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ABSTRACT

Coffee is one of the most consumed beverages in the world. The impact of coffee consumption on human health has
been the subject of many clinical studies and meta-analyses. Taking into account the results of these studies, it can be
concluded that coffee has a number of health benefits in terms of the population, including the reduction of the risk
of death from any cause. From a clinical point of view, the safety of coffee consumption in a specific subpopulation of
pregnant women is important. A large percentage of women continue to consume this drink during pregnancy, while
a significant proportion of them exceed the permissible daily dose of caffeine (< 200 mg). During pregnancy, the me-
tabolism of caffeine slows down significantly, which prolongs its action and penetrates into the body of the fetus. These
biochemical observations have become the driving force behind numerous clinical studies assessing the impact of
coffee consumption during pregnancy on its course, complications and the health of the newborn. This review article
summarizes the current knowledge of these important issues.
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COFFEE — AN OVERVIEW OF THE MOST
IMPORTANT INFORMATION

Coffee, next to water, is the second most consumed
drinkin the world [1]. According to the National Coffee Asso-
ciation USA, about 2.25 billion cups of coffee are consumed
worldwide every day. The data of the International Coffee Or-
ganization indicate that the inhabitants of the Netherlands
consume the most coffee — on average around 8.3 kg/per
capita/year (data from 2020). In Poland, coffee consumption
per capita is about 3 kg/year, which is on average 1-2 cups
of coffee/day. In the last 10 years, coffee consumption in
Poland has increased significantly, by over 80% [2].

In the world, from a commercial point of view, the most
important are Arabica coffee (Coffea arabica), Robusta cof-
fee (Coffea canephora) and Liberian coffee (Coffea liberica)
[3]. The largest amounts of coffee are produced in Brazil
[1]. It is estimated that there are over 1000 chemical com-
pounds in coffee, and the most common ones are phenols
(chlorogenic acid and diterpenes: kahweol and cafestol)
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and alkaloids (caffeine and trigonelline). Less abundant
compounds found in coffee include: mannose, galactose
polysaccharide chains, melanoidins, flavonoids, catechins,
anthocyanins, ferulic acid, caffeic acid, p-coumaric acid,
and tocopherols [4].

The composition of coffee depends on many factors,
including the type of coffee (e.g., Coffea Arabica, Coffea
Canephora, Coffea Liberica), the production method (wet,
dry, semi-dry/semi-wet, bio-processing) and the method of
preparation (e.g., traditionally brewed coffee, espresso) [1, 5].
Factors before harvest (e.g., sunlight) and after harvest (e.g.,
the way of processing coffee beans) account for approx.
40% and 60% of the organoleptic, physical and chemical
properties of coffee, respectively [1, 5]. Interestingly, due to
a different capacity of the “coffee cup’, the caffeine content
varies depending on the geographic region. In Northern
Europe and Great Britain, a cup of coffee contains 140 mg
of caffeine, in Southern Europe 50 mg, and in the United
States 85 mg [6]. Caffeine is also found in drinks such as
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decaffeinated coffee (small amounts, approx. 0.02 mg/mL),
cola, green tea, black tea, and energy drinks [7].

Coffeeis avery popular drink all over the world. Consum-
ing coffee, especially brewed with a paper filter and without
the addition of sugar or milk, in a regular and moderate man-
ner (2-3 cups/day) has a beneficial effect on human health
in the general population. It was shown that consumption
of coffee according to such a pattern was characterized by
antihypertensive properties and had a positive effect on the
activity of the nervous, digestive, cardiovascular and kidney
systems [3, 8-11]. In a recent study by Simon et al. [12], in-
cluding 468,629 subjects, drinking 0.5-3 cups of coffee/day
was associated with a lower risk of death from any cause [HR
(hazard ratio) = 0.88; 95% Cl (confidence interval): 0,83-0.92;
p <0.001] and death from cardiovascular causes (HR = 0.83;
95% Cl: 0.74-0.94; p = 0.006), and stroke (HR = 0.79; 95% Cl:
0.63-0.99 p=0.037) during 11 years of follow-up. A number
of other studies have also shown that coffee consumption
reduces the risk of death from any cause [13].

Thus, consumption of coffee is associated with a number
of health benefits in the population dimension, which makes
it a very popular drink. However, special attention should
be paid to the safety and impact of coffee consumption on
a very specific population group, that is pregnant women.
Thisissue is the subject of current discussions and numerous
clinical studies. The most significant and recent information
on thisissue is summarized in the further part of the article.

CONSUMING COFFEE DURING PREGNANCY:
RECOMMENDATIONS AND REALITY

The European Food Safety Authority (EFSA) concludes
that maternal consumption of up to 200 mg of caffeine
per day “is of no concern for fetal safety”, and the UK Na-
tional Health Service (NHS) recommends that women
in pregnancy “limit” the daily intake to 200 mg [14, 15].
This amount of caffein is contained in approx. two cups of
coffee. Recent studies show that a significant proportion
of pregnant women consume more caffeine than allowed
by EFSA and the NHS. A study by Lehtonen et al. [16] of
2840 Finnish women in the third trimester of pregnancy
showed that 31% of them consumed 200-299 mg of caf-
feine/day and 10% over 300 mg of caffeine/day. The most
common source of caffeine was coffee (81%). The highest
amounts of caffeine were consumed by elderly, multiparous,
overweight or obese women and smokers. Moreover, the
amount of caffeine consumed by the mother correlated with
the amount of this compound in the hair of the newborns
(p < 0.001). Thus, in this study, over 40% of women in the
third trimester of pregnancy consumed more or much more
of the daily allowable dose of caffeine. A study by Lama et
al.[17] assessed caffeine consumption among 724 pregnant
French women. Coffee consumption was declared by 47.1%

of women. Average daily caffeine consumption has been
shown to decrease slightly from the first to third trimester
of pregnancy: 587 caffeine users with 59.2 + 61.5 mg/day
caffeine intake in the first trimester compared with 577 us-
ers (54.3 + 55.4 mg/day) in the third trimester, respectively.
In a study by Mannucci etal. [18], which included 5,405 preg-
nant Italians, it was shown that 42.3% of them reported
consuming coffee during pregnancy (70% consumed one
cup/day, 23% two cups/day, and 6% at least three cups/day).
Differences in the amount of caffeine consumed between
Finnish and French and Italian women are most likely due
to the general pattern of coffee consumption in these coun-
tries. A study by Peacock et al. [19] involving 1,232 Austral-
ian women assessed adherence to recommendation for
caffeine consumption during pregnancy. With regard to the
first trimester of pregnancy, the prevalence of coffee con-
sumption depended on awareness of this condition. Among
women who were not aware of being pregnant, 89% con-
sumed caffeine in the amount of 107 mg/day (60-147 mg),
while among those aware of pregnancy, this percentage was
lower and amounted to 68% in the amount of 60 mg/day
(40-107 mq). The percentage of women in the second and
third trimesters of pregnancy who consumed caffeine was
79% (80 mg/day; 40-107 mg) and 80% (80 mg/day; 40—
-107 mq), respectively. It is worth noting that the percent-
age of women who consumed = 200 mg/day of caffeine was
22% (first trimester, unaware pregnancy), 7% (first trimester,
conscious pregnancy), 11% (second trimester) and 13%
(third trimester). A very high frequency of caffeine con-
sumption by pregnant women was also shown in a study by
Alamneh et al. conducted among women in Ethiopia. The
consumption of caffeine out of 352 women was declared by
98.2% of them, while the average daily consumption of this
substance was 170.5 mg. The consumption of = 300 mg of
caffeine/day was declared by 17.6% of the surveyed women.
Caffeine was most often consumed by the richest pregnant
women and those in the first trimester of pregnancy [20].
In the United States, approximately 70% of women still
consume caffeine during pregnancy [21, 22]. It was even re-
ported that some women consumed more than 300-500 mg
of caffeine per day during pregnancy [23].

To sum up, the available literature shows that pregnant
women frequently consume caffeine during pregnancy
(mainly in coffee), while a significant percentage of it exceeds
the acceptable daily consumption. This is important due to
the negative effect of in utero exposure to caffeine that has
been described in numerous clinical studies. A recent review
of the literature by James indicated that the available data
support the conclusion that caffeine consumption during
pregnancy is associated with a higher risk of: miscarriage,
stillbirth, low birth weight and/or low pregnancy weight,
premature birth and/or premature pregnancy, childhood
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acute leukemia as well as overweight/obesity later in the
life of the child. It has been found that there is no safe dose
of caffeine to consume during pregnancy [24].

CAFFEINE METABOLISM DURING
PREGNANCY

The metabolism of caffeine and its influence on the
function of individual organs and systems depends on many
factors. It has been shown that the effect of caffeine on the
course of pregnancy and fetal development is highly vari-
able between different women [25]. This variability results
mainly from: 1) the ability to metabolize caffeine, which is
determined by the activity of CYP1A2 (mono-oxygenase
and xanthine oxidase enzymes); 2) interaction of caffeine
with cells, mainly related to the sensitivity of ADORA1
and ADORA2A adenosine receptors; and 3) the presence of
various factors of fetal or maternal origin modulating the
effect of caffein [25].

Cytochrome P450 A1 activity

and caffeine metabolism
The rate of caffeine metabolism depends primarily on
the activity of CYP1A2, because this enzyme is responsible
for 95% of the metabolism of this compound that takes
place in the liver [26]. It has been shown that in the case of
exposure to the same doses of caffeine, women with higher
activity of the enzyme CYP1A2 (rapid caffeine metabolism)
were characterized by an increased risk of pregnancy disor-
ders compared to women with lower activity of this enzyme
[25]. In women who metabolize caffeine quickly (CYP1A2 AA
polymorphism) after coffee consumption, a higher concen-
tration of paraxanthine (the main metabolite of caffeine) was
found compared to women who metabolize caffeine more

slowly (CYP1A2 AC/CC polymorphisms) [27].

Another very important issue is the influence of preg-
nancy on the activity of CYP1A2. During pregnancy, the
half-life of caffeine is significantly extended up to 18 hours,
especially in the third trimester. Several weeks after child-

birth, the caffeine metabolism rate normalizes to the base-
line state. The prolongation of the half-life of caffeine in the
body is related to the decreasing activity of CYP1A2 during
pregnancy (Fig. 1) [28].

It has been found that the activity of CYP1A2 decreases
in the first to third trimester of pregnancy [28]. In a study
by Liang et al. [29], the metabolomic profile of 784 weekly
blood samples from 30 pregnant women was analyzed. Five
metabolites have been shown to belong to the same path-
way of caffeine metabolism. All five metabolites were con-
tinuously elevated during pregnancy and caffeine reached
levels three times higher at the end of pregnancy than at
the beginning. The authors of the study indicate that this
increase could have been caused by slower metabolism
of caffeine in pregnant women, and not by an increase
in coffee consumption. The study by Abduljalil et al. [30]
summarized the changes in caffeine metabolism occurring
during pregnancy (Tab. 1).

It should also be emphasized that apart from polymor-
phisms and pregnancy itself, the activity of CYP1A2 is also
influenced by other factors, such as smoking and larger
amounts of coffee consumed, which increase the activity of
this enzyme [9, 25]. Moreover, genetic and environmental
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Figure 1. Changes in CYP1A2 activity during pregnancy in
humans. Prepared on the basis of [28]

Table 1. Summary of changes in caffeine metabolism during pregnancy

Parameter Change during pregnancy Reference
CYP1A2 activity

(compared to the level in non- Progressive reduction throughout pregnancy [30]
pregnant women)

CYP1A2 abundance . .

(umol CYP1A2/whole liver Progressive reduction throughout pregnancy [30]
Caffeine concentration (mg/L) Longer lasting increase in blood levels compared with non-pregnant women [31]
Caffeine half-life (h) Progressive extension throughout pregnancy [32,33]
Caffeine clearance (I/h/kg) Progressive reduction throughout pregnancy [33]
Elnnatlaclicatslns Progressive reduction throughout pregnancy [33]

from the body (1/h)
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factors explain only 30-40% of the individual variability
in CYP1A2 activity, suggesting the complexity of CYP1A2 reg-
ulation, which may involve epigenetic mechanisms [25].

As mentioned, a reduction in the rate of caffeine me-
tabolism leads to a prolonged period of this compound’s
presence in the mother’s body. Caffeine, due to its high
lipophilicity, quickly crosses the placental barrier, and since
the cytochrome P450 system remains undeveloped until
infancy, this compound accumulates in the tissues of the
fetus (the placenta is also unable to metabolize caffeine),
which is additionally confirmed by the presence of caffeine
inits hair (a clear correlation especially in the third trimester
of pregnancy) and a high percentage of unchanged caffeine
removed (80% in the fetus vs 3-4% in an adult) [33].

Taking into account the significant changes in caffeine
metabolism described above, an important question is the
safety of coffee consumption in this period for the mother
and child. Clinically important are the effects of coffee con-
sumption on fertility, course of pregnancy and the health
of the newborn in the short and long term.

POTENTIAL CONSEQUENCES OF MOTHER'’S
COFFEE CONSUMPTION ON THE COURSE
OF PREGNANCY — DATA FROM
CLINICAL STUDIES
Fertility

The effects of coffee consumption on fertility have
been the subject of numerous clinical studies. It is an im-
portant clinical topic as the incidence of fertility disorders
in 2017 was 1571.35/100000 women (95% Cl: 1115.30-
-2111.94) and it is increasing year by year [34]. In a meta-
-analysis of 2 cohort studies by Lyngse et al. [35], caffeine
consumption was not shown to significantly affect time to
pregnancy. A more recent meta-analysis of four studies by
Bu et al. [36] showed that the consumption of caffeine at
a dose of < 100 mg/day, = 200 mg/day, and = 400 mg/day
was not significantly associated with the risk of infertility
(OR = 0.95; 95% Cl: 0.78-1.16, OR = 1.14; 95% Cl: 0.69-
-1.86 and OR = 1.86; 95% CI: 0.28-12.22). Interestingly,
a study by Lyngse et al. [37], involving 1708 Danes un-
dergoing fertility treatment, assessed the effect of coffee
consumption on the success of this therapy. It was shown
that consumption of coffee by women treated with in vitro
fertilization and intracytoplasmic sperm injection did not
significantly affect the risk of pregnancy and having a live
child. However, it was found that consumption of 1-5 cups of
coffee/day by women undergoing intrauterine insemination
increased the likelihood of becoming pregnant (RR = 1.49;
95% Cl: 1.05-2.11) and having a live child (RR = 1.53; 95%
Cl:1.06-2.21). No negative influence of coffee consumption
on the risk of infertility was also demonstrated by Soylu et
al.[38]in a prospective cohort study involving 7,574 Danish

women. These investigators concluded, based on a 20-year
follow-up, that coffee consumption did not influence the
risk of primary infertility (HR = 1.00; 95% Cl: 0.97-1.03).
In a meta-analysis conducted by Lyngse et al. no associa-
tion was found between coffee/caffeine consumption and
outcomes of fertility treatment (based on 2 studies). No clear
association was found between exposure to coffee/caffeine
and natural fertility as measured by fecundability odds ratio
(based on 3 studies) [35].

In conclusion, the results of clinical studies and their
meta-analyses do not indicate that consumption of coffee
increases the risk of infertility.

Pregnancy loss

Bleeding within the first 20 weeks of gestation is one of
the most common pregnancy complications (15-20% of on-
going pregnancies) and is an unfavorable prognostic factor,
increasing the risk of miscarriage [39, 40]. A cross-sectional
analysis by Choi et al. [40], including 3510 Korean wom-
en, showed that women up to 35 years of age, consum-
ing > 2 cups of coffee/day, had a significant bleeding risk
(adjusted OR = 1.358; 95% Cl: 1.050-1.757). Consumption
of < 1 cup of coffee/day was not significantly associated with
the risk of bleeding (regardless of the age of the pregnant
woman).

Spontaneous abortion (SAB), defined as loss of preg-
nancy naturally before twenty-four weeks of gestation, is
a not uncommon clinical problem. In the study by Zhao et
al. [41], covering 102,259 pregnant women, it was shown
that 14.3% of them experienced SAB. In a prospective co-
hort study by Gaskins et al. [42], including 15590 pregnant
women, it was shown that compared to women who had
not consumed coffee before pregnancy, women consum-
ing = 4 cups of coffee/day had 20% (RR = 1.20; 95% CI:
1.06-1.36) higher risk of SAB. Consumption of < 1-3 cups of
coffee/day did not significantly affect the risk of SAB. Similar
results were obtained by Hahn et al. [43] in a prospective
cohort study of 5,132 Danish women planning pregnancy.
It has been shown that in the pre-pregnancy period, cof-
fee consumption > 3 cups/day and consumption of up to
2 cups/day in early pregnancy were not significantly asso-
ciated with SAB risk. A mendelian randomization study by
Yuan et al. [44], which included 259,142 women from the
UK and Finland, assessed the relationship between coffee
consumption and the risk of pregnancy loss taking into
account genetic predisposition. It was shown that coffee
consumption was not significantly associated with the risk
of pregnancy loss (OR = 0.96; 95% Cl: 0.87-1.06). In a me-
ta-analysis of 27 studies by Lyngse et al. [35], compared
with no caffeine consumption, the relative risk of SAB was
1.08 (95% Cl: 1.03-1.13) for 100 mg caffeine/day, 1.37 (95%
Cl: 1.19-1.57) for 300 mg caffeine/day and 2.32 (95% Cl:
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1.62-3.31) for 600 mg caffeine/day. Similar results were
obtained in a meta-analysis of 26 studies by Li et al. [45].
The authors showed that caffeine consumption was asso-
ciated with an increased risk of pregnancy loss (OR = 1.32;
95% Cl: 1.24-1.40), as was coffee consumption (OR = 1.11;
95% Cl: 1.02-1.21). A dose-response analysis suggested
that risk of pregnancy loss rose by 19% for every increase
in caffeine intake of 150 mg/day and by 8% for every in-
crease in coffee intake of two cups per day. The effect of
coffee consumption on the risk of pregnancy loss was also
assessed by Chen et al. [46] in a meta-analysis of 14 pro-
spective clinical studies. It has been shown that women
who consumed = 350 mg/day of caffeine had a significant
risk of pregnancy loss (350-699 mg/day, RR = 1.40; 95%
Cl: 1.16-1.68; = 700 mg/day, RR = 1.72; 95% Cl: 1.40-2.13).
It was found that for every 100 mg/day increment of caffeine
consumption, the risk of SAB was increased by 8% (RR= 1.08;
95% Cl: 1.04-1.13) and stillbirth by 9% (RR = 1.09; 95% Cl:
1.02-1.16). In a meta-analysis of 2 studies by Ng et al. [47]
it was shown that the risk of recurrent pregnancy loss in
the group of women with higher caffeine consumption
(> 99 mg/day) compared to the group with lower caffeine
consumption (< 99 mg/day) was higher, but not statistically
significant (OR = 1.35; 95% Cl: 0.83-2.19).

The potential mechanisms by which coffee consumption
may increase the risk of pregnancy loss are not fully under-
stood. It is indicated that caffeine may reduce blood flow
through the placenta, and disrupt the hormonal profile dur-
ing pregnancy. Caffeine and estradiol are both metabolized
by the hepatic enzyme CYP1A2 so a possible pathway for
caffeine to interfere with estradiol levels. Moreover, besides
caffeine, coffee contains numerous other bioactive sub-
stances including lignans and isoflavonoids, both belong-
ing to the phytoestrogen family with great affinity for the
estrogen receptor. It should also be mentioned that caffeine
may cause chromosomal anomalies (structure of caffeine
is similar to that of adenine and guanine, so it might be
incorporated into the DNA macromolecule during mitosis)
[35, 45].

Thus, the results of clinical studies and meta-analysis
indicate that caffeine consumption may increase the risk
of pregnancy loss.

METABOLIC DISORDERS

The most common metabolic complications of preg-
nancy include diabetes mellitus (10.9% in Europe; 95% Cl:
10.0-11.8) and hypertension (approx. 4.4%) [48, 49].

In a prospective multicenter cohort study by Hinkle et al.
[50], involving 2,583 women, the impact of the consumption
of caffeinated beverages on the cardiometabolic profile of
pregnant women was assessed. Daily total caffeine con-
sumption was estimated over the period: 10 to 13 weeks

of gestation and 16 to 22 weeks of gestation. It has been
shown that consumption of caffeinated beverages in the
first trimester of pregnancy did not affect the risk of gesta-
tional diabetes and gestational hypertension, while in the
second trimester it reduced the risk of gestational diabetes
(only 1-100 mg caffeine/day; RR = 0.53; 95% Cl: 0.35-0.80,
up to 200 mg/day — no effect), and did not affect the risk
of gestational hypertension. Similar results were obtained
in a prospective cohort study of 85533 Japanese women,
Kawanishi et al. [51]. These authors showed that the con-
sumption of 2-3 cups of coffee/day was associated with
a lower risk of hypertension-related pregnancy disorders
(OR=0.79;95% Cl: 0.62-0.99). It is also worth taking note of
the results of the study by Bakker et al. [52], which assessed
the influence of coffee consumption on the risk of pre-
-eclampsia among 7890 pregnant women. It was shown that
as compared to women with caffeine intake of < 2 cups/day,
those using 2-4 cups/day had a lower risk of pre-eclampsia
(OR = 0.63; 95% Cl: 0.40-0.96). It is worth mentioning that
coffee may reduce the risk of pre-eclampsia by reducing the
concentration of lipoprotein (a) in plasma [53].

Thus, studies results do not indicate that coffee con-
sumption increases the risk of metabolic disorders during
pregnancy.

PRETERM BIRTH

The incidence of preterm labor is not a rare clinical
problem. According to the World Health Organization,
the global prevalence of preterm birth is around 5-18%.
The prevalence of preterm births is a measure of the level of
gynecological and obstetric care in a given country.

In a case-control study by Sindiani et al. [54], involving
1110 pregnant women, the relationship between coffee
consumption and the risk of preterm birth was assessed.
It was shown that after taking into account numerous risk
factors, coffee consumption did not affect the risk of preterm
labor (OR=0.72;95% Cl: 0.40-1.29). In a cohort study by Vitti
et al. [55], involving 7,607 Brazilian women, no association
was found between high caffeine consumption and risk of
preterm birth (RR = 1.03; 95% Cl: 0.65-1.63). The results of
these studies are confirmed by an earlier meta-analysis by
Maslova et al. [56], including 15 cohort and 7 case-control
studies. This meta-analysis shows no significant association
between caffeine intake during pregnancy and the risk of
preterm birth.

Thus, the results of the available literature indicate that
coffee consumption is unlikely to influence the risk of pre-
term birth.

NEWBORN HEALTH
The impact of maternal coffee consumption on the
health of the newborn is a very important issue. As al-
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ready mentioned, the fetus does not have the ability to
metabolize caffeine, and therefore it accumulates in the
body. Measuring the caffeine content in a newborn’s hair is
agood method to assess fetal cumulative caffeine exposure
[16]. So far, many studies have been conducted to assess
the effects of coffee consumption during pregnancy on
the health of the newborn.

Low birth weight and childhood obesity

In a cross-sectional study by Mannucci et al. [57], in-
volving 5,405 pregnant Italian women, the effect of coffee
consumption during pregnancy on the birth weight of the
newborn was assessed. It was shown that newborns of
women who consumed > 3 cups of coffee/day during preg-
nancy were characterized by significantly lower birth weight
(OR=1.566;95% Cl: 1.081-2.267, p = 0.018). A retrospective
study by Oh et al. [58] of 1657 pregnant Korean women
also found that consumption of > 2 cups of coffee/day
during pregnancy was associated with an increased risk of
low birth weight (OR = 1.92; 95% Cl: 1.22-3.03). Less pes-
simistic observations came from a study by Lamy et al. [59],
involving 724 pregnant French women. It was shown that
the influence of caffeine consumption on anthropometric
parameters of the newborn, adjusted for other factors, was
statistically insignificant. Similar results were obtained by
Wierzejska et al. [60] in a study involving 100 pregnant
Polish women. No relationships were found between caf-
feine intake and neonatal weight, length, or head and chest
circumference (p > 0.05). The authors of the study indicate,
however, that the amount of caffeine consumed by the
studied women was low (only 2% consumed > 200 mg of
caffeine/day). Nevertheless, the literature predominates
data showing that coffee consumption during pregnan-
cy increases the risk of low birth weight. An interesting
multicenter cohort study by Gleason et al. [61], involving
2055 pregnant women, has shown that women who con-
sumed about 50 mg of caffeine/day (~ 1/2 cup of coffee)
gave birth to lower birth weight newborn with smaller arms,
smaller thighs and a smaller anterior flank skin fold. Moreo-
ver, these observations did not differ depending on the
genotype of fast or slow caffeine metabolism. The adverse
effect of maternal coffee consumption on the child’s birth
weight is also confirmed by a cross-sectional study by Ferrei-
raetal.[62], involving 260 pregnant Brazilian women. It was
found that women who consumed, inter alia, coffee during
pregnancy more often gave birth to children with low birth
weight (PR=1.27;95% Cl: 1.11-1.45). In the meta-analysis of
8 cohort and 4 case-control studies conducted by Rhee et al.
[63], the impact of coffee consumption on birth weight was
summarized. It was shown that the risk of low birth weight,
comparing the highest versus lowest level of caffeine in-

take during pregnancy, was 1.38 (95% Cl: 1.10-1.73). Every
additional 100 mg of caffeine intake (1 cup of coffee) per
day during pregnancy was associated with a 3.0% increase
in odds ratio for low birth weight. These observations were
confirmed in a more recent meta-analysis of 15 cohort stud-
ies by Jin and Qiao, which showed that the risk of low birth
weight was 1.33 (95% Cl: 1.12-1.57) for mothers with the
highest compared with the lowest level of caffeine intake
during pregnancy. In the dose-response meta-analysis,
this risk was found to be 1.07 (95% Cl: 1.02-1.11) for each
100 mg/day increase of caffeine intake [64]. Adverse results
were also obtained in the meta-analysis of seven studies
by Soltani et al. [65]. Was showed a significant positive as-
sociation between maternal caffeine intake and the risk of
low birth weight (RR = 1.70; 95% Cl: 1.19-2.43). Moreover,
each additional 100 mg per day of maternal caffeine intake
was shown to be significantly associated with an increased
risk of low birth weight (RR = 1.12; 95% Cl: 1.03-1.22).
The results consistent with these observations were also
obtained in the meta-analysis of 13 prospective studies
by Chen et al. [66].

It should also be mentioned here that the previously
cited meta-analysis by Jin and Qiao also found that the
risk of childhood overweight and obesity was 1.39 (95%
Cl: 1.15-1.69) for mothers with the highest compared with
the lowest level of caffeine intake during pregnancy. In the
dose-response analysis, this risk was 1.31 (95% Cl: 1.11-1.55)
for each 100 mg/day increase of caffeine intake [64].

The exact pathophysiological mechanisms underlying
the above observations are not fully understood. It is indi-
cated that caffeine has been shown to inhibit phosphodi-
esterase and increase concentration of cyclic adenosine
monophosphate in cells which in turn may interfere with
fetal cell growth and development. Moreover, caffeine con-
sumption during pregnancy is associated with reduced pla-
cental blood flow and hypoxia (A1AR receptor antagonism)
that result from the blockage of adenosine receptors, as
well as from increased epinephrine concentrations in the
mother and in the fetus [65]. In-utero caffeine exposure has
been linked to abnormal fetal growth through impacting
normal development of the fetal hippocampus and the
hypothalamic — pituitary — adrenal axis, which may lead to
abnormal neuroendocrine changes. Children with low birth
weight have a tendency to accumulate intra-abdominal
fat mass [64]. Caffeine, a neural stimulant, can alter fetal
brain development and impact normal neural transmission,
which is important to normal brain function and metabolic
processes [64].

Thus, the results of the studies and their meta-analyzes
indicate a clinically significant influence of coffee consump-
tion on the risk of low birth weight and childhood obesity.
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Table 2. Summary of the safety of coffee consumption for the health of mother and child

Conditions Consumption of coffee in an amount containing

< 200 mg of caffeine per day
Risk of: Probably safe _
Infertility X
Bleeding
Pregnancy loss
Gestational diabetes X
Gestational hypertension X
Preeclampsia X
Preterm birth X
Low birth weight
Childhood obesity
Childhood acute leukemia
Childhood acute leukemia of childhood acute leukemia observed in some studies is
We cannot fail to mention the reports indicating the influ- unclear. Itisindicated that high levels of caffeine may inhibit
ence of coffee consumption during pregnancy on the risk of the activity of topoisomerase Il, which is involved in gene
childhood acute leukemia. A meta-analysis of 12 case-control transcription, DNA recombination, and replication. Moreo-
studies by Thomopoulos et al. [67] found that high mater- ver, caffeine has the capacity to inhibit some genes, such
nal coffee consumption was positively associated with acute as the tumor suppressor gene p53 and ataxia telangiectasia
lymphoblastic leukemia (OR = 1.43, 95% Cl: 1.22-1.68) and mutated gene which were associated with childhood acute
acute myeloid leukemia (OR = 2.52; 95% Cl: 1.59-3.57). Simi- leukemia [68].
lar observations were made in the meta-analysis of 7 stud- Thus, the results of clinical trials and their meta-analyzes
ies by Cheng et al. [68]. These authors found that compared indicate that coffee consumption during pregnancy may
with non/lowest drinkers, the combined odds ratio regard- increase the risk of childhood acute leukemia.
ing the relationship of maternal coffee consumption during There are also reports that coffee consumption during
pregnancy and childhood acute leukemia was 1.22 (95% Cl: pregnancy may increase the risk of autism spectrum disor-

1.04-1.43) for ever drinkers, 1.16 (95% Cl: 1.00-1.34) for low der in offspring [72].
to moderate-level drinkers, and 1.72 (95% Cl: 1.37-2.16) for

high-level drinkers [68]. The Childhood Leukemia Interna- CONCLUSIONS AND LIMITATIONS

tional Consortium (CLIC) analysis by Milne et al. [69], includ- This literature review shows that coffee consumption
ing 2,552 cases and 4,876 controls showed that the risk of during pregnancy is not completely safe (Tab. 2).
childhood acute lymphoblastic leukemia for > 2 cups/day It should be emphasized that even consumption of the
vs none was 1.27 (95% Cl: 1.09-1.43, p = 0.005) [69]. Another amount of coffee containing an acceptable daily dose of
CLIC study by Karalexi et al. [70], including 318 cases and caffeine in some studies has turned out to be unsafe.

971 controls, also showed a positive association between Of course, it should be remembered that most of the
increasing coffee intake and the risk of acute myeloid leukemia studies were carried out using self-reporting of the amount

(> 1 cup per day; OR = 1.40; 95% Cl: 1.03-1.92, increment of of coffee consumed during pregnancy, which means that
one cup per day; OR=1.18;95% Cl: 1.01-1.39) [70]. However, the obtained results could be influenced by recall/respond-

it should be emphasized that not all studies have confirmed ent bias [73]. These are observational studies, the results of
arelationship between coffee consumption during pregnancy which do not allow for the determination of a cause-and-
and the risk of childhood acute leukemia. In a cohort study -effect relationship [9]. Another factor limiting the strength
of 96 children by Madsen et al. [71], maternal coffee intake of the evidence obtained is the capacity of the cup of coffee
of 0.5-3 cups/day during pregnancy was not associated with and the strength of the brew. What is a cup of coffee? 150 mL
a higher risk of childhood acute leukemia (RR = 0.89; 95% Cl: or 240 mL... What is a mug of coffee? 240 mL or 300 mL or
0.48-1.65), however, an intake of > 3 cups/day resulted in insig- maybe 360 mL. Similar concerns apply to the “strength of
nificant increase of this risk (RR = 1.37;95% Cl: 0.56-3.32) [71]. the brew’, as well as to additions (e.g., sugar, non-nutritive

As in other cases, the mechanism underlying the ef- sweeteners, milk, cream) [9, 73]. An important limitation is
fect of coffee consumption during pregnancy on the risk also the fact that the influence of other risk factors, such as
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smoking (smoking while pregnant increases the risk of child-
hood acute leukemia, and coffee drinkers are more likely to
smoke) has not been analyzed [73]. Publication bias may also
influence the obtained results. Despite many confounding
factors, the results of clinical studies and their meta-analyzes
presented in this paper should be taken seriously.

The authors of this study indicate that patients should
certainly be asked about the amount of coffee and other
caffeine-rich products consumed during pregnancy. You
should actively look for women who clearly consume more
caffeine than the currently accepted limit of 200 mg/day.
This group of women should be particularly intensively
educated and encouraged to reduce caffeine consumption.
Allwomen who decide to consume coffee during pregnancy
should be educated about the possible risks associated
with it. Taking into account the research results cited by us,
a revision of the current recommendations regarding the
safety of caffeine consumption during pregnancy should
be expected.

Confilict of interest
None.
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