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Abstract:
Introduction: Caffeine is considered to be one of the most frequently used
pharmacologically active substances in the world. Caffeine is a psychoactive and central
nervous system stimuli that has the ability to increase energy, decrease fatigue, promote
alertness and wakefulness. Potential role of caffeine's nociceptive properties shows that it
may play a relevant role in pain modulation. Although caffeine at dietary levels is not a
sufficient analgesic in its own, it has been included in many over-the-counter and prescription
drugs. This review addresses caffeine's analgesic properties in pain management.
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Results: Caffeine shows relevant role in pain modulation through blocking adenosine
receptors which are involved in nociception. Studies show that habitual dietary caffeine
consumption results in decreased pain sensitivity. As an adjuvant to commonly used
analgesics, caffeine provides an important increase in pain relief in various types of pain such
as postoperative dental pain, headaches, or fibromyalgia.

Conclusions: In conclusion, caffeine is associated with decreased pain sensitivity. Addition
of caffeine to analgesics has resulted in their enhanced analgesic efficacy in pain treatment.
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Introduction:
Caffeine is a naturally occurring substance found in seeds, fruit and leaves of plants

such as tea, coffee beans and cocoa nuts. The most common dietary sources of caffeine
include tea, coffee, soft and energy drinks or foods like chocolate [1]. Consumption of
caffeine varies by a country and region. Each day approximately 80% of adults consume a
caffeinated product [2]. Intake of 400mg caffeine per day (that's about four or five cups of
coffee) has shown no serious adverse effects in healthy, non pregnant adults . Therefore the
dose is considered harmless and does not raise safety concerns [3].

Caffeine is a psychoactive and central nervous system stimulant. Pure caffeine forms
white, prismatic, odorless crystals, has a slightly bitter taste, and is slightly acidic [4]. It is
completely absorbed in the intestinal tract [5]. Caffeine is frequently used by consumers for
its ability to increase energy, decrease fatigue, promote alertness and wakefulness [6]. It also
enhances physical performance, cognitive performance and short-term memory [7]. However,
high quantity ( above 400mg/day) of caffeine may cause adverse effects such as: insomnia,
restlessness, upset stomach, tremor or caffeine withdrawal syndrome e.g., headache,
irritability, fatigue [8].

In addition to being a nervous system stimulant caffeine shows pain relieving
properties. The nociceptive effects of caffeine are associated with its nonselective antagonism
of the adenosine A1, A2A, A2B and A3 receptor [9]. Adenosine is an inhibitor of neuronal
activity in the peripheral and central nervous systems. The structure of caffeine is similar to
adenosine and therefore caffeine seems to express its direct effect via central blocking
adenosine receptors that influence pain signaling or by blocking peripheral adenosine
receptors on sensory afferents [10].

Although caffeine at dietary levels is not usually regarded as an analgesic in its own
it has been included in many over-the-counter and prescription drugs [11,12].

Based on the idea that it enhances analgesic efficacy it became added as an adjuvant
to popular drugs such as acetaminophen, ibuprofen, acetylsalicylic acid that are used to treat
common painful conditions for example headache, postpartum pain, and postoperative pain.
An adjuvant in this context is an agent that enhances the effects of a drug while having few if
any direct effects when given by itself [9].



330

The exact adjuvant properties of caffeine are still not well understood. Possible
mechanisms of action include:

● lowering gastric pH and increasing gastric blood flow which contribute to
improved drug absorption
● reduced hepatic blood flow contributing to reduced metabolic drug clearance
● blocking nociceptive adenosine signaling
● inhibition of cyclooxygenase 2 (COX-2) activity
● mood and emotion state changes leading to change in perception of pain
[11,14].
Following given information on caffeine nociceptive and possible adjuvant

properties a question arises: how does caffeine influence our pain perception and management?

Review of available research:
The observational study carried by the University of Alabama at Birmingham was to

determine whether habitual consumption of caffeine was associated with experimental pain
sensitivity. 62 participants monitored their daily caffeine consumption (e.gcoffee, tea, soda,
energy drinks, and chocolate) for a period of seven days using a caffeine consumption diary.
On the seventh day of caffeine consumption monitoring, participants completed pain
sensitivity testing, using heat and pressure stimuli.

The study shows that each additional 100 mg of daily caffeine consumed was
associated with a 0.50C increase in heat pain threshold, a 0.20C increase in heat pain
tolerance, and a 31.2 kPa increase in pressure pain threshold at the trapezius. In conclusion
increasing amounts of caffeine consumed habitually as part of a daily diet is associated with
decreased pain sensitivity, represented in this study as higher pain thresholds and higher pain
tolerance [16].

Following the prospect of caffeine's analgesic properties it may become relevant for
people suffering from chronic or recurrent pain such as migraines or tension type headaches
(TTH). Around 11% of adults worldwide suffer from migraine and at least 40% meet criteria
for TTH. Baratloo et al. enrolled 61 patients diagnosed with migraine using International
Headache Society criteria. Patients received 60 mg caffeine citrate intravenously (i.v.). Pain
scores were measured at baseline, 1h and 2h after receiving the dose using visual analog scale
(VAS). The dose of 60mg caffeine citrate i.v. was well tolerated and safe. Patients with acute
migraine headache showed significant pain relief ( after 1h and 2h) [17].

Significant effect of caffeine in headache treatment was also presented in
randomised, placebo-controlled, double-blind, counterbalanced-crossover study. Crystal F.
Haskell-Ramsay et at. compared the effects of regular coffee, decaffeinated coffee, and
placebo on measures of cognition and mood. Headache ratings were significantly lower in
participants consuming regular coffee compared to decaffeinated and placebo [18].

While monotherapy with analgesic alone is proven to be efficient in pain treatment,
there is good evidence that combining analgesics with caffeine can provide better pain relief
[12].

Clinical study carried out by T. Weiser et al. was conducted to assess efficiency of
ibuprofen and caffeine combination in patients with post-surgical dental pain.
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Patients qualified for study underwent a third molar extraction procedure and
received either one single dose of ibuprofen 400mg/caffeine 100mg, ibuprofen 400mg,
caffeine 100mg or placebo. During trial pain severity was measured periodically by 4‐point
verbal rating scale (VRS) which was based on a written selection of options of ‘no pain’,
‘slight pain’, ‘moderate pain’, or ‘severe pain’ and the 0–10 numerical pain rating scale
(NPRS) ranging from 0 = ‘no pain’ to 10 = ‘worst possible pain’. The study demonstrated
superior efficacy of the fixed dose combination (FDC) of 400 mg ibuprofen and 100 mg
caffeine over either single compound and placebo in the dental impaction model. The FDC
ibuprofen/caffeine provided approximately 30% higher pain reduction/pain relief than
ibuprofen alone on average over 8 h. The analysis of various endpoints showed that the FDC
provided faster pain reduction than ibuprofen alone. Median time to meaningful pain relief
was 39 min earlier for patients taking the FDC, compared to those taking ibuprofen [20].

Very similar results have come up in Post Hoc Subgroup Analysis of a Randomised
Controlled Trial conducted by Stefanie Förderreuther et al.. After dental surgery, patients
received a single dose of ibuprofen 400 mg/caffeine 100 mg, ibuprofen 400 mg, caffeine 100
mg or placebo. Results showed enhanced analgesic effect of ibuprofen plus caffeine versus
ibuprofen, concluding that the efficacy is higher in patients with moderate and severe pain
[21].

Postdural puncture headache is a common complication in patients who received
spinal anesthesia. Recent study by Ashraf Ragab & Khalid Noman Facharzt was evaluating
the effect of caffeine sodium benzoate for postdural puncture headache prevention. Patients
received 10 ml normal saline or 10 ml with 500 mg caffeine sodium benzoate, intravenously,
60 min after administering spinal anesthesia. The patients’ headaches were measured by using
the visual analog scale (VAS). VAS were significantly lower in caffeine group than in saline
group . There were also more incidents of moderate and severe headache in the group
compared with the caffeine group, where Analgesic demand was significantly lower. In
summary episodes of postdural puncture headache decreases in patients who received
caffeine sodium benzoate [22].

Caffeine analgesic adjuvant properties were also addressed in opioid-using and
non-using patients with fibromyalgia. Patients were grouped by opioid use and next split into
groups based on caffeine consumption per day (no caffeine, low, moderate, high caffeine).
Results of the study indicate caffeine adjuvant efficiency is higher in opioid users compared
to non-users. Patients who were on opioid plus caffeine therapy reported less pain severity
and depression, as well as higher physical function, compared to patients taking opioids but
not consuming caffeine.

Non opioid users who consumed caffeine showed no differences in pain and
symptoms compared to no caffeine grup. These data suggest that caffeine combined with
opioid analgesics could provide therapeutic benefits in fibromyalgia treatment [23].

Conclusions:
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Studies show clinically relevant superiority of caffeine plus analgesics over
monotherapy with analgesic alone ( in patients suffering from a variety of pain conditions).
Although caffeine by itself isn’t used as a standard pain treatment, it has shown positive
effects on pain perception, as it decreases pain sensitivity. Physicians should keep in mind
that the addition of caffeine in pain treatment may benefit certain patients, considering its
ability to increase levels and reduce pain relief.
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