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Introduction

pressure.

This study investigates the affect caffeine has on insulin sensitivity, blood pressure, as well as insulin on blood

Conclusions

Caffeine decreases insulin sensitivity.
Caffeine increases blood pressure.
Insulin increases blood pressure.

Amendments

This study was short term, and the researchers postulate that some of these effects would dissipate as a person
consumes more caffeine and sensitizes to the molecule.

Study Design & Additional Information

11 participants in this study (6 women, 5 men), although
placebo group of this study was combined with data of a
parallel study (making it a total of 21 participants).
Participants were their own placebo and the caffeine
condition, separated by several weeks.

Women were tested at the same time during the month to
ensure reliability in the results.

Participants refrained from caffeine for 72 hours before the
study.

3mg/kg caffeine, or an equal volume amount of placebo,
was given intravenously to the subjects in each condition.

Pathophysioclogy/Complications

Caffeine Can Decrease Insulin Sensitivity
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Blocking the adenosine receptor causes
increases in whole body glucose uptake in
obese animals, but the opposite (decrease) in
lean animals.

Epinephrine release from caffeine reduces
glucose uptake

Caffeine crosses the blood-brain barrier and
stimulates catecholamines like epinephrine. In
rats, caffeine is related to inhibition of glucose
uptake in fat cells, but the inverse is the case
in muscle cells. Adenosine, however,
increases insulin sensitivity.




RESEARCH DESIGN AND

METHODS — The sudy group con-
sisted of 21 nonsmoking, lean (mean BM1
+ 50, 21.0 * 2.7 kgfm®), normotensive,
healthy volunteers. Eleven subjects (six
women and five men, mean age 22.6 +
2.0 years) participated in the caffeine
study, nine subjecis participated in the di-
pyridamele study (six women and three
men, mean age 21.7 + 3.1 years), and one
male subject { 28 years of age) participated
in both studies, All participants were
studied on two occasions, except for the
suhject volunteering in hoth studies, whe
was lested] four limes. The experiments
ated Try an Jeast 3 weeks and
ook plae in random order, Female sub-
Jeets were tested a1 4. or Boweek intervals
1o ensure that the experiments were per-
formed during corresponding, periods o[
the menstrual cycle. The

clamp procedure was ininated and con-
tinued for 120 min (14). To maintain
plasma glucose ar 5 mmol with coeffi-
cients of vanaon (CVs) <3%, arerial
plasma glucose levels were measured in
duplicate at 3-min intervals, At —20, 0.
90, and 120 min, [cm:arm blood ﬂw
(FBF)
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V5 and 8% a1 conisol concentrations of
0.22 and 1.06 pmel/l. respectively).
Plasma FFA levels were determined witha
commercially available ACS-ACOD
method (Wako NEFA C rtesi: Wako
Chemicals, Mewss, Germany).

and arterial hlood w\assamplcd for deter
mination of catecholamines, cortisol, free
fatty acids (FFAs), insulin, and cafleine.
FBF was recorded in both forearms by ve-
nous occlusion plethysmography using
METCUTY-in- lelsll‘. rain Bauges (Hekan-
son EC4 L DD,

ical methods and calcul;
For statistical analyses, the following tess
were performed. The elfect of calleine and
dipyridamole on glucose infusion rates
(GIRs) and hormonal and cardievaseular
responses were lested with analysis of
varlance. Asa modification of a previously

s pmluuslv deseribed (15).
Dipyridamaole study

Inthe dipyridamale study, a Toading dose
nm 0% mgkg d\|r} ridamele (o7 pl:melm}
over 4

protocols were approved by the hospizal
ethics comminee, and written informed
consent was obtained before panicipa-
tion.

Caffeine stndy
On the ing of each i ub-

mm Iellowed by comtinuous infusion of
2mg-kg™' - h™" for placebo). 1o in-
crease peripheral adenceine concentra-
tions [16). Thereafier, the studies were
concurrent with the calfeine studies.

I methods

jects arrived a1 the test location ar 8:00
A after an overnight fast and having ab-
stained [rom caffeine-containing sub-
stances for 72 h to render them caffeine
naive. Under local anesthesia (Xylocaine
2%, the left inondominant) brachial ar-
tery was cannulated (Angiocath 20-
uge; Beckion Dickinson, Sandy, UT)
for hlood sampling and hemodynamic
monitoring, The antecubital vein in the
contralateral arm was cannulated for ad-
ministration of ghicose 200, insulin (A
trapid; Movo Mordisk, Bagsvaerd,
Denmark?, and test substances (calleing,
dipyridamole, or placebo).

Anerial cannulation was followed by
an equilibration pertod of 30 min, and
then baseline varables were oblained ar
—20 min. Subsequently, a cafleine-
leading dose (3 mgfkg) or a comparable
volume of placebo solution (NaCl 0.9%)
was administered intravenously over 15

Plasma glucose was measured in dupli-
cate by the glucose oxidation method
(Beckman Glucose Analyzer 11; Beckman,
Fullerton, CAY in arterial blood samples
and immediately centrifuged. Blood sam-
ples for catecholamine measurements
were collected in prechilled tkes con-
taining ghutathione (0.2 mald) and EGTA
©.23 moldl} and immediately stored on

tubes and stored on ice, Plasma calfeine
concentation was analyzed with a re-
versed-phase high-performance liquid
chromaography (HPLC) method (limi
of detection 0.2 mgT). Plasma catechol-
amine levels were measured by HPLC
with Huorometric detection, as previcusly
described (17). Plasma insulin was as-
sessed by radicimmuncassay using 1251-
labeled human insulin and anti-hurman

d method (18], whaole-hody insu-
lin sensivwvary was caleulated 2= the GIR
divided by the plasma insulin concentra-
tion duning the final 30 min of the s\ud}
and expressed in pmol - kg ™' - min ™" per
mUA. Area under the insulin sensitiviey
curve (AUC,) was caleulated and com-
‘pared using Student's ¢ west. All siatistical
analyses were performed using the SPSS
personal computer software package
(Version 9.00. Data are presented as
means = SEM, unless ctherwise speci-
fied, and P < 0.05 was considered statis-
tically significant.

RESULTS — During the clamp,
plasma insulin levels increased 1099 £ 5
mLlA during calfeine and 1o 98 = 5 mll]
during placebo (P = N5, Insulin levels in
the dipyridamole study were 90 = 4 and
97 = 3 mUA during dipyridamole and
placebo infusions, respectively (P = NSL
Caffelne levels were undetectable belore
the start of either of the four study arms.

Effects of hyperinsulinemia alone
For this purpese, data of all placebo stud-
ies {n = 210 were pooled. Mean whaole-
body insulin sensitivity was 047 + 0,03
pmol =kg ™' min~ ' per mUAL Hyperin-
sulinemia alone induced modest in-
creases in systolic hlood pressure, hean
rate, FEF, epinephrine, and norepineph-
rine and almost completely suppressed
plasma FFA levels (Table 1) These daia
reflect systembe vasodidation and sympa-
thetle activation, hoth of which have been
1 bed 25 of

rin in a rand d, double-blind man-  insulin anti raised in guinea pig.
ner. This was followed by continuous in- Bound and fm: LrACeT were separated by
fusion of 0.6 mg + kg~ ' - ™" calleine (or  sheep anti ; human

placeba) for the remainder of the study
pericd, aiming a a stable cafleine concen-
tration of 5-10 mg/| during caffeine ex-
periments (21,

After the caffeine/placebo loading
dose {at O min), a hyperinsulinemic {60
ml = m ?smin -euglhycemic ghicose

insulin (Novo Blo].abs Dranbury. CT] was
used for standards. The interassay CV for
insulin measurements was 10.3% at a
level of 20.7 mUA. Plasma cortisol was
measured using the T batch analyzer of
Abbott Laborateries (Abboit Diagnostics.
Hoofddorp, The Metherlands) (interassay

ia:,'permsn’ﬂmzmla {19,

to caffcine alone
Flazma caffeine concentrations increased
1w 8.6 = 0.7 mg directly after the cal-
feine bolus infusion and remained at
6.3 * 0.4 mg/l during the maintenance
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11 participants in this study (6 women, 5 men),
although placebo group of this study was combined
with data of a parallel study (making it a total of 21
participants). Participants were their own placebo and
the caffeine condition, separated by several weeks.
Women were tested at the same time during the

month to ensure reliability in the results.

Participants refrained from caffeine for 72 hours

before the study.

3mglkg caffeine, or an equal volume amount of
placebo, was given intravenously to the subjects in

each condition.



Caffeine and insulin sensitivity

Table 1—Responses to hyperinsalinemia in 21 subjects

Tascline

d of study
{120 mim

L 003
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£ 003

004 = 0.00
131+2
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ubicanly, with an
wpward deift in the placebo siudies th
was absent with

The caleulated whele-body insulin sensi-

1

0.39 +(

infusion. Before init an
inemic clamp,
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(P = 0.0005), no
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P
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itivity of -1
Plasma FEA levels decreased in both

Table 1

This is a table in response to forced hyperinsolinemia (insulin is injected into people, in a
controlled manner) at baseline (no insulin), 90 minutes (insulin added), and 120 minutes (insulin
added).

Primary Results:

- Epinephrine and Norepinephrine increased.

- Cortisol decreased.

- Free Fatty Acids decreased with insulin addition.

- Blood pressure increased with insulin addition.

- Heart rate and blood flow increased with insulin addition.

Insulin, alone, increases catecholamines (epinephrine), reduces catabolic
hormone cortisol, lowers fatty acid release into the blood, and increases blood pressure in
healthy adults.

Figure 1

Participants were given caffeine or placebo (no caffeine) infused and then put on a euglycemic
clamp (insulin added to the blood stream) and researchers tested epinephrine, cortisol,
norepinephrine, and free fatty acids.

Primary Results:

- Caffeine increases epinephrine.

- Cortisol unaffected by caffeine.

- FFA increased with caffeine, but decreased when insulin added, still more than placebo.

TaKk&AWay: Caffeine increases catecholamines and free fatty acids.
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Talbl: 2—H: f metabalic and hemod,

Bascline  Afier Ioading dase During clamp End of study
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or by inhibiting adenosine-induced sup-
pression of lipolysis (23). Plasma FFA
may decrease hepatic and peripheral gl-
cose uprake and correlates negatively
with insulin sensitivity (24}, Also, in es-
sential hypertension (25 and lipid disor-
ders (261, insulin resistance has been, in
part, attributed to elevated FFAs, Plasma
norepinephrine was probably of minoer
relevance because it was only mildly
elevated with caffeine, and the increase
with dipyridamaole was not associated

ivity, T’h<

explained h} ucluusl glul l|l"|l\l|') be-
e dlid ot observe any vsoconst
ne, On the contrary,
caffeine increased both blood pressure
and FEF—elfecs can be Targely w
wtbuted o calleine-induced release of

studies as a result of insulin but remained
higher in the presence of callene (P =
0.001}. Anerial plasma epinephrine le
els increased significamly more with caf-
leine than placebo (P = 0.001) (Fig. 1).
The increase in plasma notepinephrine
levels and the decrease in plasma comisol
were not statistically diflerent between
caffeine and placebo. During the clamps,
increases in systolic blood pressure, heart
rate, and FEF did not differ significantly
between caffeine and placebo, whereas
diastolic blood pressure remained stable
in either group (Table 2},

Responses to dipyridamaole
Dipyridamole o ellect on insulin
sensitivity compared with plac
(SRS = 004 v3. 0,50 = O, 04 pumol kg
smin ™! per mUA, P = NS, Apart from a
canl increase in plasma norepi-
nephrine levels during the dipyridamole
study thar did not eceur with placeho
(037 £ 0.05vs, 0.00 £ 0.13 nmold, P =
0,000, all merabolic and hemodynanmic
responses were comparable during the di-
pyndamele and placebo studies.

CONCLUSIONS — The major find-
ing ol our study is thar cafleine, in a dose
thar equals moderate consumption, de-
creased insulin sensitivity in healthy vol-
unteers. Calfeine increased plasm
catecholamines, plasma FFAs, and sy
tolic and diastolic blood pressure. In con-
trast, dipyridamole had no effects on
insulin sensitivity and only increased
plasma norepinephrine levels. The de-
crease in insulin sensitivity we docu-

mented as result of calfeine mgestion s
close 1o the magnimde of the increase in
insulin sensitivity thar can be achieved
with glucose-lowering agems, such as
metformin (200 and thiazolidinedione de-
rivatives (21, and is therefore clinically
relevant. Our finding may have serious
health implications, especially when su-
penmposed on already-disturbed glucose
tolerance or established (type 2} diabetes.

The following factors probably con-
tributed 10 the cafleine-induced fall in in-
sulin sensit Firstly, there was a
fivelold increase in arterial plasma
nephrine levels compared with placeho.
The effects of epinephrine on glucose me-
tabolism are dimetrical to insulinand in-
clude promation of hepatic glucose
production and inhibition of glecose up
vk in muscle and G, Using the euglyce-

mic clamp technique, Deibert and
DeFronzo (%) showed that epinephrine
tnfusion reduced lissue sensithvity 1o in-

sulin by ~50%. Elfects of epinephrine
were characterized by an inability of insu-
Lin 1o stimulate peripheral glucose dis-
posal and 10 suppress hepatic glucose
production. Because the epinephrine
level artained in that study was fourfold
higher than that in our study, the 15% fall
in insulin sensitivity we observed may be
comparable with data reported by Deibent
and DeFronzo. The observation that cal-
feine does not affect either glucose or in-
sulin kevels in the ahsence of significamt

plasma catecholamines (27). The increass
in FBF with calfeine 1= somewhat unex-
pected, as earlier sudies reponed ne ef-
lects of calfeine on FEF (27.28). Mental
stress experienced during the wsts might
explain this observation because calleine
i= known to magnily vasodilator re-
sponses induced by mental stress (28,20).

Cafteine has two well-described mo-
lecular mechanisms of action; it is both an
adenosine receptor antagonist and a
phosphodiesterase inhibitor (30}, In the
periphery, interstitial adenosine may be
involved in insulin-mediated glucose me-
tabalism, although controversy exists as
1o whether adenosine exerts opposing ef-
fects in adipose tissue and skeletal mus-
e studies h

ucose metabolism in .uhpml tissue
(3,310 amd 1w decrease metabe
skeleral muscle (32). Others T
ded decreased skeletal muscle gluense
uprake with degradation or blocking, of
adenosine {33,34), indicating uniform el
leets of adenosine on {insulin-medeated)
glucose metabolism in far and muscle. In
obese Zucker rats, blocking peripheral in-
terstinal adenosine by sysiemic adminis-
wration of & methylxanthine not entering
the brain increased whole-hody (insulin-
mediated) glucose uptake, thus improv-
ing glucose wolerance (4). In contrast, a
decrease in glucose uptake was observed
in lean animals. To ascertain w hether pe-
ripheral adh receptor

epinephrine release is consistent uuh lhls
hypothesis (223, Second|

ulated FFA production,
quence ;\fcpinuphrinc-mudintud lipolysis

o
was involved in caffeine cﬁlclsun glucose
disposal, the effect of increasing intersti-
tial adenosine by dipyridamole was stud-
ied. Dipyridamole opposes caffeine only

DUAFTES CARE, VOLUME 25, MUMEER 2, FriauaRy X
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Table 2

Addition of nothing, then caffeine or placebo (loading dose - 0 minute), then during insulin clamp
(90 minutes insulin addition), then 120 minutes after insulin addition. Looking at blood pressure
and heart rate and blood flow.

Primary Results:
- Caffeine and insulin elevated blood pressure, but caffeine + insulin slightly elevated it more.

TaK&AWay: Caffeine increases blood pressure, and more so with high insulin.

Epinephrine promotion by caffeine may induce hepatic glucose production and inhibit glucose
uptake by the cells, leading to less needing to be infused. Other studies have shown
epinephrine desensitizes tissues to insulin.

Caffeine stimulates lipolysis through epinephrine or by inhibiting adenosine induced suppression
of lipolysis. Increased plasma fatty acids may inhibit decreases liver glucose release and
reduces insulin sensitivity in peripheral cells.




Caffeine and insulin sensitivity

placebo ar
cafleine

l | Euglycemic clamp |

glucose (mmaobL)

@ R
(= =]

insulin {mUL)
.
(=]

GIR {umatkg "min™}
B o - g
[=] (=] E=1 =]

-
o

a0 0 30
time (min)

P <0.0005

60 90 120

Figare 2—Glucase and insulin levels and GIRs during clamp. The arrow denotes the start of
caffeing or placeha infusions. B, caffeine; O, placebo.

in the periphery, as it dees nes penetrate
the blood-brain harrier. Because dipyrid-
amole had no elfect on msulin sensinvity,
a signilicant comribunion of mrerstial
adenosine on glucose upaake is unlikely,
although it is possible that opposing ef-
lects of adenosine antagonism on muscu-
lar and adipose tissue glucose uptake
ourweighed each other. These data are in
accordance with those of Matali etal. {350,
who found no effect of intrabrachial aden-
osine on local glucose uptake despite in-
creased hlood flow. Thus. in addition we
tissue-specificity, adenosine effects may
also be species-spe (360, Similarly,

the lack ol ellect of dipyridamole on insu-
lin sensitiviy almost excludes phospho-
diesterase mhibitlon as a mechanism
underlving the effect of caffeine because
dipyridamaole also inhibits phosphodies-
terase activity. Indeed, plasma levels of
calfeine achieved in this study are an least
10 times 100 low for phosphodicsterase 1o
become significantly inhibited (300

An importan: question is whether the
present observations can be extrapolated
to chronic use of caffeinated beverages.
Chronic use of caffeine (and related meth-
ylxanthine derivatives) is known to result
in attenuation of both humoral and pres-

sor effects that are associated with acuie
ingestion {37), perhaps due 1o upregula-
tion of adencsine recepors (381, The de-
velopment of wlerance has been wsed o
explain that large population-based stud-
ics have not identificd a relation between
coflee consumption and cardiovascular
disease {39}, When emergence of toler-
JpP]ICS o the effect of calleine on
sensitivity, decreases in insulin
cted 1o recover
However, be-
cause emergence of tolerance is correlated
o individual elimination hall-lives n[...ar.
Teine (400, tolerance may not develop in

suhjects with shon calfeine hall-lives
Also, not all o

subject o emergence of wlerance (411
Uil these issues are resolved, consider.

ations abow envisonmensal Bactoss con-
wribuning 1o insulin resistance might
include caffeine

In conclusion, we demonstrate that
acute administratien of a moderate
amount of calleine decreases insulin sen-
sitivity in healthy subjects. This effect may
be explained by increased plasma epi-
nephring and FFA levels. Peripheral
adencsine receptor antagonism is less
likely to have played a role. Further inves-
tigation is required to elucidate whether
this elfect persists over time with chronic
use of calfeine. Because tolerance may de-
velop for the effects of caffeine, it is cur-
rently premature to advise against cafleine
use in the management of insulin resis-
tance,
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Figure 2

Here, the researchers have determined they'd like to keep blood glucose at around 5 millimolar
(that's a concentration) and infuse insulin into the blood stream, as well as more glucose (blood
sugar). If the amount of glucose they can put into the body is higher (Glucose Infusion Rate -
GIR), then the cells are shuttling away more glucose at the same level of insulin, making the
cells more insulin sensitive. Placebo (no caffeine) in open circles, black squares is caffeine
condition.

Primary Result:
- The caffeine condition has reduced glucose infusion rate.

Take Away: This shows caffeine reduces insulin sensitivity in healthy individuals.

The researchers mention that these effects are likely not long standing (but are untested here),
and may actually just be acute/temporary effects that dissipate as a person sensitizes to
caffeine.
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