratios 1.2 (95% C1 0.9 to 1.6) for 100-199 mg/day,
1.5 (1.1 to 2.1) for 200-299 mg/day, and 1.4 (1.0 to 2.0)
fory300 mg/day compared with <100 mg/day; test fortrend
P0.001). Mean caffeine consumption decreased in the first
trimester and increased in the third. The association
between caffeine and fetal growth restriction was strongerin
women with a faster compared to a slower caffeine
clearance (test for interaction, P=0.08),

Conclusions Caffeine consumption during pregnancy was
associated with an increased risk of fetal growth
restriction and this association continued throughout
pregnancy. Sensible advice would be to reduce caffeine
intake before conception and throughout pregnancy.

INTRODUCTION

Caffeine is the most widely consumed xenobictic in
pregnancy, with the potential to adversely affect the
developing fetoplacental unit. Maternal caffeine intake
has been reported to be associated with a reduction in
birth weight,'® but the precise level of intake above
which the risk is increased remains unknown. Caffeine
intake of =300 mg/day has been associated with fetal
growth restriction,® but Vlajinac et al found a significant
reduction in infant birth weight of 114 g with maternal
caffeine consumption of as little as 141 mg/day.” More
controversially, others have shown that maternal
caffeine concentration has an inverse association with
birth weight when confounders such as smoking were

taken into account®*!’ In 2001 the Committee on
Toxdicity of Chemicals in Foad, UK, after a thorough
review of the literature, concluded that, although caffeine
intake >300 rmg/day might be associated with low birth
weight and spontaneous miscarriage, the evidence was
inconclusive.'?

Possible reasons for these inconsistent outcomes
include inaccurate estimation of caffeine consumption,
including an assumption that tea and coffee are the only
sources of caffeine,’®!” retrospective assessment of
caffeine intake,?'®''% assessment of association based
on consumption in individual trimesters rather than
throughout pregnancy,*?!°" failure to allow for
individual variations in caffeine metabolism,* ¢ inade-
quate control for confounding factors such as smoking
and aleohol consumption,’”!* and non-uniformity in
defining the primary outcome measures,' 2469101516

Caffeine is rapidly absorbed and crosses the placenta
freely.'? After ingestion of 200 mg caffeine, intervillous
blood flow in the placenta was found to be reduced by
25%.2 Cytochrome P450 1A2, the principal enzyme
involved in caffeine metabolism, is absent in the placenta
and the fetus.” The amount of caffeine and metabolites
available to the fetoplacental unit therefore depends on
the maternal caffeine metabolism, which shows marked
variation between individuals because of genetic and
environmental factors such as nicotine.”*' Variations in
caffeine metabolic activity have been found to be more
closely associated with fetal growth restriction than have
blood caffeine concentrations.® Therefore, any compre-
hensive study of the effects of caffeine on fetal growth
must include an assessment of caffeine metabolism.

In order to examine the association of maternal
caffeine intake on fetal growth, we used a validated,
robust caffeine assessment tool to quantify total caffeine
intake, from all possible sources, throughout
pregnancy.” Using these data, and taking into account
individual variation in caffaine metabolism, we aimed to
establish the safe upper limit of caffeine consumption
with respect to adverse pregnancy outcome {specifically
fetal growth restriction).

METHODS

Participants

We prospectively recruited low risk pregnant women
from two large UK teaching hospital maternity units
(Leeds and Leicester) from September 2003 to June
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2006. The inclusion criteria included age 18-45 years
and singleton pregnancies accurately dated by ultra-
sound. Women with concurrent medical disorders,
psychiatric illness, HIV infection, or hepatitis B
infection were excluded. We identified eligible
women by screening their pre-booking maternity
notes, then sent them detailed information about the
study and asked them to return a reply slip about their
willingness to take part in the study. Personal contacts
were then made with those who agreed to participate.
This initial visit was conducted at the hospital or at the
volunteer’s general practice or home by a clinical
research fellow (Leicester] or a midwife (Leicester and
Leeds) at 8-12 weeks gestation. Volunteers’ demo-
graphic details (age, parity, maternal height, weight,
socioeconomic status, and gestational age) were
recorded by means of a questionnaire.

Quantification of caffeine intake

Caffeine intake was estimated with a validated caffeine
assessment tool, a questionnaire designed at the
University of Leeds, to record habitual caffeine intake
before and during pregnancy.® Information in the
questionnaire included estimates of caffeine content
from all potential dietary sources and over the counter
drugs and details of potential confounders such as
smoking, alcohol intake, and nausea. We recorded
specific brand names, portion sizes, methods of
preparation, and quantity and frequency of intake for
different gestational periods. We also obtained details
of caffeine content for each item from published

reports,”’ manufacturers, and coffee houses, and,.

from these, we estimated precise caffeine intakes
using an SPSSvi4 program developed in-house.”
Three caffeine assessment tools were administered by
the clinical research fellow and research midwives to
determine caffeine intake in pregnancy—the first,
administered at recruitment by the researcher,

Table 1|Demographic and clinical characteristics of 2635 pregnant women and their babies,
according te pregnancy outcome. Values are numbers (percentages) unless stated otherwise

Pregnancy outcome

Fetal growth Appropriate fetal Total

_  restriction (n=343)  growth (n=2292) m=2635)
Maternal characteristics
Mean (SD) age (years) 30.0 (6.6} 29.8 (6.5) 30 {6.6)
Mean (SD) weight before pregnancy (kg) 66.7 (13.2) 66.8 (12.6) 66.8(13.1)
Mean (SD) body mass index before 24.5 (4.5) 24.5 (4.6) 24.5 (4.5)
pregnancy (kg/m?)
Primiparaus 186 (55) 1042 (48) 1228 (47}
Preterm labour 29 (8) 77{(3) 106 (4)
Gestational hypertension or pre- 25(7) 42{2) 67 (3}
eclampsia
Stillbirth 3 (0.9} 6(0.3) 92(0.3)
Late miscariage 3(0.9) 16 (0.7) 19 (0.7)
Neenatal characteristics
Mean (SD) gestational age at delivery 40 (3) 40 (2) 40 {2)
(weeks)
Mean (SD) birth weight (g) 2750 (520) 3560 (470) 3450 {550}
Male 172 (50} 1152 (52) 1324 (51)
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Fig 1| Relation between risk of fetal growth restriction and
caffeine intake (mg/day) during pregnancy. The relation is
modelled by the best-fitting second-order fractional
polynomial, with 25% confidence intervals. The graph is
restricted to <500 mg/day for clarity. Horizontal dotted lines
mark national average risk of fetal growth restriction (10%)
and average risk in study cohort (13%)

included aspects of recall of caffeine intake from four
weeks before pregnancy until recruitment into the
study at 8-12 weeks of pregnancy; the second covered
the period 13-28 weeks; and the third included the
period 29-40 weeks of pregnancy.

Saliva sample collection, storage, and transport

Saliva samples for determining nicotine exposure
(defined as baseline values before the caffeine chal-
lenge) were collected from women at recruitment,
using a Salivette (Sarstedt, Aktiengesellschaft, Lough-
borough, UK) kept in the mouth for 5-10 minutes.
Additionally, we assessed caffeine half life from a
caffeine challenge test {adapted from Butler et al®®)
performed within two weeks of recruitment. We
provided participants with appropriate materials and
instructions to perform the test at home, and the
samples were then returned in a prepaid envelope. The
test involved overnight fasting, followed by the
challenge (a drink of 500 ml diet cola containing
63.5 mg caffeine ingested over a period of 20 minutes)
with no other caffeine consumed during the challenge.
Participants then collected saliva samples about one
and five hours after the challenge. Precise sample
collection times and details of drinks or food consumed
during the test period were recorded on a question-
naire. When samples arrived at the laboratory, saliva
was isolated from the Salivettes by centrifugation and
stored at —80°C.,

Biochemicat analyses
All samples were analysed in the Molecular Epide-
miclogy Unit (University of Leeds).

Salivary caffeine—Salivary caffeine was extracted and
quantified using liquid:liquid extraction and reversed
phase high performance liquid chromatography
(HPLC) with uliraviolet detection.”® We calculated
the half life for caffeine from salivary caffeine
concentrations recorded at one and five hours after
the caffeine challenge.
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Salivary cotinine—Salivary cotinine concentrations in
samples taken at recruitment were quantified by means
of ‘enzyme linked immunosorbent assay (ELISA)
(Cozart Bioscience, Oxfordshire, UK) according to
the manufacturer’s instructions. We then classified
participants on the basis of these cotinine concentra-
tions as active smokers (>3 ng/ml), passive smokers
(1-5 ng/ml), or non-smokers (<1 ng/ml).?

Pregnancy outcomes

We obtained information on antenatal pregnancy
complications and delivery details (gestational age at
delivery, birth weight, and sex of the baby) from the
electronic maternity databases.

The primary outcome measure was fetal growth
restriction defined as birth weight <10th centile on a
customised centile chart which takes into account
maternal height, weight, ethnicity, and parity and
neonatal birth weight and sex (www.gestation.net).*®
We chose this definition as it is the most commonly
used and because, although not all those cases classified
as fetal growth restriction would be pathological, it is
likely to include most pathological fetal growth
restrictons. In addition, we assessed the association
of maternal caffeine intake with birth weight.

Other pregnancy outcomes studied were late
miscarriage (spontaneous pregnancy loss between
12 and 24 weeks), preterm delivery (delivery at
<37 completed weeks), gestational hypertension
{blood pressure >140/90 mmHg on more than one
occasion 4 hours apart after >20 weeks of pregnancy),

Table 2|Mean caffeine and alcohol intake and smoking status among 2635 pregnant women
according to pregnancy outcome. Values are numbers (percentages) unless stated otherwise

Preghancy outcome
Fetal growth Appropriate fetal Total

Characteristic restriction (n=343) growth (n=2292) {n=2635)
Mean (5D} caffeine intake (mg/day):

Throughout pregnancy 200 (202) 153 (145) 159 (154)

First trimester 201 (206) 157 (160) 163 (167)

Second trimester 184 (207) 141 (144) 147 (156)

Third frimester 197 (222) 143 (146) 153 (164)
Laffeine intake during pregnancy:

<100 mg/day 122 (38) 1000 (46) 1122 (44)

100-199 mg/day 90 (27) 601 (27) 691 (27)

200-299 mg/day 63{(19) 313 (14) 376 (15)

2300 mg/day 63{(19) 284 (13) 347 (14)
Mean (SD) alcohal intake (units/
day):

Throughout pregnancy 0.4 (0.7) 0.4 {0.5) . 0.4(0.6)

First timester 0.6 0.9 0.4 (0.7) 0.5 {0.8)

Second trimester 0.2 {0.4) 0.2 (0.5) 0.2 (0.5)

Third timester 0.3(0.4) 0.2 (0.5) 0.3 {0.5)
Smoking status (n=2509)*:

Non-smoker 213 (64) 1622 (75) 1835 (73)

Passive smoker 39(12) 268 (12) 307 12)

Current smoker 79 (24) 288 (13) 367 (15)

*Smoking status based on salivary cotinine concentrations: non-smoker 1 ngfml, passive smoker 1-5 ng/ml,

current smeker »5 ng/ml,
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proteinuric hypertension (gestational hypertension
and proteinuria of >300 mg protein in 24 hours,
based on the International Society for the Study of
Hypertension in Pregnancy®'), and stillbirth {delivery
224 weeks with no signs of life at birth).

Statistical methods

‘We expressed participants’ caffeine consumption in
mg/day averaged overthe whole pregrancy and forthe
individual trimesters. To estimate the sample size
required, we assumed that the mean caffeine intake
during pregnancy was 206 mg/day,* and that caffeine
followed alog normal distribution, with a coefficient of
variation of 1. Assuming that 10% of births showed fetal
growth restriction, then 3000 births would give 80%
power to detect a difference of 30 mg/day in caffeine
intakes between mothers of babies with restricted fetal
growthand mothers of babies of appropriate weight for
gestational age with type I error set at 0.05. This also
gave 80% power to detect an odds ratio for fetal growth
restriction of 1.4 between high and low caffeine
consumers (defined as being above or below the
median caffeine intake).

We performed unconditicnal logistic regression
modelling for fetal growth restriction and general
linear modelling for birth weight, with stratification for
the two maternity units, using Stata version 10 survey
facilities.” Maternal height, weight, ethnicity, and
parity at booking and neonatal gestation at delivery
and sex were taken into account in the definition for
fetal growth restriction, and were adjusted for in the
model for birth weight We also made statistical
adjustment for salivary cotinine levels and self reported
alcohol consumption in all models. We conducted
sensitivity analyses to assess the robusiness of the
results to adjustment for nausea, exclusion of high risk
pregnancies, multiparity, extremely high or low
caffeine intakes, and the maternity unit.

We also assessed the relation between the risk of fetal
growth restriction and maternal caffeine intake during
pregnancy by considering caffeine intake as a contin-
uous variable: after adjusting for the factors mentioned
above, we performed modelling using the best fitling,
second order, fractional polynomial with 95%
confidence intervals,

Caffeine halflife as assessed by the caffeine challenge
test was not normally distributed. We therefore
categorised women in relation to the median value as
having 2 shorter halflife (faster caffeine clearance from
the circulation) or longer half life (slower clearance).
‘We stratified the odds ratio for fetal growth restriction
by caffeine halflife (as a proxy for clearance) and intake
after taking account of maternal age, weight, height,
ethnicity, and parity and neonatal gestation and sex
and adjusting for smoking status, amount smoked
(cotinine concentration), and alcohol intake.

RESULTS

Over a period of three years, 13071 eligible women
were invited to participate from the two maternity
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Table 3| Risk of fetal growth restriction among offspring of 2635 pregnant women according to caffeine intake during pregnancy

Unadjusted risk* Adjusted risk}
Caffeine intake (mg/day) Ddds ratio (95% CI) Test for trend 0dds ratio {95% CI) Test for trend
Average over pregnancy:
<100 1 1
100-199 1.2 (0.9t0 1.6) 1.2(0.9t0 1.6)
200-299 160.2t02.3) Pa.001 150102 =0.02
2300 1.8 (1.3t0 2.5) 1.4 (1.0 ta 2.0)
In weeks 5-12:
100 1 1
100-199 1.2(0.9ta1.6) 1.1 (0.8t01.5)
200-299 1.4 (1.0 to 2.0) P«0.001 1.3(0.9t01.9) P=0.05
2300 1.8(1.3t0 2.5 1.4(1.0t01.9)
In weeks 13-28:
€100 1 3
100-199 1.5({1.1to 2.0) 1.4 (1.0to 2.0)
200-299 1.8(1.3t0 2.6) P=0.001 1.7 (1.2 to 2.6) P=0.02
2300 1.6 (1.3 to 2.4) 1.3 (0.9t0 2.0)
In weeks 25-40:
<100 1 1
100-199 1.4 (1.0to 1.9} 1.4 (1.0t0 2.0)
200-299 1.9(1.3t02.9) P«0.001 1.8 (1.2102.7) P=0.004
2300 1.9 (1.31t6 2.8) 1.6 (1.0 10 2.4)

*Unacjusted odds raties take account of maternal age, welght, height, ethnicity, and parity and neonatal gestational age at delivery and sex,
tAdjusted odds ratios are also adjusted for smoking status (salivary cotinine concentration) and aleohol intake,

units, and 2635 (20%) consented. Table 1 shows the
demographic and clinical characteristics of the study
population. The prevalence of fetal growth restriction
in the cohort was 343/2635 (13%). The mean alcohol
intake during pregnancy was 0.4 (95% confidence
interval 0 to 9) units/day, with the highest consumption
occurring, as might be expected, before conception
and during the first four weeks of pregnancy.

Caffeine intake during pregnancy

The women’s mean caffeine intake during pregnancy
was 159 mg/day (table 2). It decreased from
238 mg/day before pregnancy to 139 mg/day between
weeks 5 and 12 of pregnancy and remained at about
this level until the third trimester, when it gradually
increased to 153 mg/day. About 62% of the caffeine
ingested by the women during pregnancy was from tea.
Other important sources were coffee (14%}, cola drinks
(12%), chocolate {8%), and soft drinks (2%). Hot
chocolate, energy drinks, and alcoholic drinks con-
tributed 2%, 1%, and <1% respectively, Over the
counter drugs made a negligible contribution to the
total caffeine intake.

Relation between caffeine intake in pregnancy and fetal
growth

Therelation between total caffeine intake in pregnancy
and fetal growth restriction showed a significant trend
with increasing caffeine intake (test for irend P=0.02,
table 3). Compared with caffeine intake of <100 mg/
day, the odds ratio of having a growth restricted baby
increased to 1.2 (95% confidence interval 0.9 to 1.6) for
intakes of 100-199 mg/day, to 1.5 (1.1 to 2.1) for intakes

of 200-299 mg/day, and ta 1.4 (1.0 to 2.0} for intakes of
=300 mg/day, This relation was consistent across all
three trimesters.

Caffeine consumption of >200 mg/day during
pregnancy was associated with a reduction in birth
weight of about 60-70 g, with a significant trend for
greater reduction in birth weight with higher caffeine
intake (P=0.004). This relation was consistent across all
three trimesters (table 4).

In a small cohort of women (n=109) who had
reduced their caffeine intake from 300 mg/day before
pregnancy to <50 mg/day by weeks 5-12 of pregnancy
their offspring’s mean birth weight washigher than that
of those who maintained their caffeine intake at
>300 mg/day (n=193) (difference in birth weight
161 g (95% confidence interval 24 to 257 g), P=0.02).

To exarnine possible threshold effects, we analysed
the relation between the estimated risk of delivering &
growth restricted fetus and maternal caffeine intake
during pregnancy measured as a continuous variable
{fig 1). There was a rapid increase in associated risk
from increasing caffeine intake up to about 30 mg/day.
Thereafter, estimated risk continued to rise roughly
linearly in a dose-response relation. At no point did the

. estimated risk cease to increase with increasing caffeine

intake. There was no observed plateau effect.

Relation between caffeine clearance and fetal growth

Using maternal caffeine half life as a proxy for
clearance rate, we found some evidence that the
association between caffeine intake and fetal growth
restriction was stronger in women with a faster caffeine
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clearance than in those with slower clearance {test for
interaction, P=0.06) {table 5).

Relation between smoking in pregnancy and fetal growth
Women classified as active smokers (based on their
salivary cotinine concentrations) had nearly twice the
risk of fetal growth restriction compared with women
classified as non-smokers (adjusted odds ratio 1.9 (95%
confidence interval 1.4 to 2.6}, P<0.001). The birth
weights of babies born to active smokers were 178 g
lighter (95% confidence interval 127 to 230 g) than
those born to non-smokers (P<0.001). Adjusting for
nausea (reported by 81% of the population in the first
trimester) did not alter these results.

DISCUSSION

This is one of the largest prospective studies investigat-
ing the association of maternal caffeine intake with fetal
growth, Matemal caffeine intake was associated with
an increased risk of fetal growth resiriction even after
adjustment for'smoking and alcohol intake. We could
find nolevel of intake at which there wasno association
with increased risk of fetal growth restriction. The size
of the association for caffeine was of a similar size to that
for alcohelintakein pregnantwomen in this sady {data
not shown).

The strong association between caffeine intake and
birth weight was maintained across all of the trimesters.
However, from these results we cannot define a critical
time window for any maximal effect. This clearly
warrants further investigation.

Strengths and weaknesses of the study

Although only 20% of the women we invited took part
in the study, this low response rate does not lessen the
validity of our data, as the association of caffeine with
birth weight should not be different from that in the
general population, especially as various confounders
were taken into consideration. In addition, examina-
tion of our maternity databases indicated that the
population we studied was similar to that of the
maternity units as a whole.

A major strength of our study is that we have
objectively quantified caffeine from all known sourees.
Caffeine intake was validated by comparison with a
food diary and repeated measures of exposure from
saliva samples,” and we believe that, for the first time,
this reflects a true picture of total caffeine intake by
women during pregnancy. More than 60% of the
caffeine consumed was from tea, and only 14% from
coffee. Our findings emphasise the weaknesses of
studies where caffeine intake was equated to that of
coffee alone. Weng et al reported that coffee was the
sole source of caffeine in 19% of their pregrant cohort,
and 44% consumed caffeine from combined caffeine
and non-caffeine sources.® Since 26% of caffeine intake
in our cohort was from neither coffee nor tea, studies
that concentrated on coffee and tea alone would have
grossly underestimated caffeine intake.

Study results in comparison with other studies

Caffeine consumption almost halved in early
pregnancy (from 250 mg/day before pregnancy to
150 mg/day in the first trimester), as has been reported

Table 4|Unadjusted and adjusted linear regresston for birth weight among offspring of 2635 pregnant women according to

caffeine intake during pregnancy

Unadjusted change In birth weight (g)

Adjusted change in birth weight (g)*

Caffeine intake (mg/day) Change (95% C1) Test for trend Change (95% Cl) Test for trend
Avaerage over pregnancy:
<100 0 0
100-199 ~% (=5110 50) =21 (-62to 20)
200-299 -63 (F129to 4} Pe0.001 -70 (123 to ~18) P=0.004
2300 ~144 {221 to -66) -63 (-119 to -6}
In weeks 5-12:
<100 0 0
100-199 =6 (=58 ta 45) -34 (-7610 8)
200-299 =66 (-134 10 2) Pe.001 -61(-112 to -9} P=0.00
=300 -144 (-220 to -69) -59 (~114 to -4}
fn weeks 13-28:
<100 0 0
100-199 -15 (~74to 44) -24 (-72to 24)
200-299 =44 (+119 t0 30) PF0.003 =65 (~124 to -6) P=0.006
2300 =129 (-212 to 46) -74(-138to—-14)
In weeks 25-40:
<100 0 0
160-199 -25 (-98 ta 48} -66 (~125 ta ~7)
200-299 -61(-154t031) P=0.009 -69(-141t0 3) P=0.004
2300 -119 {-211t0-27) -89 (-158 to -21)

*Adjusted estimates take account of maternal age, weight, height, ethnicity, parity., smoking status (salivazy cotinine concentration), and alcchol

intake and neonatal gestational age at delivery and sex.
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Table 5|Stratification of risk of fetal growth restriction among offspring of 2635 pregnant
women according to caffeine intake during pregnancy and caffeine half life {proxy for
clearance)

Risk of fetal growth restriction*

Caffeine Intake (mg/day) 0Odds ratio (95% CI) Test for trend
Shorter caffeine half life (n=774)1

<100 1

100-199 1.6 (0.9103,0)

200-299 2.4 (13 to 4.6) P=0.02
2300 1.7 {(0.9t02.3)

Longer caffeine half life {(n=764)1

<100 1

100-198 1.1 (0.6t01.7)

200-299 0.6 (0.3t01.3) P=0.8
2300 1.5(0.7t02.9)

Test for interaction of half life P=0.06

*Adjusied for maternal age, weight, helght, ethnicity, parity, smoking status (salivary cotinire concentration),
and alcohel intake and neonatal gestational age at delivery and sex.
1Shorter caffeine kalf life (smedian value)=faster clearance; longer half life (median valug)=slower clearance).

elsewhere.*® The mean caffeine intake throughout
pregnancy was much lower than the limit of 300 mg/
day recommended by the UK government’s Food
Standards Agency'® and in the USA.3

Several studieshave concluded that caffeine intake of
>300 mg/day is associated with low birth weight or
fetal growth restriction*® Our study confirms these
findings and further defines the nature of the associa-
tion. We could findno level of intake at which there was
no association with increased risk of fetal growth
restriction, and this risk was maintained throughout
pregnancy. Although the overall size of the reduction
in birth weight may be seen as small, an extra 60-70 gin
weight could reduce perinatal morbidity and mortality
in an already compromised fetus. The steep decline in
risk associated with caffeine intakes of <30 mg/day
may be atiributable to unmeasured confounding.
Furthermore, women who consume little or no caffeine
may be generally more health conscicus than those
who consume more, and the effect may be one for
which we have been unable to adjust. .

We found that average caffeine consumption of
>100 mg/day was associated with a reduction in birth
weight of 34-59 g in the first trimester, 24-74 g in the
second, and 66-89 g in the third {after adjustment for
smoking status and alcohol intake). Similar results were
seen by Bracken et al in a prospective study of 2291
pregnant women in the US, where mean birth weight
was reduced by 28 g for every 100 mg/day of calfeine
consumed {P=0.0001), but the risk for fetal growth
restriction was unchanged {odds ratio 0.96).% This
difference could be explained by methodological
differences in the studies.

A Danish cohort of 1207 women drinking at least
three cups of coffee a day before 20 weeks of pregnancy
were randomised to receive either caffeinated or
decaffeinated instant coffee: there was no significant
difference in birth weight between the two groups after
adjustment for parity, gestational age at birth, and
smoking.*” However, these women were recruited in
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the second half of pregnancy, so the effect of first
trimester caffeine intake was not assessed, and there
was no biochemical confirmation of participants’
compliance with caffeinated or decaffeinated coffee
consumption. ‘

In addition, Bicalho and Filho reported no associa-
tion between maternal caffeine consumption and low
birth weight after adjusting for confounding variables
in a case-control study in Brazil * '

Caffeine metabolism

Some of the variation in previously reported associa-
tions between caffeine intake and pregnancy outcomes
may reflect the effect of differences in caffeine meta-
bolism. The degree td which a fetus is exposed to
caffeine and its metabolites, which pass freely
across the placenta, depends on maternal cytochrome
P450 1A2 (CYP1AZ2) activity because this enzyme is
absent in the fetus. We complemented our assessment
of caffeine intake with a measure of caffeine meta-
bolism and observed that the association of caffeine
intake with fetal growth restriction was greater among
women with faster caffeine clearance.

Caffeine is primarily metabolised in the human liver
to paraxanthine,® but there is little data about meta-
bolism in pregnant women. In our study caffeine was
metabolised to paraxanthine, theobromine, and thec-
phylline, with theobromine present in highest concen-
tration in most of the women. As we were unable to
measure the rate of formation or subsequent meta-
bolism of these primary metabolites, we cannot
attribute the association with fetal growth to any single
metabolite. The association we observed may be dueto
caffeine itself or one of its metabolites, or to any
combination of them.

In a study of pregnant women who smoked,
Klebanoff et al reported a positive association between
maternal paraxanthine concentration in the third

WHAT IS ALREADY KNOWN ON THIS TOPIC

Caffeine is the most common xenobiotic consumed in
pregnancy, and there are conflicting results regarding the
association of increased caffeine intake in pregnancy with
fetal growth restriction and low birth weight

These differences could be explained by inconsistencies in
accurate quantification of caffeine and in the definition of
fetal growth restriction

WHAT THIS STUDY ADDS

Matemal caffeine intake is associated with an increased risk
of fetal growth restriction after adjustment for smoking and
alcohol intake

The size of the association for caffeine intake with fetal
growth restriction is similar to that for alcohol intake

The assaciation of caffeine with fetal growth restriction
seems to be strongerin womer with faster caffeine clearance

Sensible advice to pregnant women would be to reduce
caffeine intake before conception and during pregnancy
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trimester and having an infant that was small for its
gestational age.*” In another study, the highest con-
centrations of paraxanthine were associated with an
increased risk of spontaneous abortion.* Recently,
higher cord blood paraxanthine concentrations have
been shown to be associated with an increased risk of
intrauterine growth restriction after adjustment for
caffeine levels, implying an effect of CYP1AZ2 activity
rather than absolute levels of paraxanthine.* Further
consideration of the role of CYP1A2 activity and
caffeine metabolites is clearly warranted.

Conclusion

This large prospective cohort study has demonstrated
that maternal caffeine intake is associated with an
increased risk of fetal growth restriction. The threshold
at which this risk is significantly higher is not well
characterised, but our data confirm that the association
of fetal growth restriction with caffeine is reduced for
those consuming <100 mg/day. We suggest that
sensible advice for women contemplating pregnancy
is to reduce their caffeine intake from all sources before
conception. Once pregnancy is confirmed, they should
make every effort to stop or markedly reduce caffeine
consurnption.
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Summary

In English

In this report a risk assessment of caffeine in children and adolescents in
the Nordic countries is presented. The report has special focus on-effects
on the central nervous system. It follows the standard template for risk
assessments, starting with a hazard identification and characterisation of
caffeine, followed by exposure and risk characterisation. An overview of
consumption data on caffeine-containing foods, especially caffeine-
containing beverages consumed among children and adolescents in the
Nordic countries, is presented in the exposure characterisation.

During the last couple of decades, consumption of caffeine-containing
soft-drinks, especially cola drinks and so-called “energy-drinks”, has
- increased substantially. Several fatal episodes, due to extreme intakes of
stimulant drinks (“energy drinks”) in combination with alcohol, have
alerted regulatory bodies and the scientific community. International sci-
entific institutions, such as the World Health Organisation (WHO), the
Scientific Committee for Food (SCF) and the European Food Safety Au-
thority (EFSA) have not determined an acceptable daily intake (ADI) or
upper tolerable intake level for caffeine.

Regular daily consumption of caffeine-containing beverages is wide-
spread in all age groups throughout the world, including children, who
mainly are exposed through the consumption of cola drinks and cocoa-
containing drinks and foods. Caffeine has multiple effects on the body,
including effects on the cardiovascular system, increased renal excretion
and gastric secretion. Possible adverse/unwanted effects of caffeine on
children are most likely to appear in the central nervous system; accord-
ingly, this topic is discussed rather thoroughly. The main molecular
mechanism of action is its inhibitory effect on the adenosine receptors,
which are found in many tissues including the brain. Although caffeine is
one of the most extensively studied food constituents, most human stud-
ies have been performed in adults, and our knowledge about effects in
children and adolescents is limited. '

High exposure to caffeine in adults may induce health effects like
nervousness, anxiety, restlessness, insomnia, tremors, and hyperesthesia.
However, the doses of caffeine associated with severe frank neurotoxicity
appear to be far above those commonly consumed. Evidence from many
sources demonstrates that neural development extends from the embry-
onic period throughout adolescence, but available data are insufficient
and do not allow a conclusion regarding eventual adverse effects of caf-
feine on this development.
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Studies on the effects of caffeine in children and adolescents have in-
vestigated tolerance, dependence and withdrawal symptoms, cognitive
performance and behaviour, anxiety and depression. Although very rele-
vant, no studies specially focusing on the effect of caffeine on sleep in
children were found.

The following points summarise the epidemiclogical studies of rele-
vance to children:

1. The epidemiological and clinical studies reveal that the scientific
interest on the question of caffeine’s effect on children and adole-
scents has been modest, especially during the last decade. Most
studies were conducted long ago and did not always differentiate
between the effects of caffeine and other dietary factors, such as
sugar, and were in some cases performed with a small numbers of
participants.

2. One overall impression is that individuals differ substantially in
their susceptibility to caffeine-related adverse effects, and that this
may influence their usage patterns of caffeine-containing foods and
drinks.

3. A distinction should be made between adverse effects induced by
caffeine abstinence in habitual caffeine consumers (withdrawal
symptoms), and adverse effects induced in low- or non-consumers
that are suddenly exposed to higher dosages. '

4. As in adults, moderate intakes of caffeine have a stimulating effect
on children and adolescents. Higher doses may produce negative
effects like nervousness, jitteriness and anxiety, especially in those
who normally are low-consumers.

5. Dependence and tolerance should be studied further.

6. Children/adolescents with any type of anxiety problem, with head-
aches, or with sleep problems, should be checked out for caffeine
consumption.

Although there is a striking lack of quantitative data on the effect of caf-
feine in children and adolescents, the project group identified, through
- literature studies, several biological effects of low level caffeine expo-
sure, such as tolerance development, withdrawal symptoms and anxiety
and jitteriness. For tolerance development NOEL- and LOEL-values of
03 and 1.0-1.3 mg/kg bw respectively, were identified, whereas a
LOAEL for anxiety and jitteriness was identified at an intake of 2.5
mg/kg bw. Although it is known that caffeine can induce sleep distur-
bances in children, no studies in children with this endpoint were identi-
fied. It was noted that in non-habitual caffeine consuming adults, sleep
disturbance was induced at a very low intake (in the same range as that
inducing tolerance development).
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A large inter-individuval variation both among children and adults in
clearance rate of caffeine should be noted. In addition, the rate of bio-
transformation of caffeine is different between children and adults. Up to
about one year of age the elimination is very slow, whereas up to about
10 to 12 years the clearance rate is increased in comparison with the rate
in adults.

Consumption of caffeine-containing foods and drinks among
children/adolescents in the Nordic countries

Caffeine-containing soft drinks are the main source of caffeine in chil-
dren and adolescents. Based on dietary surveys among children aged 4-6
years in the Nordic countries, in consumers only, the caffeine exposure
varies considerably, the 50™ percentile being about 0.3 to 0.5 mg/kg bw
per day and the 95" percentile about 1.0 to 1.7 mg/kg bw per day. Among
teenagers, the Icelanders have the highest consumption of soft drinks
among the Nordic countries. Their high overall consumption is reflected
in the cola consumption among teenagers, being twice as high as in the
other Nordic countries at the 50 percentile and four times as high at the
g5t percentile. Ten percent of Icelandic 17-year-olds drink more than 1.5
litres of cola per day (equivalent to 200 mg caffeine/day or > 3 mg caft
-feine per kg bw per day), while the high-consumers among the teenagers
in the other Nordic countries rarely exceed 0.5 litres per day (equivalent
to 50 mg caffeine or 1 mg per kg bw per day). Among consumers only,
the median intake was around 0.3 to 0.6 mg/kg bw per day in Denmark,
Finland, Norway and Sweden, whereas it was around 1.3 mg/kg bw per
day in Iceland. However, the age groups are not directly comparable.
Furthermore, in neither of these intake estimates, caffeine from coffee,
tea and chocolate were included. Thus, the true caffeine exposure is
probably higher than stated above in all groups above the 50 percentile,
particularly among teenagers.

As far as our consumption data allow us to conclude, the exposure to
caffeine among Nordic children 46 years is below the NOEL for toler-
ance development for approximately 50 % of the children. Ten percent of
the children with the highest consumption exceed the level where toler-
ance may develop. .

Many Nordic teenagers have an intake of caffeine that can be associ-
ated with tolerance development and withdrawal symptoms, while ap-
proximately 20% of the teenagers might be exposed to levels of caffeine
from caffeine-containing soft drinks inducing anxiety and jitteriness.
There are large inter-individual differences in tolerance development and
some reports indicate that a substantial fraction of teenagers might have a
problem with controlling their caffeine intake.

In adults, there is a general acceptance for caffeine intake levels asso-
ciated with tolerance development and withdrawal symptoms. This
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might, to a variable degree, also be the case among teenagers. However,
such effects of caffeine are unwanted in children below the age of 12.
The Project Group therefore considers the current exposure of children in
the Nordic countries to caffeine to be of concern.



February 1996 ' 59

R

BEEDOH T A v, FA T VRE
FAT7 4V VOEHRE
(ERk 746 F 24 54Z18)

SFREFY FHEMRT

oh B JE B
ANSEFH ERAERY ZEREEE
H #f 17 56 ' |

Survey of Caffeine, Theobromine and Theophylline in Foods
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hakoctiate., ThoDBRRIE, FEOPHELE
LESIBATE, BATIORENS bbb
¥+, ZOSERBCOVWTHESEMREI LTV, £T
<, EELRBAORROINS 3BO{LAMOERE
BrHohiT I RBEED B LEL, SWEY 2ER
L, ThzAVTTRAROBEERT . &/, &
 m—k—gH, TaTHOBEENETISMETHEL
kD& OEEREAEL, TRotkHOSHERLH:
EERET L2,

EBRFEK

1. & #

ERE 2~4 FICHETEATHER S TV o BEERE K
03 Wik, EFHE 12084, KERUTARZ Y — 468
* EEIITE T T169 HREHEREE AR 3-24-1

* RRESRVAERRSEST T190 RRELH AR
3-16-25
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Table 1. Caffeine, Theobromine and Theophylline Contents of Commercial Soft Drinks
Caffeine Theobromine Theophylline
No. of
Sample samples No.of ¢ ntents {mean) No.of oo ntents (mean) Contents
. P positive we/g) positive wg/e) we/g)
samples E/8 samples g/8 8/

Coffee 34 34 110~990 (450} 0 ND ND
Black tea 18 19 79~430 (170} 19 Tr~ 45( 19) ND
Green tea 5 5 94~200 (140) 5 Tr ND
Oolong tea 8 3 160~230 (200) 5 ND, Tr ND
Cocoa 3 3 Tr~ 16 ( 13) 3 130~150 {140} ND
Carbonated drink 15 13 NB~180 ( 99) 0 ND ND
Health beverage 9 9 Tr~470 (330) &) ND ND

ND: Not detected; Tr: Below 10 ug/g

L, BhaEA»8L k.

P 14g % 80° ORI 25 ml ICIEMREL /.

35 U3 £ZE 15 g % 90° DES 650 ml T 30 B
BHL, BhicafsrbBLik,

4) v—ovik w7 TT-NHK ES5CEKEMA
BRicHm L.

5) EK: EE1500mlic 63 g DEXEAR, 354
EarxcEhiuidchigI ¥R 0 2EERT
BEL, AHABL

6) a37:4g®3 37100 ml OBEEINA,
ERE L,

HRERUEBE

1. WREREFKFO CF, TB RU TP SHE

HIROBREEAKIC>WTOREARERE Table 1 i<
L7

a— bk —Ti, CF#110~990ug/g (Fi3 450 pg/
g) BEah, 34BEDI9RE L ZDE < 3400~
600 ug/g DHFE TR E hiz, 110~350ug/g & HB
HHEBEDSDOEA 724 LRI — e —4RARLET, B
Bihp o — b —OEEHEVSDTH -1, HiL, G
EObORTAR2I—E—, 41 FVTYO—RFIET
Hot. BE, hoo8lEhs i TBRU TP ki
Ehiid -t '

¥ T3 CF M 79~430 pg/g (EH 170 ng/g) ﬁ
Hxh, 19kEd 12 s FHELEE 100~200 2g/
g DEBANTH - . CFEFRVHEENGV OO
W Fa—, TARF4—HET20ug/g Pl ETH-
7z. TB diiah, IO 10 BksHs 10~20 ng/
g DHEANTH - 1-. CFOSEROZVHOIE TBOD
EERLEVHERHSBD LI UE, uﬂ‘“n# 5%
TP FRE S hiid - f.

. B&FZETECF 5 94~200pu8/g (ﬂiié.l 140 pg/g) ¥
\&éﬂ,ﬂwimuygﬁmeﬁﬁﬁénﬁﬁo
7. :

v—uoriid, BAXKLD CFEERMNPLPEVER
KhH b, ¥200ug/g (8 200ug/g) Th 7.

327 T CF &b TBOESHENEL, #4140 ug/
gTH-T. CFIR1IBEMNIOug/g KM TH » /2itb
i3, 10~16 pg/g Betis hufe.

BRBEEOELAERI—SHETHY, A 721V
LB b O, LIV N S 80~180ps/g (i
99 pg/g) BHEN., CHhIEIBEFLEEETH -
7.

EEEEMIME T, REREREL & ARk CF © & A588IN
sh, *OSERIT 10 ug/g KE~470 ug/g (B
330 pg/g) EEEFRICKERENFED ORI, E,
CF Mo Tih B bbb bd, 10ug/g RKiG0
L0 LERES D, BERCESERLN S OBEEHR
LTHRALEBAICRERFOMBESEEOATVWI L HER
5hd,

PEoEgkKkogREE &M &, 3FEOLEY
MEE RS- bOREL, HXEaaTHhoCF
L TBARB RSN, HEE -0 YR TH
CF Ofiiic TB bl s hiz 48, BEEE 10 pg/g K
ThHot. Fh, SHOFPETCFEFRB I~ —B=
BHEL, RWTYy—uo v, fARX BER 3270
JETH -7, CFARMEhEREEE, TOoa8FE
RASBHLOEMRSNIN, REShLbORAX
XDOCFEERIAEETH - k. BEEHEKES CF
EFBOIRLENKREL, BRRRELHTL—EHL
HousDbdbo/. TROFERIIITHEESLEC,
HARD CF SEREFABETH» 1L

2. KE FARAZY—LEPFOCFRTBRUTPE

g2

*%,74290—A®ﬁ§#%%T%k2hTL
1. ‘

-t -0 28EH SR, HROI - —KET

B s hE CFEEROVEYEEREED CF kit
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Table 2. Caffeine, Theobromine and Theophylline Contents of Commercial Ice Creames

Caffeine Theobromine Theophylline
Flavor of No. of
ice cream - samples NO.' .Of Contents (mean) NO.‘ .Of Contents (mean) Contents
p positive we/2) positive (wg/g) we/g)
samples &/ samples /8 g/8
Coffee 2 2 380, 410 (400) 2 130, 340 (240} ND
Ground green tea 4 4 230~440 (290) 0 ND ND
Chocolate o4 4 38~290 (120) 4 650~860 (800} ND

ND: Not detected

Table 3. Caffeine, Theobromine and Theophylline Contents of Commercial Confectionery

Caffeine Theobromine Thef}phyl-
line
Sample No. of No. of
samples 0.0 Contents {mean) No.' ?f Contents (mean) Contents
positive positive
samples eg/g) samples ueg/g) (zg/g)
Chocolate 40 37 ND~1,800 (610} 39 ND~13,000 (3,500) ND
Chocolate products 25 23 ND~ 500 (180) 25 - 560~ 2,700 (1,300) ND
Jelly  (Coffee) 5 5 250~ 550 (370) 1] ND ND
(Black tea) 1 1 150 0 ND ND
(Chocolate) 1 0 ND 1 260 ND
Youkan (Ground green tea) 10. 10 37~ 190 ( 87) 0 ND ND
Candy (Coffee) 17 17 37~2,000 {630) 1 ND, 1,200 ND .
(Black tea) 5 5 40~ 110( 79} 1 ND, Tr ND
(Ground green tea) 3 3 60~ 380 (190} 0 ND ND
(Chocolate) 3 3 40~ 160( 99) 3 11~ 1,500 ( 710) ND
{Others) 2 1 ND, 2,500 0 ND ND
Chewing gum 7 4 ND~1,400 (660) 0 ND ND

ND: Not detected; Tr: Below 10 ug/g

nf, f£h, - -2 SEEHESAEL - TB
MREEI LM, chil EMEER»CEBOENT
BMshtcoa7icksbDEEAZLONS. HRXEDS
i 230~440 ug/g (F15 290 ug/eg) @ CF ks h
fods, Thid, MRBARHOEEEOH 2L TR
ETCH-t. Faav—tEDLOH LI E50~860
. ug/g (F¥3 800 ug/g) @ TB, 38~290 ng/g (FH 120
pg/e) OCFHgahid chos2idiEoaz7
Mokl L EIgEEH~B &, TBOSH6{E, CFASH O
VTN ERETH -7, CFH2900ug/ghilsh
FFaav—rEEO&DIE, 2—k—TH-oTxhi
F o THA>TWi®, CHiCH¥ TS CF g
hi-sDEERS,

3. EFEho CF, TB RU TP 882
ETHoORERES Table 3 it/ L1,

Fa2r—+Tl, FTIA P Faarv—rhi0Th
OILam b S iih - iz, CF & TB Ooff{ts
HE bR h, BitoBRICHE~XT TB I EBREIK
Bl s s, TBIZ 40824 ik & 5Pl Lo

2,000~5,000 ug/g, CF (T 40 ffkds 19 Bafdk & MR
{ H200~500 pg/g OEEHAK H b, CFEFROE
WHDIE TBEFRLSVERFED LN, ChoXk
RO 7 2 THRE L ESEE B &, TB ¥ 25 {%,
CF 4T 15 L BRI, Kk rTtEEED
CFRU TB2BINI 20l HE5:FL o0 5,
Th CFRU TB BB ESREDLDICBY Sy ~F 2
JL— L, BETOL A I0EENENT E
HiEMEh3, FH FaaL— FEFTH CF,TB
BEbiRHEah, CFOSHEMSEFVLORI TBOSE
ERLEVHEREXAAD SR, CFRUETBESHERR,
HRHOF 3 3 v -+ OEERUISSEEL TV E
EZohsh, CF, TB LbiUEBNEEEKRHEH
le7 4 W —Fad, BF s aBERBEMCEy —
Fadl—FEFbOTOSE T EMHEEENS,

¥ —TE - —BRRUHAREDO bORELENT
BRD o — b —FRUHRNL EOEFERIKETEEDSE
BTh-k L3 ARKEKOLOREODVWTRES
T-1cds, MROFHAKE LRRED CFEEEDQLD
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Table 4. Contents of Caffeine, Theobromine and Theophylline in Brewed Coffee and Tea
Caffeine Theobromine Theophylline
No. of
Sample samples No. of Contents (mean) No. of Contents (mean) Contents
p positive g/g) positive we/g) we/g)
samples g samples E/8 £/8
Coffee 10 10 240~ 880 (650} 0 ND ND
Black tea 5 5 200~ 520 (360) 5 10~ 47 ( 20) ND
Green tea 8 8 340~1,800 (700) 8 Tr~ 46( 33) ND
Oolong tea 2 2 250, 330 (290) 2 Tr ND
Mate tea 1 1 95 1 47 ND
Barley tea 1 0 ND o ND ND
Puerh tea 1 i 99 1 Tr ND
Cocoa 3 3 830~ 100{ 93) 3 750~1,000 {840) ND

Brewing is carried out according to reference 10 and 11.

Data are average of three trials.
ND: Not detected; Tr: Below 10ug/g

LIRS - 1o, BB K D PPEVERS - /.
 BBPHLTRI—e—-BRo b0, IRTBHESIENE
REhkbOOhic 1,400~2500 ug/g & EiME® CF
HBRlshz b0k, COSHEREHRO 2~
b-fRElE P e KT 5 L0 3~5{EbFBET
Hof. CFE2500ug/g BB+ 255 (95 g/l
Z10EE~Z LHAERHCERBIATHWS CF 0B
HE (0.1~03 g/E]) kKT s &hd, EROM
AEREENDETHLEERAS. METCIIOLIKR
CF OB>biREE L SO BIER AR O 3R &
LTHFETIEEHBAOND, THhbEDPH LY
KRS ISR P EROBIREE S fcobD b H T
b, THALEBRICELTSEREZTEOMZ K
WT, BRBAETIZNENDBLEEL 5.

4. 2—E—SRUEEHNCETHRBTIEGTHE

L1z#&®D CF, TR RU TP SEE

-t —, IERCERZEHE & 5HROERK
K >WTHEET- b, ThoOBEMERE
I— b —RRURE» GIERKAT 28 THH L 28
& CF, TB KU TP SERICENS 3 0BT 5 b
HAEET-7. &b, A EC VW TREFRESEE
BRAERY RUCHBAASFHIO ci# il L, 1 oW
T3EMHETY, £oEHEEKYD, &E% Table
4 IKFRLE. '

I—t—TRTHRO I - —REEEHICCF Oa
BHxh, FOSFRBEENI 724 vT— -3 240
pe/g LEBETH - 1M, TOMEREOERICLYS
PLORFLE>ENHSEH OO 550~880 ug/g EHIRD
a—-b - TEWERERLL. AhTh, T
AZF Y=Y o (FTARI——H), 1517~
v— R FEEE, TROa -t —FE &R, fho
o — ki 830, 880ug/g EEBEERBEI .

FIRTHECF & TBHBRUEN, CFRF 1+ —¥y

T 210 pg/g H{EBETH 120, FOMBOLDIIE

420~520 ug/g LTHIIRDFRYH LV EBETH - /2.
TB i3 10~47 pg/g ETHIROIFZBRBcEXTPPE
WERERL o8, RELENVEZED Stk - /.

BAZTHCFETBERHEEHh, CFRIEE®
1,600 ug/g B U HEZR D 1,800 ug/g 2B %, 340~490
pg/g EHHOBRKE L 0 hROIBVECRESH
7o. TB BEED 20 ug/g BUHERD 46 pg/g B &,
LR OREBELI T ¢h b, TROBREE &ERE
DEETRE SN, v — o & T CF 250, 330
ug/g (EH 290 ng/g) BEEhi-H, chbthiRo
Yo rHELhEh -

737 T CF & TBYKki & h, CFi380~100ug/
g (E593ug/g) KF TB i 750~1,000 ug/g (34
840 ug/g) LWFhTHEO 12 7~ TER
ETh-1 . -

PDEoERL viBEERET 358 THE LIz D CF,
TB &FEE, RSN T AEEREKEKDT — € —,
A, v—ovE BERRUIZ7EELHELT,
BVWHEHEIICH -7 E-T, Thbo{kaMiz, ks
HACHSIL RB&0EH, Lo ENT 8RS
BT LMo ofc. i, BMFROT, EEOTHRD
R oHRBE R CFRUTBZZDEFRI LXK
DI~k —, XRETa7RLEOFRMBICEEXT 260
T, CFRUTBZ0ObONEMENEbOTEEVS
DEHEEND,

5. -kt~ XEPOCFREUTBEHE

WETRY v F—DOPICAEOREEANLD, £H
moRML SBROAEL+ATINE, HRkogHoH
HERLEBUSHBE~FLRRILME, 2l T, -
E—BRUHED CF XU TBOSERER~, BEH
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Table 5. Comparison of Caffeine and Theobromine Contents in Coffee Beans and Tea Leaves with

Those in Brewed Coffee and Tea

Content* in coffee

Content* in brewed Extracted ratio

Sample beans and tea leaves coffee and tea (%)
CF TB CF TB CFr TB
Coffee 13,000 240 11,000 ND 85 —
Black tea (leaf) 35,000 4 600 17,000 1,900 49 41
(tea bag) 30,000 2,500 8,800 440 .29 18
' Green tea (regular) 26,000 1,200- 21,000 260 - 81 22
(Gyokuro) 28,000 1,000 9,600 120 34 12
({tea bag) 26,000 1,500 10,000 130 38 9
Mate tea 8,400 9,000 4,100 2,000 49 22

Brewing is carried out according to references 10 and 11.

Date are average of three trials.
ND: Not detected
* Content is g /g of beans or leaves.

BT a5 ol Lzt L T 3 CF R TB
OREHEL, #R% Table 5 IRL . HOMHER
I-t—FRURE1g Xk bo, BHERNOLSE
BLBEHABRTERLEBERLTVWS, BHR (o—
E-—BNERE I gShoBEHE/ I -EXEE
T gHhhDREFEXI0) 245L, 3—-k—-&
R D CF M4 80% EEWHBHETEH - it 29~
49% LK<, TB b 9~41% E{E,L -7/, Zh i b,
BRI O PR T I RIEDIC CF RU TB S b @
BR-THh, RETOLDEHT IHAITEIEHRENC
HENGREOCF P TBAEBHRT A L5 NER
THEMNENMS B, '

F & &

1) #ilReo o — e -k, SEFKRE, oo 7KE,
KE, TARXR7 ) —sEhoRiBEhCFRUTB R
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i, IR SENRRENLHOPH LICCEH
2500pg/g EEBEILENS N bOHS - 1.

2) WTFhoMEASZ» S & TP RS-
7.

3) REHSOCFRU TBOBEHRILEKL, FES
DLOEETIHANHERBCHEAEBEOCF
TBABNT A ERBIEEERETIHNENE B,

E 3 _

APFERETH b, BREOIERUBAC A
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=ZLET.
X [
) 7] &, HABET. OJIET AR 29, 136~140
{1988).
2) Strahl, N.R, .Lewis, H., Fargen, R: J. Agric. Food
Chem, 25, 233~235 (1977).
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44 (1984).
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347~354 (1992). ’
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{1985).
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Chem. 61, 1,424~1,427 (1978).
7) Zoumas,B. L., Kreiser, W. R, Martin,R. A. Jr.:]).Food Sci.
45, 314~316 (1980).
8 G %, BRETF, AN K BEKT: REE 27,
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9) FEET, FHEXR DELXE ALz, EBEES,
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536540 (1982) XEEHIRIE.
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Analysis of Catechins, Methylxanthines
and L-Ascorbic Acid in Tea Leaves and Tea Drinks

- CHIGUSA KOBAYASHI*, MITSUO NAKAZATO?,
 YUKIKO YAMAJIMA®, YUKAKAWAT**,
YUKINARI TATEISHI* and KAZUO YASUDA*

A survey of the contents of eight catechins ; epicatechin (EC), epigallocatechin (EGC), epicatechin gallate
(ECG), epigallocatechin gallate (EGCG), catechin <), gallocatechm (GC), catechin gallate (CG) and
gallocatechin gallate (GCG), three methylxanthines ; caffeine (CP), theobromine (TB) and theophyliine (TP),

. and L-ascorbic acid (AA) was carried out on tea leaves (green tea, oolong tea, black tea, etc i freshly brewed .
 tea using the above tea leaves and commercial canned tea drinks. ' '

"The catechins and methylxanthines were extracted simultaneously from samples, and chromatographed

. simultaneously by HPLC. The AA was analyzed elsewhere by HPLC. The contents of total catechins, CF and

" AA in green tea leaves {sencha, gyokuro and maccha) were in the range of 92~150, 22~38 and 0.6~5.9mg/g,

respectively, that 'in the colong tea leaves they were in the range of 33~87, 22--30 and 0~0. 5m§/g,

. respectively, and that in the black tea leaves they were in the range of 10~65, 23"-33 and 0~0.5mg/g,
respectively. ]

In the case of tea leaves and freshly brewed tea, the major components in the catechines were EC, ECG,
EGC, EGCG, and the four catechins accounted for more than 90% of the total catechins,

On the other hand, in canned tea drinks, isomer types of the above four catechins, that is, C, CG, GC ‘
GCG, were detected more abundantly. The isomer type catechins accounted for more than 50% of the total
catechins in the canned tea drinks. The components of catechins in the freshly brewed green tea were
changed to approximately those in the cannned green tea by reflux, These findings suggested that
epimerization of catechins took place during the sterilization process in the production of canned teas.

Keywords . 77 7 % #} catechins, 3% % 5 248 methylzanthines, 7 A 31 ¥ VB L-ascorbic acid, 7%
% tea leaves, FRHRF tea drinks, BEWEY W< b5 7 4 — HPLC '
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(CG), HaH 7% GC), HuhF&vHL— MGCE)
DEET SO N 7 U H(Figl), AFVFHFUEHO

- 0OH

Wb 724 ¥(CF), 74723 X(TB), 474
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P 8 ~ O BIEEHMTHE S LT, &,
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FiZOWTHAELT2
2. H

1) 5% YRR AEREEN | C, EC, GC, EGC,
GCG, EGCG, CGRUECGERTEMBE10mgs b,
01%AFY VEE—2 % /=M1 ¢ 1NERTHERL10ml
L (h7svE: mmpym)
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3) AFERVE~AFNEY T ERATREN

N T VSR ATERENRIm E A F VR YT VERA
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HFRFL TRV,
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Fig, 1. Structures of Catechins
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