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Effects of caffeine on glucose tolerance: A placebo-controlled
study
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Objective: The investigation was performed to study the effects of 200 mg oral caffeine on glucose tolerance.
Design: Single-blind Latin square with active treatment (caffeine) and placebo.
Setting: The University of Padova, Department of Internal Medicine.
Subjects: 30 nonsmoking healthy subjects aged 26±32 years who abstained not only from coffee but also from
tea, chocolate and cola for 4 weeks and who had given their informed consent.
Interventions: A 75 g oral glucose tolerance test (OGTT) was performed after giving caffeine or placebo
(highly decaffeinated coffee).
Results: The glycaemic curve was normal in all subjects and was similar in the two groups until the second hour;
in subjects taking caffeine a shift towards the right was detected at the 2nd, 3rd and 4th hours in comparison to
those taking the placebo. Blood insulin levels were comparable after caffeine and after placebo along the entire
OGTT.
Conclusions: The data suggest that caffeine intake induces a rise in blood glucose levels that is insulin
independent.
Sponsor: Department of Clinical and Experimental Medicine, University of Padova, Italy.
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Introduction
The effects of coffee or caffeine ingestion on serum
cholesterol (Little et al, 1966; Heyden et al, 1979; Thelle
et al, 1983; Shirlow & Mathers 1983, Hofman et al, 1983;
Kovan et al, 1983; Curb et al, 1986), triglycerides (Avogaro et al, 1973; Phillips et al, 1981), free fatty acids
(Bellet et al, 1965, 1968; Williams et al, 1985), apolipoproteins (Robertson et al, 1978), and liver enzymes (Casiglia et al, 1993) have been known for many years.
However, the effects of caffeine on glucose tolerance are
still controversial. In the few studies conducted several
years ago, blood glucose was found to be increased (LabbeÂ
& Theodoresco, 1924; Cheraskin et al, 1967; Jankelson et
al, 1967; Wachman et al, 1970), decreased (Deakins et al,
1939; DeCastro et al, 1969) or unchanged (Denaro et al,
1981; Brown & Benowitz, 1989) after coffee or caffeine
administration.
The purpose of the present study was to evaluate
whether glucose levels can be modi®ed by acute caffeine
intake, and whether this effect is insulin dependent.
Subjects, materials and methods
The study group included 30 nonsmoking healthy subjects
aged 26±32 years (12 males and 18 females), who gave
their informed consent to the study in accordance with the
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principles of the declaration of Helsinki, and who were
de®ned as healthy on the basis of a physical examination, a
routine blood analysis, and a preliminary oral glucose
tolerance test (OGTT) (WHO 1980; Kull et al, 1982).
Their general characteristics are summarised in Table 1.
All subjects abstained for at least 4 weeks not only from
coffee but also from other foodstuffs containing caffeine or
analogues, such as tea, chocolate and cola. These subjects
were usually drinking no more than two `espresso' coffees
a day; symptoms of abstinence were therefore not present at
the beginning of the study. Caffeine status was then
evaluated by random blood sampling during the 4 weeks
of the abstinence, showing blood caffeine levels near to
zero in all subjects.
The experimental design was a single-blind Latin square
with active treatment and placebo.
The same supplier provided both decaffeinated coffee
and caffeine. Caffeine was chemically pure and did not
contain any sort of ®ller.
All subjects received 50 ml decaffeinated cold coffee
without sugar, where caffeine content was < 0.1 mg=ml
(placebo), or 50 ml of the same decaffeinated coffee, to
which 200 mg caffeine was added without altering the
colour, ¯avour or taste (active treatment). The choice
between the two treatments was made randomly according
to a list of random numbers.
Two weeks later, the experiment was repeated according
to the same protocol, but subjects who had previously
received active treatment received a placebo and vice versa.
Decaffeinated coffee was brewed by the `espresso'
Italian method (Casiglia et al, 1991), and the decaffeinated-plus-caffeine mixture was prepared in another room
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General characteristics of the 30 subjects included in the study

Sex (m : f)
Age (y)
Weight (kg)
Height (cm)
Body mass index (kg=m2)
Body surface area (m2)
Fasting blood glucose (mmol=l)
Fasting circulating insulin(mU=ml)

12 : 18
28.6 4.6
62.6 14.3
167.2 9.7
22.1 3.3
1.70 0.23
4.85 0.40
14.7 10.2

Values are mean s.d.

immediately before ingestion by an operator who was not
aware of the aim or the design of the study.
Blood glucose was measured before (fasting), and 1, 2, 3
and 4 h after a 75 g oral glucose load. Glucose was given
5 min after active treatment or placebo. A preliminary test
performed in our laboratory had showed no interference on
absorption or kinetics between glucose, decaffeinated
coffee and caffeine (data not shown).
Blood caffeine concentrations were also detected 1, 2, 3
and 4 h after the glucose load, by a method described
elsewhere (Casiglia et al, 1991).
All values were averaged and expressed as mean  s.d.
As glycaemic and insulinaemic curves were peaked vs
time, their trend in serial measurements both after caffeine
and after placebo was compared using the area under curve
(AUC) and the summary measures method (Mattews et al,
1990). Correlations were evaluated with Pearson's correlation coef®cient and Bonferroni's conservative correction.

Figure 1 Blood glucose levels (mmol=l s.d.) at fasting and 1, 2, 3 and
4 h after ingesting 75 g glucose. Plasma caffeine concentrations
(mmol=ls.d.) detected in subjects taking active treatment are also shown.
The curves of blood glucose diverge signi®cantly (P  0.008) after the 2nd
hour, when the highest levels of caffeine were detected.

Results
Fasting conditions
Fasting blood glucose levels were 4.85  0.40 mmol=l after
decaffeinated coffee and 4.75  0.42 mmol=l after 200 mg
caffeine (NS), and fasting insulin levels were 14.68 
10.21 mU=ml and 15.01  10.76 mU=ml, respectively (NS).
Caffeine levels
Circulating caffeine level was 0.09  0.05 mmol=l before
decaffeinated coffee, and remained practically unchanged
1, 2, 3 and 4 h after placebo. In contrast, an increase to
12.73  5.51, 21.78  7.04, 22.88  7.03 and 20.85 
5.78 mmol=l was observed on respectively the 1st, 2nd,
3rd and 4th hours after active treatment with the decaffeinated-plus-caffeine mixture.
Glucose load
Blood glucose and insulin levels detected 1, 2, 3 and 4 h
after blood glucose load in both groups of subjects (those
receiving decaffeinated  200 mg caffeine and those
receiving decaffeinated alone) are summarised in Figures
1 and 2, respectively. No in¯uence of gender was observed
in this respect.
AUC of glycaemia was 22.3  2.2 (95% CI 20.3±24.2)
after placebo and 24.5  2.6 (95% CI 22.5±22.6) after
active treatment. This difference was statistically signi®cant (P < 0.001) and entirely due to the terminal phase of
the curve (3 and 4 hours). AUC of insulinaemia was 225.2
 60.8 (95% CI 169.1±281.4) and 229.3  56.6 (95% CI
185±272.8), respectively (NS) (Table 2).

Figure 2 Blood insulin levels (mU=ml s.d.) at fasting and 1, 2, 3 and
4 h after ingesting 75 g glucose. Plasma caffeine concentrations
(mmol=l s.d.) are also shown for subjects taking active treatment. The
curves of blood insulin had a similar trend in subjects taking active
treatment or placebo and were independent of circulating caffeine, beginning to decrease when caffeine was at the highest levels.

Discussion
The topic of interaction between coffee consumption and
glucose tolerance has been controversial for many decades.
In 1924 LabbeÂ (LabbeÂ & Theodoresco, 1924) described a
caffeine-induced reduction of glucose tolerance, followed
by observations of other authors. Cheraskin (Cheraskin et
al, 1967) found higher blood glucose levels 12, 1 and 2 h
after ingestion of 250 mg caffeine compared with placebo.
Jankelson (Jankelson et al, 1967) found a shift to the right
of the OGTT curve after 2 cups of instant coffee but not
after water, and Wachman (Wachman et al, 1970) observed
an impaired glucose tolerance after `espresso' but not after
decaffeinated coffee.
On the other hand, Deakins (Deakins et al, 1939)
demonstrated a depression, rather than an increase, of the
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Table 2 Summary measures of glycaemia (mean s.d.) and insulinaemia (mean s.d.) during the time-course of
the oral glucose tolerance test, both after placebo and after active treatment

Glycaemia
Placebo
Active
Insulinaemia
Placebo
Active

AUCa initial
phase ( 2nd hour)

95% CIb

AUCa terminal phase
(3rd and 4th hours)

13.7 2.5
13.8 2.6

12.8±14.7
12.8±14.8

6.0 0.5
6.7 0.8

5.7±6.4
6.1±7.4

114.4 55.5
126.3 67.9

90.3±132.5
199.5±152.1

34.8 8.1
36.1 6.6

28.0±41.5
31.4 40.9

95% CI

a

AUC, area under curve.
CI, con®dence interval.

b

peak of the curve as well as a delay in the return of blood
glucose to baseline values when an OGTT was performed
after large doses of caffeine intake in comparison to noncaffeine controls. De Castro et al (1969) showed a 90 min
duration leftward shift of the OGTT cure after coffee
ingestion in dogs. Finally, in an open study, Avogaro
(Avogaro et al, 1973) did not demonstrate any modi®cation
in blood glucose levels in a 4 h duration OGTT after
200 mg oral caffeine.
In the present study, performed in non-coffee-drinking
subjects abstaining from coffee, a single administration of
200 mg caffeine (corresponding to 4 cups of `espresso'
Italian coffee) (Casiglia et al, 1991), increased blood
glucose levels at the 3rd and 4th hour of the OGTT
(Figure 1). This effect, which was particularly evident for
the highest levels of circulating caffeine, demonstrates the
existence of a late caffeine-induced decrease of glucose
tolerance.
Although the mechanism of action of caffeine on glucose metabolism remains uncertain, our data demonstrate
that it is independent of insulin action. In fact, post-OGTT
insulin levels were not different in subjects taking active
treatment and in those taking placebo, and the curves of
such categories of subjects were comparable even for the
highest levels of circulating caffeine (Figure 2). This is
partially in disagreement with the data of Lambert (Lambert et al, 1967) and of Islam (Islam et al, 1995), who found
a caffeine-induced stimulation of insulin release from
cultured pancreatic b-cells, and with those of Turtle, who
demonstrated an increased insulin secretion with another
xanthine (theophylline) (Turtle et al, 1967) and suggested
that the in vivo insulin response to caffeine may be
completely different from that detected in vitro.
There is a possibility that the glycaemic trend observed
in our study is due to caffeine-induced catecholamine
release (Robertson et al, 1978; Denaro et al, 1981; Jung
et al, 1981; Onrot et al, 1985; Kerr et al, 1993; Nehlig &
Debry, 1994; Takiyyuddin et al, 1994; Leblanc et al, 1995).
Caffeine is also an adenosine receptor antagonist (Leblanc
& Soucy, 1994) and therefore able to inhibit muscle
glucose uptake even in the presence of insulin (Vergauwen
et al, 1994), and this is another hypothesis to be veri®ed.
In conclusion, caffeine does not modify fasting glucose
levels but it decreases glucose tolerance when administered
acutely to non-coffee-drinkers. This acute hyperglycaemic
effect of caffeine is insulin independent.
Acknowledgements ÐAlessandra Pizziol wrote the manuscript with the
help of her coinvestigator ValeÁrie Tikhonoff; Carlo D. Paleari performed
caffeine determination in coffee and blood; Emanuela Russo and Alberto
Mazza blood samples and physical examination; Giuliana Ginocchio and

Caterina Onesto general organisation of the study; Lucia Pavan found and
analysed critically literature; Edoardo Casiglia planned the study, guarantor, head of the staff; Achille C. Pessina guarantor, head of the Department.

References
Avogaro P, Capri C, Pais M & Cazzolato G (1973): Plasma and urine
cortisol behaviour and fat mobilisation in man after coffee ingestion.
Isr. J. Med. Sci. 9, 114±119.
Bellet S, Kershbaum A & Aspe J (1965): The effect of caffeine on free
fatty acids. A preliminary report. Arch. Intern. Med. 116, 750±752.
Bellet S, Kershbaum A & Finck EM (1968): Response of free fatty acid to
coffee and caffeine. Metabolism 17, 702±707.
BMDP Statistical Software Manual (1992). Dixon WJ. chief Ed., BMDP
Statistical Software, Inc. University of California Press, Berkeley.
Brown CR & Benowitz NL (1989): Caffeine and cigarette smoking:
behavioural, cardiovascular, and metabolic interactions. Pharmacol.
Biochem. Behav. 34, 565±570.
Casiglia E, Bongiovi S, Paleari CD, Petucco S, Boni M, Colangeli G,
Penzo M & Pessina AC (1991): Hemodynamic effects of coffee and
caffeine in normal volunteers: a placebo-controlled clinical study.
J. Intern. Med. 229, 501±504.
Casiglia E, Spolaore P, Gionocchio G & Ambrosio GB (1993): Unexpected effects of coffee consumption on liver enzymes. Eur. J. Epidemiol. 9, 23±27
Cheraskin E, Ringsdorf WM Jr., Setyaadmadjat ASTH & Barre RA
(1967): Effects of caffeine vs placebo supplementation on blood
glucose concentration. Lancet 1, 1299±1300.
Curb JB, Reed DM, Kautz JA & Yano K (1986): Coffee, caffeine, and
serum cholesterol in Japanese men in Hawaii. Am. J. Epidemiol. 123,
648±655.
Deakins M (1939): Effects of caffeine on human sugar-tolerance curves.
Proc. Soc. Exp. Biol. Med. 40, 588±589.
DeCastro OAP, Sandberg H, Feinberg LJ & Bellet S (1969): Effects of
various routes of caffeine administration on oral and intravenous
glucose tolerance tests in dogs. Metabolism 18, 163±171.
Denaro CP, Brown CR, Jacob P & Benowitz NL (1981): Effects of
caffeine with repeated dosing. Eur. J. Clin. Pharmacol. 40, 273±278.
Heyden S, Heiss G, Manegold C, Tyroler HA, Hames CG, Bartel AG &
Cooper G (1979): The combined effect of smoking and coffee drnking
on LDL and HDL cholesterol. Circulation 60, 22±25.
Hofman A, Van Laar A, Klein F & Valkenburg HA (1983): Coffee and
cholesterol. N. Engl. J. Med. 309, 1248±1249.
Islam MS, Larsson O, Nilsson T & Berggren PO (1995): Effects of
caffeine on cytoplasmic free Ca2 concentration in pancreatic betacells are mediated by interaction with ATP-sensitive K channels and
L-type voltage-gated Ca2 channels but not the ryanodine receptor.
Biochem. J. 306, 679±686.
Jankelson OM, Beaser SB, Howard FM & Mayer J (1967): Effect of coffee
on glucose tolerance and circulating insulin in men with maturity-onset
diabetes. Lancet 1 527±529.
Jung RT, Shetty PS, James WPT, Barrand MA & Callingham BA (1981):
Caffeine: its effect on catecholamines and metabolism in lean and obese
humans. Clin. Sci. 60, 527±535.
Kerr D, Sherwin RS, Pavalkis F, Fayad PB, Sikorski L, Rife F, Tamborlane WV & During MJ (1993): Effect of caffeine on the recognition of
and responses to hypoglycemia in humans. Ann. Intern. Med. 119,
799±804.

Caffeine and glucose tolerance
A Pizziol et al

Kovan mG, Fulwood R & Feinleib M (1983): Coffee and cholesterol. N.
Engl. J. Med. 309, 1249.
Kull C, Vandsted M & Olsen PG (1982): Minor morphological relevance
of oral glucose tolerance test. Diab. Metab. 8, 203±207.
LabbeÂ H & Theodoresco B (1924): Chimie physiologique. Action de
l'insuline sur l'iperglyceÂmie caffeÂinique. C. R. Acad. Sci. (Paris) 178,
886±890.
Lambert AE, Jeanrenaud B & Renold AE (1967): Enhancement by
caffeine of glucagon-induced and tolbutamide-induced insulin release
from isolated foetal pancreatic tissue. Lancet 1, 819±820.
Leblanc J & Soucy J (1994): Hormonal dose-response to an adenosine
receptor agonist. Can.J. Physiol. Pharmacol. 72, 113±116.
Leblanc J, Richard D & Racotta IS (1995): Metabolic and hormone-related
responses to carreine in rats. Pharmacol. Res. 32, 129±133.
Little JA, Shanoff HM, Csima A & Yano R (1966): Coffee and serum
lipids in coronary heart disease. Lancet 1, 732±738.
Mattews JNS, Altman DG, Campbell MJ & Royston P (1990): Analysis of
serial measurements in medical research. Br. Med. J. 300, 230±235.
Nehlig A & Debry G (1994): Caffeine and sports activity: a review. Int. J.
Sports Med. 15, 215±223.
Onrot J, Goldberg MR, Biaggioni I, Hollister AS, Kinkaid D & Robertson
D (1985): Haemodynamic and humoral effects of caffeine in autonomic
failure. N. Engl. J. Med. 313, 549±554.
Phillips NR, Havel RJ & Kane JP (1981): Levels and interrelationships of
serum and lipoprotein cholesterol and triglyceride: association with
adiposity and the consumption of ethanol, tobacco, and bevarages
containing caffeine. Afteriosclerosis 1, 13±24.

Robertson D, Friolichd JC, Carr RK, Watson JT, Holli®eld W, Shand
DG & Oates JA (1978): Effects of caffeine on plasma renin
activity, catecholamines and blood pressure. N. Engl. J. Med. 298,
181±186.
Shirlow M & Mathers C (1983): Coffee and cholesterol. N. Engl. J. Med.
309, 1250.
Takiyyuddin MA, Brown MR, Dinh TQ, Cervenka JH, Braun SD, Parmer
RJ, Kennedy B & O'Connor DT (1994): Sympatho-adrenal secretion in
humans: factors governing catecholamine and storage vesicle peptide
co-release. J. Auton. Pharmacol. 14, 187±200.
Thelle DS, Arnesen E & Forde OH (1983): The TroÈmso Heart Study: does
coffee raise serum cholesterol? N. Engl. J. Med. 308, 1454±1457.
Turtle JR, Littleton GK & Kipnis DM (1967): Stimulation of insulin
secretion by theophylline. Nature 213, 727±728.
Vergauwen L, Hespel P & Richter EA (1994): Adenosine receptors
mediate synergistic stimulation of glucose uptake and transport by
insulin and by contractions in rat skeletal muscle. J. Clin. Invest. 93,
974±981.
Wachman A, Hattner RS, George B & Bernstein DS (1970): Effects of
decaffeinated and nondecaffeinated coffee ingestion on blood glucose
and plasma radioimmunoreactive insulin responses to rapid intravenous
infusion of glucose in normal men. Metabolism 19, 539±546.
WHO (1980): Impaired glucose tolerance and diabetesÐWHO criteria. Br.
Med. J. 281, 1512±1513 (editorial).
Williams PT, Wood PD, Vranizan KM, Albers JJ, Garay SC & Taylor CB
(1985): Coffee intake and elevated cholesterol and apolipoprotein B
levels in men. JAMA 253, 1407±1411.

849

