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Abstract

Objective: The aim of the study was to compare caffeine and paraxanthine concentrations in venous blood of
pregnant women and in the umbilical cord blood of their newborns.

Materials and Methods: Pregnant women who gave birth at the Clinic of Obstetrics, Gynecology and Oncology,
2nd Faculty of Medicine, Medical University of Warsaw were included in the study. Caffeine and paraxanthine con-
centrations were analyzed in 30 samples of venous blood serum drawn from the women before delivery and 30
samples of umbilical cord blood serum of their newborns. Caffeine intake in the last 24 hours before delivery was

estimated using a questionnaire. Statistical analysis employed a linear logistic regression model, Wilcoxon rank sum
test and a non-parametric Spearman’s rank correlation coefficient.

Results: No difference was found between caffeine concentration in maternal venous blood and neonatal umbilical
cord blood. However, paraxanthine level in venous blood was higher than in umbilical cord blood (p = 0.04).

Conclusions: Caffeine consumed by a pregnant woman passes through the placenta to the fetus freely.
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Streszczenie

Cel: Poréwnanie stezenia kofeiny i jej metabolitu (paraksantyny) we krwi Zylnej kobiet ciezarnych i krwi pepowino-
wej noworodkow.
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Materiat i metody: W badaniu wzieto udziat 30 pacjentek rodzgcych w Kiinice Potoznictwa, Chordb Kobiecych
i Ginekologii Onkologicznej Il Wydziatu Lekarskiego Warszawskiego Uniwersytetu Medycznego (analizie poddano
30 zestawow krwi ,matka-dziecko”). Spozycie kofeiny przez kobiety ciezarne zostato oszacowane za pomoca
wywiadu o spozyciu z ostatnich 24 godzin. W analizie statystycznej wykorzystano wieloczynnikowy model regresji
logitoweyj, korelacje liniowag Spearmana, test sumy rangowych znakow Wilcoxona.

Wyniki: Nie stwierdzono roznicy w stezeniu kofeiny pomiedzy krwig zylng kobiet i pepowinowg noworodkow, nato-
miast stezenie paraksantyny we krwi matek byto wieksze niz we krwi noworodkow (p = 0,04).

Whioski: Kofeina spozywana przez kobiete ciezarng swobodnie przenika przez tozysko do pfodu.

Stowa kluczowe: kofeina/paraksantyna/krew/ciaza/noworodek /

Introduction

Caffeine is the most common psychoactive substance in
human diet and it is consumed by the majority of pregnant women
[1, 2]. In the liver, caffeine is metabolized to paraxanthine, which
is its primary metabolite and accounts for 72-80% of caffeine
metabolism [3]. Maternal elimination of caffeine is notably
decreased during pregnancy. The half-life of caffeine changes
from 5 to 18 hours in the third trimester of pregnancy and is
conditioned by numerous endogenous and exogenous factors
[2,4]. Caffeine and its metabolites are transferred through the
placenta to the fetus, the amniotic fluid and also to the breast milk
[4-6]. The fetus, due to the immaturity of its liver, is unable to
metabolize caffeine, so it remains in the fetal body much longer
[3,7-9]. As the period of maternal and fetal exposure to caffeine
is prolonged during pregnancy, pregnant women should limit its
intake [4, 10, 11].

The influence of caffeine on pregnancy has not been definitely
determined. While some studies show that high intake of caffeine
may result in miscarriage, preterm birth, or deterioration of fetal
growth [1, 2, 12], others do not prove that theory [10, 12-14]. In
the opinion of some experts, fetal exposure to caffeine depends not
only on the maternal intake, but also its metabolism in her body
[3]. However, data about a relationship between concentration of
caffeine and its metabolites in the maternal and umbilical cord
blood and the outcome of pregnancy remain unclear [15-17].

Caffeine and paraxanthine levels are easily measured in
the serum [3]. Their concentration in the umbilical cord blood
of a newborn reflects the actual fetal exposure to caffeine
more precisely than the result established on the basis of
maternal caffeine intake. The concentration of those markers
in the umbilical cord blood shows the extent to which they are
transferred through the placenta to the fetus [15]. Data from the
literature demonstrate a balance between caffeine concentration
in maternal and fetal blood, but research on that topic remains
scant [18,19].

Objectives

The aim of the study was to compare the concentrations of
caffeine and its major metabolite (paraxanthine) in venous blood
of pregnant women and umbilical cord blood of their newborns
and to analyze the factors which may influence their blood levels.
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Material and methods

The study population consisted of women participating in
a study concerning caffeine intake conducted at the Clinic of
Obstetrics, Gynecology and Oncology, 2™ Faculty of Medicine,
Medical University of Warsaw [20]. Our sample included 30
mothers of full-term singletons who volunteered for the study.
Characteristics of some parameters of the participants are
presented in Table I. The approval of the Ethics Committee of the
National Food and Nutrition Institute was obtained.

Caffeine and paraxanthine content was analyzed in 30
samples of venous blood serum drawn from the women before
delivery and 30 samples of umbilical cord blood serum of their
newborns drawn at delivery (mother-child blood sample sets).
Caffeine and paraxanthine content was determined by reversed
phase high performance liquid chromatography (HPLC) using
2695 Waters liquid chromatograph with a PAD detector at the
National Food and Nutrition Institute. Caffeine and paraxanthine
detection threshold in this method is 0.01 pg/ml.

Table 1. Characteristics of the pregnant women (Charakterystyka kobiet cigzarnych).

N=30 Range
Maternal age [years] 19-38
Caffeine intake in the last 24 hours [mg] 0-224
Caffeine concentration in venous blood 0.02 6.4
[ug/mi]

Caffeine concentration in umbilical cord 0.05—7.22
blood [ug/ml]

Paraxanthine concentration in venous 0.01—1.45
blood [ug/ml]

Paraxanthine concentration in umbilical

cord blood [ug/ml] 0.01-1.19
Number of women smoking during 6
pregnancy

Pregnancy length [weeks] 37-42
Neonatal body weight [g] 2550 — 4466
Apgar score 9-10
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Among the factors which may affect caffeine and paraxanthine
concentration in blood, the following were analyzed: maternal
caffeine intake in the last 24 hours and the time that elapsed
between drawing venous blood and umbilical cord blood.

Caffeine intake was estimated on the basis of a questionnaire
on the frequency of consumption of products containing caffeine
in the last 24 hours before delivery. The questionnaire employed
the face-to-face method. The caffeine content in the products
which are main sources of caffeine was established through our
own analyses [20], while for the products whose consumption was
reported as ‘low’ the caffeine content was established according
to the data in the literature [21-23]. Data on pregnancy length,
birth weight and Apgar score of the newborns were derived from
patient records.

Differences in caffeine and paraxanthine concentrations
between venous blood and umbilical cord blood were analyzed
using the Wilcoxon rank sum test. The non-parametric Spearman's
rank correlation coefficient was used to assess the existence of a
relationship between caffeine and paraxanthine concentration in
venous and umbilical cord blood and between caffeine intake.
Differences between paraxanthine concentration in venous blood
and umbilical cord blood were analyzed using the linear regression
model of the relationship with the time between drawing venous
blood and umbilical cord blood.

The significance level was assumed at 5%, the tests were
two-sided. Calculations were made using Stata v.10 [24].

Results

Our study did not reveal a difference between caffeine
concentration in maternal venous blood and neonatal umbilical
cord blood. However, it found the concentration of the major
metabolite of caffeine (paraxanthine) to be higher in venous
blood than in the umbilical cord blood. (Figure 1)

The differences in paraxanthine concentration between
venous blood and umbilical cord blood did not depend on the time
elapsed between drawing venous blood and umbilical cord blood
(average 4.9 hours) (p > 0.1). Neither caffeine and paraxanthine
concentration in venous blood of the women nor in the umbilical
cord blood of their newborns was linearly dependent on caffeine
intake in the last 24 hours of pregnancy.

Discussion

The absence of differences between caffeine concentrations
in maternal venous blood and neonatal umbilical cord blood
confirms that placenta does not constitute a barrier for caffeine,
which is easily transmitted to the fetus. Data from the literature
comparing the concentration of caffeine and its metabolites in
maternal and fetal blood are scant. The balance between caffeine
concentration in maternal and fetal blood serum as soon as at 7
—8 weeks of pregnancy was determined in the 1960s by Goldstein
and Warren [18].

We confirmed such a balance on the day of delivery. In our
study, average caffeine levels in maternal venous blood were
comparable to average concentrations reported by Klebanoff et
al. [6]. As far as caffeine and paraxanthine concentrations in the
umbilical cord blood are concerned, our findings are similar to
the results obtained by Grosso et al. [9]. Higher concentration
of paraxanthine in venous blood of the mother is conditioned by
their metabolism of caffeine.
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Figure 1. Average caffeine and paraxanthine concentration in blood.

In our study, caffeine intake declared by pregnant women
in the last 24 hours before delivery did not affect caffeine and
paraxanthine concentrations in venous blood of the mothers
and umbilical cord blood of their newborns. These results
are contrary to the findings of Klebanoff et al., and Grosso et
al., who reported that increased caffeine intake resulted in an
elevated concentration of caffeine and paraxanthine in maternal
blood serum or, accordingly, fetal umbilical cord blood [6,9].
Lack of clear relationship between caffeine intake and its level
in blood in our study may have resulted from the fact that the
majority of women consumed small amounts of caffeine. At such
consumption as in case of our study population the differences
in caffeine concentrations may be less visible as compared to
other studies. Moreover, some reports in the literature indicate
that concentrations of caffeine and its metabolites in body fluids
may differ from the expected findings, which are based on the
data reported in the questionnaire. In the study by Klebanoff et
al., caffeine was present in the serum of 7 out of 10 women who
reported no caffeine intake in their diet. These authors also stressed
that caffeine is not perfectly correlated with the declared intake
due to considerable individual differences in caffeine metabolism
in humans [6]. It should be also underlined that caffeine
concentration in the blood of adults reaches its maximum level
in the initial hours after consumption and subsequently decreases
at a fast pace. Thus, its concentration in blood largely depends on
the time that elapses between caffeine intake and drawing blood.
Moreover, towards the end of pregnancy caffeine metabolism of
pregnant women is much slower. Thus, its concentration in blood
may not reveal a direct relationship between caffeine intake.
We should also consider that caffeine metabolism depends on
individual characteristics and environmental conditions, which
may interfere with the relationships between caffeine intake and
its concentration in body fluids.

A sample size was the main limitation of our study.
Therefore, the conclusions are preliminary in nature and require
further confirmation.

The strength of the study lies in estimating maternal caffeine
intake on the basis of analytically determined caffeine content in
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products available on the local market. Also, in case of coffee and
tea, analyses were conducted on infusions prepared with the use
of the same methods as those reported by the respondents. The
brewing method is largely the factor behind caffeine content.

Conclusions

Placenta does not constitute a barrier for caffeine and allows
for it to be freely transmitted from the mother body to the fetus,
confirming that the mother and the fetus alike are exposed to the
effect of caffeine.
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