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Abstract

IMPORTANCE Women are recommended to limit caffeine consumption to less than 200 mg per day
based on risks to fetal health. Impacts of caffeine on maternal health remain unclear.

OBJECTIVE To determine whether caffeinated-beverage intake and plasma caffeine and
paraxanthine are associated with cardiometabolic complications in pregnancy (ie, gestational
diabetes [GDM], preeclampsia, and gestational hypertension [GH]).

DESIGN, SETTING, AND PARTICIPANTS This cohort study used data from a longitudinal pregnancy
cohort study from the National Institute of Child Health and Human Development (NICHD) Fetal
Growth Studies-Singletons (2009-2013). This post hoc secondary analysis of 2802 pregnant women
without major chronic conditions enrolled at 12 US clinical sites was completed in 2021. The final
sample for caffeinated beverage analyses included 2583 women. After excluding women who did not
consent to have their biospecimens stored for future research (n = 54), plasma caffeine analyses
included 2529 women. Analyses of caffeine consumption and fasting cardiometabolic profiles
included 319 women.

EXPOSURES Daily total caffeine intake was estimated at 10 to 13 gestational weeks and 16 to 22
gestational weeks based on self-reported past week intake of caffeinated coffee, tea, soda, and
energy drinks. Plasma caffeine and paraxanthine were measured in specimens collected at 10 to
13 weeks.

MAIN OUTCOMES AND MEASURES Clinical diagnoses of GDM, preeclampsia, GH, glucose
concentrations from GDM screening, and blood pressure were extracted from medical records.

RESULTS Participants had a mean (SD) age of 28.1 (5.5) years and 422 participants (16.3%) were
Asian/Pacific Islander women, 741 (28.9%) were Hispanic women, 717 (27.8%) were non-Hispanic
Black women, and 703 (27.2%) were non-Hispanic White women. At 10 to 13 weeks, 1073 women
(41.5%) reported consuming no caffeinated beverages, 1317 (51.0%) reported consuming 1 mg/d to
100 mg/d, 173 (6.7%) reported consuming 101 mg/d to 200 mg/d, and 20 (0.8%) reported
consuming more than 200 mg/d. At 16 to 22 weeks, 599 women (23.6%) reported consuming no
caffeinated beverages, 1734 (68.3%) reported consuming 1 mg/d to 100 mg/d, 186 (7.3%) reported
consuming 101 mg/d to 200 mg/d, and 20 (0.8%) reported consuming more than 200 mg/d
caffeinated beverages. Intake at 16 to 22 weeks was associated with lower GDM risk and lower
glucose concentrations (1 mg/d to 100 mg/d vs none: relative risk, 0.53 [95% CI, 0.35 to 0.80]; β,
–2.7 mg/dL [95% CI, –5.4 mg/dL to 0 mg/dL]) and lower C-reactive protein and C-peptide
concentrations and favorable lipid profiles. Total plasma caffeine and paraxanthine at 10 to 13 weeks
was inversely associated with glucose (quartile 4 vs quartile 1: β = –3.8 mg/dL [95% CI, –7.0 mg/dL
to –0.5 mg/dL]; trend of P = .01). No associations were observed with preeclampsia or GH.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this cohort study, second trimester caffeinated beverage
intake within current recommendations was associated with lower GDM risk, but not preeclampsia
or GH. These findings may be reassuring for women with moderate caffeine intake.

JAMA Network Open. 2021;4(11):e2133401. doi:10.1001/jamanetworkopen.2021.33401

Introduction

Over 80% of US women of reproductive age consume caffeine daily.1 While most women decrease
consumption after becoming pregnant, many continue to consume caffeine throughout pregnancy.2

The American College of Obstetricians and Gynecologists (ACOG) recommends that pregnant
women limit their caffeine consumption to less than 200 mg/d out of an abundance of caution
because of potential associations with pregnancy loss and fetal growth restriction at higher intakes.3

There remains limited data on associations with maternal cardiometabolic outcomes in pregnancy.
Outside of pregnancy, caffeine (or coffee) is associated with both acute and chronic

cardiometabolic changes.4 Among nonhabitual consumers, caffeine acutely raises blood pressure.5

Nevertheless, among women who were habitual consumers, increasing coffee consumption was
associated with lower hypertension risk in prospective cohort studies.6 Experimental studies
demonstrate that acute caffeine intake reduces insulin sensitivity,7 yet there are limited long-term
effects.8 Observational studies have observed inverse associations between habitual coffee intake
and type 2 diabetes.9 Given that pregnancy is a period with increasing insulin resistance10 and
reduced caffeine metabolism,11 there is a need to study caffeine in pregnancy with maternal
cardiometabolic health, specifically.

Previous studies on caffeine (or coffee) and gestational diabetes (GDM),12,13 gestational
hypertension,14 and preeclampsia15 were null except for an inverse association between moderate
intakes and preeclampsia.14 These studies were limited by lack of multiple assessments across
pregnancy,12,13,15 objective measures,12-14 and limited lifestyle measures to reduce confounding.13,15

This study aimed to examine prospective associations between caffeine exposure in early- and
mid-pregnancy and maternal cardiometabolic health, including GDM, preeclampsia, and gestational
hypertension as well as cardiometabolic biomarkers and blood pressure.

Methods

Institutional review board approval was obtained at the clinical sites, data coordinating center, and
the Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD). All
participants provided written informed consent. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guidelines.

Study Population
This was a secondary analysis of the NICHD Fetal Growth Studies-Singleton Cohort (n = 2802).16 The
primary aim was to establish race-specific and ethnicity-specific US standards for fetal growth.17

Women of underrepresented minority groups were oversampled and enrolled based on their self-
identified classification into one of the following categories: Asian/Pacific Islander, Hispanic,
non-Hispanic Black, and non-Hispanic White. Women were enrolled between gestational weeks 8 to
13 at 12 US clinical centers (2009-2013). Eligibility among women with a prepregnancy body mass
index (BMI; calculated as weight in kilograms divided by height in meters squared) of 19.0 to 29.9 was
limited to women who did not smoke, who were not currently drinking 1 or more alcoholic drinks per
day or using illicit drugs, who conceived without fertility drugs or in vitro fertilization, who did not
have prior pregnancy complications, and who did not have major chronic diseases. Eligibility among
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women with a prepregnancy BMI of 30.0 to 45.0 was limited to women without major chronic
diseases. Complete details are published elsewhere.16 Statistical analyses for the current study were
completed in 2021.

Questionnaire data, research examinations, and biospecimens were collected at enrollment,
throughout pregnancy, and at delivery. Research visits were targeted at 16 to 22 (visit 1), 24 to 29
(visit 2), 30 to 33 (visit 3), and 34 to 37 weeks (visit 4). Medical record abstraction of routine prenatal
examinations and delivery discharge diagnoses was completed after delivery. Biospecimens were
collected at enrollment, visits 1, 2, and 4 following a standardized protocol, immediately processed
into plasma, and stored at –80°C.

The study sample is described in eFigure 1 in the Supplement. Eighteen women were
determined to be ineligible after enrollment and excluded from the analysis. Women who exited the
study or were without medical record abstraction were excluded (201; 7%); no differences in
caffeinated beverage intake (P = .18) or plasma caffeine (P = .54) were observed between women
with and without medical record abstraction. The final sample for caffeinated beverage analyses
included 2583 women. After excluding women who did not consent to have their biospecimens
stored for future research (n = 54), plasma caffeine analyses included 2529 women. Analyses of
caffeinated beverage intake and fasting cardiometabolic profile were based on a subsample of 319
women by leveraging biomarker data from 16 to 22 weeks previously measured as part of a GDM
case-control study (107 GDM cases; 214 non-GDM controls matched 2:1 on age, race and/or ethnicity,
gestational week of blood collection; 2 controls excluded because of missing medical record
abstraction).18

Exposure Ascertainment
At enrollment and each visit thereafter, women reported past week intake of cups (8 oz) of
caffeinated coffee, cups (8 oz) of caffeinated tea, cans (12 oz) or bottles (16 oz) of soda with caffeine
(eg, Coke, Pepsi, Dr Pepper, Mountain Dew), and cans (12 oz) or bottles (16 oz) of energy drinks with
caffeine (eg, Red Bull, Amp). Participants who reported drinking less than one serving (eg, cup, can,
or bottle) per day were classified as drinking half a serving. Total daily caffeine was estimated by
multiplying servings of each beverage by estimated caffeine content (coffee, 96 mg per 8oz; tea, 48
mg per 8oz; soda, 40 mg per 12 oz; energy drink, 108 mg per 12 oz) and summing across beverages.19

Concentrations of caffeine and paraxanthine were measured in plasma collected at 10 to 13
weeks’ gestation by a hybrid solid-phase extraction, and quantification of caffeine was performed on
an ABSCIEX 5500 (Applied Biosystems).20 Caffeine and paraxanthine detection limits were 0.55
ng/mL and 0.72 ng/mL and limits of quantification were 1.85 ng/mL and 2.39 ng/mL, respectively.
Machine observed values were used if values were below limits of detection or quantification to
minimize bias.21,22 Total methylxanthine concentrations were estimated as the sum of caffeine and
paraxanthine.

Outcome Ascertainment
Primary outcomes were clinical diagnoses of GDM, gestational hypertension, preeclampsia, glucose
(from glucose challenge test [GCT]), and blood pressure extracted from medical records.23 All
women received routine prenatal care. The majority of women (90%) were screened for GDM using
a 2-step process with 50-g GCT (median 27 weeks) and 100-g oral glucose tolerance test (OGTT), as
necessary. Women were classified with GDM based on OGTT results using Carpenter-Coustan criteria
(ie, at least 2 elevated plasma glucose values: fasting, 95 mg/dL; 1-hour, 180 mg/dL; 2-hour, 155
mg/dL; 3-hour, 140 mg/dL; to convert glucose to millimoles per liter, multiply by 0.0555), and/or
receipt of GDM medications.24,25 Impaired glucose tolerance (IGT) was defined as a 2-hour OGTT
plasma glucose concentration between 140 mg/dL to 199 mg/dL, but not meeting criteria for GDM.25

Secondary outcomes included the following plasma fasting cardiometabolic biomarkers
measured at 16 to 22 weeks: C-reactive protein, glucose, insulin, C-peptide, high-density lipoproteins
(HDL), total cholesterol, triglycerides, low-density lipoproteins (LDL), and HbA1c (eTable 1 in the
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Supplement). Homeostatic model assessment for insulin resistance (HOMA-IR) was calculated as:
Insulin[mg/dL]×Glucose[mg/dL])/405.26,27

Covariates
Accurate gestational dating by last menstrual period was confirmed by ultrasonography at
enrollment. At enrollment, women self-reported their medical history and sociodemographics.
Prepregnancy BMI was calculated from the measured enrollment height and self-reported
prepregnancy weight. A family history of diabetes was classified if a woman’s parents or siblings had
diabetes. Moderate and vigorous physical activity (metabolic hr/wk) was estimated at enrollment
(ie, prior year activity) and at each visit thereafter (ie, activity since prior visit).28 Past month
perceived stress was estimated at enrollment and each visit using the Perceived Stress Scale.29

Habitual dietary intake over past 3 months (ie, periconception and first trimester) was assessed at
enrollment using a food frequency questionnaire.30 Dietary quality was assessed using the Healthy
Eating Index (HEI)-2010 total score.31 Plasma cotinine was measured using ultraperformance liquid
chromatography coupled with electrospray triple-quadrupole tandem mass spectrometry.

Statistical Analysis
Caffeinated beverage intake was assessed as categories (ie, 0, 1-100, 101-200, more than 200 mg/d)
and per 50 mg/d. Plasma caffeine, paraxanthine, and their sum were assessed as quartiles and per
100 μg/L. Participant characteristics were compared by caffeinated beverage intake at enrollment
using analysis of variance or χ2 tests as applicable.

Prospective associations between caffeine and GDM risk were estimated using Poisson
regression with robust error variance32; associations with continuous glucose were estimated using
linear regression. For gestational hypertension and preeclampsia, multilevel outcomes necessitated
that associations were estimated using multinomial logistic regression. Because gestational
hypertension and preeclampsia were relatively rare (ie, less than 4%), odds ratios should
approximate risk ratios.33 Only caffeinated beverage intake reported at 10 to 13 weeks and 16 to 22
weeks were used to ensure that analyses were prospective and exposures were measured before a
diagnosis of GDM, gestational hypertension, or preeclampsia. Caffeine and paraxanthine were
summed as an indicator of total consumption and examined individually to assess for differences in
associations by the metabolites themselves.34

A linear trend test across quartiles of plasma caffeine and paraxanthine was performed using
the median value within each quartile estimated as a continuous exposure. Covariates for primary
models were selected a priori to include age, prepregnancy BMI, race and/or ethnicity, parity, marital
status, and education. Sensitivity analyses additionally adjusted for any of the following covariates
if they were significantly associated with exposure or outcome in bivariate analyses: employment,
family history of diabetes, severe nausea or hyperemesis, prepregnancy alcohol intake, stress, sleep,
moderate and vigorous physical activity, cotinine, total energy intake, and HEI-2010 total score. The
majority of women in the study did not smoke; sensitivity analyses excluded women who reported
smoking 6 months before enrollment (n = 17). To increase power, sensitivity analyses combined IGT
and GDM. Missing exposure, covariate, and GCT glucose data were multiply imputed with 20
replicates.35

Blood pressure trajectories across gestation were estimated by caffeine exposures at 10 to 13
weeks using linear mixed-effects models with cubic splines. Three-knot points (ie, 25th, 50th, 75th
percentiles) were chosen at gestational weeks 17, 28, and 35 that evenly split the distributions. P
values for exposures were estimated using a likelihood ratio test. Blood pressure across gestation
was plotted for each exposure at the mean sample covariate distribution; covariates included age,
prepregnancy BMI, race and/or ethnicity, parity, marital status, and education.

Prospective associations between caffeine intake and fasting cardiometabolic biomarkers were
assessed at 16 to 22 weeks. All outcomes were log-transformed. Associations were estimated using
linear regression with results presented as percent change in outcome. Because biomarker data was
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leveraged from a prior GDM case-control study, analyses were weighted using inverse probability
weights to represent the full cohort, and standard errors were estimated using robust error variance.
Models included all matching factors for the original case-control study (ie, age, race and/or ethnicity,
gestational week at blood collection).36,37 Additional covariates included prepregnancy BMI, parity,
marital status, and education. Missing exposure, covariate, and biomarker data (because of sample
volume) were multiply imputed with 20 replicates.35 Analyses were 2-sided with a level of
significance of P < .05. All analyses were performed using SAS version 9.4 (SAS Institute) from
October 2020 to August 2021.

Results

Participants had a mean (SD) age of 28.1 (5.5) years and 422 participants (16.3%) were Asian/Pacific
Islander women, 741 (28.9%) were Hispanic women, 717 (27.8%) were non-Hispanic Black women,
and 703 (27.2%) were non-Hispanic White women. Of participants between 10 to 13 gestational
weeks at enrollment, 1510 women (58.5%) reported consuming any caffeinated beverages in the
past week (soda: 833 [58.5%]; coffee: 613 [40.6%]; tea: 485 [32.1%]; energy drinks: 8 [0.5%]). Race
and/or ethnicity, parity, education, marital status, alcohol, stress, cotinine, and HEI-2010 total score
differed across caffeine intake (Table 1). At 16 to 22 gestational weeks, 1940 women (76.4%)
reported consuming any caffeinated beverages in the past week, 1789 (71.9%) at 24 to 29 weeks,
1710 (69.8%) at 30 to 33 weeks, and 1593 (69.6%) at 34 to 37 weeks. Median (IQR) concentration of
plasma caffeine was 169.1 ng/mL (29.5-651.1 ng/mL), and the median (IQR) concentration of
paraxanthine was and 74.4 ng/mL (15.2-235.8 ng/mL). Participant characteristics by total plasma
caffeine and paraxanthine are shown in eTable 2 in the Supplement. The Spearman correlation
between past-week self-reported total caffeinated beverage intake and plasma caffeine and
paraxanthine was 0.47 and 0.48, respectively.

At 10 to 13 weeks, 1073 women (41.5%) reported consuming no caffeinated beverages, 1317
(51.0%) reported consuming 1 mg/d to 100 mg/d, 173 (6.7%) reported consuming 101 mg/d to 200
mg/d, and 20 (0.8%) reported consuming more than 200 mg/d. Caffeinated beverage intake at 10 to
13 gestational weeks was not related to GDM risk (Table 2). At 16 to 22 weeks, 599 women (23.6%)
reported consuming no caffeinated beverages, 1734 (68.3%) reported consuming 1 mg/d to 100
mg/d, 186 (7.3%) reported consuming 101 mg/d to 200 mg/d, and 20 (0.8%) reported consuming
more than 200 mg/d caffeinated beverages. Caffeinated beverage intake of 1 mg/d to 100 mg/d at 16
to 22 weeks was associated with a 47% reduction in GDM risk compared with no intake (relative risk
[RR], 0.53 [95% CI, 0.35 to 0.80]); estimate for 101 mg/d to 200 mg/d were similar in magnitude but
imprecise (RR, 0.54 [95%CI, 0.24 to 1.18]). Caffeinated beverage intakes of 1 mg/d to 100 mg/d and
101 mg/d to 200 mg/d were associated with lower risk of combined outcome of GDM or IGT (eTable 3
in the Supplement). Intake of 1 mg/d to 100 mg/d at 16 to 22 weeks was associated with lower
glucose concentrations by –2.7 mg/dL (95% CI, –5.4 mg/dL to 0 mg/dL) (Table 2). Associations were
consistent in magnitude across sensitivity analyses (eTable 4 in the Supplement).

Plasma caffeine and paraxanthine at 10 to 13 weeks were not associated with GDM (Table 3) nor
GDM or IGT risk (eTable 5 in the Supplement). Glucose concentrations were 3.8 mg/dL (–7.0 mg/dL
to –0.5 mg/dL) lower among women with total caffeine and paraxanthine in the fourth vs first
quartile (trend for P = .01) (Table 3). Associations were consistent across sensitivity analyses
(eTable 6 in the Supplement).

Neither caffeinated beverage intake (Table 4) nor plasma caffeine or paraxanthine were
associated with gestational hypertension (83 [3.1%]) or preeclampsia (99 [3.8%]) (eTable 7 to
eTable8 in the Supplement). No significant differences in blood pressure across gestation were
observed for beverage intake or plasma caffeine and paraxanthine (eFigure 2 in the Supplement).
Caffeinated beverage intake at 16 to 22 weeks was associated with some improvements in fasting
cardiometabolic profile (Table 5).
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Discussion

In this prospective cohort study, pregnant women who consumed low and moderate levels of
caffeinated beverages early in the second trimester within current ACOG guidelines of less than 200
mg/d was associated with lower risk for GDM and lower glucose levels at GDM screening, compared
with women who did not drink caffeinated beverages. These observations were substantiated by
findings that second trimester caffeinated beverage intake was associated with lower CRP and
C-peptide concentrations and more favorable lipid profiles. Additionally, increasing first trimester
plasma caffeine and paraxanthine concentrations were associated with lower glucose concentrations
at GDM screening. However, caffeine was not associated with gestational hypertension or
preeclampsia risk nor blood pressure levels across pregnancy. These findings address critical data
gaps on the health implications of caffeine consumption in pregnancy for maternal health.

Table 1. Characteristics of Study Participants According to Caffeinated Beverage Intake Reported at 10 to 13 Weeks,
NICHD Fetal Growth Studies–Singleton Cohort (N = 2583)

Characteristicsa

Participants, No. (%)

Past week caffeinated beverage intake, mg/d

Overall (n = 2583) 0 (n = 1073) 1-100 (n = 1317) 101-200 (n = 173) >200 (n = 20) P valueb

Age, mean (SD), y 28.1 (5.5) 28 (5.4) 28.3 (5.5) 28 (5.7) 25.6 (4.8) .08

Race/ethnicity

Asian/Pacific Islander 422 (16.3) 184 (17.2) 224 (17.4) 13 (7.5) 1 (5.0) .002

Hispanic 741 (28.9) 299 (27.9) 375 (26.4) 62 (35.8) 5 (25.0)

Non-Hispanic Black 717 (27.8) 323 (30.1) 339 (27.6) 45 (26.0) 10 (50.0)

Non-Hispanic White 703 (27.2) 267 (24.9) 379 (28.7) 53 (30.6) 4 (20.0)

Prepregnancy BMI, mean (SD) 25.4 (5.1) 25.3 (5.0) 25.4 (5.2) 26.1 (5.6) 25.4 (4.8) .22

Nulliparous, No. 1208 (46.8) 548 (51.1) 588 (44.7) 65 (37.6) 7 (35.0) <.001

Education

High school or less 770 (29.8) 305 (28.4) 390 (29.6) 63 (36.4) 12 (60.0) .002

Some college or associate degree 777 (30.1) 346 (32.3) 371 (28.2) 55 (31.8) 5 (25.0)

4-y college degree or higher 1036 (40.1) 422 (39.3) 556 (42.2) 55 (31.8) 3 (15.0)

Married 1920 (74.4) 789 (73.6) 1005 (76.4) 121 (69.9) 5 (25.0) <.001

Full-time job or student 1825 (70.7) 769 (71.7) 916 (69.6) 125 (72.3) 15 (75.0) .62

Family history of diabetes 537 (21.5) 231 (22.2) 267 (21.0) 37 (21.6) 2 (10.0) .56

Severe vomiting or hyperemesis, first
trimester

126 (4.9) 56 (5.2) 61 (4.6) 6 (3.5) 3 (15.0) .13

Alcohol intake prior to pregnancy,
median (IQR), No. of drinks per day

0 (0-4.3) 0 (0-0.1) 0.1 (0-4.3) 0 (0-4.3) 0.1 (0-4.3) <.001

Moderate and vigorous physical activity,
past year, median (IQR), MET hr/wk

96.3 (51.4 169.7) 96.7 (49.9-167.9) 94.4 (52.9-169.2) 105.2 (52-181.8) 116.9 (75.6-207.8) .57

Perceived stress scale score, mean (SD) 11.5 (6.3) 11.2 (6.1) 11.6 (6.3) 12.9 (6.4) 14.0 (6.7) .002

Sleep, mean (SD), h 8.2 (1.5) 8.1 (1.5) 8.2 (1.5) 8.0 (1.5) 8.5 (1.7) .21

Cotinine, median (IQR), ng/mL 0 (0-0.1) 0 (0-0.1) 0 (0-0.1) 0 (0-0.2) 0 (0-0.9) .011

Total energy, past 3 months,
median (IQR), kcal/d

1897 (1434-2614) 1926 (1410-2614) 1867 (1451-2595) 2046 (1523-2981) 1709 (1186-1849) .39

Healthy Eating Index–2010 total score,
mean (SD)

65.0 (10.3) 66.2 (10.2) 64.5 (10.2) 61.6 (9.9) 56.3 (9.3) <.001

Caffeinated soda, median (IQR), mg/d 0 (0-20.0) 0 (0) 20.0 (0-20.0) 20.0 (20.0-80.0) 30.0 (0-120.0) <.001

Caffeinated coffee, median (IQR), mg/d 0 (0) 0 (0) 0 (0-48.0) 96.0 (0-96.0) 96.0 (0-144.0) <.001

Caffeinated tea, mg/d 0 (0) 0 (0) 0 (0-24.0) 0 (0-24.0) 0 (0-144.0) <.001

Caffeinated energy drink, median (IQR),
mg/d

0 (0) 0 (0) 0 (0) 0 (0) 0 (0) <.001

Abbreviations: BMI, body mass index calculated as weight in kilograms divided by height
in meters squared; MET, metabolic equivalent of task; NICHD, National Institute of Child
Health and Human Development.

SI conversion factor: To convert cotinine to nmol/L, multiply by 5.675.
a Missing covariates: prepregnancy BMI, n = 19; employment, n = 1; marital status, n = 2;

family history of diabetes, n = 82; alcohol intake, n = 1; physical activity, n = 6; stress,

n = 23; sleep, n = 3; cotinine, n = 152; total energy, n = 1026; Healthy Eating Index–
2010 total score, n = 1026.

b Differences in continuous covariates was assessed using a 1-way analysis of variance for
normally distributed continuous variables, the Kruskal-Wallis test for nonparametric
continuous variables, and χ2 test for categorical variables.
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Prior US and Danish cohort studies12,13 reported nonsignificant inverse associations between
self-reported caffeinated coffee before and during the first trimester of pregnancy12 or the first
trimester coffee and tea intake13 with GDM risk. The current study uniquely included second
trimester measures and continuous measures of glucose and cardiometabolic markers. No significant
association was observed with first trimester self-reported intake, but estimates for caffeinated
beverage intake of less than 200 mg/d were consistent in magnitude, although imprecise. First
trimester plasma caffeine and paraxanthine were associated with lower glucose levels on the GCT,
but not GDM risk, although estimates were in a similar direction. This imprecision could be due to
only a single observation in time or variations in caffeine metabolism,34 or it could be that
associations are also driven by other beverage components besides caffeine. Coffee and tea contain

Table 2. Self-reported Caffeine Intake and Associations With Gestational Diabetes Risk and Continuous Glucose From the Glucose Challenge Test (N = 2583)

Characteristics

Past week caffeinated beverage intake, mg/d

Relative risk for gestational diabetes, (95% CI)a Glucose challenge test results, mg/dL (95% CI)b

0 1-100 101-200 >200 Per 50 0 1-100 101-200 >200 Per 50
10-13 wk

Unadjusted 1.00 [Reference] 0.78 (0.53
to 1.16)

1.03 (0.50
to 2.15)

1.16 (0.17
to 7.93)

1.01 (0.84
to 1.21)

0 [Reference] –1.3 (–3.7
to 1.1)

0.7 (–4.1
to 5.5)

–1.2 (–14.4
to 11.9

0.0 (–1.1
to 1.2)

Adjustedc 1.00 [Reference] 0.71 (0.48
to 1.05)

0.97 (0.47
to 1.99)

1.87 (0.23
to 14.89)

0.98 (0.78
to 1.23)

0 [Reference] –1.8 (–4.1
to 0.5)

0.2 (–4.4
to 4.8)

1.1 (–11.5
to 13.7)

–0.2 (–1.3
to 1.0)

16-22 wk

Unadjusted 1.00 [Reference] 0.57 (0.38
to 0.87)

0.67 (0.30
to 1.49)

NAd 0.82 (0.63
to 1.07)

0 [Reference] –2.2 (–5.0
to 0.6)

–3.0 (–7.9
to 1.9)

–3.1 (–15.9
to 9.6)

–0.6 (–1.8
to 0.7)

Adjustedc 1.00 [Reference] 0.53 (0.35
to 0.80)

0.54 (0.24
to 1.18)

NAd 0.75 (0.57
to 0.98)

0 [Reference] –2.7 (–5.4
to 0.0)

–4.4 (–9.1
to 0.3)

–1.4 (–13.6
to 10.9)

–1.1 (–2.3
to 0.1)

Abbreviations: GDM, gestational diabetes; NA, not applicable.
a Relative risks estimated using a log Poisson model with robust variance with covariates

multiply imputed (M = 20).
b Continuous glucose challenge test results estimated using linear regression model with

covariates and outcome multiply imputed (M = 20). To convert glucose to mmol/L,
multiply by 0.0555.

c Models adjusted for age, prepregnancy BMI, race/ethnicity, education, marital status,
and nulliparity.

d Women with caffeine intake more than 200 mg/d were excluded because of lack of
model convergence due to a lack of GDM cases within this category.

Table 3. Plasma Caffeine Metabolites at 10-13 Weeks’ Gestation and Associations With Gestational Diabetes Risk and Continuous Glucose Measured From the Glucose
Challenge Test (N = 2529)

10-13 wk

Relative risk for gestational diabetes (95% CI)a,b Glucose challenge test results, mg/dL (95% CI)a,c

Quartile 1 Quartile 2 Quartile 3 Quartile 4
P for
trend

Per 100
ug/dL Quartile 1 Quartile 2 Quartile 3 Quartile 4

P for
trend

Per 100
ug/dL

Caffeined

Unadjusted 1.00
[Reference]

0.83 (0.45
to 1.54)

0.99 (0.56
to 1.74)

0.92 (0.52
to 1.64)

.95 0.99 (0.97
to 1.01)

0.0
[Reference]

–1.6 (–5.1
to 1.9)

–0.2 (–3.6
to 3.3)

–2.5 (–5.9
to 0.9)

.16 –0.1 (–0.2
to 0.0)

Adjusted 1.00
[Reference]

0.88 (0.48
to 1.62)

0.95 (0.55
to 1.65)

0.83 (0.45
to 1.51)

.61 0.98 (0.96
to 1.01)

0.0
[Reference]

–1.4 (–4.7
to 2.0)

–0.4 (–3.7
to 3.0)

–3.7 (–7.1
to –0.4)

.02 –0.1 (–0.2
to 0.0)

Paraxanthinee

Unadjusted 1.00
[Reference]

0.91 (0.50
to 1.64)

1.15 (0.65
to 2.01)

1.05 (0.58
to 1.89)

.74 1.00 (0.96
to 1.05)

0.0
[Reference]

–1.5 (–4.8
to 1.8)

1.0 (–2.4
to 4.5)

–2.9 (–6.4
to 0.5)

.07 –0.3 (–0.7
to 0.0)

Adjusted 1.00
[Reference]

0.93 (0.53
to 1.66)

1.11 (0.64
to 1.93)

0.89 (0.49
to 1.64)

.77 0.98 (0.93
to 1.03)

0.0
[Reference]

–1.1 (–4.3
to 2.1)

1.0 (–2.4
to 4.3)

–4.3 (–7.6
to –1.0)

.004 –0.6 (–0.9
to –0.2)

Total caffeine plus
paraxanthinef

Unadjusted 1.00
[Reference]

0.93 (0.53
to 1.65)

1.02 (0.57
to 1.82)

1.01 (0.57
to 1.76)

.90 0.99 (0.98
to 1.01)

0.0
[Reference]

–0.9 (–4.3
to 2.4)

–0.5 (–4.0
to 3.0)

–2.4 (–5.7
to 1.0)

.15 –0.1 (–0.2
to 0.0)

Adjusted 1.00
[Reference]

0.94 (0.53
to 1.66)

1.01 (0.57
to 1.78)

0.87 (0.48
to 1.56)

.66 0.99 (0.97
to 1.01)

0.0
[Reference]

–0.8 (–4.0
to 2.5)

–0.4 (–3.8
to 3.0)

–3.8 (–7.0
to –0.5)

.01 –0.1 (–0.2
to 0.0)

a Models adjusted for age, prepregnancy BMI, race/ethnicity, education, marital status,
and nulliparity.

b Relative risks estimated using a log Poisson model with robust variance with missing
exposure and covariates multiply imputed (M = 20).

c Continuous glucose challenge test results estimated using linear regression model with
exposure, covariates, and outcome multiply imputed (M = 20). To convert glucose to
mmol/L, multiply by 0.0555.

d The range for plasma caffeine in each quartile was: −2.4 μg/dL to 29.4 μg/dL; 29.5
μg/dL to 160.7 μg/dL; 160.9 μg/dL to 645.8 μg/dL; 646.8 μg/dL to 12489.7 μg/dL.

e The range for plasma paraxanthine in each quartile was: −2.6 μg/dL to 15.6 μg/dL; 15.7
μg/dL to 73.6 μg/dL; 73.6 μg/dL to 234.4 μg/dL; 234.4 μg/dL to 6145.2 μg/dL.

f The range for total plasma caffeine and paraxanthine in each quartile was: −5.0 μg/dL
to 48.7 μg/dL; 48.8 μg/dL to 243.0 μg/dL; 243.3 μg/dL to 903.6 μg/dL; 905.7 μg/dL to
13 269.8 μg/dL.
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phytochemicals that may affect inflammation and insulin resistance.38 Nevertheless, caffeine in itself
has been associated with improved energy balance39 and decreased fat mass,8 which could play a
role in the biological mechanism for the observed associations. Findings with reduced GDM risk are
supported by improvements in fasting cardiometabolic profile. Additional research is needed to
understand underlying molecular mechanisms for these findings and identify relevant components.

Neither low or moderate caffeinated beverage intake or plasma caffeine and paraxanthine were
associated with risk for preeclampsia, gestational hypertension, or blood pressure across pregnancy.
Very few women consumed high levels of caffeine, and thus it is difficult to make inferences about
risk across the spectrum of potential intake. Null findings between caffeine and preeclampsia are
somewhat surprising given that better lipid profiles were observed among women who drank
caffeinated beverages in the second trimester and dyslipidemia has been associated with
preeclampsia risk40 and could be due to a lack of statistical power. Prior studies on caffeine or coffee
intake in pregnancy and gestational hypertension and preeclampsia risk have been inconsistent. One
small study reported no association between second trimester paraxanthine and preecalmpsia.15

Another study found that mean intake across pregnancy of self-reported caffeinated coffee and tea
was not associated with gestational hypertension or preeclampsia risk, although there was an inverse
association between intakes of 180 mg/d to 351 mg/d and preeclampsia, which was reported as
unexpected and needing replication.14 The latter study also observed a positive association between
third trimester caffeine intake of 360 mg/d to 531 mg/d and systolic blood pressure.14 Further
research about caffeine and gestational hypertension or preeclampsia risk in large cohorts
are needed.

Currently ACOG recommends that pregnant women do not consume more than 200 mg/d of
caffeine.3 This recommendation was based on findings that no associations for miscarriage, preterm
delivery, or intrauterine growth restriction were observed at levels less than 200 mg/d, but that
associations, although inconsistent, were observed between higher caffeine, miscarriage, and
growth restriction. While this study could not make a determination for risks associated with caffeine
consumption above current recommendations, findings of a lower GDM risk with low and moderate
second trimester caffeine consumption do not conflict with current recommendations.
Nevertheless, these findings are based on observational data, and therefore, residual confounding
cannot be completely ruled out even though major known confounders were adjusted for in this
study. Notably, recent systematic reviews41,42 concluded that there was no safe level of caffeine
intake in pregnancy based on impacts on offspring outcomes. Similarly, we previously found that

Table 4. Self-reported Caffeinated Beverage Intake and Associations With Gestational Hypertension and Preeclampsia (N = 2583)

Characteristics

Past week caffeinated beverage intake, mg/d

Odds ratio for gestational hypertension (95% CI)a Odds ratio for preeclampsia (95% CI)a

0 1-100 101-200 >200 Per 50 0 1-100 101-200 >200 Per 50

10-13 wk

Unadjusted 1.00 [Reference] 0.91
(0.57-1.45)

1.06
(0.44-2.56)

1.60
(0.21-12.38)

0.99
(0.79-1.25)

1.00 [Reference] 1.08
(0.70-1.67)

0.84
(0.32-2.16)

NAb 0.94
(0.75-1.19)

Adjustedc 1.00 [Reference] 0.96
(0.59-1.55)

0.97
(0.39-2.42)

1.41
(0.17-11.70)

1.00
(0.79-1.28)

1.00 [Reference] 1.22
(0.78-1.91)

0.82
(0.31-2.15)

NAb 0.97
(0.77-1.23)

16-22 wk

Unadjusted 1.00 [Reference] 1.01
(0.59-1.72)

1.05
(0.41-2.67)

NAb 0.88
(0.67-1.15)

1.00 [Reference] 0.86
(0.52-1.40)

1.11
(0.49-2.53)

2.56
(0.56-11.68)

1.09
(0.89-1.34)

Adjustedc 1.00 [Reference] 1.17
(0.67-2.03)

1.04
(0.39-2.75)

NAb 0.90
(0.69-1.18)

1.00 [Reference] 0.99
(0.59-1.64)

1.23
(0.52-2.89)

2.74
(0.56-13.30)

1.15
(0.94-1.42)

Abbreviation: NA, not applicable.
a Odds ratios estimated using multinomial logistic regression models with exposures and

covariates multiply imputed (M = 20).
b Women with caffeine intake more than 200 mg/d excluded due to lack of model

convergence due to limited cases of preeclampsia or gestational hypertension within
this category.

c Models adjusted for a priori covariates of age, prepregnancy BMI, race/ethnicity,
education, marital status, and nulliparity.
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caffeine consumption during pregnancy, even in amounts less than the recommended 200 mg per
day, was associated with smaller neonatal anthropometric measurements.43 Therefore, it would not
be prudent for women do not drink caffeinated beverages to initiate consumption for the purpose
of lowering GDM risk and improving glucose metabolism.

Strengths include prospective analysis based on a multicenter diverse cohort with
comprehensive confounding factors and repeated assessments of caffeine intake. Availability of first
trimester plasma caffeine and paraxanthine was also a strength as it avoids recall bias and also
captures additional sources of caffeine such as decaffeinated coffee or chocolate. Additionally,
associations with fasting cardiometabolic profiles were assessed to further understand etiology of
findings.

Limitations
The sample size was not large enough to separate analyses by beverage type and may have had
limited power to detect associations due to small number of women with pregnancy complications.
However, inclusion of continuous measures of glucose, blood pressure, and cardiometabolic markers
addressed this limitation to some degree. Timing of diagnosis with gestational hypertension and
preeclampsia was unknown, and therefore, whether caffeinated beverage intake later in pregnancy
is associated with blood pressure, hypertension or preeclampsia risk requires future study. Also, the
self-reported exposure represents caffeine from beverages only; notably only 2 women took
medications containing caffeine.44

Table 5. Self-reported Past Week Caffeinated Beverage Intake at 16-22 Weeks and Fasting Cardiometabolic
Biomarkers at 16-22 Weeks (N = 319)a

Cardiometabolic biomarkers
at 16-22 weeksb

Self-reported caffeinated beverage intake at 16-22, median (IQR)

0 mg/d 1-100 mg/d 101-200 mg/d >200 mg/d

C-Peptide, median (IQR), nmol/L 0.6 (0.4 to
0.7)

0.6 (0.4 to
0.8)

0.5 (0.4 to
0.6)

0.5 (0.4 to
0.6)

% Difference (95% CI) 0.0 [Reference] –1.9 (–16.2 to
14.9)

–17.7 (–30.3 to
–2.9)

–14.6 (–44.9 to
32.5)

HbA1c, median (IQR), % 5.0 (4.9 to
5.3)

5.0 (4.7 to
5.2)

5.1 (4.7 to
5.3)

4.8 (4.8 to
5.1)

% Difference (95% CI) 0.0 [Reference] –1.1 (–4.0 to
1.8)

–0.6 (–4.4 to
3.4)

0.8 (–2.7 to
4.4)

Glucose, median (IQR), md/dL 84.0 (80.0 to
90.0)

84.0 (78.0 to
92.0)

84.0 (80.0 to
89.0)

80.0 (75.0 to
83.0)

% Difference (95% CI) 0.0 [Reference] –0.1 (–2.8 to
2.7)

–0.7 (–3.4 to
2.1)

–4.5 (–11.9 to
3.6)

HOMA-IR, median (IQR) 1.8 (1.0 to
2.9)

2.0 (1.1 to
3.4)

1.3 (1.0 to
2.0)

1.1 (1.1 to
1.1)

% Difference (95% CI) 0.0 [Reference] 2.0 (–21.0 to
31.7)

–19.6 (–39.2 to
6.4)

–24.6 (–64.1 to
58.4)

CRP, median (IQR), mg/L 4.9 (2.7 to
9.4)

5.0 (2.7 to
9.1)

5.1 (2.1 to
8.0)

6.2 (5.6 to
6.3)

% Difference (95% CI) 0.0 [Reference] –30.7 (–46.6 to
–10.1)

–33.4 (–54.6 to
–2.3)

–4.2 (–36.8 to
45.3)

Cholesterol, median (IQR), mg/dL 209.0 (170.0 to
233.0)

200.0 (177.0 to
223.0)

211.0 (180.0 to
241.0)

186.0 (185.0 to
211.0)

% Difference (95% CI) 0.0 [Reference] –7.8 (–13.1 to
–2.1)

–3.4 (–11.0 to
4.9)

–18.1 (–27.0 to
–8.1)

Triglycerides, median (IQR), mg/dL 147.0 (119.0 to
180.0)

143.0 (109.0 to
187.0)

134.0 (101.0 to
158.0)

147.0 (141.0 to
155.0)

% Difference (95% CI) 0.0 [Reference] –14.8 (–22.1 to
–6.7)

–28.6 (–38.8 to
–16.6)

–20.5 (–30.3 to
–9.3)

HDL, median (IQR), mg/dL 69.0 (57.7 to
75.0)

68.8 (55.3 to
79.5)

76.0 (64.7 to
92.1)

70.0 (63.0 to
71.4)

% Difference (95% CI) 0.0 [Reference] 3.1 (–6.0 to
13.0)

24.4 (9.2 to
41.8)

1.8 (–16.4 to
24.0)

LDL, mg/dL 105.5 (75.4 to
126.1)

99.7 (81.3 to
121.2)

99.0 (83.1 to
135.8)

94.8 (88.8 to
95.7)

% Difference (95% CI) 0.0 [Reference] –11.4 (–20.9 to
–0.8)

–11.6 (–26.0 to
5.5)

–24.8 (–37.3 to
–9.7)

Abbreviations: HDL, high-density lipoprotein;
HOMA-IR, Homeostatic model assessment for insulin
resistance; IQR, interquartile range; LDL, low-density
lipoprotein.

To convert C-peptide to nmol/L, multiply by 0.331;
HbA1c to proportion of total hemoglobin, multiply by
0.01; glucose to mmol/L, multiply by 0.0555; CRP to
mg/L, multiply by 10; cholesterol to mmol/L, multiply
by 0.0259; triglycerides to mmol/L, multiply by 0.0113;
HDL to mmol/L, multiply by 0.0259; LDL to mmol/L,
multiply by 0.0259.
a Analyses are weighted to be representative of the

full cohort.
b Continuous outcomes were log-transformed. Results

are presented as the percent difference (95% CI)
calculated as the exponentiated beta coefficient
from the adjusted linear regression model with
robust standard errors, subtracting 1 and multiplying
by 100. Analyses adjusted for age, prepregnancy
body mass index (calculated as weight in kilograms
divided by height in meters squared), race and/or
ethnicity, education, marital status, nulliparity, and
gestational week at blood collection.
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Conclusions

In this cohort study, caffeinated beverage intake within the currently recommended range in the
second trimester of pregnancy was associated with a lower GDM risk than with no intake, but not
with preeclampsia or gestational hypertension. These findings based on self-reported information
and biomarkers should be reassuring for pregnant women with moderate caffeine intake, but
translation into public health recommendations should be considered in the context of published
data on offspring outcomes.
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