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ABSTRACT

Objective: This paper evaluates the association between caffeine consumption during pregnancy and 
overweight or obesity in the offspring. 

Methods: Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines, a literature search was conducted using MedLine, PubMed, CINAHL-Plus and Google Scholar 
databases. Inclusion criteria were cohort studies on participants with live singleton births at ≥28 
weeks gestation who had consumed caffeine during pregnancy. Included were studies reporting both 
measurement of maternal caffeine intake and offspring anthropometric measurements. Studies reporting 
serum paraxanthine, a measurement of caffeine intake, were also included. 

Results: After final elimination, there were eight studies meeting our inclusion criteria. From these studies, 
we deduced that caffeine intake during pregnancy between 50 mg and <150 mg/day was associated with 
increased risk of overweight and obesity by excess fat deposition or increased weight, and elevated BMI 
per International Obesity Task Force (IOTF) criteria using a reference population. The majority of studies 
reported the strongest association with maternal caffeine intake during pregnancy and overweight and 
obesity risk beginning at ≥300 mg/day. 

Conclusions and Global Health Implication: The risk of childhood overweight or obesity was 
associated with caffeine consumption at 50 mg/day during pregnancy with a stronger association at intakes 
≥300 mg/day and higher. The current recommendation of <200 mg/day of caffeine during pregnancy is 
likely associated with lower risk of overweight or obesity in offspring but avoidance of the substance is 
recommended.

Key words: • Prenatal • Caffeine intake • Pregnancy • Childhood • Obesity • Overweight • Serum 
paraxanthine • Systematic review
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1. Introduction
Starting in the 1980’s until 2004, the prevalence 
of childhood obesity in the United States was 
increasing at a rate of 0.4-0.7 percent points per year. 
By 2016, approximately 13.7 million children in the 
United States were classified as obese.1 Overweight 
or obese children have a 70% chance of being 
overweight or obese in adulthood2 along with higher 
risk for chronic diseases such as cardiovascular 
disease, cancer, or diabetes.3,4-7 This trend of growing 
obesity initiated the need for interventions such as 
food assistance programs and nutrition education 
which have led to some improvement3 however a 
large majority of Americans remain obese. 

In children, body mass index (BMI)-for-age can 
serve as an indicator of health risks and uses a 
reference population to compare results.1 BMI-for-
age does not measure body fat, and the numbers are 
adjusted for age and gender. The child’s height and 
weight are entered in the U.S. Centers for Disease 
Control and Prevention’s (CDC) growth charts. 
Children at or above the 85th percentile but less than 
95th percentile are classified as overweight while 
those at or above the 95th percentile are classified 
as obese.2,8 Another measurement of childhood 
overweight and obesity involves cut-off points as 
designated by the International Obesity Task Force 
(IOTF). The IOTF links BMI at the age of 18 to child 
centiles based on data from six countries. This data 
does not translate into percentiles as with the CDC 
guidelines.9 

If a child is obese by the age of 11 they are more 
likely to be obese in adulthood.5 The etiology behind 
childhood obesity is multifactorial with both genetic 
and environmental considerations. Specifically, for 
pediatrics, a more genetic component is thought 
to be at play involving DNA changes that occur as 
the fetus is developing or hormone alterations.2,7 
During pregnancy, hormones change how caffeine 
metabolizing enzymes function.10,11 Due to the 
decreased enzyme function, caffeine ingestion during 
pregnancy may allow for the fetus to be exposed 
to glucocorticoids that the mother produces.11 
These glucocorticoids potentially interrupt the 
development of the hypothalamic-pituitary-adrenal 

axis (HPA-axis), which is suggested to be the 
primary place of genetic changes to predispose the 
fetus to metabolic syndrome.11 Aside from genetic 
components, obesity for both children and adults 
can be a result of excess caloric intake or lack of 
physical activity.2,7 

Maternal obesity prior to pregnancy or the 
development of gestational diabetes during pregnancy 
has been associated with offspring that have a high 
fat mass when compared to lean muscle mass.12 This 
disproportion in overall mass can predispose them 
to adult onset diseases indicating that a mother’s diet 
both during pregnancy and before pregnancy can 
affect the health of the child.12 Caffeine intake during 
pregnancy has been associated with unproportioned 
fat deposition such as abdominal subcutaneous fat,13 
increased waist circumference,14 increased liver fat 
fraction,13 or increase in overall weight gain15 of the 
child.

1.2. Objectives of the Study 

Research is inconclusive on whether appropriate 
caffeine intake can be included in the diet during 
pregnancy.14 Caffeine consumption of <400 mg per 
day outside of pregnancy has not been associated 
with negative health effects.16-18 In the U.S., a large 
prospective cohort study approximated that 75% 
of women consume caffeine during pregnancy.19 
According to the American College of Obstetricians 
and Gynecologists (ACOG), <200 mg/day of caffeine 
is recommended20 but the World Health Organization 
(WHO) allows for <300 mg/day while pregnant.21 A 
typical 8oz cup of brewed coffee is approximately 
137 mg of caffeine.20 The ACOG recommendation 
comes from an evaluation completed on large 
cohort populations that found no consistent risk 
of miscarriage, preterm birth, or intrauterine 
growth restriction associated with caffeine intakes 
<200 mg/day.20 Intakes of caffeine >200 mg/day have 
been associated with low birth weight, miscarriage, 
and small for gestation age (SGA) at birth.6,15,19,22,23 
Evaluation of caffeine intake during pregnancy 
in relation to risk of childhood obesity was not 
considered while determining a recommendation for 
caffeine. Therefore, the objective of this systematic 
review was to determine if there is a specific 
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amount of caffeine intake during pregnancy that is 
associated with childhood overweight or obesity as 
demonstrated in published literature. 

1.3. Specific Aims and Hypothesis

Cohort studies indicate that maternal caffeine 
intake during pregnancy is associated with childhood 
overweight or obesity.13-15,22,24 Li et al.,24 found an 87% 
risk of obesity in the child when a mother consumed 
caffeine during pregnancy. Overweight status at ages 
six through 10 years old has also been associated 
with a mother’s caffeine consumption during 
pregnancy.13-15,22 The purpose of this systematic 
review was to summarize the current research that 
addresses an association between maternal caffeine 
consumption and risk of childhood overweight or 
obesity. 

2. Methods

Using Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) guidelines, 25 a 
systematic literature review was conducted (Figure 1). 
The search strategy included utilizing several databases 
to identify peer-reviewed journal articles. Databases 
searched included Medline, PubMed, CINAHL- 
Plus and Google Scholar. Key words included in 
the search were “prenatal,” “caffeine,” “pregnancy,” 
“childhood,” “overweight,” “obesity,” and “serum 
paraxanthine.” By using these key words and finding 
articles to be included, reference list from these 
articles provided other studies that were available. 
Reviews were conducted and data were gathered in 
January 2020. 

Figure 1: PRISMA flow diagram
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2.1. Study Variables

Eligible studies included original articles. The study 
must have been available in English language with no 
restriction on the year of publication, as literature 
for this review was scarce. Included studies were 
prospective cohort populations with women who 
were pregnant ≥28 weeks with singleton live births. 
This ensured a level of uniformity while comparing 
literature throughout the review and helped to 
provide enough information from each cohort to 
evaluate the possibility of a significant association. We 
included only singleton births thus likely eliminating 
high risk pregnancy as a potential confounder. The 
elements of each study had to contain mothers 
that consumed caffeine during pregnancy, offspring 
with anthropometric measurements available, and 
measured caffeine intake from the mother during 
pregnancy to be included. No age limit for the 
mothers was set in these studies. Given that serum 
paraxanthine is a metabolite of caffeine that was used 
to identify maternal caffeine intake during pregnancy 
with childhood overweight or obesity outcomes, this 
measurement of caffeine was also included in the 
review. These criteria allowed for the review to have 
adequate evidence to compare results and identify 
an association. 

Excluded studies were those with insufficient 
evidence such as missing childhood measurements, 
no caffeine measurements from mothers during 
pregnancy, and no protocol to evaluate caffeine 
measurements.  As there have been other associations 
suggested with prenatal caffeine exposure and 
childhood outcomes, those articles that focused on 
outcomes other than childhood obesity, overweight, 
anthropometric measurements, or fat deposition 
were excluded.

The primary outcome was the association of 
maternal caffeine intake during pregnancy and 
childhood obesity status. Secondary outcomes 
include maternal caffeine intake and overweight 
status in childhood, altered fat deposition, or 
altered childhood anthropometrics causing similar 
health risk factors to obesity. For the selected 
studies, data were extracted including childhood 
overweight status, obesity, childhood fat deposition, 

or childhood anthropometrics with measurements 
and definitions. Demographics of the mothers 
and the source and amount of caffeine mothers 
consumed during pregnancy were evaluated. Study 
characteristics including place, time, and size of 
cohort were considered. Assumptions included basic 
knowledge of BMI and the association of altered fat 
deposition, and anthropometrics including skinfold 
measurements with childhood obesity or overweight 
status.

Risk of bias was assessed using the Newcastle-
Ottawa scale for case control and cohort studies 
to determine the level of significance in regards to 
the data presented.26 The scale was used to evaluate 
selection bias, comparability bias, and outcome bias 
for each study by using eight categories. Once the 
assessment was completed, each study was evaluated 
with the set categories and was considered low risk 
(+), high risk (-), or unclear (?). 

2.2. Statistical Analysis

The studies evaluated their data utilizing linear 
regression models of which the results were recorded 
by a standard deviation score with a 95% confidence 
interval (95% CI) and odds ratios (OR). Odds ratio 
with a 95% CI was utilized to compare mothers who 
consumed less amounts of caffeine (<50 mg/day,15 
<150 mg/day,24 and <180 mg/day13) to those who 
consumed more (>50 mg/day,15≥150 mg/day,24 and 
≥180 mg/day13). P-value or P for trend of <0.05 was 
used to establish significance for all of the studies 
except Barr and Streissguth.27 The study that utilized 
serum paraxanthine28 also evaluated the difference 
of BMI scores with serum paraxanthine levels using 
a Risk Ratio and 95% CI. Since each study presented 
different assessments of mothers’ caffeine sources 
during pregnancy, as well as varying anthropometrics 
and follow-up times, a meta-analysis was not possible 
and therefore a systematic review ensued. 

To evaluate the quality of each study, the National 
Lung, Heart and Blood Institute Study Quality 
Assessment Tool for Observational Cohort and 
Cross-sectional studies was applied.29 When applying 
this tool, each study was evaluated through a series 
of 14 questions. Each question gave the study a point 
if they met the criteria and therefore the maximum 
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score allocated was 14 points in total. Given the 
context of cohort studies, no additional analysis was 
needed. This is a systematic review, therefore this 
manuscript was exempt from seeking an institutional 
ethics approval before conducting the review. 

3. Results
The original search yielded 24 articles to be included 
in the review. After duplicates were removed, 18 
articles were available to be screened. Of the 18 
articles available, only those with measurements 
of both maternal caffeine intake during pregnancy 
and childhood outcomes of overweight, altered fat 
deposition including anthropometric measurements 
indicating childhood overweight or obesity were 
included. This allowed for eight articles to be 
included in the final review (Figure 1).

Every study consisted of a prospective cohort 
population across multiple countries including 
Netherlands,13,22 Norway,15 United States,24,27,28 
Ireland,14 and Brazil.10 Follow-up throughout the 
studies were significantly different. The shortest 
follow-up period measured infants at six months old 
as the endpoint of the study.10 The majority of studies 
had endpoint follow-ups between the ages of six to 
10 years old for evaluation of the children.13-15,22,27,28 

The longest study evaluated their cohort population 
up to 15 years.24 Eligible study characteristics are 
available in Table 1. 

3.1. Sociodemographic Characteristics

The total number of mother-child pairs that had end 
point measurements of the child or adolescent at 
completion of the study was 34,443. The age of the 
participating mothers in four of the studies10,13,14,22 

ranged from 26.2-36.5 years and a pre-pregnancy 
BMI range of 17.8-31.0. The other studies provided 
ages15,24,27,28 and BMI15,24 in separated groups and 
therefore could not be combined but are available 
in Table 2. Each cohort only allowed information on 
the mothers that had delivered a singleton, live birth 
and consumed caffeine during pregnancy.

Out of the participants, those who consumed 
the higher amounts of caffeine tended to be older 
(>30 years of age),13-15,24,28 have more than one 
child,13-15,24,27 be a smoker,10,13,15,24,27,28 and of European 

descent or white.13,22,24,28 Four of the studies found 
that mothers who had higher education also tended 
to consume more caffeine.13,14,22,23,24 Table 2 addresses 
demographic information of the included studies. 

Sources of caffeine included were coffee,13-15,22,24,27 
tea,13-15, 22,24,27 soft drinks,14,15,24,27 chocolate,14,15,27 
chocolate milk,14,15,27 hot chocolate,14,24 sandwich 
spreads,15 and desserts or sweets with cocoa.14,15 
Energy drinks were excluded due to limited 
consumption of these during pregnancy.15 

Caffeine content was measured differently 
throughout the studies. Two of the studies estimated 
an average coffee serving to be approximately 
90 mg of caffeine13,22 and then characterized caffeine 
content into units (1 unit=90 mg of caffeine). One 
study that utilized in person interviews,24 used 
150 ml to be approximately 100 mg of caffeine 
as a standard serving. Three of the studies10,14,15 

evaluated caffeine content using mg/day based on 
the responses received from the food frequency 
questionnaire (FFQ) data. Only one study provided 
the differences of caffeine content depending on 
preparation of the coffee i.e. dripped, percolated 
or instant coffee.27 In the Collaborative Perinatal 
Project conducted by Klebanoff and Keim,28 caffeine 
consumption was measured by serum paraxanthine 
levels, which have been shown to correlate with 24 
hour caffeine consumption. Serum was collected 
every eight weeks during pregnancy but only two 
serum samples were used; one for <20 weeks and 
one from >26 weeks gestation.

Every study was able to control for confounders 
and had adequate length of follow up time to assess 
outcomes. The outcome of interest was an area of 
low bias for all the studies due to the nature of 
selecting a cohort that is known to be pregnant. 
Aside from the outcome of interest being known, 
Barr and Streissguth27 and Klebanoff and Keim28 had 
the lowest risk of bias. Li et al.24 overall had a low 
bias assessment; however, participants provided 
their own caffeine information despite having 
an interviewer present therefore introducing 
a potential for bias. Every study had a similar 
selection process of obtaining their participants 
from a cohort population voluntarily. The pregnant 
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women that did not consume caffeine during 
pregnancy were selected from the same cohort. 
Santos de Medieros et al.10 presented the highest 
risk of bias from the studies. Part of this was 
due to their inability to get the sample size they 
needed from the cohort and therefore selected 
their own convenience sample out of the cohort 
available to them.10 The assessment of outcomes 
was unclear in half of the studies10,13,15,22 due to 
lack of statements identifying if the researchers 
were blinded, who was doing the measurements 
they provided, and lack of comparison to secure 
records. The majority of studies had adequate 
follow-up retention however three of them10,13,14 

had > 20% loss to follow up. Details for the risk of 
bias are summarized in Figure 2. 

3.2. Main Variable Results

The Generation R cohort in the Netherlands 
produced two studies of which caffeine was 
categorized into units, each unit equaled 90 mg of 
caffeine.13,22 For the first study22 when comparing 
results between pregnant mothers who consumed 
<2 units of caffeine to those that consumed 4-5.9 
units and ≥6 units, the offspring had increased 
childhood BMI using IOTF criteria, 0.9 standard 
deviation (SD) (95% confidence interval (CI): -0.01, 
0.19) for 4-5.9 units and 0.16 SD (95% CI:-0.03, 
0.36) for ≥6 units, (P<0.001). Using the same caffeine 
amounts, elevated total body mass at six years old 
was also observed 0.10 SD (95% CI: 0.01, 0.20) and 
0.18 SD (95% CI: -0.01, 0.37) respectively (Ptrend 
0.015). Mothers who consumed ≥6 units per day 
during pregnancy had children with an increased 
android/gynoid fat ratio 0.27 SD (95% CI: 0.05, 0.49). 
This same group of mothers that consumed ≥6 
units caffeine per day also showed children at age 
six with an increased risk of being overweight when 
compared to mother’s who consumed <2 units per 
day. OR 1.25 (95% CI: 0.68, 2.30).

The second Generation R cohort study13 
evaluated offspring up to 10 years of age and found 
congruent results. For those who had maternal 
caffeine consumption during pregnancy of 4-5.9 
units or ≥6 units of caffeine per day compared 
to <2 units per day, offspring were found to have 

Figure 2: Risk of Bias in Individual Studies26 
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increased BMI per IOTF criteria 0.12 SD (95% 
CI: 0.01, 0.24) and 0.24 SD (95% CI: 0.01, 0.47) 
respectively (Ptrend 0.048). Elevated body fat mass 
index at both 4-5.9 and 6 units was also observed 
0.14 SD (95% CI: 0.04, 0.25) and 0.22 (95% CI: 0.02, 
0.43) respectively (Ptrend 0.008), and an elevated 
android/gynoid fat mass ratio was found with the 
same amount of caffeine 0.16 SD (95% CI: 0.05, 
0.27) and 0.22 SD (95% CI: 0.01, 0.44) respectively 
(Ptrend 0.003). Mothers who consumed ≥6 units 
caffeine per day compared to those who have <2 
units per day during pregnancy had increased risk of 
their child being overweight at 10 years of age OR 
1.59 (95% CI: 0.92, 2.75). Similarly, mothers who had 
4-5.9 or ≥6 units of caffeine per day had offspring 
with associated increased abdominal subcutaneous 
fat mass index 0.15 SD (95% CI: -0.01, 0.30) for the 
4-5.9 units and 0.35 SD (95% CI: 0.04, 0.65) for ≥6 
units (Ptrend 0.023). With the same units of caffeine, 
elevated abdominal visceral fat mass index was also 
observed with 0.14 SD (95% CI: -0.03, 0.30) and 
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0.43 SD (95% CI: 0.11, 0.76) respectively (Ptrend 
0.003). Finally, liver fat fraction was also high in these 
children with 4-5.9 units of caffeine consumed per 
day when compared to <2 units per day 0.2 SD 
(95% CI: 0.04, 0.36) (Ptrend 0.004).

The Norwegian Mother and Child Cohort study15 
separated maternal caffeine consumption into 
different groups, low (<50 mg), average (50-199 mg), 
high (200-299 mg), and very high (≥300 mg). Follow-
up on the children was completed at six months 
old up to eight years of age. When compared to the 
low caffeine intake, children who had mothers with 
very high caffeine intake during pregnancy had an 
increased likelihood of excess growth, defined as an 
excess of 480 grams, by eight years old (adjusted 
odds ratio aOR) 1.29 (95% CI: 1.04, 1.61). When 
compared to low caffeine consumers, risk of being 
overweight by age eight was only found in the very 
high caffeine group odds ratio (OR) 1.29 (95% CI: 
1.04, 1.61). This study evaluated BMI for children at 
eight years old by using Jenss-Bayley growth curve 
model and cut off points for overweight or obesity 
were determined using the IOTF criteria. Increased 
BMI was found in offspring of pregnant mothers 
who consumed 50-199 mg/day in all age groups 
including infancy at three months β coefficients (β) 
0.03 (95% CI: 0.01, 0.05), toddlerhood at 18 months 
β 0.04 (95% CI: 0.02, 0.06), preschool at five years 
β 0.03 (95% CI: 0.01, 0.06), and school age at eight 
years β 0.02 (95% CI: -0.01, 0.05). Risk of elevated 
BMI by age eight in the very high caffeine group 
when compared to the low group was β 0.31 (95% 
CI: 0.22, 0.39).

The longest study had a 15 year follow-up period 
in which caffeine intake was divided into three 
groups: no caffeine, <150 mg/day, and ≥150 mg/day.24 
Compared to the no caffeine group, caffeine intake 
overall from the mother during pregnancy showed 
an 87% increased risk of their children having obesity 
using BMI-for-age criteria OR 1.87 (95% CI: 1.12, 
3.12) (Ptrend <0.01). The group that had <150 mg 
caffeine per day alone had a 77% increased risk of the 
offspring being obese aOR 1.77 (95% CI: 1.05, 3.00).. 
The offspring from those who consumed ≥150 mg/
day were more than twice as likely to have obesity 
2.37 (95% CI: 1.24, 4.52). P-value for trend for the 

dose response groups was P<0.01. The researchers 
found that the source of caffeine did not seem to 
impact the overall outcomes. Additionally, this is 
the only study that separated genders of children, 
finding that girls were at higher risk of obesity than 
boys (<150 mg/day OR 1.24 (95% CI: 0.61, 2.50)) 
and (≥150 mg OR 3.32 (95% CI: 1.49, 7.41)) (Ptrend 
0.007) when their mothers consumed caffeine 
during pregnancy.

Chen et al.14 found that compared to those who 
did not drink caffeine during pregnancy, mothers 
with caffeine intake starting at 50 mg/day during 
pregnancy had an increased risk of offspring with 
childhood overweight or obese status at age nine 
with every 100 mg/day increase of caffeine OR 1.44 
(95% CI:1.10, 1.88) (P <0.01). This same increase 
in caffeine was also associated with an elevation in 
central obesity, measured as a waist circumference 
>90th percentile in nine year olds OR 1.62 (95% 
CI: 1.12, 2.34) (P <0.05). BMI z-scores, which are 
age and sex specific, were elevated with caffeine 
consumption ≥200 mg/day 0.17 (95% CI: 0.04, 0.29) 
(P <0.01) when compared to those mothers who 
consumed <50 mg caffeine per day. When comparing 
low caffeine intake of <50 mg/day to highest intake 
≥200 mg/day, caffeine from coffee alone had an 
association with overweight and obese status at nine 
years old OR 2.81 (95% CI: 1.14, 6.90) (Ptrend 0.10) 
and central obesity OR 4.57 (95% CI: 1.14, 18.24) 
(Ptrend 0.046).

3.3. Other Variable Results

Following studies that found a positive association 
with caffeine intake during pregnancy and adverse 
childhood outcomes, Santos de Medieros et al.10 
utilized a cohort group but then stratified 
participants into smaller groups based on the 
pregnant mother’s characteristics. These groups 
included diabetic mothers, those with hypertension, 
those with SGA children, mothers that smoked, 
and the control group of no caffeine consumption 
during pregnancy. Caffeine intake was evaluated 
by group and then body fat recorded as skinfold 
measurements were taken on infants at three 
and six months. For the women that consumed 
caffeine during pregnancy, their offspring did show 
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an increase in skinfold thickness measurements 
at three months in a multiple linear regression β 
0.0015 (95% CI: 0.000, 0.029) (P<0.047). The sum 
of skinfold thickness was high and was found to 
have significance when compared to the control 
group (P=0.034). When these measurements were 
repeated at six months, no significant association 
was found between the maternal caffeine intake 
during pregnancy and skinfold measurements. It is 
interesting to note that mothers with diabetes were 
more likely to consume caffeine compared to the 
other groups (P<0.05) and those who smoked had 
a higher caffeine intake overall when compared with 
the control group (P=0.01). 

The Seattle Longitudinal Study on Alcohol and 
Pregnancy cohort27 determined if an association 
exists between maternal caffeine consumption 
and infants’ anthropometric measurements at 
birth. No association was found between caffeine 
intake and birthweight, birth length, or head 
circumference. Offspring were followed for seven 
years at which time still no significant association 
was found. 

Finally, serum paraxanthine levels were measured 
to identify caffeine intake of pregnant mothers 
instead of milligrams of caffeine consumed.28 Serum 
paraxanthine is a metabolite of caffeine and evaluates 
both caffeine intake and metabolism; elevated 
levels correspond to recent caffeine consumption 
typically for a 24 hour period. Serum paraxanthine 
levels were collected at <20 weeks and ≥26 weeks 
gestation. A trend was observed of elevated child 
BMI-for-age with increasing risk of overweight or 
obesity as serum paraxanthine levels increased up 
to 1,000 μg/liter. For serum paraxanthine levels 
>1000 μg/liter BMI-for-age plateaued or decreased 
with increased concentration. Therefore, no 
association between serum paraxanthine levels in a 
pregnant mother and risk of overweight or obesity 
in offspring was identified.

An association was found between maternal 
caffeine consumption as low as 50 mg/day during 
pregnancy with increased risk of elevated BMI,15 
overweight or obese status,14 and increased waist 
circumference.14 Increased risk of obesity was also 

found in amounts <150 mg/day.24 Other studies 
did not find an association with risk of overweight 
until ≥200 mg/day14 or ≥300 mg/day of caffeine 
consumption.15 Furthermore, two of the studies did 
not associate overweight status of the child with 
caffeine intake until amounts were ≥540 mg/day.13,22 
Those that found an association when caffeine 
was 50 mg/day did find that with increasing 
amounts of caffeine intake, risk of these outcomes 
increased.14,15,24 

Additional findings throughout the studies 
included increased total body fat mass, 13,22 and 
higher liver fat fraction13 at ≥360 mg of caffeine 
per day during pregnancy. Increased android/gynoid 
fat ratio was also observed both at ≥360 mg13 and 
≥540 mg13,22 of caffeine per day. Excess growth15 
was identified at ≥300 mg/day and central obesity14 
was found with caffeine at 50 mg/day. Altered 
anthropometrics including skin fold test at six 
months10 or height, length, and head circumference 
at seven years27 were not found to be associated 
with a mother’s caffeine consumption during 
pregnancy. No relationship was found between 
serum paraxanthine levels during pregnancy and 
BMI-for-age by seven years old.28 

All studies in this review were ≥10 out of 14 
in quality. The highest rated study was Klebanoff 
and Keim28 had a study quality score of 12 out 
of 14. By evaluating serum paraxanthine levels, 
areas of potential error such as error of self-
report of caffeine intake were eliminated. In order 
to have a sufficient sample size and due to the 
nature of the cohort study design the majority 
of studies13-15,22,24,27,28 were unable to justify their 
sample size. The one exception to this was Santos 
de Medieros et al.10 who selected a convenience 
sample out of the cohort. The statistical power 
of the study was evaluated due to the use of 
the convenience sample. Every study did not 
make it clear if those who were evaluating the 
childhood anthropometric outcomes were aware 
of the caffeine consumption of the mothers during 
pregnancy. Chen et al.14 and Papdopoulou et al.15 
had the lowest quality with a score of 10 out of 
14 due to caffeine intake assessment only being 
completed once in their evaluation of the mother’s 
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intake. The summary of the quality assessment of 
studies in this review can be seen in Table 3. As 
a meta-analysis was unable to be completed due 
to the differing results and measurements of each 
study, no additional analysis was needed.

4. Discussion
Of the eight studies available, five of them found an 
association between maternal caffeine consumption of 
50 mg/day to >540 mg/day and offspring obesity with 
either elevated BMI-for-age13,22,24 or elevated BMI per 
IOTF criteria.14,15 The likelihood of these outcomes 
increased as caffeine intake increased.14,15 Secondary 
outcomes that were associated with caffeine intake 
during pregnancy included risk of overweight starting 
at ≥50 mg/day14 to ≥540 mg/day,13,15,22,24 excess growth 
or increase in total body weight at ≥300 mg/day,15 
increased central obesity or high waist circumference 
at ≥50 mg/day,14 elevated android/gynoid fat ratio at 
≥360 mg/day,13,22 elevated liver fat fraction at ≥360 mg/
day,13 and an increase in both total body mass22 and 
body fat mass at ≥360 mg/day.13 Three of the studies 
were unable to find a relationship between caffeine 
consumption and a child’s anthropometrics including 
skin fold measurements,10 height, length, and head 
circumference,27 and BMI-for-age using serum 
paraxanthine levels.28 

4.1. Discussion

The large size of the cohort groups available allowed 
researchers to draw conclusions in regards to adverse 
risk factors of caffeine intake during pregnancy. By 
evaluating possible health outcomes beyond the first 
couple months after birth, these studies support 
previous evidence that nutrient intake during 
pregnancy plays a large role in health outcomes for 
life. Only 25% of women do not consume caffeine 
while pregnant.19 Research has shown that women 
do decrease their caffeine intake during pregnancy27 

but the loss of the beneficial side effects of caffeine 
such as mental alertness and decreased fatigue16 can 
be challenging. 

These cohorts were from countries around the 
world eliminating location as a factor and allowing 
researchers to focus in on individual maternal 
intakes. The size of the cohorts was beneficial as 

researchers were able to draw conclusions from 
a large offspring population and have enough 
anthropometric data to evaluate obesity trends. 
The researchers also included measurements on 
other weight related health factors including overall 
body fat mass, 13 waist circumference,14 and liver fat 
fraction.13 Elevations in these measurements has 
similar health risk as being overweight or obese and 
may help determine the primary etiology of adipose 
changes with caffeine intake. Klebanoff and Keim28 
used serum paraxanthine to identify the amount of 
caffeine consumed than only using serum caffeine 
level. Measurements of serum paraxanthine have 
been found to correlate with self-reported caffeine 
consumption and may be a useful tool to clarify 
caffeine intake.30

In regards to quality, the strengths of the 
studies included clarity and specificity of which the 
authors discussed their objectives and appropriate 
populations, exposure measures were clearly 
defined, and sufficient time frames were provided.

4.2. Limitations

Information on maternal caffeine consumption 
during pregnancy was derived from food frequency 
questionnaires,10,14,15 postal questionnaires,13,22 and 
in person interviews.24,27 While the FFQ method is 
preferred in large cohorts,31 self-reporting errors 
may occur.32 For the studies utilizing the food 
frequency questionnaire and postal questionnaires, 
information was gathered at different time 
points throughout the pregnancy including first 
trimester,15 22 weeks,14 and at each trimester.10,13,22 
Two studies24,27 used in-person interviews which 
may have contributed to a better estimation of 
actual consumption thus aiding in the significant 
finding however in-person interviewing could also 
contribute to misinformation if the participant 
was not comfortable sharing true caffeine intake. 
In person interviews were obtained during the 
first trimester or early second trimester24 and the 
quantity frequency index was completed during the 
5th month of pregnancy.27 As caffeine intakes may 
change as pregnancy continues,27 in the future it 
may be helpful to collect serum at different points 
throughout the pregnancy. 
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Table 3: quality assessment of observational cohort and cross-sectional studies

Reference Possible conflict 
of interest 
reported

Total 
quality 
score*

Criteria not met

Voerman, et al,22 
2016 

No 11 Was a sample size justification, power description, or variance and effect estimates 
provided? Not recorded.
Were the outcome assessors blinded to the exposure status of participants?: Not 
recorded
Was loss to follow-up after baseline 20% or less? 30% loss to follow up. 

Voerman E,  
et al,13 2019

No 11 Was a sample size justification, power description, or variance and effect estimates 
provided? Not recorded.
Were the outcome assessors blinded to the exposure status of participants?: Not 
recorded
Was loss to follow-up after baseline 20% or less? 39.6% loss to follow up

Papadopoulou E, 
et al,15 2018

No 10 Was a sample size justification, power description, or variance and effect estimates 
provided? Not recorded.
Was the exposure assessed more than once over time?: No
Were the outcome assessors blinded to the exposure status of participants?: Not 
recorded
Was loss to follow-up after baseline 20% or less? 77% loss to follow up.

Li DK, et al,24 
2015

No 11 Was a sample size justification, power description, or variance and effect estimates 
provided? Not recorded.
Was the exposure assessed more than once over time?: No
Were the outcome assessors blinded to the exposure status of participants?: Not 
recorded

Chen L, et al,14 

2019
No 10 Was a sample size justification, power description, or variance and effect estimates 

provided? Not recorded.
Was the exposure assessed more than once over time?: No
Were the outcome assessors blinded to the exposure status of participants?: Not 
recorded
Was loss to follow-up after baseline 20% or less? No

Santos de 
Medeiros T,  
et al,10  2017

No 11 Was the timeframe sufficient so that one could reasonably expect to see an 
association between exposure and outcome? No
For exposures that can vary in amount or level, did the study examine different 
levels of the exposure as related to the outcome? No
Were the outcome assessors blinded to the exposure status of participants?: 
Not recorded

Barr and 
Streissguth,27 

1991

Not stated 11 Was a sample size justification, power description, or variance and effect estimates 
provided? Not recorded.
Was the exposure assessed more than once over time?: No
Were the outcome assessors blinded to the exposure status of participants?: Not 
recorded

Klebanoff and 
Keim,28 2015

Not stated 12 Was a sample size justification, power description, or variance and effect 
estimates provided? Not recorded.
Were the outcome assessors blinded to the exposure status of participants?: 
Not recorded

*Total Quality Score determined by National Heart, Lung and Blood Institute’s Study Quality Assessment Tools
 Scoring criteria obtained from the National Heart, Lung and Blood Institute’s Quality Assessment of Observational Cohort and Cross-Sectional Studies
 Scoring criteria obtained from the National Heart, Lung and Blood Institute’s Quality Assessment with Maximum Quality Score of 14

The types and sources of caffeine recorded 
varied across all studies. Most agreed that coffee 
was a major contributor to caffeine intake, many 

of them pointed out that caffeine levels in both 
coffee and tea can vary depending on preparation 
method.10,13-15,22,24,27 Two studies identified coffee as 
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their main caffeine source10,14 of which they were 
able to find a relationship with obesity of overweight 
status in offspring. However, other studies15,24 found 
that overweight or obesity risk was associated with 
any source of caffeine including coffee, soda and tea. 
Only two of the studies considered added sugar 
intake from soda or if the mother had sugar or 
cream added to their caffeinated beverages.14,24 This 
is important not only for the excess calories these 
additives could provide, but also for the component 
of pure sugar to the infant potentially affecting the 
outcomes of the study. These additives should be 
addressed in the questionnaire used to evaluate 
caffeine intake. 

The studies evaluated caffeine in milligrams per 
day then grouped caffeine amounts into different 
categories to identify what low versus high caffeine 
intake definitions were. The categories often had 
a large range of caffeine amounts consumed. This 
range prevents mothers from knowing the exact 
amount of caffeine that can be consumed without 
associations with childhood overweight or obesity. 
The studies by Voerman et al.13,22 from 2016 and 
2019 had the most divisions of caffeine intakes 
allowing for little range, however Chen et al14 had 
wide ranges such as 50-199 mg/day for average 
caffeine intake and therefore were conclusively 
able to report an association with caffeine as low 
as 50 mg/day when it may have been found only 
in those who consumed >50-199 mg/day. The five 
studies with a positive association between caffeine 
intake during pregnancy and childhood obesity by 
age appropriate BMI found this association at 50-
199 mg/day,15 <150 mg/day,24 ≥200 mg/day,14 and 

≥360 mg/day.13,22 This large difference shows the 
importance of providing smaller ranges of caffeine 
measurements.

Only one study24 found a significant difference 
between genders. As this study had a 15-year follow-
up period, it was the only study to evaluate offspring 
beyond 10 years of age. Girls who were born to 
mothers that consumed any amount of caffeine (< 
150 mg or ≥150 mg/day) during pregnancy were 
more likely to be persistently obese. With the 
advancing age of the offspring, gender differences 
at puberty need to be considered while evaluating 

anthropometrics. In general, during puberty, girls 
accumulate more fat than their male counterparts, 
while males develop more lean body mass.33 
Therefore, puberty changes may contribute to the 
gender differences observed. 

Potential mechanisms between caffeine 
consumption in pregnancy and childhood obesity or 
overweight status were discussed throughout the 
studies. The enzyme CYP1A2 decreases throughout 
pregnancy due to hormone changes.13-15,22,34 The 
decreasing function of the enzyme, in addition to 
caffeine being able to cross the placental barrier, 
results in the fetus having caffeine in their system 
for a longer period of time potentially affecting 
growth and development.20,22,35 Hormone changes 
are also thought to be responsible for elevated 
glucocorticoid levels that occur when caffeine is 
consumed.11,36,37 This increase in glucocorticoid 
levels have been associated with childhood obesity 
and higher visceral adipose tissue deposition.11,36,37 

Some studies have suggested that continuous 
fetal exposure to glucocorticoids could alter 
the development of the hypothalamic-pituitary-
adrenal axis (HPA-axis),10,24,36,37 limit fetal growth, 
alter the growth of the pancreas, change insulin 
targeted tissues, and affect adipose deposition.10,13,22 
The HPA-axis regulates homeostatic functions 
throughout the body including glucose and lipid 
metabolism.10,11,37 Another mechanism involves the 
association of caffeine intake during pregnancy 
with SGA infants.38,39 These children go through 
a period of catch-up growth which has been 
associated with increased body and abdominal fat, 
particularly central adiposity.6,23 Insulin resistance 
and elevated insulin-like-growth factor-1 (IGF-
1) levels have also been observed to be possibly 
creating excess fat deposition over lean muscle 
mass developement.6,11,22,23 Due to the difficulty 
of experimenting on a pregnant population, 
these potential etiologies were developed from 
rodent studies and therefore are difficult to find 
the same pathways in humans.36,37,40 Emerging 
research has found a way to utilize “organ-on-a-
chip technology”.41 Placental organ tissue has been 
difficult to obtain due to it only being present during 
pregnancy. Having this available can help determine 
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amounts of caffeine pass through the placental 
barrier potentially allowing for more research for 
caffeine alternatives during pregnany.41

4.3. Recommendations for Further Studies

Ideally future research will continue utilizing large 
cohort populations. Financially a more specific food 
frequency questionnaire that delineates specific 
beverage consumption, including preparation 
method, and consideration of add-ins such as sugar 
or cream to beverages would likely yield truer 
consumption. In-person interviews may improve 
the quality of the diet being evaluated by having the 
interviewer define and explain questions along with 
providing visualization of portion sizes, but this can 
be time consuming and costly if trained researchers 
are the ones interviewing. Finding a way to reduce 
confounders such as separating those who drink 
coffee versus those who drink tea may also be 
helpful in determining outcomes with caffeine intake. 
Determining an appropriate time for follow-up 
is needed to identify childhood or adolescent age 
cut off points. As children age into puberty body 
composition changes can alter results and therefore 
needs to be addressed. 

5. Conclusion and Global Health 
Implications
From the studies reviewed, caffeine intake as low as 
50 mg/day14,15 during pregnancy has an association 
with increased risk of childhood overweight or 
obesity measured by either BMI per IOTF criteria15 
or central obesity.14 One study found increased 
risk of obesity when any caffeine intake during 
pregnancy was considered, but the risk doubled 
when caffeine amounts were ≥150 mg/day.24 The 
remaining two studies with a positive association 
didn’t observe a risk of overweight or obesity until 
caffeine intake was ≥360 mg/day.13,22 As only two 

studies found associations at 50 mg/day but did 
identify that the risk increased as the amount of 
caffeine increased,14,15 the current recommendation 
of <200 mg/day presents with a lower risk of 
offspring overweight or obesity, but complete 
avoidance of caffeine would be recommended 
during pregnancy to eliminate any risk of these 
characteristics in children. 
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Key Messages
• Minimal research is available on long term 

health effects of maternal caffeine consumption 
during pregnancy on their offspring.

• There is an association between maternal 
caffeine intake during pregnancy and childhood 
overweight or obesity.

• Cessation of caffeine consumption during preg-
nancy should be considered to avoid potential 
adverse health effects for the child.
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