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Abstract
Outside pregnancy, acute caffeine consumption is associated with insulin resistance. We
investigated if during pregnancy plasma concentrations of caffeine and its metabolite,
paraxanthine, were associated with insulin resistance. Caffeine, paraxanthine, glucose and insulin
were measured and insulin resistance estimated by homeostasis model assessment (HOMA) in
banked samples from 251 fasting subjects at mean gestational age of 20.3 ± 2.0 weeks. Analysis of
covariance and adjusted logistic regression were performed. Most (96.4%) women had caffeine
and/or paraxanthine present. Caffeine concentrations in the upper two quartiles (> 266 ng/ml)
were associated with 3-fold higher odds of having higher insulin resistance estimated by log
HOMA ≥ 75th percentile (3rd quartile OR, 3.02; 95% CI: 1.21 – 7.54 and 4th quartile OR, 2.95;
95% CI: 1.19 – 7.31). Paraxanthine concentrations in the upper quartile (> 392 ng/ml) were also
associated with 3-fold higher odds of having higher insulin resistance (OR, 3.04; 95% CI: 1.28 –
7.25). Adjusted mean HOMA in the 1st caffeine to paraxanthine ratio quartile was 1.5 ± 2.2 versus
1.3 ± 2.3 in the 4th quartile (P < .01). Both high caffeine and paraxanthine concentrations were
associated with insulin resistance, but slow versus fast metabolism did not make an important
difference.
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INTRODUCTION
Eight-seven percent of persons in the United States consume caffeine, with coffee being the
primary source (71%).1 More than 75% of pregnant women drink caffeine containing
beverages.2 In the non-pregnant population, caffeine intake is associated with acute
impaired glucose tolerance secondary to increased insulin resistance.3–7 Evidence supports
a caffeine stimulated catecholamine mediated pathway, with epinephrine antagonizing the
effects of insulin.8–10 The insulin resistance that occurs after acute caffeine ingestion may
be exaggerated in pre-diabetic non-pregnant adults. 11 Other studies have also demonstrated
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increased insulin resistance after caffeine administration in obese and diabetic adults.3,4
However, epidemiologic studies in non-pregnant adults have demonstrated a decreased risk
for type 2 diabetes with long term coffee consumption.12

Pregnancy is a state of mild insulin resistance, and it is important to know if caffeine is
associated with greater insulin resistance since insulin resistance is associated with adverse
pregnancy outcomes such as gestational diabetes, hypertensive disease and accelerated fetal
growth.13–15 One study in the third trimester of pregnancy found that caffeine ingestion
before a 2 hour glucose tolerance test decreased the insulin sensitivity index by 18% in
women with gestational diabetes mellitus (GDM), but not in normal controls.16 Another
study found a decreased risk of GDM in women who drank lower amounts of caffeinated
coffee compared to non-coffee drinkers, but the timing was before pregnancy.17 Neither of
these studies took caffeine metabolism into account and metabolism is an important
consideration since it slows with advancing gestation.18 In addition, the major pathway for
caffeine metabolism is by the P-450 cytochrome CYP1A2 and polymorphisms cause
differential metabolism of caffeine.19 Thus, the effects of caffeine in pregnancy may depend
upon its metabolism rate, which has been approximated by the ratio of caffeine to
paraxanthine, its major metabolite. For example, fast caffeine metabolizers (high
paraxanthine to caffeine ratio) have been found to be at increased risk of intrauterine growth
restriction whereas slow metabolizers (low paraxanthine to caffeine ratio) have larger
neonates.20

Our primary objective was to investigate the relationship between plasma concentrations of
caffeine and/or its metabolite, paraxanthine, and insulin resistance in pregnancy. Our second
objective was to investigate whether slow metabolizers of caffeine, as estimated by the
caffeine to paraxanthine ratio, are at further increased risk for insulin resistance. We
hypothesized that caffeine would be associated with insulin resistance, and that slow
metabolizers (high caffeine to paraxanthine ratio) would have higher insulin resistance
compared to fast metabolizers. Finally, we explored the association between caffeine,
paraxanthine and differences in caffeine metabolism on infant birth weight. We
hypothesized that slow metabolism would be associated with higher birth weight.

METHODS
Study description

We used banked plasma and serum samples from specimens drawn at 18–21 weeks
gestation from fasting subjects enrolled in the Pregnancy Exposures and Preeclampsia
Prevention Study (PEPP) and stored at −80° C. PEPP is an ongoing study of preeclampsia
approved by the University of Pittsburgh Institutional Review Boards. This was a
prospective study of pregnant women (n = 2812) enrolled at <21 weeks gestation from
1997–2006 and followed to the post partum period. Fasting samples were collected
beginning in 2002, and a total of 706 nulliparous women were invited to give a fasting
sample. Of these, 260 plasma and serum samples were available. We excluded women with
a history of pre-pregnancy diabetes, chronic hypertension, or those with missing data,
leaving a total of 251 samples. This subset of women was about one year older (24.4 versus
23.3 years, P=.01) and slightly more likely to have a high school education (89.4% versus
85.6%, P=.01) than the other women in the longitudinal study. They did not differ, however,
regarding race or gestational age at delivery.

Baseline demographic information and medical history were collected via a structured
interview. Pregnancy outcomes were also recorded from the medical record as part of the
original study. Neonatal outcomes assessed included birth weight and birth weight centile,
adjusted for race, sex and gestational age at delivery from a reference population of over
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10,000 births at Magee-Womens Hospital. Small for gestational age (SGA) was defined as
birth weight < 10th centile. Gestational diabetes screening is routinely performed in our
hospital between between 24 and 28 weeks gestation or earlier if indicated, and was
diagnosed with a three hour glucose challenge test using Carpenter and Coustan criteria or a
one hour 50 g value of ≥ 200 mg/dl.21,22 Covariates included education, maternal race, pre-
pregnancy body mass index (BMI, kg/m2), gestational age at delivery and maternal age at
time of plasma collection. Education was categorized as less than high school (12 years), or
at least a high school level (≥12 years). Maternal race was classified as either non-black or
black because of the low frequencies in the original cohort of non-white, non-black
participants. The baseline characteristics of the non-white, non-black participants were
comparable to white participants, and therefore we elected to combine these groups.
Gestational age was determined by best obstetrical assessment, using early ultrasound where
available.

Plasma samples
Insulin was measured in serum by an ELISA kit from LINCO Research. The inter-assay
variation was 10.0%. Glucose was measured in serum using a colorimetric assay from
Pointe Scientific, Inc. (Canton, MI) Kit G7519. The inter-assay variability was 5–12%.
HOMA was calculated as described by Matthews et al. using the formula: insulin resistance
= insulin/(22.5e−lnglucose).23 HOMA has been validated during pregnancy using a
hyperinsulinemic clamp and shown to have good correlation in the 2nd and 3rd trimesters.24

Maternal plasma concentrations of caffeine and paraxanthine were determined by high-
pressure liquid chromatography (HPLC) as described by Holland et al. with modifications.
25 In brief, plasma samples were treated with an equal volume of 0.8 mol/L perchloric acid
to precipitate plasma proteins (i.e. 150μl of plasma and 150μl of 0.8 mol/L perchloric acid).
Samples were vortexed, centrifuged at 14,000×G for 10 minutes at room temperature and
the supernatant transferred to an appropriate sample vial. Extracted plasma samples (100μl)
were injected onto a prepared HPLC system. Separation of caffeine and its metabolites were
performed using a Waters Xterra MS C18 Column (4.6 × 100 mm, 5μm particle size) with
an appropriate Xterra Guard column (3.9 × 20 mm, 5 μm particle size). The mobile phase
consisted of 15 mmol/L potassium phosphate buffer, pH 4.9 and methanol (85:15, v/v) and
the analytes were eluted isocratically at a flow rate of 1ml/min and detected at 274nm
wavelength. The elution time for each analyte was: 6.5 minutes for paraxanthine and 16
minutes for caffeine. Standard curves were generated using known quantities of caffeine and
paraxanthine ranging from 25 to 1.56 μmol/L, and were linear for each component. All
samples were measured in duplicate and the average was used for statistical analysis. The
inter-assay variability was 4% for caffeine and 8% for paraxanthine.

Statistical analysis
Spearman correlation coefficients were calculated for caffeine and its metabolite,
paraxanthine. The caffeine to paraxanthine ratio was calculated and the value 0 was replaced
by 0.005 as described by Grosso et al. to allow a ratio to be calculated for all values.20 This
imputation was only done for the ratios, not for any other analyses. Caffeine and
paraxanthine concentrations were explored as both continuous and categorical variables. We
analyzed the data as quartiles to investigate the possibility of a nonlinear relationship, and
for results to be comparable to other studies.20 Analysis of covariance was performed to
investigate the mean insulin, glucose and insulin resistance as calculated by HOMA, by
quartiles of caffeine, paraxanthine, and the ratio of caffeine to paraxanthine. HOMA and
insulin values were log-transformed (resulting in a normal distribution) prior to analysis. Of
the covariates considered (maternal age, pre-pregnancy body mass index, maternal race,
smoking, education and gestational age of sample), only maternal age and BMI significantly
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contributed to the final model. We previously demonstrated that self-report of smoking
status approximates plasma cotinine concentrations in our population with 82% agreement
and κ = 0.64.26 Therefore, we chose to use a woman’s self-report to indicate smoking status.
Smoking was collected as a categorical variable in 3 levels: none, 1–10 cigarettes per day,
and >10 cigarettes per day. Only 9 women smoked >10 cigarettes per day. We performed
the analysis using the categorical variables as well as a binary outcome of yes/no. The
significance of the results did not change when smoking was included or excluded from the
model, and therefore it was not adjusted for in the final model. Results did not change
significantly when potential outliers, and influential and leverage points, were dropped from
the model, so they were retained. Logistic regression was performed to investigate the
association between increased insulin resistance as measured by the log HOMA in the ≥
75th percentile and increasing caffeine and paraxanthine quartiles. We also investigated the
association of caffeine and paraxanthine with fasting glucose concentrations as measured in
the present study in the upper categories as described in the “Hyperglycemia and adverse
pregnancy outcomes” (HAPO) study by logistic regression.27 Linear regression was
performed to investigate the associations between birth weight and centile, and caffeine and
paraxanthine concentration. Analysis of variance and Kruskal-Wallis testing were performed
to compare mean neonatal birth weight and birth weight centiles, adjusted for race, sex and
gestational age at delivery, by caffeine, paraxanthine and caffeine to paraxanthine ratio
quartiles. For the overall model, an α of < 0.05 was considered statistically significant.
Analyses were performed with Stata (StataCorp LP, College Station, TX) version 10.0 for
Windows.

RESULTS
Plasma caffeine, paraxanthine and insulin resistance

A total of 251 samples were available for analysis with a mean gestational age at sampling
of 20.3 ± 2.0 weeks. Of these, 242 (96.4%) had caffeine and/or paraxanthine present in their
plasma. The median caffeine concentration was 265.5 (interquartile range 92.8 – 555.4) ng/
ml and median paraxanthine concentration was 171.7 (interquartile range 59.3 – 392.7) ng/
ml. Black race and higher education were associated with lower caffeine concentrations
(Table 1). Other demographic and neonatal characteristics did not differ by caffeine
quartiles. Caffeine was highly correlated with paraxanthine (Spearman r=0.82, P<.001). The
mean glucose that was measured in the analysis was 79.1 (S.D. ± 11.6 mg/dL) and median
insulin was 6.9 ( interquartile range 4.6 – 12.5) μU/ml. Gestational diabetes mellitus
complicated 9 (3.6%) of the pregnancies.

Insulin resistance as measured by the mean of HOMA was higher with increasing caffeine
and paraxanthine quartiles after adjusting for maternal age at sampling and pre-pregnancy
BMI (Table 2). This insulin resistance was largely evidenced by higher insulin
concentrations, with no significant differences in glucose concentration. There was no
interaction between smoking and caffeine or paraxanthine. Caffeine concentrations in the
upper two quartiles (> 266 ng/ml) were associated with a 3-fold higher odds of having
higher insulin resistance as measured by the log HOMA in the ≥ 75th percentile, (3rd

quartile adjusted OR, 3.02; 95% confidence interval: 1.21 – 7.54 and 4th quartile adjusted
OR, 2.95; 95% confidence interval: 1.19 – 7.31, Figure). Paraxanthine concentrations in the
upper quartile (> 392 ng/ml) were also associated with a 3-fold higher odds of having higher
insulin resistance as measured by the log HOMA in the ≥ 75th percentile, (adjusted OR,
3.04; 95% confidence interval: 1.28 – 7.25). Neither caffeine nor paraxanthine in the 3rd or
4th quartiles were associated with glucose 95 mg/dl or more, which corresponds to the upper
two HAPO fasting categories 6 and 7.27
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HOMA and insulin concentrations were directly related to the caffeine to paraxanthine ratio
with the highest HOMA values and insulin concentrations in the 2nd and 3rd quartiles of this
ratio (Table 2). There were no significant differences in glucose concentration among
quartiles.

Caffeine, paraxanthine and birth weight
Mean birth weight and birth weight centile were lower but not significantly in women with
caffeine in the 4th quartile compared to 1st (Table 3, P=.4 for both). Findings were similar
for paraxanthine (P=.5 and P=.2, respectively). Overall, caffeine concentration was not
associated with birth weight (P=0.7) or birth weight centile (P=0.4), but for each 2 ng/ml
increase in paraxanthine, there was a 1 g decrease in birth weight (P=0.04) and no
association with birth weight centile (P=0.7). For women with low caffeine to paraxanthine
ratio (fast metabolizers), the mean birth weight was 195 grams lower compared to women
with high caffeine to paraxanthine ratio (slow metabolizers), but these differences were not
significant (Table 3, P=.08) nor was growth evaluated as birth weight centile (52.4% vs.
58.4%, p=0.4. We calculated a sample size necessary to detect differences in infant birth
weight with an α = 0.05 and β = 0.1. For the caffeine to paraxanthine ratio, a total of 326
women would be needed to detect the 195 gram difference in birth weight between the
highest and lowest quartiles.

DISCUSSION
Caffeine concentrations > 266 ng/ml and paraxanthine concentrations > 392 ng/ml were
associated with higher insulin resistance in mid-gestation, determined by higher insulin and
not glucose. Neither the highest ratios of caffeine to paraxanthine nor lowest ratios had
higher insulin resistance, indicating that slow versus fast metabolism did not affect the
association of caffeine with insulin resistance. There was a non-significant trend towards
lower birth weight with higher caffeine and paraxanthine concentrations, an association that
differed when metabolism was taken into account. Women with a high caffeine to
paraxanthine ratio (slow metabolizers corresponding to the 4th quartile) tended to have
neonates with a higher birth weight while women with a low caffeine to paraxanthine ratio
(fast metabolizers corresponding to the 1st quartile) tended to have neonates with a lower
birth weight, although the study was underpowered to detect these differences.

Our findings are similar to other studies that have consistently reported acute caffeine intake
to impair glucose tolerance.3,4,7,28 Caffeine is a methylxanthine derivative that acts both
peripherally and centrally, as it can cross the blood-brain barrier.5 Caffeine increases insulin
secretion from pancreatic islet β-cells in vitro.29,30 In several studies where caffeine was
administered before a 75-gram oral glucose tolerance test, caffeine increased serum insulin
and C-peptide concentrations.3,28 However, the insulin sensitivity index was about 15%
lower, and blood glucose concentrations were higher with caffeine compared with placebo
treatment. The direct effects of caffeine on insulin release do not overcome the
hyperglycemic response secondary to an increase in insulin resistance, which has been
postulated to be catecholamine mediated.5 Since our study was in fasting subjects, it is
unknown whether glucose was originally elevated after initial caffeine ingestion; however,
our finding of higher insulin resistance is consistent with impaired glucose tolerance.

A strength of our study is that we measured maternal caffeine and paraxanthine
concentrations which is a more accurate way of assessing caffeine effects compared to
maternal recall. Caffeine content can vary widely depending upon different types of coffee,
tea and sodas. However, a limitation is that since almost 2/3 of the women with caffeine in
the highest quartile also had paraxanthine in the highest quartile, the effects of differential
metabolism (fast versus slow) on insulin resistance may have been blunted by our use of
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samples collected from fasting subjects (necessitated by concomitant determination of
insulin resistance). Women had to be fasting for at least 6 hours prior to collection for the
study, but the fasting interval could have been longer and the timing of the last caffeine
consumption and the blood sampling was unknown. Even women who were slow
metabolizers could have had time to metabolize a large portion of the caffeine. However,
caffeine metabolism slows in pregnancy.31,32 Outside of pregnancy, the half-life of
caffeine is 2 to 4.5 hours but can be 12 hours in slow-metabolizers, while it increases to 10
hours at 17 weeks gestation, and from 11.5–18 hours by the end of pregnancy in non-
smokers.18,33 Thus even in a fasting state, we expected that the slower caffeine metabolism
should have allowed us to observe some effects of metabolism on insulin resistance if there
was an association.

There were too few women who developed gestational diabetes in our cohort to investigate
whether caffeine or paraxanthine was associated with development of GDM. However, we
did not find an association with the highest two HAPO categories (fasting glucose ≥ 95 mg/
dl).27 The relationship of caffeine intake and the development of gestational diabetes or
effects on fetal growth, and how the different rates of metabolism could affect these
outcomes will require a larger study. In addition, we do not know the extent that
paraxanthine approximated caffeine intake versus being a marker for metabolism in our
study. A pharmacodynamic study would better be able to study the effects of metabolism.

Similar to studies in non-pregnant adults, high concentrations of caffeine or its major
metabolite, paraxanthine, were associated with insulin resistance in mid-gestation of
pregnancy. Differential maternal metabolism did not appear to influence this association, but
may be an important factor in the association between caffeine and neonatal birth weight.
Caffeine consumption is common during pregnancy, and there already is an epidemic of
women entering pregnancy with increasing insulin resistance and obesity.34 High caffeine
consumption may further exacerbate the insulin resistance and potentially increase the risk
of adverse maternal and neonatal outcomes such as gestational diabetes, preeclampsia, and
abnormal fetal growth.
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Figure.
Odd ratios for log HOMA ≥ 75th percentile according to the plasma concentration of
caffeine or paraxanthine adjusted for maternal age at sampling and pre-pregnancy body
mass index. For caffeine, the reference category is values less than 94 ng/ml, or the first
quartile. Caffeine quartiles are defined as follows: 2nd quartile, 94 – 266 ng/mL; 3rd quartile,
267 – 555 ng/ml, 4th quartile > 555 ng/ml. For paraxanthine, the reference category is values
less than 60 ng/ml, or the first quartile. Paraxanthine quartile are defined as follows: 2nd

quartile, 60 – 170 ng/mL; 3rd quartile, 171 – 392 ng/ml; 4th quartile > 392 ng/ml.
*P = .02 for both.
**P = .01.
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