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Abstract

Animal studies suggest that caffeine may interfere with acupuncture analgesia (AA). This study 

investigated the modulation effect of daily caffeine intake on AA and brain activation in twenty-

seven healthy subjects using a crossover design. We found that real acupuncture increased pain 

thresholds compared to sham acupuncture. Further, there was no association between caffeine 

intake measurements of daily caffeine use, duration of caffeine consumption, or their interaction 

and pre- and post-acupuncture pain threshold changes. Our findings suggest that daily caffeine 

intake may not influence AA in the cohort of healthy subjects that participated in study.
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Introduction

In a recent study on acupuncture analgesia (AA), investigators [2] found that adenosine 

levels increased at the acupuncture site and that mice lacking a key cell receptor for 

adenosine did not show the same analgesic response, suggesting that AA is mediated by 

increased adenosine, a neuromodulator produced when tissue is injured.

Caffeine is a common central nervous system stimulant that is found in coffee, tea, 

chocolate, soda, energy drinks, and even some medications [1], Since caffeine is a potent 

adenosine receptor antagonist, investigators have started to question whether caffeine 

consumption interferes with AA [3], In support of caffeine’s effect on analgesia, More et al. 

found that pre-administration of caffeine at moderate doses completely blocked analgesic 
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effects for both manual and electrical acupuncture in mouse models of postoperative pain 

[4], Fujita et al. found that a low dose of caffeine administered at acupoints or ingested 

orally inhibited acupuncture analgesia and that withdrawing the caffeine restored the 

analgesic effect [5].

Nevertheless, whether the aforementioned results are applicable to humans remain to be 

determined. The present study examined, using a cross-over study design, if normal daily 

caffeine intake influenced acupuncture analgesia, as measured by heat and pressure pain 

thresholds in healthy individuals.

Materials and Methods

Subjects

Twenty-seven healthy, right-handed individuals who were acupuncture-naive were recruited 

for this study. The Partners Institutional Review Board (IRB) of Massachusetts General 

Hospital approved the study. All subjects provided written informed consent prior to 

participating in the research. Each subject received compensation for his/her participation. 

Of the 27 subjects who participated in this study, one male and two female subjects finished 

the initial training session but did not complete the intervention sessions. Thus, the final 

analyses included 24 subjects (mean (± SE), 25.21 ± 0.77 years, 16 female) who completed 

the study.

Experimental Procedures

The parent study included five sessions: a training and familiarity session and four 

intervention sessions, during which the subject received one of four treatments: 1) real 

acupuncture, 2) sham acupuncture, 3) imagery acupuncture, or 4) imagery acupuncture 

control condition. The order of the treatments was randomized using a Latin square with 4 

sequences (Supplementary Figure 1). Each intervention was separated by at least 7 days. 

The aim of this manuscript is to investigate the modulation effect of caffeine intake on 

acupuncture analgesia, and we examined data obtained during the real and sham 

acupuncture interventions. A full description and results of the other interventions can be 

found in our recent publication [6].

Intervention sessions: Real acupuncture was applied on the right SP6 and SP9. Sham 
acupuncture was applied at two sham points using specially designed Streitberger needles 

[9-10] (Supplementary Figure 1). Treatment lasted about 25 minutes. During treatment, 

needles were frequently manipulated to obtain deqi. Subjects reported the sensations felt 

using the MGH Acupuncture Sensation Scale (MASS) [7-8]. Please see our recent 

publication [6] for more details on acupuncture treatment.

Outcome measurements

Outcome measures included local heat and pressure pain thresholds (primary outcomes) and 

distal heat and pressure pain thresholds (primary outcomes). All pain thresholds were 

measured before and after acupuncture in a quiet room outside the scanner. We tested both 

heat and pressure pain thresholds due to different fibers associated with the pain modalities 
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(heat pain is primarily mediated by C-fibers, pressure pain is primarily mediated by A-delta 

fibers) [11]. We chose local and distal pain thresholds so that we could measure both 

segmental and suprasegmental analgesic effects produced by acupuncture [12].

Questionnaires

During the experiment, subjects were asked to report the average number of caffeine-

containing items they consumed daily using a Daily Caffeine Consumption Questionnaire 

(DCCQ) adapted from the Caffeine Consumption Questionnaire by Preston, 2014 with an 

additional question to measure the duration of caffeine intake habits. Total caffeine 

consumption was calculated as the sum of caffeine (mg/day) from coffee, tea, chocolate, 

caffeine-containing medications (OTC or prescribed), and any other caffeinated foods and 

drinks [13]. Subjects were also asked to complete the Expectations for Relief Scale (ERS, 

0-10 scale, “does not work at all” and 10 “complete pain relief”), to indicate how much pain 

relief they expected from each intervention after receiving the intervention, but prior to the 

post-intervention pain threshold testing.

Exploratory data analysis method

The primary outcome for this experiment was local pain threshold. We investigated the 

acupuncture analgesic effects and the modulation effects of caffeine consumption using 

mixed-model regression with pain threshold as the response and subjects as a random effect. 

Age and gender were included as covariates. The additional fixed effects for this model were 

intervention time (pre vs. post), intervention type (real vs. sham), and intervention order and 

their interactions. Three measures related to caffeine consumption were considered: daily 

amount of caffeine (mg), the duration of caffeine consumption (years), and their interaction 

(mg*years). Because we found a significant correlation between the daily amount of caffeine 

and duration of caffeine use, the three caffeine-related measures were included in the model 

to assess the influence of caffeine on acupuncture analgesia separately.

Results

Caffeine consumption and neuropsychological data

Based on the DCCQ, the mean (± SE) daily consumption of caffeine was 162.08 ± 30.36 mg 

(ranging from 0 to 500 mg) and the mean (± SE) duration of caffeine consumption was 6.75 

± 1.08 years (ranging from 0 to 16 years). The mean (± SE) MASS ratings were 1.46 ± 0.22 

for real acupuncture and 0.76 ± 0.12 for sham acupuncture. There was a significant 

difference for acupuncture sensation (MASS) ratings between real and sham acupuncture 

interventions (p < 0.001). The mean (± SE) ratings of ERS for heat pain and pressure pain 

for the two interventions were 3.29 ± 0.34 and 3.83 ± 0.34 in the real acupuncture condition 

and 3.38 ± 0.41 and 3.29 ± 0.39 in the sham acupuncture condition. There was no significant 

difference for pain-relief expectancy between the real and sham acupuncture interventions (p 

= 0.723 for heat pain and p = 0.125 for pressure pain).

Effects of caffeine consumption on intervention-evoked threshold changes

Mixed-model regression analysis showed that there was a significant time by intervention 

interaction, indicating significant pre- and post-treatment pain threshold changes for real and 

Cao et al. Page 3

Anesth Analg. Author manuscript; available in PMC 2022 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



sham acupuncture (heat pain on leg: p = 0.001; heat pain on arm: p = 0.002; pressure pain on 

leg: p < 0.001; pressure pain on fingernail: p < 0.001). The p-values for duration of caffeine 

consumption (years) were 0.80, 0.88, 0.83, 0.83; for daily caffeine amount (daily dose of 

caffeine (mg) 0.34, 0.55, 0.06, 0.08; for daily amount and duration interaction 0.58, 0.69, 

0.13, 0.1; for heating pain threshold at the arm and leg, pressure pain threshold at the leg and 

fingernail, respectively).

To further explore the effects of caffeine on acupuncture analgesia, we used a median split to 

divide the subjects into two groups based on their daily caffeine consumption (high vs. low 

caffeine consumption groups, n = 12 respectively). The mean (± SE) daily consumption of 

the high group was 272.9 ± 38.9 mg and 51.3 ± 11.6 mg for the low group. We then assessed 

the effects of the acupuncture interventions and caffeine consumption on subjective pain 

thresholds and neuropsychological ratings. Results showed the treatment responses in high 

and low caffeine intake groups are very similar (Figure 1)

Discussion

We could not detect a modulation effect of daily caffeine consumption on the analgesic 

effect of acupuncture in the cohort of healthy subjects in our study. In a previous study, More 

et al. used two different caffeine doses that mimicked average daily consumption in Western 

(70 mg/kg/day) and Chinese (4 mg/kg/day) cultures. Findings indicated that that the Western 

dose of caffeine, which was administered for 8 days in drinking water, reversed acupuncture 

analgesia, whereas the Chinese dose administered during the same period did not [4]. This 

lack of effect following a “low” dose of caffeine on acupuncture analgesia is consistent with 

our findings. Our results seem inconsistent with findings from Fujita el al. [5], who found 

that a low dose of oral caffeine inhibited AA. We speculate that the apparent lack of effect of 

caffeine on AA in our study may be due to the fact that adenosine is produced when tissue is 

injured, the invasiveness of acupuncture stimulation in humans and rodents may differ, and 

most acupuncture studies of animals have used regular human acupuncture needles. In order 

to produce an equivalent invasiveness in humans, the needle would need to be much larger in 

diameter. The lack of effect may also be due to the fact that other mechanisms, such as the 

endogenous opioid pain modulation system, may also play an important role in AA [14-15]. 

It worth noting that the sample size of this study is rather small, and further studies with 

larger sample sizes are needed to validate our results.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Acupuncture analgesia (AA) for the high and low caffeine consumption groups. AA is 

defined as the difference between real vs. sham acupuncture changes to pain threshold (post-

intervention threshold - pre-intervention threshold). High = high caffeine consumption 

group; low = low caffeine consumption group; ns = no significant difference; dotted-lines 

depict the difference in mean values.
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