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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 228

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 2300 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
2300 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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Caffeine Intake and Childhood Obesity

|. 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.' Overweight
or obese children have a 70% chance of being
overweight or obese in adulthood?along with higher
risk for chronic diseases such as cardiovascular
disease, cancer, or diabetes.**” This trend of growing
obesity initiated the need for interventions such as
food assistance programs and nutrition education
which have led to some improvement’ 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.' 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 85% percentile but less than
95™ percentile are classified as overweight while
those at or above the 95" percentile are classified
as obese.”® 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.’

If a child is obese by the age of || they are more
likely to be obese in adulthood.* 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.?’
During pregnancy, hormones change how caffeine
metabolizing enzymes function.'®!" Due to the
decreased enzyme function, caffeine ingestion during
pregnancy may allow for the fetus to be exposed
to glucocorticoids that the mother produces.'
These glucocorticoids potentially interrupt the
development of the hypothalamic-pituitary-adrenal
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axis (HPA-axis), which is suggested to be the
primary place of genetic changes to predispose the
fetus to metabolic syndrome.'' Aside from genetic
components, obesity for both children and adults
can be a result of excess caloric intake or lack of
physical activity.>”

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.'? 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.'? Caffeine intake during
pregnancy has been associated with unproportioned
fat deposition such as abdominal subcutaneous fat,'?
increased waist circumference,'* increased liver fat
fraction,'® or increase in overall weight gain'® 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.'* Caffeine consumption of <400 mg per
day outside of pregnancy has not been associated
with negative health effects.'*'® In the U.S,, a large
prospective cohort study approximated that 75%
of women consume caffeine during pregnancy."”
According to the American College of Obstetricians
and Gynecologists (ACOG), <200 mg/day of caffeine
is recommended? but theWorld Health Organization
(WHO) allows for <300 mg/day while pregnant.2' A
typical 8oz cup of brewed coffee is approximately
137 mg of caffeine.® 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.” Intakes of caffeine >200 mg/day have
been associated with low birth weight, miscarriage,
and small for gestation age (SGA) at birth.%!>192223
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.'3'>22* | j et al.,* 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.'*'%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,” a
systematic literature review was conducted (Figure | ).
Thesearchstrategyincludedutilizingseveraldatabases
to identify peer-reviewed journal articles. Databases
searched included Medline, PubMed, CINAHL-
Plus and Google Scholar. Key words included in
caffeine,” “pregnancy,’
obesity,” and “serum

In ““
’

the search were “prenata
“childhood,” “overweight,” “
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 |: PRISMA flow diagram
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2.]. 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 228 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,
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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.*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% Cl was utilized to compare mothers who
consumed less amounts of caffeine (<50 mg/day,'®
<150 mg/day,* and <180 mg/day") to those who
consumed more (>50 mg/day,'*>150 mg/day,>* and
=180 mg/day'?). P-value or P for trend of <0.05 was
used to establish significance for all of the studies
except Barr and Streissguth.”” The study that utilized
serum paraxanthine?® also evaluated the difference
of BMI scores with serum paraxanthine levels using
a Risk Ratio and 95% ClI. 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.”? 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 ).

Every study consisted of a prospective cohort
population across multiple countries including
Netherlands,'*?> Norway,'> United States,?#?"%
Ireland,'* and Brazil."” 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.' The majority of studies
had endpoint follow-ups between the ages of six to
10 years old for evaluation of the children.'®!52227.28
The longest study evaluated their cohort population
up to |5 years.? Eligible study characteristics are
available in Table |.

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 studies'®'®*2
ranged from 26.2-36.5 years and a pre-pregnancy
BMI range of 17.8-31.0. The other studies provided
ages'®2%7728 and BMI'>* 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),'>'>**2 have more than one
child,'*'*2*?7 be a smoker,'®!3!5242728 3nd of European

www.mchandaids.org |

descent or white.'>?22428 Four of the studies found
that mothers who had higher education also tended
to consume more caffeine.'>'*22222%Table 2 addresses
demographic information of the included studies.

Sources of caffeine included were coffee,!3-!%222427
tea,|3-|5, 22,2427 Soft drinks,|4,|5,24,27 chocolate,|4,|5,27
chocolate milk,'*'>? hot chocolate,'** sandwich
spreads,'® and desserts or sweets with cocoa.'*!®
Energy drinks were excluded due to limited
consumption of these during pregnancy.'®

Caffeine content was measured differently
throughout the studies. Two of the studies estimated
an average coffee serving to be approximately
90 mg of caffeine'*?2and then characterized caffeine
content into units (I unit=90 mg of caffeine). One
study that utilized in person interviews,?* used
I50 ml to be approximately 100 mg of caffeine
as a standard serving. Three of the studies'®'*'s
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.” In the Collaborative Perinatal
Project conducted by Klebanoff and Keim, 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 Streissguth?” and Klebanoff and Keim?® had
the lowest risk of bias. Li et al.** 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

©2020 Global Health and Education Projects, Inc.



Caffeine Intake and Childhood Obesity

(pwod)

(010

Puad)(06'9'%1°1)18°T PIo 4 6 38 Aisaqo
10 JYSISMIDAO JO XS | YIM PaIBIDOSSE
Ajuo 230> wouy auyed (10°0>d)
(670%00)£1°0 340352 [Nl =p/Bw 007
(500>d)

(PETTIDTY'| Plo 4 6 38 Asaqo [enuad
pasea.out o sk | (10°0>d)(88'1°01°1)
170 @seaJoul p/3w 00| A49A YIM plO

JA 6 7 ySIemuaA0 disi | = p/Bw 0§

#ep/o0zz pue

00T> ©2 001 ‘001>-0S ‘05>
Aep/3w ui

IV D44 Ul paiodas el
uo 3uipuadap sdnoud

03Ul PAPIAIP duIRYED

"PUEJJ] Ul SUIRYED

JO 924nOs urew si e,
sa3euanaq

pue pooj 3ujureluod
91ej0d0YD ‘SHULIP

JOs ‘€9 ‘93y0D)

J21saW IS4y ul D44

Plo
sJeak ¢ pue g

Puef2.| ‘€00Z-100T

"Apmg 140yo7) uonessuan)
-sso47) shkemayi oy
41’610 ‘€32 T U3y

(100>d) @S ¥T 11D

%56) LE'T YO 5990 uraq ulidsyo aup jo
>{Sld pasea.dul %// & pey duoje p/Swi 0§ |>
(100> puaand) (T1°€ TI'1 11D %56) L8]

YO el 93e-10)-||g Suisn Asaqo Suiaey
USJPp|Iyd 4193 Jo skl 9%/8 ue sey Adueudaud
SuLINp |[eJ9A0 EIUI SUISYEd [BUISIE]

3wz oyD 10H
3wg| repog

V/N ‘B3l 823
Bweg ed|

3wz 90D Jeaag
3wQ |:@30D

"ZOG~ 93eJ9A9q

B JO [WQG | AJoAS Jo4

*33€|0d0YD J0Y ‘epos
pajeUlRyed ‘(Jedap Jo
pajeulayed) B9 (jedop
10 pajeuIdyed) 99407

U91SOWILI} PUODDS
Ajaed AJ4aA 40 3541 Ul
MB3IAIRIUL UoS.Iad-u]

ssek G|

S$9IIS PUUN ‘866 1-966 |
"wia1sAs AUaAIjop a.Jed-ya[eay
pase.Saiu| relulopeD
UJSYIION] SIUsUBULIDg
J3S[EY| :00SIDURY UES
w'S10T IR IA N

5 (19'1 ¥0°'1) 6T'1 PIO

A g Aq 3ysiomaano Buiaq Jo sty (19°10"1)
67| Plo J4g e 3ySiam i 308y, [euonippe

Aq yamous ss95% Jo sk (6€°0°TT0) 1€0
Plo 4K g 1€ |G | Jo sk =p/Bw 0O €
(S00°1007) ZO'0O:PIO

4K g 3e |G | JO diski=p/Bw 66 1-0§

(00€=) ydiH Auop
(667-000)U8IH
(661-05) 3ay
(6+-0) Mo

p/3w ur sulpyed

‘BOJ0D YIM

SI99MS pue s)ed
‘s349559p ‘spea.ds
YoIMpues pue jjiw
21e|0d0Y) ‘938|0d20Yd
‘S)uLIp A3usus ‘HulIp
3JOSs pajeulayed

‘833 >dB|q ‘930D

uonelsasd Jo sypuow
S 35 3uinp D44

‘saeak
g pue /‘q pue
sypuow 9¢ ‘g| ‘9

AemioN

‘8007666

Apmg 340403 pyD pue
J3y30|y UBISIMION 5810
‘e 39 ‘3 nojnodopedey

4+ (SL'T'T60) 6571 PO 44 0] 38 3yBiomiano
Jo s | =p/siun 9z *(g000 pua.id)
Ajpandadsai (€40 ‘20°0)22°0 PUe (ST0
“Y0°0)p 10 ssew e} Apoq | pue (81,0'0 puaiid)
Ajpanaadsai (£4°0°10°0) 20 PUe (+2:0°10°0)

uun | =3wQg~ 9340d
pajeurayed jo dnd | uo

sJaisawiialy
p€ PUE T | Bunp

SPUEISYIAN ‘S00T
-100T APmg  uonessueD

71°0 TING=p/s31lun 9= pue g°G-f  Paseq aulRYED JO J1uN Yde] B3] ‘930D saJreuuonsang) |eisod plo saeak Q| ¢'610T ‘I8 29 ‘7 UBWIS0A
5 (0£'T'89°0)ST |
YSI9MIBA0 JO YSLI| =Aep/sjun 9=
ApAnoadsas (§10°0 pua4d)(£€0°10°0)
81°0°(0Z°0°10°0) 01°0:Plo 44 9 1& ssew Apoq uun | =3wQg~ 99Y0d sJ93sowWLI SPUElISYISN ‘S00T
[e203] pue (100°0>d)(9€°0°€0°0-) 91°0°(61°0 pareulayed jo dnd | uo p.€ PUE 5T | BUlINp siek  -]Q0T APMS Y UonesaudD)
‘10°07)6°0 NG | =P/S3IUN 9= pue g°G-p  PIseq dulRYEd JO JUN Yde] B9 ‘990D saJreuuonsang) [easod 9 01 Iq wo.4 2’9107 ‘& 39 ‘UBWISOA
(Aoueu8aud Surinp ayejul sulayed (Bw) surayen auRyed pauie}qo sem dn -mojjo}
Jo Aep/8w) (1D %S6) SINSa4 urepy JO jJuswiaInNsealy JO S924N0S  MjeJUI BUIRYED MOH  JO dwued) dwil ] 31040 /sioyny

MBIARY d1JeWIR)SAS 3Y) ul papn|duj saIpnjg jo Arewwuns :| d|qel

369

www.mchandaids.org

© 2020 Global Health and Education Projects, Inc.



International Journal of Maternal and Child Health and AIDS (2020), Vol. 9, No. 3, 364-380

Frayer and Kim

xapul sse| Apog=||\g ‘@reuuonsanb Aousnbauy pooy=044 :suoneinaiqqy
BLI2IID) 92404 Yjse| AIsaqQ [euoneulau] Buisn Aq PayRuSp! [N
[eIUI BUIBYEI OU IO {eIUI UYL MO| 03 PaIedWod $INSaY,,

"A11s3qo .10 YS1I9MIaA0 pooyp|iyd
pue Adueudaud Sulinp sjoAs| aulyjuexeled
WINJ9s U99MID] UONEBIDOSSE ON

’/U

paJnseaw 8uiaq sem
911[oqeIaW duIdyed
a3 se 924nos
J1199ds ou — [esauad
Ul eul duRyeD

wniJed-3sod

$399M 9 pue AJSAIRP

e Aoueudaud Sulunp

S)oam g AJaAs pue
uone.asisaJ 1e pa1d9||od a3e jo
auiyauexe.ed wnaag sueak / pue §

sareag
PaUUN ‘§961-656| 323[0.d
[eIBULIDY SANEBIOGE||0D)

8 910T

‘WISy| pue youeqay|

"92UBIRJWINID peay Jo ‘Yadud)
Yaa1q WySIemyaiq pue ansodxa auiayed
[eeua.ad YIIM PUNO) SEM UONEIDOSSE ON|

Jeq 918|020YD ZO4, 40} SwiQg
puEjuLIp YOS S| g Aiw
20yd 3wQ| ‘9302 uEIsul
Jo payejoduad ‘paddup jo
dno Jad 8w 99 Jo /7| |
‘231 [equay-uou Joj Sw /¢

diw 33€j0d0Yd
pue Apued a1€|000YD
‘B|0D ‘B3] 990D

M3IAIRUI AJlIGRLIBA

-Aduanbauy-Ainuenb

Suisn uondwnsuod a3e jo
pa1Jiodau-jos sJeak 7 01 yaaig

SOIBIS PAUUN ‘L6 1-L6]
‘Aoueu3aud pue |oyod|y uo
Apmg [euipmiSuoT ap3eas

121661 ‘Yan3ssioag pue Lieg

‘SUIUOW § J& SIUSLUIBINSEIW UM
uoneposse uedyudis oN ‘(/#0°0>d) (6200
‘000°0) §100°0 SYIUOW § I& SIUDWIINSEIW
PIOJuD|S PISERDUI YIIM USP|IYD pey
Aoueugaud Sulinp aulsyed pey oym sIayIol|

'S9|qe3 [euonliINu
S'n Suisn pue papasu se
sazis SuiAias SunasAuod
Aq 3w u1 sureye)

Ajuo
9902 WoJj duidyeD)

a3e jo
wmued-1sod sep 7 D44 syauow g pue ¢

lizeag
‘S102-110T 323l0.d 3y

4O SYIUOL XIS IS4 B3 Ul
JuswdojaAd(] PUE YIMOID)
PlYD uo syuswiuodiAug
|[uleINE.U| JUBJIRHI]
[e3euLiag Jo 33edwly £ 10T
‘[e 33 ‘] SOJISP3|| Sp solues

(AoueuBaud Surinp a»jejul suisyed
Jo kepj3wi) (1D %56) s3Insa4 urepy

(Bw) surayen
JO JuUSWIRUNSEDY

sulsyed
Jo sadunog

paure3qo sem dn -mojjoy
9 ejul SuUldyeD MOH  JO SWiedy dwil ]

3d0yoD/sioyIny

(penunuo)):| sjqeL

©2020 Global Health and Education Projects, Inc.

www.mchandaids.org

370



Caffeine Intake and Childhood Obesity

dn moJ|0j [euly Y3 Ul PIPN|DUL 3J9M UBJP|IYD GE9| AJUO ‘WINJIDS $33aM 972 PapIA0.d 1Byl SIBYIOW 006 | =8 Y3 SO
*dn MOJ|0} IE SIUSLISINSEIW 10§ PIIDI|IS DM URIP|IYD 00S A|UO 110YOd BY3 Ul SISYIOW TS| Y3 JOux

Asan1pQ 28 38y,

%T61=S1eh 7| <

%6=9€<
%LEI=¥E-0€
%8 €T=60"SC

%L 6E=S1BA T | ¥ 1E=4PW0o %9'8€=¥C-0C S10¢
g/ %1y %6 '0p=s1eah 7| > S'89="UUYM g/u %S¥1=0C> xxSAOYIOW 006 | gz WIS PUE Joueqa|y|
%L=100Y>S peiD %1>=0F<
%ST=peID 33300 %9=0¥-€€
%67=983]|0D dwog %5=49P0O %65=T1€-9T
snoJednjnw %8T=PeID [00YdS Y3IH %6="1¢ld %EE=VT LI 1661 '4anSssia.ng
%99 g/ %1 1=10042s YSIH> %98="UYAA g/ %C=91-€l #xSIOIOW 67§ | pue .Lieg
sno.ednjnw sJred £10T0/ T8 3@
%8'89 %SC s1eak 0| :uelpaly %E09="UYAA 99+ L'9¥T9T Pliy>-setpow 7/ | SOJISp3| 3P SOIUES
sno.ednjnw %TG=9A0qE JO AJenus| sJred
%LS %9 %8h=AIenJa1 mojog B/ 8'EFLET £'9¥8°0€ Pliys-1stpow ggg 610T 832 T U3y
%y=49PO
%8'0E=-19pue|s|
JlIdBJ/UBISY %L 1 T=+9€
%'y | =|00Y3S 1enpe %S €7=PuedsIH %6¥E=5€-0€
snoednjnw %9'87=92.33p 339]10D %9="¢Cld %LE=GCZ %6'87=0€-9C
%LS %66 %L'95=989]|0D> %Y yE=SNYAM %6'L9=ST> %EV1=9T>x usJpiiyd 199 SI0T B3 MA N
%6=0€
L'97=s1eh 9| < %L 1T=6'67"ST %SY9=0€<
sno.ednnw %6 Ep=s1e3k 9|-€ | %C99=6YT-98l  %9¥r=61-0C sared 810¢
%9 %L %T6T=s1eA €| > B/ %C=9"81> %1 >=0C> Plly2-12y30W €609 51'[e 393 nojnodopedey
434314 %05
snoJednjnw AJepuodss 47Ty Juds9p dn-moj|oj 3e uaJp|iyd
%C ¥ %EVT Asewnd %4/ ueadoung %8'9 9'Ct Cle WpIm sastpow 022y 610T ¢ T8 393 UBWISOA
42431y %8'0§ dn-moj|o} & UaJp|Iyd
snoJednjnw AJepuodas ye'cp pIUERECT) 795G "sisAjeue u|
%9ty %981 Asewd %6° ueado.ng Jo %585 9T (40 siayow /68°/ 910T ¢[e 32 ‘UBWLISOA
(saf) Aoueudaud 1ng (€79) syaalqng *34040d
faeyg Sulanp pajowsg |9A3] uoizednpg fuyrg Aoueudaud-aag a8e uesy Jo uaquinp jo ade|d Yeak ‘suoyiny

s19yjoy jo uonewuojuj siydesSowaq :7 ajqeL

371

www.mchandaids.org

© 2020 Global Health and Education Projects, Inc.



Frayer and Kim

International Journal of Maternal and Child Health and AIDS (2020), Vol. 9, No. 3, 364-380

women that did not consume caffeine during
pregnancy were selected from the same cohort.
Santos de Medieros et al.' 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.'® The assessment of outcomes
was unclear in half of the studies'®'*'*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 them'®'3'*
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.'®?? For the first study?? when comparing
results between pregnant mothers who consumed
<2 units of caffeine to those that consumed 4-5.9
units and 26 units, the offspring had increased
childhood BMI using IOTF criteria, 0.9 standard
deviation (SD) (95% confidence interval (Cl): -0.01,
0.19) for 4-5.9 units and 0.16 SD (95% CI:-0.03,
0.36) for 26 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 26 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 26
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 study'3
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 26 units of caffeine per day compared
to <2 units per day, offspring were found to have
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Figure 2: Risk of Bias in Individual Studies?
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increased BMI per IOTF criteria 0.12 SD (95%
Cl: 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% ClI: 0.05,
0.27) and 0.22 SD (95% CI: 0.01, 0.44) respectively
(Ptrend 0.003). Mothers who consumed 26 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 26 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% Cl: 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% Cl:0.04, 0.36) (Ptrend 0.004).

The Norwegian Mother and Child Cohort study'®
separated maternal caffeine consumption into
different groups, low (<50 mg), average (50-199 mg),
high (200-299 mg), and very high (2300 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% ClI:
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 [ coefficients ({3)
0.03 (95% CI:0.01, 0.05), toddlerhood at 18 months
B 0.04 (95% ClI: 0.02, 0.06), preschool at five years
B 0.03 (95% CI: 0.01, 0.06), and school age at eight
years [3 0.02 (95% Cl: -0.01, 0.05). Risk of elevated
BMI by age eight in the very high caffeine group
when compared to the low group was f$ 0.3 (95%
Cl:0.22,0.39).

The longest study had a |5 year follow-up period
in which caffeine intake was divided into three
groups: no caffeine, <150 mg/day, and =150 mg/day.2*
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% ClI: 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% ClI: 1.05, 3.00)..
The offspring from those who consumed 2150 mg/
day were more than twice as likely to have obesity
2.37 (95% Cl: 1.24, 4.52). P-value for trend for the
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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 (2150 mg OR 3.32 (95% ClI: 1.49, 7.41)) (Ptrend
0.007) when their mothers consumed caffeine
during pregnancy.

Chen et al.'* 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
>90 percentile in nine year olds OR .62 (95%
Cl: 1.12, 2.34) (P <0.05). BMI z-scores, which are
age and sex specific, were elevated with caffeine
consumption 2200 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.VWhen comparing
low caffeine intake of <50 mg/day to highest intake
2200 mg/day, caffeine from coffee alone had an
association with overweight and obese status at nine
years old OR 2.81 (95% ClI: 1.14, 6.90) (Ptrend 0.10)
and central obesity OR 4.57 (95% Cl: 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.'°
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
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 cohort? 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.?® 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 226 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 pg/liter. For serum paraxanthine levels
>1000 pg/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,"
overweight or obese status,'* and increased waist
circumference.'* Increased risk of obesity was also
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found in amounts <150 mg/day.* Other studies
did not find an association with risk of overweight
until 2200 mg/day' or =300 mg/day of caffeine
consumption.'> Furthermore, two of the studies did
not associate overweight status of the child with
caffeine intake until amounts were 2540 mg/day.'3*
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.'*!>

Additional findings throughout the studies
included increased total body fat mass, '*** and
higher liver fat fraction'® at 2360 mg of caffeine
per day during pregnancy. Increased android/gynoid
fat ratio was also observed both at 2360 mg'® and
2540 mg'*? of caffeine per day. Excess growth'*
was identified at 2300 mg/day and central obesity'*
was found with caffeine at 50 mg/day. Altered
anthropometrics including skin fold test at six
months'® or height, length, and head circumference
at seven years?” 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.”®

All studies in this review were 210 out of 14
in quality. The highest rated study was Klebanoff
and Keim?® 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 studies'*'522242728 were unable to justify their
sample size.The one exception to this was Santos
de Medieros et al.'® 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.'"* and Papdopoulou et al.'”®
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-age'*?2? or elevated BMI per
IOTF criteria.'*'"® The likelihood of these outcomes
increased as caffeine intake increased.'*'* Secondary
outcomes that were associated with caffeine intake
during pregnancy included risk of overweight starting
at 250 mg/day'* to 2540 mg/day,'*'>222* excess growth
or increase in total body weight at 2300 mg/day,'*
increased central obesity or high waist circumference
at =50 mg/day,'* elevated android/gynoid fat ratio at
2360 mg/day,'*? elevated liver fat fraction at 2360 mg/
day,'® and an increase in both total body mass? and
body fat mass at 2360 mg/day."” Three of the studies
were unable to find a relationship between caffeine
consumption and a child’s anthropometrics including
skin fold measurements,'® height, length, and head
circumference,”” and BMl-for-age using serum
paraxanthine levels.?®

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.'” Research has shown that women
do decrease their caffeine intake during pregnancy?”
but the loss of the beneficial side effects of caffeine
such as mental alertness and decreased fatigue'® 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
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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,'? waist circumference,'* and liver fat
fraction.” 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 Keim?
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.*

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,'®'*'"* postal questionnaires,'** and
in person interviews.*?” While the FFQ method is
preferred in large cohorts,?' self-reporting errors
may occur.?? For the studies utilizing the food
frequency questionnaire and postal questionnaires,
information was gathered at different time
points throughout the pregnancy including first
trimester,'® 22 weeks,'* and at each trimester.'%'322
Two studies**?” 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 trimester? and the
quantity frequency index was completed during the
5% month of pregnancy.”” As caffeine intakes may
change as pregnancy continues,” 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  Total Criteria not met
of interest quality
reported score*
Voerman, et al,> No I Was a sample size justification, power description, or variance and effect estimates
2016 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, No I Was a sample size justification, power description, or variance and effect estimates
etal," 2019 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, No 10 Was a sample size justification, power description, or variance and effect estimates
etal,'* 2018 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,* No I Was a sample size justification, power description, or variance and effect estimates
2015 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 Letal,'* No 10 Was a sample size justification, power description, or variance and effect estimates
2019 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 No I Was the timeframe sufficient so that one could reasonably expect to see an
Medeiros T, association between exposure and outcome? No
etal,'? 2017 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 Not stated I Was a sample size justification, power description, or variance and effect estimates
Streissguth,?” provided? Not recorded.
1991 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 Not stated 12 Was a sample size justification, power description, or variance and effect
Keim,® 2015 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 of them pointed out that caffeine levels in both
varied across all studies. Most agreed that coffee coffee and tea can vary depending on preparation
was a major contributor to caffeine intake, many method.'%!3152242 Two studies identified coffee as
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their main caffeine source'®' of which they were
able to find a relationship with obesity of overweight
status in offspring. However, other studies'>* 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.'** 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.'*?2 from 2016 and
2019 had the most divisions of caffeine intakes
allowing for little range, however Chen et al'* 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,'* <I50 mg/day,> 2200 mg/day,'* and
2360 mg/day.'*?2 This large difference shows the
importance of providing smaller ranges of caffeine
measurements.

Only one study* found a significant difference
between genders.As this study had a |5-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 2150 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
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anthropometrics. In general, during puberty, girls
accumulate more fat than their male counterparts,
while males develop more lean body mass.®
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 CYP|A2 decreases throughout
pregnancy due to hormone changes.'*'®223 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.??23> Hormone changes
are also thought to be responsible for elevated
glucocorticoid levels that occur when caffeine is
consumed.'"®37 This increase in glucocorticoid
levels have been associated with childhood obesity
and higher visceral adipose tissue deposition.'"337
Some studies have suggested that continuous
fetal exposure to glucocorticoids could alter
the development of the hypothalamic-pituitary-
adrenal axis (HPA-axis),'®2*3¢37 |imit fetal growth,
alter the growth of the pancreas, change insulin
targeted tissues, and affect adipose deposition.'®!322
The HPA-axis regulates homeostatic functions
throughout the body including glucose and lipid
metabolism.'*'"¥ Another mechanism involves the
association of caffeine intake during pregnancy
with SGA infants.’®3° These children go through
a period of catch-up growth which has been
associated with increased body and abdominal fat,
particularly central adiposity.>?® Insulin resistance
and elevated insulin-like-growth factor-1 (IGF-
I) levels have also been observed to be possibly
creating excess fat deposition over lean muscle
mass developement.®''"?2 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 humans3¢¥% Emerging
research has found a way to utilize “organ-on-a-
chip technology”.*' 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.*'

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/day'*'®> during pregnancy has an association
with increased risk of childhood overweight or
obesity measured by either BMI per IOTF criteria'®
or central obesity." 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.? The
remaining two studies with a positive association
didn’t observe a risk of overweight or obesity until
caffeine intake was 2360 mg/day."*?? As only two
studies found associations at 50 mg/day but did
identify that the risk increased as the amount of
caffeine increased,'*' 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.

e 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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