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Abstract Whether and how coffee use influences glucose

metabolism is still a matter for debate. We investigated

whether baseline coffee consumption is longitudinally

associated with risk of impaired fasting glucose in a cohort

of 18-to-45 year old subjects screened for stage 1 hyper-

tension and whether CYP1A2 polymorphism modulates

this association. A total of 1,180 nondiabetic patients

attending 17 hospital centers were included. Seventy-four

percent of our subjects drank coffee. Among the coffee

drinkers, 87 % drank 1–3 cups/day (moderate drinkers),

and 13 % drank over 3 cups/day (heavy drinkers). Geno-

typing of CYP1A2 SNP was performed by real time PCR

in 639 subjects. At the end of a median follow-up of

6.1 years, impaired fasting glucose was found in 24.0 % of

the subjects. In a multivariable Cox regression coffee use

was a predictor of impaired fasting glucose at study end,

with a hazard ratio (HR) of 1.3 (95 % CI 0.97–1.8) in

moderate coffee drinkers and of 2.3 (1.5–3.5) in heavy

drinkers compared to abstainers. Among the subjects

stratified by CYP1A2 genotype, heavy coffee drinkers

carriers of the slow *1F allele (59 %) had a higher adjusted

risk of impaired fasting glucose (HR 2.8, 95 % CI 1.3–5.9)

compared to abstainers whereas this association was of

borderline statistical significance among the homozygous

for the A allele (HR 1.7, 95 % CI 0.8–3.8). These data

show that coffee consumption increases the risk of

impaired fasting glucose in hypertension particularly

among carriers of the slow CYP1A2 *1F allele.
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Introduction

A large number of epidemiologic studies have demon-

strated that type 2 diabetes mellitus (T2DM) is a major risk

factor for the development of all manifestations of car-

diovascular disease (CVD), and recent data suggest that the

proportion of CVD attributable to T2DM is increasing [1].

Thus identifying subjects at risk is a key issue in order to

prevent the development of the disease. Mounting evidence

suggests that early lifestyle interventions are more effective

and cost saving for T2DM prevention compared

with pharmacologic approaches [2]. A number of pro-

spective cohort studies have reported a negative association

between increased coffee consumption and risk of devel-

opment of T2DM [3, 4]. According to a recent meta-ana-

lysis, the incidence of T2DM decreases by 12 % for every

2 cups/day increment in coffee intake, by 11 % for every 2

cups/day increment in decaffeinated coffee, and by 14 %

for every 200 mg/day increment in caffeine intake [4]. A

protective effect of coffee for T2DM and the metabolic

syndrome has been observed also in cross-sectional studies

[5–8]. However, in short-term intervention trials caffeine
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intake or caffeinated coffee have been shown to reduce

insulin sensitivity and glucose tolerance [9–11], an effect

not seen with decaffeinated coffee [9]. These data cast

many doubts on a longitudinal causal link between coffee

intake and prevention of diabetes and no information on

coffee use has been included by ADA guidelines among

the lifestyle measures suitable to the diabetic patient [12].

Impaired fasting glucose is a precursor to type 2 diabetes in

most individuals [12], and studying the longitudinal asso-

ciation between coffee consumption and impaired fasting

glucose might help clarify this controversial issue. The aim

of the present study was to examine the long term effect of

coffee drinking on the risk of developing impaired fasting

glucose in the participants of the Hypertension and

Ambulatory Recording VEnetia Study (HARVEST), a

prospective longitudinal study of young subjects screened

for stage 1 hypertension [13, 14]. As the clinical effects of

coffee drinking may depend on the genetic background of

an individual, another purpose of the present analysis was

to ascertain the effect of regular coffee intake on fasting

glucose within subjects stratified by CYP1A2 genotype,

which has been shown to modulate the association of

coffee use with cardiovascular outcomes [15, 16].

Methods

Subjects

The study was carried out in 1,180 white patients aged

from 18 to 45 years who took part in the HARVEST [13,

14]. The study participants were never treated patients

screened for stage 1 hypertension. Patients with T2DM,

nephropathy, and CVD were excluded. The 639 subjects

taking part in the genetic subproject were all those

recruited and followed up in the 4 HARVEST centres

which agreed to participate in the genetic study (Padova,

Vittorio Veneto, San Daniele del Friuli, and Trento) [16].

Their characteristics were similar to those of the rest of the

population. In particular, the frequency of coffee drinkers

(73.7 %) and abstainers (26.3 %) was exactly the same in

the two subgroups. In addition, 17 participants who

developed diabetes during the follow-up (14 coffee drink-

ers and 3 abstainers) were excluded. The higher prevalence

of men among our study participants confirmed previous

observations of a much higher prevalence of men in the

young, stage 1 segment of the hypertensive population

[17]. The HARVEST study is conducted in 17 hyperten-

sion units in Italy. Patients’ recruitment was obtained with

the collaboration of the local general practitioners who

were instructed during local meetings. Consecutive patients

with the above mentioned clinical characteristics seen in

the offices of the general practitioners and willing to

participate in the study were eligible for recruitment and

were sent to the referral centers. Patient files, blood and

urine samples are periodically collected by five monitors

and taken to the coordinating office in Padova, where they

are processed.

Procedures

The procedures followed were in accordance with institu-

tional guidelines. At baseline, all subjects underwent

physical examination, anthropometry, blood chemistry, and

urine analysis. Participants completed questionnaires about

their medical history, family history of hypertension,

physical activity, and dietary habits including coffee

intake, alcohol use, and cigarette smoking. Coffee con-

sumption was defined according to the number of caffeine-

containing coffees drunk per day. The caffeine content per

cup of ‘espresso’ Italian coffee, which was the most

abundantly consumed type of coffee by the HARVEST

participants, averages 100 mg [18, 19]. Decaffeinated

coffee, tea and other caffeinated drinks were not taken into

account in the present study, being unusual and irregular in

this area of Italy [20]. A positive family history of hyper-

tension was defined as one or two parents having hyper-

tension and/or taking antihypertensive treatment. More

details about the interview, life style assessment, and cri-

teria used for subjects’ classification according to life style

have been reported elsewhere [13, 14, 16, 19]. Twenty-

four-hour ambulatory blood pressure and heart rate moni-

toring was performed with the A&D TM-2420 model 7

(Tokyo, Japan), or the ICR Spacelabs 90207 (Redmond,

WA, USA). Both devices were previously validated [21,

22]. Clinic blood pressure was the mean of six readings

obtained during two visits performed 2 weeks apart. Body

mass index (BMI) was considered as an index of adiposity

(weight divided by height squared). In 631 participants,

urine was collected over 24 h for catecholamine assess-

ment. Adequacy of the 24-h urine collections was assessed

by self-report of missed or spilled collections as well as by

creatinine excretion per kg body weight [19]. Immediately

after completion volumes were measured and urine speci-

mens were frozen (-20 �C) and sent to the Coordinating

Office at the University of Padova, where epinephrine and

norepinephrine were measured by a high-performance

liquid chromatography method [16]. The study was

approved by the Ethics Committee of the University of

Padova, and written informed consent was given by the

participants.

Follow up

In the HARVEST study, office blood pressure and life style

habits are assessed monthly during the first 3 months of
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follow up, then after 6 months, and every 6 months

thereafter. After baseline examination, subjects are given

general information about non pharmacological measures

by the HARVEST investigators, following the suggestions

of current guidelines on the management of hypertensive

patients. To ensure homogeneous counseling by doctors

participating in the study, training in current international

guidelines was provided to them throughout the study

duration. HARVEST participants are followed until they

develop sustained hypertension requiring antihypertensive

treatment according to the guidelines available at the time.

If patients develop sustained hypertension, the investiga-

tors perform a final clinical assessment including bio-

chemical tests before treatment is initiated. Subjects who

do not meet the criteria for treatment continue to be

checked at 6 month intervals. Routine blood tests including

glucose were carried out at yearly intervals and at study

end. Enrolment of subjects with *1A/*1A genotype versus

those with *1A*1F ? *1F/*1F genotype and of coffee

drinkers versus abstainers was equally distributed

throughout the years. During a median follow-up of

6.1 years (interquartile range 2.5–9.9 years), hypertension

was developed by 683 out of the 1,180 patients. In the

subjects who remained normotensive, the last available

clinical assessment was used. For subjects lost to follow-

up, the last available glucose values were taken into

account. Impaired fasting glucose was defined as a fasting

plasma glucose between 100 and 125 mg/dL measured at

the final available visit [12]. All data used for the present

study were collected from untreated patients.

Genotyping

Genomic DNA was extracted from whole blood through

the NucleoSpin� Blood kit (Macherey–Nagel, Düren,

Germany). Primers and probes for allelic discrimination

analysis of CYP1A2 polymorphism, designed from

sequences derived from the GenBank database using Pri-

mer 3 (provided by the Whitehead Institute Cambridge,

Massachusetts,USA) and Operon’s Oligo software (Operon

Technologies Inc., Alameda, California, USA), were as

follows: forward primer AGAGAGCCAGCGTTCATGTT,

reverse primer CTGATGCGTGTTCTGTGCTT, CYP1A

2*1F probe (FAM-labelled)-50-TCTGTGGGCCCAGGA-

30 (BLACK HOLE1), CYP1A2*1A (TEXAS RED label-

led)-50-TCTGTGGGCACAGGA-30 (BLACK HOLE2), as

described by dbSNP reference number (rs762551) on the

National Center for Biotechnology Information (NCBI)

Web site [23] and we defined the allele containing the ‘‘A’’

nucleotide as CYP1A2*1A. Purified DNA (2 lL) was

amplified in a real-time PCR reaction in the iCycler iQTM

system (BIO-RAD, Hercules, CA). All the reactions were

performed in 96-well plates, using the iQTM Supermix

(BIO-RAD, Hercules, CA). Positive controls, genotyped by

direct sequencing, were included in each run, together with

a negative control containing no DNA template. Taqman

reactions were thermocycled as follows: 95 �C for 3 min to

denature, 40 cycles at 95 �C for 30 s for denaturing and

60 �C for 1 min for annealing and extension.

Data analysis

The present analysis was performed in the 1,180 subjects

for whom biochemical data and information on lifestyle

habits were available both at baseline and final assessments

and who had at least 6 months of follow-up. Subjects were

grouped according to their habitual consumption of coffee

into three categories of coffee drinking, non drinkers

(none), moderate drinkers (1–3 cups daily) and heavy

drinkers (4 or more cups daily), a classification used in

previous analyses [14, 16, 19]. Subjects were divided into

four categories of alcohol use (0, \50, 50–100, [100 g of

alcohol/day) [20]. As there were only seven subjects in the

[100 g/day alcohol class, the two upper classes of alcohol

were subsequently analyzed together. Smokers were clas-

sified into 4 categories according to the daily number of

cigarettes smoked: non smokers, 1–5, 6–10, [10 ciga-

rettes/day. The distribution of clinical variables was com-

pared across classes of coffee consumption by analysis of

covariance adjusting for age and sex. The significance of

differences in categorical variables was assessed with the

Chi square test. The cumulative incidence of impaired

fasting glucose associated with coffee consumption at

baseline was calculated using Kaplan–Meier analysis. The

difference in impaired fasting glucose incidence between

coffee drinking levels was tested using the log-rank test.

Coffee intake was also modeled as a time-dependent cat-

egorical variable in Cox proportional hazards analysis. No

violations to the proportional hazards assumption were

detected by inspection of survival curves. Multivariate Cox

proportional hazards models were developed to adjust for

possible confounding variables. The variables found to be

associated with outcome at univariable survival analysis

and/or believed to be of prognostic importance were sex,

age, BMI, parental hypertension, physical activity, coffee

intake, smoking status, alcohol consumption, baseline

plasma glucose, ambulatory blood pressure and ambulatory

heart rate. Another explanatory variable included in the

models was the change in body weight at the end of the

follow-up. In the subgroup with genetic data, the risk of

impaired fasting glucose related to coffee intake was also

assessed within each CYP1A2 group, adjusting for the

same variables as above. Estimates of relative risk and

corresponding two-sided 95 % confidence intervals (CIs)

relating coffee consumption to risk of impaired fasting

glucose were computed from the Cox models. To make

Coffee intake and impaired fasting glucose 211

123



sure about the robustness of our results, data were also

included in a multivariable logistic model using the same

variables as in the Cox model. A two-tailed probability

value\0.05 was considered significant. Data are presented

as mean ± SD unless specified. For statistics, epinephrine

and norepinephrine were logarithmically (base 10) trans-

formed owing to their skewed distribution. Analyses were

performed using Statistica version 6 (Stat Soft, Inc., Tulsa,

OK, USA), Systat version 11 (SPSS Inc., Evanston, IL,

USA), and MedCalc version 12.5.0.0 (MedCalc Software,

Ostend, Belgium).

Results

Seventy-four percent of our subjects drank coffee

(Table 1). Among the coffee drinkers, 87 % drank 1–3

cups/day, and 13 % drank over 3 cups/day. Compared to

abstainers, coffee drinkers were older, heavier, had worse

lifestyle habits and had a higher level of urinary epineph-

rine. No between-group differences were found for sex,

clinic or ambulatory blood pressure, biochemical data, and

urinary norepinephrine. Among the subjects with CYP1A2

polymorphism data, genotype frequencies (*1A*1A =

41.9 %, *1A*1F = 43.7 %, *1F*1F = 14.4 %) were in

agreement with the Hardy–Weinberg equilibrium

(v2 = 0.80, p = 0.37). The proportion of genotypes did not

differ between the categories of coffee intake (p = 0.47).

Follow-up

During the follow-up only 45 subjects (3.8 %) changed

their coffee habits. Of these, 21 subjects started to drink

coffee or increased coffee consumption, whereas 24 sub-

jects quitted or reduced coffee use. For these 45 partici-

pants we also calculated average coffee intake. At the end

of follow-up, 283 subjects (24.0 %) had impaired fasting

glucose. Participants with impaired fasting glucose were

older and more frequently male, had higher BMI and sys-

tolic blood pressure, had a worse metabolic profile and

higher urinary epinephrine than those who were normo-

glycemic (Table 2). A higher follow-up increase in plasma

glucose but not in body weight was found in the former.

Development of sustained hypertension needing treatment

Table 1 Clinical characteristics of the study subjects by coffee intake at baseline assessment

Variable Total

N = 1,180

Coffee intake, cups per day p value

0

N = 310

26.3 %

1–3

N = 756

64.1 %

[3

N = 114

9.7 %

Age (years) 33.0 (8.5) 30.5 (8.8) 33.5 (8.2) 36.7 (6.6) 0.000

BMI (kg/m2) 25.4 (3.5) 24.7 (3.2) 25.6 (3.4) 25.6 (3.5) 0.000*

Sex (m/f, %) 72.2/27.8 72.5/27.5 72.4/27.6 70.6/29.3 0.92

Parental hypertension (no/yes, %) 39.4/60.6 46.2/53.7 38.3/61.6 37.6/62.3 0.12

Clinic systolic blood pressure (mmHg) 145.4 (10.5) 144.8 (10.3) 145.7 (10.2) 144.5 (11.3) 0.30*

Clinic diastolic blood pressure (mmHg) 93.6 (5.6) 93.5 (5.7) 93.7 (5.6) 93.0 (4.2) 0.47*

24-hour systolic blood pressure (mmHg) 131.1 (10.9) 130.9 (10.4) 131.0 (10.8) 131.8 (12.0) 0.72*

24-hour diastolic blood pressure (mmHg) 81.5 (8.2) 81.5 (8.1) 81.5 (8.2) 81.0 (8.0) 0.79*

Physical activity (no/yes, %) 61.2/38.8 54.0/46.0 65.2/34.8 63.2/36.8 0.003

Cigarette smokers (no/yes, %) 79.2/20.8 84.3/15.7 78.2/21.8 68.8/31.2 0.002

Alcohol drinkers (0/\50/[ 50 g/day, %) 53.3/39.7/7.0 71.7/25.8/2.3 46.0/45.6/8.3 47.7/42.2/10.0 0.000

Glucose (mg/dL) 92.8 (11.0) 91.5 (11.3) 92.9 (11.3) 93.0 (8.5) 0.19*

Total cholesterol (mg/dL) 197.0 (40.0) 194.2 (38.9) 198.9 (41.0) 196.9 (37.2) 0.18*

Triglycerides (mg/dL) 113.1 (74.2) 108.7 (67.2) 114.1 (77.9) 110.4 (65.0) 0.54*

Urinary norepinephrine (lg/24 h), n = 631 91.6 (80.0) 88.4 (91.6) 92.6 (74.9) 93.4 (79.3) 0.83*,�

Urinary epinephrine (lg/24 h), n = 631 24.7 (37.7) 21.4 (15.5) 25.0 (43.6) 33.2 (38.0) 0.029*,�

Follow-up change in body weight (kg) 2.3 (6.6) 2.2 (6.7) 2.3 (6.8) 2.2 (5.2) 0.94*

Follow-up change in glucose (mg/dL) 0.9 (11.7) 0.0 (10.2) 0.9 (12.0) 3.3 (13.3) 0.023

Values are given as mean (SD) unless otherwise specified

p values from analysis of variance or v2 analysis

* Data are adjusted for age and sex
� For log transformed data adjusted for age, sex, and urinary creatinine

212 P. Palatini et al.

123



was more common among the subjects with impaired

fasting glucose at study end than among those with normal

glucose (70.0 vs. 57.0 %, p \ 0.001).

Association of coffee intake with risk of impaired

fasting glucose

At follow-up end, impaired fasting glucose was more

common among coffee drinkers than abstainers (abstainers,

18.7 %; moderate drinkers, 25.0 %; heavy drinkers,

31.6 %; p for trend = 0.003). Kaplan–Meier analysis

confirmed that impaired fasting glucose was developed

more frequently by coffee drinkers compared with

abstainers (Fig. 1, log-rank p \ 0.0001). In an age-and-sex-

adjusted Cox analysis, the association between impaired

fasting glucose and coffee intake remained significant in

both classes of coffee drinking (Table 3). As several sub-

jects had increased plasma glucose already at baseline, data

were further adjusted for baseline glucose ? parental

hypertension, physical activity, smoking status, and alcohol

intake, which caused only a slight attenuation of the coffee-

impaired fasting glucose relationship among the moderate

drinkers (Table 3). After inclusion of BMI, and ambulatory

blood pressure and heart rate at baseline, the association of

coffee drinking with impaired fasting glucose remained

statistically significant only in the heavy drinkers. Inclusion

of change in body weight during the follow-up did not

materially change these findings (Table 3). Inclusion of

average coffee intake instead of baseline coffee intake in the

regression caused a decline of the overall p value from

0.0005 to 0.0025. When the multivariable analysis (model

5) was repeated after excluding the subjects who had

impaired fasting glucose at baseline, the longitudinal

association of coffee use with impaired fasting glucose was

still significant for the heavy drinkers (p = 0.0029) and was

non significant for the moderate drinkers (p = 0.26). Sim-

ilar results were found when the data were included in a

logistic regression. Also in a fully adjusted logistic model

coffee was an independent predictor of future impaired

fasting glucose though to a lower level of statistical

Table 2 Clinical characteristics at baseline assessment and follow-up changes in body weight and plasma glucose in the subjects divided

according to whether they had impaired fasting glucose at study end

Variable Impaired fasting glucose p value

No (n = 897) Yes (n = 283)

Age (years) 32.2 (8.5) 35.4 (8.0) \0.0001

BMI (kg/m2) 25.1 (3.4) 26.1 (3.6) 0.008*

Sex (m/f, %) 72.9/27.1 84.1/15.9 0.0001

Clinic systolic blood pressure (mmHg) 144.9 (10.5) 147.0 (10.5) 0.008*

Clinic diastolic blood pressure (mmHg) 93.3 (5.7) 94.3 (5.4) 0.31*

24-hour systolic blood pressure (mmHg) 130.7 (10.9) 132.1 (10.4) 0.096*

24-hour diastolic blood pressure (mmHg) 81.4 (8.3) 81.8 (7.8) 0.51*

Glucose (mg/dL) 90.1 (9.5) 99.9 (12.2) \0.0001*

Total cholesterol (mg/dL) 195.2 (40.1) 204.3 (40.7) 0.35*

Triglycerides (mg/dL) 107.6 (70.3) 127.1 (83.1) 0.055*

Urinary norepinephrine (lg/24 h), n = 631 90.7 (83.3) 94.0 (70.3) 0.51*,�

Urinary epinephrine (lg/24 h), n = 631 23.8 (41.2) 27.1 (25.8) 0.022*,�

Follow-up change in body weight (kg) 2.1 (6.4) 2.7 (7.2) 0.16*

Follow-up change in glucose (mg/dL) -1.3 (8.8) 5.1 (12.0) \0.0001*

Values are given as mean (SD). p values from analysis of variance and v2 analysis

* Data are adjusted for age and sex
� For log transformed data adjusted for age, sex, and urinary creatinine
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Fig. 1 Kaplan-Meier plots of the cumulative risk of impaired fasting

glucose by coffee intake during a median follow-up of 6.1 years in

1,180 HARVEST participants. p value \ 0.001 from log-rank test
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significance. The odds ratios (95 % CI) were 1.77

(1.02–3.08) for heavy coffee drinkers, and 1.27 (0.87–1.86)

for moderate drinkers. In this model time was a strong

predictor of impaired fasting glucose (p \ 0.001).

Subgroup with genetic data

In this subgroup (n = 639), impaired fasting glucose at

study end was detected in 160 participants (25.0 %). In

Fig. 2, the curves for risk of impaired fasting glucose

according to coffee consumption in the participants strati-

fied by CYP1A2 genotype are shown. After taking into

account age, sex, baseline glucose, parental hypertension,

physical activity, smoking status, alcohol intake, BMI, and

ambulatory blood pressure and heart rate at baseline, the

risk of impaired fasting glucose associated with coffee

intake among carriers of the slow *1F allele was 1.42 (CI

0.91–2.22, p = 0.13) for moderate drinkers and was 2.78

(1.32–5.88, p = 0.0076) for heavy drinkers. Among the

participants who were homozygous for the rapid *1A

allele, the corresponding HRs were 1.33 (CI 0.67–2.67,

p = 0.42) and 1.71 (0.76–3.84, p = 0.20), respectively.

Discussion

The present results show that among a sample of young-to-

middle-age adults screened for stage 1 hypertension coffee

consumption had independent prospective linear associa-

tion with impaired fasting glucose. Coffee use remained a

significant predictor of impaired fasting glucose also when

many other clinical variables including baseline plasma

glucose and body weight changes during the follow-up

were taken into account and when subjects with impaired

fasting glucose at baseline were excluded. Another

important feature of the present study is that the association

between coffee intake and impaired fasting glucose was

stronger in the carriers of the *1F variant of the CYP1A2

gene especially for the heavy coffee drinkers. To our

knowledge, this is the first prospective study that shows a

longitudinal relationship of baseline coffee drinking with

risk of prediabetes in hypertension.

Previous studies

These observations are seemingly contradictory to the

findings suggesting a reduced incidence of T2DM with

habitual coffee consumption. Indeed, a large body of evi-

dence has shown that higher habitual coffee intake is

associated with higher insulin sensitivity and decreased

rate of T2DM in both cross-sectional [5–8] and longitudi-

nal studies [3, 4]. Interestingly, in longitudinal studies

similar associations with risk of T2DM have been found

for caffeinated coffee, decaffeinated coffee, and caffeine

[4]. However, short-term interventional studies do not

Table 3 Hazard ratios (95 % CI) for risk of impaired fasting glucose at study end according to coffee intake: results of Cox regression analyses

Model Variables included 1–3 cups/day [3 cups/day

HR (95 % CI) p value HR (95 % CI) p value

Model 1 Unadjusted 1.6 (1.2–2.1) 0.002 2.8 (1.8–4.2) \0.0001

Model 2 Adjusted for age and sex 1.4 (1.1–1.9) 0.015 2.1 (1.4–3.2) \0.001

Model 3 Model 2 ? baseline glucose, parental hypertension, and lifestyle factors 1.4 (1.0–1.9) 0.034 2.3 (1.5–3.5) \0.001

Model 4 Model 3 ? body mass index, 24-h SBP, and 24-h heart rate 1.3 (0.99–1.8) 0.063 2.3 (1.5–3.5) \0.001

Model 5 Model 4 ? f.u. change in body weight 1.3 (0.97–1.8) 0.078 2.3 (1.5–3.5) \0.001

Coffee abstainers were considered the reference group

SBP systolic blood pressure, BMI body mass index, f.u. follow-up
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Fig. 2 Survival curves for risk of impaired fasting glucose according

to coffee consumption during a median follow-up of 6.1 years in 639

HARVEST participants stratified by CYP1A2 genotype. The risk of

impaired fasting glucose was calculated from Cox regressions

adjusting for age and sex
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confirm evidence from observational studies showing that

caffeine intake can acutely lower insulin sensitivity [24, 25]

and increase glucose concentrations in both diabetic and

non diabetic individuals [26–28]. An unfavorable effect of

caffeinated coffee and caffeine on glucose metabolism has

been shown also after several days of coffee consumption.

Van Dam et al. [10] found that high coffee consumption for

4 weeks increased fasting insulin concentrations compared

with coffee abstinence. In addition, in clinical studies caf-

feinated coffee showed less pronounced adverse effects on

glucose tolerance and insulin sensitivity than pure caffeine,

and decaffeinated coffee even exerted a beneficial effect on

glucose metabolism indicating divergent effects of caffeine

and non-caffeine components of coffee on glucose man-

agement [29, 30]. The conflicting results obtained in epi-

demiological studies and clinical research have been

attributed to the tolerance to caffeine’s action that may be

developed following chronic consumption. However,

according to a recent meta-analysis the negative association

between coffee and risk of T2DM was stronger in studies

with shorter follow-up duration [4]. As mentioned above,

another possible explanation is that non-caffeine coffee

components may reduce or antagonize the adverse effects of

caffeine on glucose metabolism. Coffee is a complex

‘blend’ of a vast number of different bioactive chemicals,

any of which may have different effects on glucose man-

agement [31]. Among these, the polyphenols chlorogenic

acid and dihydrocaffeic acid (both found in coffee) have

been shown to have an antagonistic effect on glucose

transport in the intestine thereby eliciting a positive effect

on glucose homeostasis [32]. In rats with diet-induced

whole-body insulin resistance, Shearer et al. [33] found that

decaffeinated coffee improved insulin-stimulated whole

body glucose disposal during a hyperinsulinemic–euglyce-

mic clamp and that this effect was abolished in the animals

that received decaffeinated coffee with caffeine. If caffeine,

caffeinated coffee, and decaffeinated coffee elicit differ-

ential metabolic effects, it is difficult to explain why

decaffeinated coffee and caffeinated beverages had similar

protective effects on the incidence of T2DM in longitudinal

epidemiologic studies [4]. The divergent results of the

present and previous reports may be due to a different

metabolic response to coffee of hypertensive patients

compared to normotensive subjects. Another possible

explanation is that the coffee–T2DM association found in

observational studies is factitious rather than causal being

due to dietary restrictions in patients at high risk of diabetes

who later developed overt T2DM. Patients with metabolic

abnormalities are recommended to avoid consumption of

sugar containing beverages which may include coffee and

caffeinated beverages. This was less likely to occur in our

study that focused on impaired fasting glucose rather than

on T2DM.

Genetic subgroup analysis

The adverse effect of caffeinated coffee on glucose level

observed in the present study was confirmed by the results

obtained in the subgroup with genetic data. CYP1A2 poly-

morphism has important influences on caffeine metabolism

[34–36]. Individuals homozygous for the *1A/*1A genotype

are fast caffeine metabolizers, and in these subjects the

adverse effects of coffee on glucose metabolism may be

attenuated by the relatively higher concentration of non-

caffeine components. Carriers of the *1F allele are slow

metabolizers and are therefore more exposed to the effects of

caffeine on glucose metabolism. Indeed, among our heavy

coffee drinkers, carriers of the *1F allele had a 178 %

increase in risk of impaired fasting glucose compared to a

71 % increase in homozygous for the *1A allele.

Pathophysiologic mechanisms

Caffeine may elevate glucose level by increasing the

concentrations of gluco-regulatory hormones. In the pres-

ent study we found a linear relationship between coffee

consumption and urinary epinephrine. Caffeine stimulates

the release of epinephrine, which exerts actions opposite to

that of insulin via adrenergic stimulation [37]. In the pre-

sence of a b-adrenergic receptor antagonist, the insulin

antagonistic effects of caffeine are abolished, suggesting

that the negative effects of caffeine on insulin sensitivity

are mediated via epinephrine secretion [38]. Another rea-

son for the detrimental effect of coffee on glucose man-

agement may be the adenosine receptor antagonism

induced by caffeine [39].

Methodological issues

In the present article, mainly data from Cox models were

presented because according to most authors Cox analysis

is superior to logistic analysis for longitudinal data espe-

cially when the observation time length differs consider-

ably among participants [40, 41]. In the HARVEST study

protocol the end-point is hypertension and not impaired

fasting glucose. However, by using the actual time at which

impaired fasting glucose was identified we satisfied the

Cox proportional hazards model assumption and in this

condition the Cox approach is usually preferable to other

approaches since it generally provides estimates that are

more robust [40–42]. However, to make sure that our

results about the relationship of coffee intake with impaired

fasting glucose were robust, we also included these vari-

ables in a multivariable logistic regression obtaining con-

sistent results. It should be noted that in the logistic model

time was a strong predictor of impaired fasting glucose

(p \ 0.001) supporting the concept that time to event was a
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crucial parameter for establishing the likelihood of devel-

oping impaired fasting glucose.

Study limitations

In the present study, misclassification of coffee consump-

tion could be of concern, because some participants might

change their habits during follow-up. However, in agree-

ment with previous reports our data showed that coffee use

was a constant and well-reported habit [43]. Another pos-

sible limitation is that results obtained with Italian coffee

may not apply to other types of coffee. Similar results were

found for filtered and instant coffee In the Nurses’ Health

Study II [44] and for boiled and other types of coffee in the

Norway health survey [45]. However, in the E3N/EPIC

study filtered coffee was found to be associated with a

reduced risk of T2DM whereas this was not true for instant

coffee [46]. Finally, coffee consumption is often associated

with unhealthy lifestyle and dietary habits. In the present

study, we adjusted for baseline BMI, body weight changes

and lifestyle habits which were actually poorer among the

coffee drinkers. However, our data were not adjusted for

the possible confounding effect of other dietary habits such

as saturated fat intake or lower fiber intake which may have

influenced the association of coffee with impaired fasting

glucose.

Conclusions

The present results suggest that in hypertension caffeinated

coffee should be considered a dietary risk factor for

impaired fasting glucose especially in carriers of the

CYP1A2 slow *1F allele. Our findings contradict previous

epidemiologic studies that have advocated high coffee

consumption as a means to lower risk for T2DM. Long-

term interventional studies are needed before implementing

guidelines regarding coffee consumption for hypertensive

patients at risk of diabetes.
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