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Abstract

Objective—We examined the associations of maternal caffeine intake during pregnancy with 

offspring growth patterns, and body fat and insulin levels at school-age.

Methods—In a population-based birth cohort among 7,857 mothers and their children, we 

assessed maternal caffeine intake during pregnancy by questionnaires. Growth characteristics were 

measured from birth onwards. At 6 years, body fat and insulin levels were measured.

Results—Compared to children whose mothers consumed <2 units of caffeine per day during 

pregnancy (1 unit of caffeine is equivalent to 1 cup of coffee (90 mg caffeine)), those whose 

mothers consumed ≥6 units of caffeine per day tended to have a lower weight at birth, higher 

weight gain from birth to 6 years and higher body mass index from 6 months to 6 years. Both 

children whose mothers consumed 4-5.9 and ≥6 units of caffeine per day during pregnancy tended 

to have a higher childhood body mass index and total body fat mass. Only children whose mothers 

consumed ≥6 units of caffeine per day had a higher android/gynoid fat mass ratio.
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Conclusions—Our results suggest that high levels of maternal caffeine intake during pregnancy 

are associated with adverse offspring growth patterns and childhood body fat distribution.
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Introduction

Caffeine is frequently consumed during pregnancy (1). Caffeine crosses the placenta and 

enters the fetal circulation freely (2). Fetal exposure to caffeine is prolonged as a result of a 

slow clearance of caffeine in pregnant women and slow fetal metabolism (3). We and other 

previous studies have reported associations of high levels of maternal caffeine intake during 

pregnancy with higher risks of low birth weight (4–7). High maternal caffeine intake during 

pregnancy was also associated with impaired fetal length growth from second trimester 

onwards (7).

Although previous studies consistently suggested that children born with a low birth weight 

are at higher risk of an adverse body fat distribution and insulin resistance in later life (8–

12), not much is known about the direct long-term offspring consequences of maternal 

caffeine intake during pregnancy. A recent prospective cohort study in the United States 

among 615 mothers and children, reported a higher overall risk of obesity before the age of 

15 years in children exposed to any caffeine during pregnancy (13). Another recent study 

among 1986 mothers and children in the United states did not observe consistent 

associations between maternal serum paraxanthine concentrations, the primary metabolite of 

caffeine, during pregnancy and childhood body mass index at the ages of 4 and 7 years (14). 

In addition, animal studies have shown a decreased expression of insulin-like growth 

factor-1 (IGF-1), IGF-1 receptors and insulin receptors in offspring of rats exposed to 

caffeine during pregnancy, suggesting that fetal exposure to caffeine may disturb early 

growth and glucose metabolism (15,16). To the best of our knowledge, no previous studies 

have assessed the associations of maternal caffeine intake during pregnancy with early 

growth, detailed body fat outcomes or insulin levels in childhood.

Therefore, we examined in a population-based prospective cohort study from early 

pregnancy onwards among 7,857 mothers and their children, the associations of maternal 

caffeine intake from coffee and tea during pregnancy with repeatedly measured growth 

characteristics from birth until the age of 6 years, and detailed body fat measures and insulin 

and c-peptide levels at the age of 6 years.

Methods

Study design

This study was embedded in the Generation R Study, a population-based prospective cohort 

study from fetal life until young adulthood performed in Rotterdam, the Netherlands (17,18). 

Pregnant women were enrolled between 2001 and 2005. Of all eligible children, 61% 

participated in the study at birth. The study was approved by the local Medical Ethical 
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Committee (MEC 198.782/2001/31). Written informed consent was obtained from all 

mothers.

In total, 8,879 mothers were enrolled during pregnancy, of whom 8,099 had information 

available on maternal caffeine intake during pregnancy. Of their children, 7,902 were 

singleton and live-born, 7,857 had data available on infant or childhood growth, and 5,562 

participated in the follow-up measurements at 6 years and had data available on body mass 

index, body fat, insulin or c-peptide levels (Flow-chart is given in Figure 1).

Maternal caffeine intake during pregnancy

Information on maternal caffeine intake during pregnancy was obtained by postal 

questionnaires in the first, second, and third trimester of pregnancy (7). Response rates for 

these questionnaires were 91%, 80%, and 77%, respectively (7). Mothers who reported to 

drink any coffee or tea were asked how many cups of coffee or tea they on average 

consumed per day and what type of coffee or tea they consumed (caffeinated, decaffeinated 

or a combination of both). According to standard values for caffeine content, a regular coffee 

serving (125 mL) in the Netherlands contains ~90 mg caffeine, decaffeinated coffee contains 

~3 mg, and tea contains ~45 mg (19). To calculate the total caffeine intake in each trimester, 

the type of coffee or tea was weighted according to its caffeine content (caffeinated coffee = 

1, caffeinated and decaffeinated coffee = 0.5, decaffeinated coffee = 0, caffeinated tea = 0.5, 

caffeinated and decaffeinated tea = 0.25, decaffeinated tea = 0; herbal tea = 0, and green tea 

= 0.5)(7). Thus, in our analyses, each unit of caffeine intake reflects caffeine exposure based 

on 1 cup of caffeinated coffee (90 mg caffeine). Total maternal caffeine intake was 

subsequently categorized (<2, 2-3.9, 4-5.9, ≥6 units per day, equivalent to <180, 180-359, 

360-539 and ≥540 mg per day, respectively). The average maternal caffeine intake of the 

trimesters of pregnancy was used for further analyses. When we used maternal caffeine 

intake in each trimester separately, results were similar (results not shown).

Infant and childhood growth

Information about length and weight at birth was obtained from medical records. Infant and 

childhood height and weight were measured using standardized methods at the ages of 6, 12, 

24, 36, 48 and 72 months. We calculated body mass index (kg/m2) from the age of 6 months 

onwards. We created age- and sex-adjusted standard deviation scores (SDS) within our study 

population using North-European reference growth charts for birth measurements (20) and 

Dutch reference growth charts for infant and childhood measurements (Growth Analyzer 

3.5, Dutch Growth Research Foundation)(21). We defined childhood overweight or obesity 

at the age of 72 months using the International Obesity Task Force cut offs (boys: body mass 

index ≥17.55 and ≥19.78, girls: body mass index ≥17.37 and ≥19.65 for overweight and 

obesity, respectively) (22).

Childhood body fat distribution

At the age of 6 years, we measured total and regional body fat mass using Dual-Energy X-

ray absorptiometry (DXA) (iDXA, General Electrics –Lunar, 2008, Madison, WI, USA) 

(23). Total body fat mass was calculated as a percentage of total body weight measured by 

DXA. Android/gynoid fat mass ratio was calculated (23). Preperitoneal fat mass was used as 
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a proxy for visceral fat and was measured using abdominal ultrasound examinations with 

ultrasound LOGIQ E9 (GE Medical System, Wauwatosa, WI, USA) and ATL-Philips Model 

HDI 5000 (Seattle, WA, USA), as described in detail previously (24). Briefly, a linear 

(L12-5 MHz) transducer was placed perpendicular to the skin surface on the median upper 

abdomen (25). We scanned longitudinally from the xiphoid process to the navel along the 

midline (linea alba). Preperitoneal fat mass was measured as areas of 2 cm length along the 

midline starting from the reference point in direction of the navel.

Childhood insulin and c-peptide levels

Childhood insulin (pmol/L) and c-peptide levels (nmol/L) were obtained enzymatically from 

30 minutes fasting venous blood samples at the age of 6 years using a Cobas 8000 analyzer 

(Roche, Almere, The Netherlands). Quality control samples demonstrated intra and inter 

assay coefficients of variation of 1.39% and 2.40%, respectively.

Covariates

We assessed maternal age, pre-pregnancy body mass index, parity, ethnicity, educational 

level and folic acid supplementation use by questionnaire at enrolment in the study. Smoking 

and alcohol consumption during pregnancy were repeatedly assessed by questionnaire. We 

obtained information on gestational hypertensive disorders (gestational hypertension and 

pre-eclampsia) and gestational diabetes, date of birth and the child’s sex from midwife and 

hospital registries. We obtained information on breastfeeding and the timing of introduction 

to solid foods by questionnaire during infancy. Average television-watching time was 

assessed by questionnaire at the age of 6 years.

Statistical analysis

First, we used unbalanced repeated measurement regression models to examine the 

associations of maternal caffeine intake during pregnancy with longitudinally measured 

growth characteristics. These models take the correlation between repeated measurements of 

the same subject into account and allow for incomplete outcome data. The models are 

described in more detail in Supporting Information Methods S1.These models were adjusted 

for child’s sex, and maternal and childhood sociodemographic and lifestyle related 

characteristics.

Second, we used multiple linear regression models to examine the associations of maternal 

caffeine intake during pregnancy with childhood body fat distribution and insulin and c-

peptide levels. These models were first adjusted for child’s sex, age at follow-up 

measurement and height at follow-up measurement (for fat mass outcomes only) and 

subsequently additionally adjusted for maternal and childhood sociodemographic and 

lifestyle related characteristics. We included covariates in the models based on their 

associations with the outcomes of interest in previous studies, a significant association with 

the determinants and outcomes, or a change in effect estimates of >10%. To examine 

whether a dose-response relationship is present, we performed tests for trends by entering 

the categorized variable as a continuous term to the models. Finally, we used logistic 

regression models to examine the associations of maternal caffeine intake during pregnancy 

with childhood overweight at the age of 6 years using similar adjustments.
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In order to obtain normal distributions, we log transformed fat mass outcomes and square 

root transformed insulin and c-peptide levels. We constructed standard deviation scores 

(SDS) for all outcomes. Since no significant interaction between maternal caffeine intake 

during pregnancy and child’s sex was present (all p-values >0.05), we performed no sex-

stratified analyses. We used Multiple Imputation for missing values of covariates, by 

generating 5 independent datasets using the Markov Chain Monte Carlo (MCMC) method 

(26). We included all covariates in the imputation model. In addition, childhood body mass 

index and insulin levels at the age of 6 years, maternal pre-pregnancy weight, maternal 

height, income, maternal caffeine intake and paternal body mass index were used as 

predictors only, and were not imputed themselves. Percentages missing values in the 

population for analysis were all lower than 22%, except for timing of introduction of solid 

foods (37.6%). Pooled effect estimates were presented.The repeated measurement analysis 

was performed using the Statistical Analysis System version 9.3 (SAS, Institute Inc. Cary 

NC). All other analyses were performed using the Statistical Package of Social Sciences 

version 22.0 for Windows (IBM Corp., Armonk, NY, USA).

Results

Study population

Table 1 shows that, as compared to mothers who consumed <2 units of caffeine per day 

during their pregnancy, those who consumed ≥6 units per day were more likely to be higher 

educated, nulliparous and from European descent. Their children had a lower birth weight 

and a higher body mass index at the age of 6 years (p-values<0.05). Supporting Information 

Table S1 shows infant and childhood growth characteristics. Supporting Information Table 

S2 shows limited to moderate correlations between the outcome measures at 6 years. Non-

response analyses at baseline (Supporting Information Table S3) and at follow-up 

measurement (Supporting Information Table S4) showed that both mothers excluded 

because of missing data on caffeine intake during pregnancy and mothers lost to follow-up 

were lower educated and less often of European descent, compared to those included in the 

analysis. Their children had a lower birth weight. However, no large differences were 

observed between the caffeine intake during pregnancy of mothers of children not included 

in the analyses at 6 years and mothers of children included in the analyses (median (95% 

range) caffeine intake: 1.3 units (0, 5.0) vs. 1.5 units (0, 5.0)).

Infant and childhood growth patterns

Figure 2 (A-C) shows the associations of maternal caffeine intake during pregnancy with 

repeatedly measured growth characteristics from birth to 72 months, obtained from repeated 

measurement regression models. As compared to children whose mothers consumed <2 

units of caffeine per day during pregnancy, children whose mothers consumed ≥6 units of 

caffeine per day were shorter, but these differences decreased over time. At the age of 6 

years, children whose mothers consumed ≥6 units of caffeine per day still tended to be 

shorter. These children also had lower birth weights and had higher weight gain from birth to 

72 months. Body mass index tended to be higher from 6 months to 72 months in children 

whose mothers consumed ≥6 units of caffeine per day during pregnancy, as compared to 

children whose mothers consumed <2 units of caffeine per day.
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Childhood body fat distribution

Compared to children whose mothers consumed <2 units of caffeine per day during their 

pregnancy, both those whose mothers consumed 4-5.9 units and ≥6 units of caffeine per day 

tended to have a higher childhood body mass index (differences: 0.09 Standard deviation 

score (SDS) (95% Confidence Interval (CI): -0.01, 0.19) and 0.16 SDS (95% CI: -0.03, 

0.36), respectively) and a higher childhood total body fat mass (differences: 0.10 SDS (95% 

CI: 0.01, 0.20) and 0.18 SDS (95% CI: -0.01, 0.37), respectively) (Table 2). Only children 

whose mothers consumed ≥6 units of caffeine per day during their pregnancy had a higher 

childhood android/gynoid fat mass ratio (difference: 0.27 SDS (95% CI: 0.05, 0.49)). 

Similar tendencies were present when we combined the upper two maternal caffeine intake 

categories into one category (results not shown). Supporting Information Table S5 shows 

similar results from the basic models. Supporting Information Table S6 shows that as 

compared to children whose mothers consumed <2 units of caffeine per day during 

pregnancy, those whose mothers consumed ≥6 units of caffeine per day tended to have 

higher risks of childhood overweight (Odds Ratio (OR): 1.25 (95% CI: 0.68, 2.30) in the 

fully adjusted model.

Childhood insulin and c-peptide levels

Table 3 shows no consistent associations of maternal caffeine intake during pregnancy with 

childhood insulin and c-peptide levels in the fully adjusted models. Similar results were 

present in the basic models (Supporting Information Table S7).

Discussion

We observed that, as compared to children whose mothers consumed no or less than 2 units 

of caffeine per day during their pregnancy, children whose mothers consumed 6 units of 

caffeine or more per day tended to have a lower weight at birth, higher weight gain from 

birth to 6 years and a higher body mass index from 6 months to 6 years. Also, at the age of 6 

years, children of mothers with higher levels of caffeine intake during pregnancy tended to 

have a higher childhood total body fat mass and android/gynoid fat mass ratio. We did not 

observe differences for childhood insulin or c-peptide levels.

Strengths and limitations

We used a large population-based cohort followed from early pregnancy onwards. In total, 

30% of the eligible participants with information on maternal caffeine intake during 

pregnancy were not participating in follow-up measurements at 6 years. This loss to follow-

up could have reduced the statistical power of our study and could have led to biased effect 

estimates if associations of interest differ between children included and not included in the 

analysis. This seems unlikely, since only minor differences were observed between the 

caffeine intake during pregnancy of mothers of children not included in the analysis and the 

caffeine intake of mothers of children included in the analysis. Since maternal caffeine 

intake during pregnancy was self-reported, misclassification by underreporting may be 

present. In addition, in accordance with the Netherlands Nutrition Centre (27), we assumed 

that coffee was consumed in cups of 125 mL. However, this might have differed between 

participants, which may have led to some misclassification of the categories of maternal 
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caffeine intake. We also assessed only caffeine intake from coffee and tea and not intake 

from other sources, such as soft drinks, chocolate and medications. However, at the time of 

data collection (2002-2006), coffee and tea accounted for 70 and 26% , respectively, of all 

caffeine ingested (1). We categorized maternal caffeine intake during pregnancy in units of 

caffeine instead of calculating the exact milligrams of caffeine consumed per day. The 

highest category of maternal caffeine intake in our study (≥6 units) should be considered 

equivalent to a caffeine intake of ≥540 mg per day. However, since caffeine contents per unit 

of coffee might differ between countries, our results should be interpreted carefully with 

regard to other populations. We were able to adjust our analyses for many possible 

confounders. However, as in any observational study, residual confounding might still be an 

issue. For example, in our study we were unable to adjust the analyses for detailed maternal 

and childhood dietary habits.

Interpretation of main findings

Maternal caffeine intake during pregnancy may affect fetal growth and development. Among 

the same population as the present study and in line with other large observational studies 

(4–6), we previously reported that high levels of maternal caffeine intake during pregnancy 

are associated with impaired fetal growth and higher risks of low birth weight (7).

Not much is known about the long-term offspring consequences of maternal caffeine intake 

during pregnancy. A recent study in the United States among 615 mothers and their children 

suggested that any caffeine intake during pregnancy was associated with an 87% higher 

overall risk of childhood obesity before the age of 15 years. Also, a dose-response relation 

for maternal caffeine intake was observed (13). In contrast, another recent study among 1986 

mothers and their children in the United States did not observe consistent associations of 

maternal serum paraxanthine concentrations, caffeine’s primary metabolite, during 

pregnancy with childhood body mass index (14). We observed that children of mothers with 

the highest caffeine intake during pregnancy were shorter and had lower weights at birth, as 

compared to children of mothers with low caffeine intake, but gained more weight from 

birth to 6 years. Also, they tended to have higher body mass indexes from 6 months to 6 

years. We observed a tendency to a higher risk of overweight at the age of 6 years in 

children of mothers with the highest caffeine intake during pregnancy, although not 

statistically significant. This may be due to smaller numbers, since only 80 mothers in our 

study consumed 6 units of caffeine per day or more. Thus, these findings suggest that 

maternal caffeine intake during pregnancy might not only affect fetal development, but may 

have persistent consequences for childhood growth.

Although body mass index is a widely accepted measure of adiposity, previous studies have 

shown that more specific body fat measures, such as total fat mass, waist circumference and 

waist to hip ratio, are predictors of cardiovascular risk factors and disease in children and 

adults, independent of body mass index (28–30). Thus, detailed body composition measures 

provide useful additional information in assessing adiposity and its consequences. To the 

best of our knowledge, no previous studies have been performed focused on the associations 

of maternal caffeine intake during pregnancy with detailed measures of childhood body fat 

distribution. We observed that high maternal caffeine intake during pregnancy tended to be 
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associated with a higher childhood total body fat mass and an adverse childhood body fat 

distribution, as reflected by a higher android/gynoid fat mass ratio. We observed no effect of 

maternal caffeine intake during pregnancy on preperitoneal fat mass. This discrepancy could 

be attributed to a larger measurement error for preperitoneal fat mass measurements in 

childhood (31,32). Thus, our results suggest that maternal caffeine intake during pregnancy 

may affect childhood total fat and body fat distribution, next to body mass index.

Studies in adults showed that coffee consumption is consistently associated with lower risks 

of insulin resistance and type 2 diabetes (33–35). However, associations with both 

caffeinated and decaffeinated coffee were observed, suggesting that next to caffeine, other 

coffee components may also play a role in the underlying mechanisms. In contrast to these 

findings in non-pregnant adults, animal studies suggest that maternal caffeine intake during 

pregnancy may increase insulin resistance and disturb glucose metabolism in the offspring 

(15,16). We did not observe consistent associations of maternal caffeine intake during 

pregnancy with childhood insulin and c-peptide levels. Our results should be interpreted 

carefully, since the fasting period before blood draw for the childhood insulin and c-peptide 

measurements was limited. This may have led to some non-differential misclassification and 

an underestimation of the observed effect estimates. This may especially affect childhood 

insulin levels, which are less stable and have a shorter half-life as compared to c-peptide 

levels. Further studies are needed to assess the detailed associations of maternal caffeine 

intake during pregnancy with offspring glucose and insulin metabolism.

The mechanisms by which maternal caffeine intake during pregnancy might influence 

childhood body fat distribution are not clear. It has been suggested that caffeine induces an 

increase in circulating maternal and fetal glucocorticoid concentrations (36,37). Studies in 

rats suggest that fetal overexposure to glucocorticoids leads to an altered development of the 

hypothalamic-pituitary-adrenal axis (HPA-axis), impaired fetal growth, altered structure of 

the endocrine pancreas, insulin target-tissues and adipose depots and increased HPA-axis 

activity (37–39). Whether this mechanism partly underlies the observed associations needs 

to be further studied.

Although the observed effect estimates are small and without direct individual clinical 

consequence, our results suggest that maternal caffeine intake during pregnancy is 

associated with infant and childhood growth and body fat distribution. As caffeine is 

frequently consumed during pregnancy and the prevalence of obesity is still rising (40), our 

results underline the need to study the long-term health consequences of maternal caffeine 

intake during pregnancy.

Conclusion

Our results suggest that high levels of maternal caffeine intake during pregnancy are 

associated with adverse offspring growth patterns and childhood body fat distribution, but 

not with childhood insulin and c-peptide levels. Further studies are needed to assess whether 

maternal caffeine intake during pregnancy affects long-term offspring health outcomes, and 

the causality and underlying mechanisms.

Voerman et al. Page 8

Obesity (Silver Spring). Author manuscript; available in PMC 2017 May 12.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known about this subject?

• High levels of maternal caffeine intake during pregnancy are associated with 

higher risks of low birth weight.

• Children born with a low birth weight are at higher risk of an adverse body fat 

distribution and insulin resistance in later life.

What does our study add?

• Our results suggest that high levels of maternal caffeine intake during 

pregnancy are associated with adverse infant and childhood growth patterns 

and a higher body mass index, total body fat mass and android/gynoid fat 

mass ratio at school-age.
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Figure 1. Flow-chart of study participants

Voerman et al. Page 13

Obesity (Silver Spring). Author manuscript; available in PMC 2017 May 12.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Figure 2. Associations of maternal caffeine intake during pregnancy with longitudinally 
measured growth characteristics (N=7,857)
Results are based on repeated linear regression models and reflect the differences in SDS of 

(A) height (based on 51,691 measurements), (B) weight (based on 58,124 measurements) 

and (C) body mass index (based on 36,953 measurements) growth in children whose 

mothers consumed 2-3.9, 4-5.9 and ≥6 units of caffeine per day during pregnancy, 

respectively, as compared to those whose mothers consumed <2 units of caffeine per day. 1 

unit of caffeine intake represents the equivalent of 1 cup of coffee (90 mg caffeine). The 

reference value is an SDS of 0. The models were adjusted for child’s sex, maternal age, pre-
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pregnancy body mass index, parity, ethnicity, educational level, folic acid supplementation 

use, smoking and alcohol consumption during pregnancy, pregnancy complications, 

breastfeeding and timing of introduction of solid foods. All p-values for interaction <0.05.
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Table 3
Maternal caffeine intake during pregnancy and childhood insulin and c-peptide levels at 6 
years (fully adjusted models) (N=3,667)

Insulin (SDS) C-peptide (SDS)

N=3,654 N=3,667

Maternal caffeine intake categories

< 2 units Reference
N= 2,116

Reference
N=2,128

2 -3.9 units -0.03 (-0.11, 0.04)
N= 1,239

-0.05 (-0.12, 0.03)
N=1,237

4 – 5.9 units 0.14 (0.01, 0.28)*
N= 241

0.10 (-0.03, 0.24)
N=243

≥ 6 units -0.18 (-0.45, 0.08)
N= 58

-0.13 (-0.39, 0.14)
N=59

P-value for trend 0.900 0.869

Values are regression coefficients (95% confidence interval) that reflect the difference in childhood outcomes in children whose mothers consumed 
2-3.9, 4-5.9 and ≥6 units of caffeine per day during pregnancy, respectively, as compared to those whose mothers consumed <2 units of caffeine per 
day. 1 unit of caffeine intake represents the equivalent of 1 cup of coffee (90 mg caffeine). The models were adjusted for child’s sex, age at follow-
up measurement, maternal age, pre-pregnancy body mass index, parity, ethnicity, educational level, folic acid supplementation use, smoking and 
alcohol consumption during pregnancy, gestational diabetes, gestational hypertensive disorders, birth weight, gestational age at birth, breastfeeding, 
introduction of solid foods and television-watching time. P-values for trend were obtained from models in which the categorized caffeine intake 
variable was entered as continuous variable.

*
P-value <0.05.
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