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Abstract

Objective—Coffee and tea consumption is associated with a decreased type 2 diabetes risk in 

non-pregnant adults. We examined the relation between first trimester coffee and tea consumption 

and gestational diabetes mellitus (GDM) risk.

Design—Population-based cohort study.

Setting—Denmark 1996-2002.

Population—Non-diabetic women with singleton pregnancies in the Danish National Birth 

Cohort (n=71,239).

Methods—Estimated adjusted relative risks (RR) and 95% confidence intervals (95%CI) for the 

association between first trimester coffee and tea or estimated total caffeine and GDM.

Main outcome measures—GDM ascertained from the National Hospital Discharge Register 

or maternal interview.

Results—Coffee or tea intake was reported in 81.2% (n=57,882) and GDM complicated 1.3% 

(n=912) of pregnancies. Among non-consumers, GDM complicated 1.5% of pregnancies. Among 

coffee drinkers, GDM was highest among women who drank ≥8 cups/d (1.8%) with no significant 
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difference across intake levels (P=.10). Among tea drinkers, there was no difference in GDM 

across intake levels (1.2%) (P=.98). After adjustment for age, socio-occupational status, parity, 

prepregnancy body mass index, smoking, and cola, there was suggestion of a protective, but non-

significant association with increasing coffee [RR ≥8 vs 0 cups/d=0.89 (95%CI 0.64-1.25)] and 

tea [RR ≥8 vs 0 cups/d=0.77 (95%CI 0.55-1.08)]. Results were similar by smoking status, except a 

non-significant 1.45-fold increased risk with ≥8 coffee cups/d for non-smokers. There was a non-

significant reduced GDM risk with increasing total caffeine.

Conclusions—Our results suggest that moderate first trimester coffee and tea intake were not 

associated with GDM increased risk and possibly may have a protective effect.
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Introduction

Coffee and tea are habitually consumed among women of reproductive age and thus their 

potential effects during pregnancy are of interest.(1) In non-pregnant adults, acute caffeine 

intake increases insulin resistance; however, regular coffee intake has been associated with a 

decreased risk for type 2 diabetes.(2) Habitual coffee intake decreases subclinical 

inflammation and increases adiponectin levels,(3, 4) which may protect against insulin 

resistance and confer a long-term reduced risk for type 2 diabetes.(5) It is thought that the 

beneficial effects of coffee act not through caffeine and its metabolites, but through the 

micronutrients and phenolic compounds, which have antioxidant and prebiotic properties to 

improve glucose control, insulin sensitivity, and appetite regulation.(6) With lower caffeine 

levels and additional phenolic compounds,(7) tea consumption has similarly been associated 

with a reduced risk for type 2 diabetes in non-pregnant adults.(8)

Gestational diabetes mellitus (GDM) is a carbohydrate intolerance first diagnosed during 

pregnancy. It is unclear whether the mechanism which confers a reduced risk for type 2 

diabetes associated with coffee and tea intake outside of pregnancy, acts similarly during 

pregnancy and is associated with a reduced risk for GDM. Caffeine metabolism slows 

during pregnancy,(9) which may lead to an increased acute response later in pregnancy. 

Acute levels of caffeine and paraxanthine, the major metabolite of caffeine, have been 

associated with increased insulin resistance during pregnancy.(10) Furthermore, there is 

pronounced peripheral insulin resistance late in pregnancy.(11) Thus the impact of coffee 

and tea intake during pregnancy may differ from the non-pregnant state because of changes 

in insulin resistance and metabolism during pregnancy. Because GDM is associated with an 

increased risk for maternal morbidities, including development of type 2 diabetes, as well as 

perinatal mortality and morbidities,(12, 13) identification of risk factors or potential 

preventive factors for GDM are therefore of interest.

Smoking may be an important potential effect modifier of the relation between coffee and 

GDM risk. Smoking induces the cytochrome P450 enzymes, which can increase caffeine 

metabolism by almost 100%.(14, 15) Studies of non-pregnant adults report an increased risk 
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for type 2 diabetes among smokers,(16) however, there is no consistent evidence of an 

association between smoking and GDM.(17)

The aim of this study was to examine the relation between first trimester coffee and tea 

consumption and the risk of GDM and to investigate whether the association differed by 

smoking status.

Materials and Methods

Study population

The Danish National Birth Cohort (DNBC) is a longitudinal study of pregnant women and 

their offspring approved by the Danish National Ethics Board. The cohort has been 

described in detail elsewhere.(18, 19) Briefly, from March 1, 1996 to November 1, 2002 

women were recruited across Denmark by general practitioners at their first antenatal visit, 

of which approximately 60% agreed to participate. Once enrolled, women were interviewed 

at targeted gestational ages of 12 and 30 weeks and twice after delivery when the child was 

6 and 18 months of age. Data were also collected from the Danish Medical Birth Registry 

and the National Hospital Discharge Register and linked to the interviews using a unique 

personal code assigned to each citizen in Denmark. The current study utilized information 

from the first three interviews and these Registries. Institutional review board approval was 

obtained from the DNBC Steering Committee, the Danish Data Protection Board and the 

University of Pittsburgh.

A total of 101,033 pregnancies from 91,769 women were recruited to the DNBC. For this 

analysis we included only each woman's first singleton pregnancy recorded in the DNBC 

(n=86,453) and further restricted the analysis to women who completed the first two 

interviews (n=75,941). Women with pre-existing diabetes as identified using the National 

Hospital Discharge Register International Classification of Disease Code, tenth revision 

(ICD-10; O24.0, O24.1, O24.3) were excluded (n=268; 0.35%). We further excluded 

deliveries if any relevant covariates were missing (n=4,434; 5.9%) leaving a total of 71,239 

deliveries for analysis. Compared to the women in the final analysis, the women excluded 

due to missing covariates had different distributions of the relevant exposures and outcome 

(P<.001). Excluded women were more likely to not consume any coffee (57.0% vs. 55.3%) 

or tea (40.9% vs. 36.5%) and were more likely to have GDM (2.1% vs. 1.3%).

Exposure

At the first interview women were asked, “How many cups of coffee do you drink daily? 

(mug=2 cups, 1 pot=8 cups=1L).” If a woman reported drinking <1 cup/d it was coded as 

0.5 cup/d. Women were similarly asked about tea. We categorized coffee and tea intake 

separately (0; 0.5-3; 4-7; ≥8 cups/d) and similar to a prior study we combined daily intake of 

coffee and tea and estimated the total caffeine intake with 1 cup of coffee or tea estimated to 

have 100 or 50 mg of caffeine, respectively.(20, 21)
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Outcome

A total of 912 cases of GDM were identified from three sources. The primary source of 

GDM was from the National Hospital Discharge Register (ICD-10, O24.4) (n=546). At the 

second DNBC interview (∼30 weeks), women were asked if they had diabetes during 

pregnancy, and if so, the type, resulting in 467 women with GDM. At the first postpartum 

DNBC interview (∼6 months postpartum) women were asked if diabetes was detected from 

30 weeks gestation up to delivery (n=517). Among women with GDM identified from the 

second or third interview, 51.6% and 61.7% also had GDM identified from the Discharge 

Register, respectively. For the main analyses we considered cases identified from either the 

Discharge Register or the interviews (n=912). In secondary analyses we used only GDM 

cases identified from both the Discharge Register and the interviews (n=404) or from the 

Discharge Register only (n=546).

Covariable assessment

The following potential confounders were considered based on the potential association with 

both coffee or tea intake and GDM: maternal age at delivery (16-20, 20-24, 25-29, 30-34, 

35-39 y), parity (0, 1, ≥2), self-reported smoking status at the first interview (0, 1-10, ≥11 

cigarettes/d), cola intake (0, <1, ≥1 L/wk), prepregnancy body mass index (BMI; kg/m2) 

calculated from self-reported height and prepregnancy weight (<18.5, 18.5-24.9, 25.0-29.9, 

30.0-34.9, 35.0-39.9, ≥40.0 kg/m2), and socio-occupational status (high, middle, low). 

Socio-occupational status was defined as high, persons with 4 years beyond high school or 

in management; middle, skilled workers and persons with middle-range training; or low, 

unskilled workers and unemployed.

Statistical analysis

Chi-square statistics were used for bivariate analyses. We estimated unadjusted and adjusted 

risk of GDM across levels of coffee and tea intake using modified Poisson regression(22) 

and performed a test for trend using linear contrasts. Coffee and tea were assessed as 

categorical variables in main analyses and compared to models with continuous per cup 

exposure. We also reported estimates stratified by smoking status.

We also examined the association between GDM risk and estimated total caffeine intake up 

to 1200 mg non-parametrically with restricted cubic splines. Tests for non-linearity used the 

likelihood ratio test, comparing the model with only the linear term to the model with the 

linear and the cubic spline terms.(23)

We performed multiple sensitivity analyses. In analyses of coffee and tea exposures we 

limited GDM outcome to women who had GDM indicated in the Discharge Register and 

also self-reported GDM at either interview (n=404). Second, we limited the analysis only to 

the women who had GDM indicated in the Discharge Register (n=546). Third, we assessed 

the impact of missing covariate data by examining the unadjusted associations among all 

women regardless of their missing covariate data (n=75,673).

We used SAS version 9.3 (SAS Institute, Cary, NC, USA) and considered P-values <.05 

significant.
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Results

The majority of the study population (81.2%; n=57,882) reported drinking coffee or tea at 

the first interview, with coffee consumption (44.7%; n=31,860) being less prevalent than tea 

(63.5%; n=45,208). Among consumers, the median consumption of both coffee and tea was 

2 cups/d. Women who drank ≥8 coffee cups/d were the most likely not to drink tea (63.3%), 

while women who did not drink coffee were the most likely to drink ≥8 tea cups/d (5.0%). 

Coffee and tea consumption were associated with maternal age, parity, prepregnancy BMI, 

smoking, socio-occupational status, and cola consumption (Table 1). For example, coffee 

consumption tended to be lower among younger women and nulliparous women. Women of 

a low socio-occupational status were more likely to consume higher levels of coffee, but not 

tea, than women with a high socio-occupational status. Cola consumers were likely to either 

not consume coffee or drink ≥8 coffee cups/d than non-cola consumers. The proportion of 

non-smokers decreased linearly with an increase in coffee consumption from 81.2% among 

non-coffee drinkers to 31.4% among women who drank ≥8 coffee cups/d.

GDM complicated 1.3% (n=912) of pregnancies. Women with GDM were slightly older 

[mean (SD), 31.8 (4.6) vs. 30.4 (4.3) years, P<.001], had a higher prepregnancy BMI [27.4 

(5.9) vs. 23.5 (4.2) kg/m2, P<.001), were less likely to be nulliparous (40.6 vs. 51.1%, P<.

001), more often a non-smoker (70.7 vs. 73.9%, P<.001), had a low socio-occupational 

status (42.1 vs. 53.4%, P<.001) and did not consume cola (30.6 vs. 33.9%, P<.001). GDM 

complicated 1.5% of pregnancies among women who did not consume either coffee or tea. 

Among coffee drinkers, GDM prevalence was highest among women who drank ≥8 coffee 

cups/d (1.8%), but there was no significant difference across levels of coffee intake (P=.10). 

Among tea drinkers, there was no difference in the prevalence of GDM across levels of tea 

intake (1.2%) (P=.98).

In the fully adjusted model we tested for but did not detect a multiplicative interaction 

between coffee and tea intake (P=.58) and thus we report the risk of GDM separately for 

coffee and tea intake. Increasing levels of coffee and tea intake suggested a decreased risk of 

developing GDM, but all were non-significant including a linear trend test (Table 2). When 

analyzed as continuous exposures, risk ratios per cup of coffee or tea were suggestive of a 

protective association for GDM risk, but non-significant for both coffee (adjusted RR=0.97; 

95% CI 0.95, 1.00) and tea (adjusted RR=0.98; 95% CI 0.96, 1.01).

While non-smokers overall were less likely to develop GDM than smokers (1.2% vs. 1.4%, 

P=.03) the GDM prevalence differed slightly by coffee and tea intake. Among non-smokers 

GDM occurred most often among women who drank ≥8 cups/d (2.5%) with an adjusted 

relative risk of 1.45 compared to non-coffee drinkers (95% CI 0.92, 2.30) (Table 2). Among 

smokers GDM risk consistently decreased as coffee intake increased, but never reached 

significance. In regard to tea intake the risk of GDM was highest among non-consumers 

(1.4%) and while all adjusted risk ratios were below 1, none were statistically significant. 

Among smokers there was no consistent pattern in GDM risk by level of tea intake.

Limiting the GDM cases to those identified both in the Discharge Register and the 

interviews (n=404) (Table S1) or the Discharge Register (n=546) (Table S2) revealed 
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similar associations between coffee and tea intake overall and when stratified by smoking 

with one exception. When only cases from the Discharge Register were used, drinking ≥8 

coffee cups/d compared to no coffee was associated with a stronger and significantly 

increased risk for GDM among non-smokers (RR=2.25; 95% CI 1.35, 3.75).

When analyzed as the estimated total caffeine intake (median 100 mg/d; interquartile range 

25-300 mg/d) from both coffee and tea, a similar overall pattern with GDM risk was 

observed. In adjusted analyses there was a non-significant decreased risk of GDM with 

increasing caffeine intake (Figure 1).

Lastly, because many women were excluded from our analysis due to missing covariate data 

(n=4,434), we examined the unadjusted associations between coffee and tea and the risk for 

GDM among all women meeting the inclusion criteria (n=75,673) and observed similar 

results (data not shown).

Discussion

Main findings

First trimester coffee or tea consumption was not consistently or significantly associated 

with GDM risk in this large cohort where coffee and tea were commonly consumed. While 

most risk ratios were below 1, indicating a potential protective association, the strength of 

the associations were small. When stratified by maternal smoking, drinking ≥8 coffee cups/d 

tended to increase GDM risk among nonsmokers, but decrease GDM risk among smokers, 

although this was not observed among tea drinkers. A small, but reduced risk of GDM was 

consistently suggested with increasing tea consumption.

Strengths and Limitations

GDM cases were collected from three sources. The Danish National Patient Registry 

collects discharge diagnoses for hospitalizations in Denmark. Although low (1.3%), the 

GDM prevalence in the DNBC was consistent with other reports of low prevalence of GDM 

in Northern European countries.(24) In Denmark only high-risk women are routinely 

screened for GDM,(24) but selective and universal screenings may have similar sensitivities.

(25) In a study of type 2 diabetes, good positive predictive values from the Denmark 

Registry data were observed, however this does not necessarily apply to GDM.(26) In our 

study we used GDM cases identified from the Discharge Register and supplemented it with 

maternal report from the second trimester and postpartum DNBC interview. A total of 74% 

of the GDM cases found in the Discharge Register were verified in the interview data. In 

supplemental analyses we further evaluated the robustness of our findings by examining the 

associations using GDM cases captured from the Discharge Register and the interview or the 

Discharge Register only and observed similar findings. However, we do not know the 

quality of the GDM diagnosis, but any misclassification would likely be non-differential. 

While changes in the criteria for diagnosis of GDM have changed over time, it is unclear 

how the differences in the underlying prevalence of GDM and the severity of the disease 

may affect the association with coffee and tea intake. Also we have no reason to suspect that 
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the underlying biology of the association between coffee and tea intake and GDM would be 

different if the underlying prevalence were higher.

This Danish cohort of pregnant women offered the unique ability to assess the association 

between coffee and tea with GDM as these beverages were commonly consumed in the first 

trimester. Nonetheless, we were unable to assess all sources of caffeine intake, or take into 

account different brewing methods, cup sizes, different strengths, or distinguish 

decaffeinated coffee or type of tea. While decaffeinated coffee is rarely consumed in 

Denmark, both herbal and black tea are commonly consumed. Therefore in the estimated 

caffeine intake analysis there was likely a greater degree of misclassification due to tea than 

coffee intake and leading to possibly an overestimate of total caffeine. Although cola intake 

was strongly associated with GDM in bivariate analyses and we adjusted for cola in our 

models we did not further examine this relationship due to the limited information on the 

level of intake, type of sweetener or caffeine levels. We did not have any information on 

women's coffee and tea intake prior to pregnancy. Some women may reduce their 

consumption due to aversion and nausea,(27) so while coffee intake was collected 

prospectively and we adjusted for many important confounding variables, it may have been 

impacted by other maternal factors. Lastly, while this Danish cohort was well suited for this 

research our results may not be fully generalizable to all women in Denmark nor women in 

other countries with a difference racial background or patterns of consumption. Not all 

recruited women agreed to participate in the DNBC, but this should not have impacted the 

internal validity of our estimates.(28, 29) Nonetheless, some women were excluded from our 

analysis due to missing covariates and these women had a slightly different pattern of coffee 

and tea consumption and a higher prevalence of GDM. However, we performed a sensitivity 

analysis repeating our unadjusted analyses among all women and observed similar findings.

Interpretation

The widely reported association between coffee consumption and a decreased risk for type 2 

diabetes in non-pregnant adults served as an impetus for this research focused on pregnant 

women and the association with GDM.(5) A prior study of U.S. women found that 

compared to non-consumers pre-pregnancy consumption of 0.5-7 caffeinated coffee 

cups/wk was associated with a reduced risk for GDM, but observed no significant 

association with >7 cups/wk, and similar to our study, observed no significant association 

when first trimester intake was also considered.(30) The different results for type 2 diabetes 

may be due to the length of time for the exposure to have an impact. Alternatively, insulin 

resistance during pregnancy tends to be peripheral rather than hepatic and thus the 

mechanisms may be different.(11) Interestingly, in a trial of pregnant women early in their 

third trimester, caffeine intake was associated with impaired insulin sensitivity in women 

with GDM, but not in controls without GDM, suggesting that there may be a different 

response to caffeine intake among women who develop GDM.(31)

Because cigarette smoking induces the cytochrome P450 enzymes, which can increase 

caffeine metabolism,(32) we examined for effect measure modification by smoking. 

Consumption of ≥8 coffee cups/d was associated with an increased GDM risk among non-

smokers and a decreased risk among smokers, indicating that caffeine or its metabolites are 
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an important factor; however this potential increased risk was not observed when we 

estimated total caffeine intake from both coffee and tea. It is further plausible that there may 

be residual confounding among women who consume high levels of coffee.

Our results are reassuring that first trimester coffee and tea intake <8 cups/d was not 

associated with an increased risk for GDM and possibly may have a protective effect. This 

further supports the American College of Obstetrics and Gynecology guidelines that women 

can consume one cup of coffee a day without an increased risk of miscarriage or preterm 

delivery.(33) While a randomized trial designed to reduce caffeine consumption during 

pregnancy observed no adverse impact of caffeine on birthweight or length of gestation,(34) 

observational studies have reported an association between high intake of caffeine and 

spontaneous abortion(35) and coffee and late fetal death.(20) Therefore our findings should 

be interpreted in the context of a wide-range of potential obstetric outcomes when 

counseling pregnant women.

Conclusions

In this large prospective cohort study, moderate coffee and tea consumption in the first 

trimester were not associated with an increased risk for GDM. Although results were in a 

similar direction, unlike the non-pregnant state where coffee and tea are associated with a 

reduced risk of type 2 diabetes, we did not observe a similar significant reduction in GDM 

risk.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Adjusted association between estimated total caffeine intake and risk of gestational 
diabetes mellitus in the Danish National Birth Cohort, 1996-2002
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