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Caffeine is a widely consumed substance, as its main intake reasons are its memory and concentration enhancing properties. Beside these
well-known effects, there has been put forward a hypothesis that caffeine consumption along with antinociceptive medication can potentiate the analgesic effect of this class of drugs. Our aim was to point out the importance of this particular potentiator effect by selecting and
analysing all papers on this topic written in English from the Medline database, published until the present moment. We observed that caffeine
can represent a significant aid for certain patients in matters of pain management, by both reducing the pain killer doses and by increasing
life quality.
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Introduction
Caffeine is one of the most widely used psychoactive drugs
of the methylxanthine class (Figure 1). Its main source are
the coffee beans, but it can be also found in various concentrations in teas and cocoa beans. The use of caffeine has
increased worldwide in the past decade, mainly because it
boosts concentration and memory, as it stimulates the central nervous system [1]. Beside the well-known psychoactive properties, a new hypothesis has been put forward that
the association of caffeine with pain relief medication can
potentiate the analgesic effect of these drugs.
The aim of this review is to highlight the potential adjuvant effect of caffeine co-administered with pain relief
medication.

Fig. 1. Caffeine chemical structure [2]

Methods
Study selection criteria

After obtaining all reports from the Medline database using the MeSH terms “caffeine” and “pain” (finding a total
number of 1174), the papers were carefully analyzed in order to find data related to the topic of this review based on
the following criteria: papers published in the last 10 years,
written in English and with on-point content resulting a
number of 34 relevant articles (Figure 2).
Caffeine pharmacodynamics

It is believed that non-selective antagonism of the A1 and
A2A cell receptors of adenosine represents the most important pharmacodynamical effect of caffeine. The presence of
adenosine leads to a set of physiological effects which are
in opposition to those produced by caffeine. Other known
mechanisms are calcium depletion from intracellular reserves and suppression of phosphodiesterase, although these
effects cannot be found among the in vivo effects of caffeine
administered in average doses [3]tea and soft drinks.
* Correspondence to: Paul Grama
E-mail: paul.grama95@gmail.com

Fig. 2. Selection criteria for eligible studies

Caffeine pharmacokinetics

The most common route of administration is oral, reaching its plasmatic concentration peak in an interval of half
an hour up to two hours, depending on the parallel food
intake [4]. Absorption is completed in the small intestine
and there is no evidence of a hepatic first-pass effect. There
has been pointed that concentration curves are similar in
both cases of oral and intravenous administration [5]. Caffeine binds to albumin in proportion of 10 to 35% [4]
and the volume of distribution is 0.7 L/Kg [3]tea and
soft drinks. It presents great cell-membrane permeability
and it crosses the blood-brain barrier due to its lipophilic
structure. Metabolization of caffeine is very complex and
it comprises a high number of enzymes and intermediary
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substrates. Elimination occurs predominantly through Ndemethylation to 1,7-dimethylxanthine, which is responsible for ±84% of elimination. 1,7-dimethylxanthine, or
paraxanthine, is the main product of these reactions, the
secondary ones being 3,7-dimethylxanthine (±11%) and
1,3-dimethylxanthine (±5%). Caffeine is metabolized in
the liver by cytochrome P450, the hepatic N-demethylation being specifically catalysed by CYP1A2 (95%). All 3
dimethylxanthines can be further demethylated to monomethylxanthines.
The main metabolites present in urine are 1-methyluric acid, 5-acetylamino-6-formylamino-3-methyluracil,
1-methylxanthine, 1,7-dimethyluric acid and 1,7-dimethylxanthine. Unmetabolized caffeine is present in a small
percentage (1-2%) [3]tea and soft drinks. Small traces can
still be detected in saliva, bile, semen and lactation [4].
Results
Overview of caffeine and pain

A single-centre, double-blind, controlled, two-way crossover phase-1 study carried out by Weiser et al. seek to determine whether caffeine can influence the bioavailability
and pharmacokinetics of paracetamol and acetylsalicylic
acid by administering a fixed-dose of caffeine, acetylsalicylic acid and paracetamol. They have shown that caffeine
does not influence the pharmacokinetics of the analgesic
drugs but can influence their pharmacodynamic profiles
leading to an enhanced analgesic effect [6].
A study conducted on rats regarding the pharmacokinetics and pharmacodynamics of ketoprofen co-administered with caffeine demonstrated that oral administration
of this combination of drugs shows important advantages
compared to monotherapy ketoprofen, enhancing the antinociceptive effect without affecting the pharmacokinetic
processes. The study showed no pharmacokinetic interactions between caffeine and ketoprofen proving that the
increased antinociceptive effect may be due to pharmacodynamic effect, but the mechanisms are not currently
completely understood [7].
It has been shown that caffeine enhances early absorption of acetaminophen. The administration of caffeine
and paracetamol is superior in matter of reducing both
subjective perception and objective (pain-related evoked
potentials) measurement of pain. The longer lasting pain
relief has been explained by compartmental Pharmacokinetic-Pharmacodynamic modelling and has been linked to
the difference in the equilibration half times. The authors
suggest that there is a different equilibration half-time in
tonic pain compared to phasic pain, suggesting different
compartments involved for processing nociceptive information [8].
Several theories have been postulated on why caffeine
might interfere with the pharmacokinetics of analgesic
drugs.
In high doses, caffeine inhibits phosphodiesterase and
stimulates nitric oxide production, both being involved in
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pain modulation. Other possible mechanisms may be the
cholinergic activation and adenosine antagonism, which
can be explained by different actions of adenosine activators and inhibitors on pre-and postsynaptic receptors in
the central nervous system. Another possibility is that caffeine has the potential of activating inhibitory glycinergic
transmission via presynaptic A1 receptors in the substantia
gelatinosa [8].
In addition to the potentiating effects of pain medication, several reviews suggested that caffeine may play a role
in pain modulation [9–11].
Migraine and Headache

Caffeine is a well-recognized competitive antagonist of
adenosine and is therefore a common additive to medications for tension and migraine type headaches and is
also a well-studied therapy for the treatment of post-dural
puncture headaches (PDPH). Contrasting study results
have linked chronic caffeine consumption to pain relief in
regard to headaches. On the other hand, caffeine can also
act as a trigger as high doses might be linked to the unwanted effect. Caffeine consumption has been related to
chronic headaches rather than migraines [12]. A number
of research papers have focused on the role of caffeine in
pain modulation during migraine-type headache [13–16].
However, a prospective clinical study carried out by Lee
MJ et al. on 108 patients shows that in the management
of this particular type of pain with triptan-class drugs,
caffeine abstinence is correlated with better treatment efficiency. Sources of caffeine included brewed or drip coffee, instant coffee, caffeinated tea, cola, and energy drink,
with estimated doses of 136 mg, 96mg, 40 mg, 36mg, and
80mg. Nevertheless, being an uncontrolled study further
research is needed [13].
Another prospective quasi-experimental study carried
out on 70 patients compared the effects of intravenous administration of caffeine citrate and magnesium sulphate for
treating acute migraine headache. In the first group, after
the administration of 60 mg intravenous caffeine citrate,
the median of the pain score decreased from 9 to 5 in one
hour and afterwards to 3 in 2 hours. In the second group 2
g intravenous magnesium sulphate was administrated, median quantification had a more significant decrease from 8
to 2 after one hour and then to 0 after two hours. A detail
that should not be ignored is that differences in sex and
age between the groups were present, and that they may
have influenced the data. Even if magnesium sulphate has
proven to be have a stronger antinociceptive effect, caffeine
still has shown good results [14].
In a double-blinded randomized study that compared
the administration of ibuprofen 400mg with acetaminophen 500mg, the combination between acetylsalicylic
acid 500mg and caffeine 130mg (AAC) and placebo therapy for the management of migraine headache, the results
have shown that both ibuprofen and AAC administration
schemes were better than placebo, but still demonstrating
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that the combination between acetylsalicylic acid and caffeine had the best pain management outcome [15].
The analgesic properties of acute administration of caffeine in high single dose (300-500 mg) during already-onset episodes of headache have also been reported. Repeated
low-doses do not prove to be efficient, especially in PDPH
[17,18].
Basurto Ona et al. have conducted a systematic review
in which they have pointed out that according to the papers they have analyzed, intravenous caffeine has shown
a significant decrease in pain scores range in the case of
patients with PDPH persistence when compared with placebo [19].
Dental and Trigeminal pain

A clinical study, conducted on patients that have undergone extraction of the third molar, evaluated the efficiency
of different combinations of pain relief medication: ibuprofen 400mg both in monotherapy and in combination
with 100mg caffeine, caffeine and placebo. Before treatment, the mean intensity among the patients was 7.7,
on numerical scale from 1 to 10. The experiment proved
significant superiority of the two-drug combination over
the three other groups [20]. Also, combination containing
acetaminophen is considered to be superior to other analgesics administered concomitant with caffeine, in dental
pain [21].
In matters of trigeminal pain, it was established that
caffeine has no beneficial effect, or even has the potential
to decreases the therapeutic response to levetiracetam–sumatriptan [22,23].
Muscular and Bone pain

A number of studies have focused on the effect of caffeine
on diminishing muscle sores induced by effort. It has been
proven that it can enhance performance during physical
exertion and can decrease perception of soreness in the
days after [24]. They have also observed a potentiating
effect when administered as adjuvant to opioid therapy in
patients with fibromyalgia [25].
In a trial that targeted patients suffering from back and
low-neck pain, ibuprofen 400mg with caffeine 100mg did
not prove to be more efficient than ibuprofen 400mg administered alone. Moreover, none of the active treatments
showed superiority over placebo [26].
Pre- and Post-Operative pain

It has been shown that single-dose ibuprofen combined
with caffeine has a more potent effect than monotherapy
of each drug by itself [27–29].
Another study has shown that both administration of
acetaminophen combinations with caffeine or codeine results in less post-operative pain in patients receiving bone
implants in posterior mandibular zone with less pain for
codeine group but more postoperative swelling than those
in the caffeine-acetaminophen group [30].
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Another double-blind research carried out by Samieirad
et al. has shown that even if analgesics containing acetaminophen 300mg plus codeine 20mg have the best outcome
in matter of pain, paracetamol 300 mg plus caffeine 20 mg
containing analgesics are more acceptable both in matters
of pain management and swelling [31].
A study carried out by Hambrecht-wiedbusch VS et al.
conducted on rats that received a 20 mg/kg dose of caffeine
has proven that caffeine prevented the negative impact of
previous sleep loss on mechanical hypersensitivity before
surgery, by diminishing the electroencephalographic markers of sleep propensity during extended wakefulness as well
as the vigilance and motor impairment caused by sleep
deprivation [32].
Other effects

Research was also made on how caffeine affects the outcomes of acupuncture. Fujita et al. have conducted a study
on mice which was based on the hypothesis that acupuncture exerts its analgesic effects via adenosine A1 receptor
activation. Caffeine represents a potent adenosine receptor
antagonist. Although caffeine administration reduced the
degree of hyper-mechanosensitivity after pain-induction,
it completely blocked the effect of acupuncture-induced
analgesia mediated by local activation of the adenosine A1
receptor [33].
Another paper states that daily consumption of caffeine
(mean doses of 162.08 ± 30.36 mg) in healthy individuals
does not influence the outcome of acupuncture [34]. In
the case of cancer patients with end-stage disease even opioid therapy can prove ineffective. One study has assessed
the efficiency of caffeine infusion to improve potency of
opioid treatment. The patients included in the study received 200 mg caffeine (study group) or saline solution
(control group) intravenously once a day, for two days.
The study showed no statistically significant improvement
of pain scores but the administration of caffeine decreased
drowsiness in all patients [35].
An oral combination of racemic flurbiprofen and caffeine has been included in a trial for evaluation of its antinociceptive effect in the case of arthritic gout-type pain
in rats. After administration of racemic flurbiprofen (0.1,
1.0, 10.0, and 31.6 mg/kg) or caffeine (0.1, 1.0, 10.0, and
17.8 mg/kg) to rats, the authors evaluated the effects on a
pain-induced functional impairment model. The synergic
effect of the drug combination has proven efficient, caffeine improving the pharmacological efficiency and potency of flurbiprofen [36].
Discussion
Managing chronic pain may represent a particular challenge for health professionals always requiring a complex
and individualized strategy. In order to improve the quality of life, antalgic therapy is one of the main methods by
which functional deficiencies can be reduced. Unfortunately, as any drug it also has downsides and adverse ef-
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fects even for short term use. For this particular reason, the
current recommendations according to WHO pain ladder
suggest the administration of the lowest efficient dose at
first; this can be then followed by a gradual increase in dosage and potency [37]. However, in patients suffering from
chronic pain and requiring repeated and prolonged administration, these recommendations are difficult to follow, so
having a substance such as caffeine that acts in a synergic
way with other antalgic medication, being able to enhance
pain relief medication effects can be of great value particularly to this category of patients.
In addition to the promising results of caffeine when
co-administered with antalgic medication, due to psychoactive properties it can boost brain activity and it can a
induce a state of wakefulness that can help patients in reducing functional deficiencies raising performance in daily
tasks.
Further research on this topic is needed in order to better understand the unique qualities of caffeine and also to
change the purpose of caffeine administration from a supplement meant for energy boosting to a real drug.
Conclusion
In conclusion, physicians should keep in mind that using
caffeine as an aid for pain management in certain patients,
considering their status and particularities, can both lower
the antalgic medication doses and improve their quality of
life.
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