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High daily caffeine intake is associated with lower propofol 
requirements for anesthetic induction

Stuart AJ. O’Connor, Samuel J. Maese, Marcela P. Vizcaychipi
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Introduction

There is significant interindividual variability in the 
behavioral response to a given dose of the anesthetic 
induction agent, propofol. Part of this can be explained 
by differences in hepatic,[1] renal,[2] and cardiac[3,4] 
functions, as well as differences in body weight and tissue 
composition.[5] However, there are still large differences in 
the behavioral response to the drug among individuals at a 
given steady‑state blood concentration.[6] The factors that 

dictate this are poorly described, but would be useful for 
predicting and optimizing drug dosing in clinical anesthesia. 
Indeed, evidence suggests that excessive anesthetic doses are 
associated with higher levels of intraoperative hypotension, 
longer postoperative recovery times, and increased length 
of hospital stay.[7]

Factors that have been reported to affect the dose of anesthetic 
required for induction include age,[8] ethnicity,[9,10] chronic 
alcoholism,[11] smoking,[12] and neurological diseases including 
Parkinson’s disease[13] and epilepsy.[14] The effect of anxiety 
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Background and Aims: There is significant interindividual variation in the dose of propofol required for anesthetic induction. 
Factors dictating this are poorly described, but understanding them would be useful for anesthetic drug dosing. It has been shown 
in rats and recently in humans that caffeine administration accelerates recovery from anesthesia, but no study has assessed the 
effect on anesthetic induction.
Material and Methods: Forty American Society of Anesthesiologists (ASA)‑I, 18–65‑year‑old patients, undergoing day 
case general anesthesia with propofol and fentanyl took part in this observational study. Total daily caffeine intake (mg) was 
estimated using the caffeine assessment tool and caffeine content values from the US Department of Agriculture National 
Nutrient Database. Pharmacokinetic–pharmacodynamic modeling was used to estimate the effect site concentration of propofol 
at loss of consciousness (Ce(p) LOC).
Results: Median (interquartile range [IQR]) daily caffeine intake was 106 (51–193) mg. Ce(p) LOC was lower in those 
with caffeine intake greater than or equal to the median of 106 mg (median (IQR) = 0.64 µg/ml (0.51–0.72) vs. 0.70 µg/ml 
(0.57–1.10), P = 0.04). The effect was robust when controlling for weight‑adjusted fentanyl dose, age, smoking status, and 
alcohol intake (F (1,34) = 4.66, P = 0.04).
Conclusion: High daily caffeine intake is associated with lower propofol requirements for day case anesthetic induction. We 
propose that high daily caffeine intake may cause lower arousal levels prior to surgery due to a relative caffeine deficit caused 
by being nil by mouth. As such, assessment of daily caffeine intake preoperatively may aid anesthetic drug dosing.
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on anesthetic requirements has been extensively investigated 
and the results have been conflicting.[15,16]

Studies in rats have shown that caffeine can increase the speed 
of recovery from intravenous or inhalational anesthesia,[17] and 
a recent, albeit small, clinical trial has suggested that high 
doses of intravenous caffeine may accelerate recovery from 
inhalational anesthesia in humans.[18] No studies have assessed 
the effect of typical dietary caffeine intake on anesthetic 
requirements for any type of induction. It is known, however, 
that overnight deprivation of caffeine in those accustomed 
to regular caffeine intake can cause a morning withdrawal 
state with significant effects on cognitive performance and 
arousal.[19‑21]

The aim of this study was to elucidate if differences in patients’ 
typical daily caffeine intake affect their propofol requirement 
for anesthetic induction in routine day case surgery.

Material and Methods

Institutional review board approval was obtained from the 
London Bridge Research Ethics Committee (REC reference 
18/LO/0541, IRAS 228141). The study was conducted in 
compliance with the Declaration of Helsinki, Good Clinical 
Practice, and Local Regulatory Requirements, with written 
informed consent obtained from all participants. The study was 
registered before patient recruitment began (ClinicalTrials.gov 
NCT03453099; date of registration: 05/03/2018).

This manuscript adheres to the Strengthening The 
Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines for reporting of observational 
studies. For this single‑center, prospective, cohort study, all 
patients attending anesthetic preassessment clinic at a single 
teaching hospital between April and September 2018 were 
screened for eligibility. Inclusion criteria were American 
Society of Anesthesiologists (ASA) physical status I or II 
adult patients (>18 years of age), scheduled for elective day 
case general anesthesia, with a fentanyl and propofol‑only 
induction regime. Exclusion criteria were administration of 
any induction medication other than propofol or fentanyl 
prior to loss of consciousness (LOC), obesity (body mass 
index [BMI] >29.9), pregnancy, and physician‑diagnosed 
neurological disease, substance abuse, cardiac disease, renal 
disease, or hepatic disease. Potentially eligible patients who 
agreed to be contacted via telephone by the study team were 
provided with an information leaflet by the preassessment 
nursing team. Patients were then contacted by telephone at 
least 2 weeks prior to their intended operation to discuss study 
participation. For eligible patients interested in participating, 

the written consent process was completed on the morning of 
the operation.

The primary explanatory variable was patients’ typical daily 
caffeine intake. On the day of surgery but prior to entering 
the anesthetic room, all participants completed a demographic 
questionnaire as well as the caffeine assessment tool (CAT),[22,23] 
a caffeine questionnaire previously validated for a UK population, 
but subsequently validated for wider population groups.[24] 
The questionnaire asks participants to estimate their daily 
and weekly intake of multiple different types of prespecified 
coffee, tea, energy drink, and chocolate products, in terms of 
standard size cups, bottles, or bars, depending on the product 
in question. The questionnaire requires clarification whether 
each product is a caffeinated or decaffeinated variety and any 
other caffeine‑containing food or drink products not explicitly 
mentioned in the questionnaire can also be included using a 
free‑text entry. Questionnaires regarding smoking status and 
alcohol intake were also administered. Questionnaire responses 
were placed in sealed envelopes until the end of the study period 
to ensure appropriate blinding. Caffeine questionnaire responses 
were converted to estimates of typical daily caffeine intake using 
caffeine content values from the United States Department of 
Agriculture (USDA) Food Content Database.[25]

The primary outcome variable was effect site propofol 
concentration (Ce(p)) at the point of LOC (Ce(p) LOC). In 
the anesthetic room, preinduction heart rate (HR) and blood 
pressure (BP) were recorded. At the time of commencement of 
anesthetic induction, a stopwatch was started and participants 
were asked to count backward from 100. The timing and dose 
of all drugs administered were recorded, as was the time of 
LOC, classified as the point of loss of vocal response (cessation 
of counting) and confirmed by loss of eye opening on verbal 
command.

Estimates of Ce(p) across time were calculated from the timing, 
dose, and rate of drug administration using compartmental 
modeling [Figure 1]. The pharmacokinetics of propofol are 
known to be well described by a three‑compartment model. 
The rate of administration of propofol was reflected by the 
rate of introduction of the drug into the central compartment 
and the model parameters used were obtained from a large 
observational study, which included an adjustment for bolus 
propofol administration.[26] Weight adjustment in this model 
was based on total body weight, which has not only been well 
validated for this model, but is also implemented in other 
commonly used pharmacokinetic models such as the Marsh 
model.[26] Moreover, all patients had their BMI calculated on 
the morning of surgery and no patients with a BMI >29.9 
were recruited into the study. For pharmacodynamic modeling, 
the Ke0 (0.26 min − 1) from the Marsh model implemented 
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in the Diprifusor™ pump (AstraZeneca, London, UK) was 
used. Modeling was undertaken using the Simbiology toolbox 
implemented in the Matlab Software Package (Mathworks 
Ltd 2018a). Ce(p) LOC was extracted for each participant 
and used as the outcome variable for analysis.

All statistical analyses were performed using the R statistical 
software package.[27] All continuous variables were assessed 
for normality using the Shapiro–Wilk normality test. All 
normally distributed continuous variables are presented as 
mean (standard deviation [SD]), continuous variables that are 
not normally distributed are presented as median (interquartile 
range [IQR]), and categorical variables are expressed as 
number (%). Since there is no clear definition in the literature 
of what constitutes high and low daily caffeine intake, for 
analysis, the participants were separated into two groups based 
on a daily caffeine intake greater than and less than the median 
intake. Median Ce(p) LOC was then compared between the 
two groups using a Mann–Whitney U test.

Analysis of covariance (ANCOVA) was then used to assess 
whether any difference between groups was subject to confounding 
by predetermined covariates of interest, namely, weight‑adjusted 
fentanyl dose (µg/kg), age, smoking status (current smokers 
compared to current nonsmokers), and alcohol intake (intake 
twice or more per week compared to once a week or less). The 
significance level was defined a priori as α = 0.05. Other patient 
characteristics (weight, gender, ethnicity), baseline physiological 
variables (mean arterial pressure [MAP] and HR), the initial 
weight‑adjusted bolus of propofol (mg/kg), the time between 
fentanyl and propofol administration (seconds), and the rate 
of propofol administration (mg/s) were all independently 
compared between the two groups. Two‑sample Welch’s t‑test 
was used to test for a difference between normally distributed 
continuous variables, Mann–Whitney U test for non‑normally 
distributed continuous variables, and Pearson’s χ² test for 
categorical variables, as appropriate. A meaningful power 
calculation could not be undertaken for this study, as there is 
a paucity of studies estimating Ce(p) LOC or mg/kg propofol 

Figure 1: Compartmental modeling of propofol. (a) Graphical representation of the model structure, involving a standard three‑compartment model with an additional 
effect site compartment. (b) Pharmacokinetic and pharmacodynamic parameters used for the modeling. (c) Output of the model with effect site propofol concentration 
plotted over time and interpolation of the effect site propofol concentration at loss of consciousness
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doses using a bolus induction regime. The recruitment of 
70–100 patients was based on the most similar available studies 
looking at the differences in weight‑adjusted (mg/kg) propofol 
doses required for a standardized fixed end point associated 
with anesthetic induction.[28‑30]

Results

There were 306 potential participants identified for the study at 
their preassessment clinic appointment. After further screening, 
91 of these were found to be fully eligible for the study, and 
they verbally agreed to take part when contacted by telephone. 
A further 51 participants were excluded on the day of surgery, 
giving a total of 40 eligible participants. Reasons for exclusion 
at each stage of the study are listed in Figure 2. Caffeine 
intake was not normally distributed (W = 0.74, P = 0.00). 
Median (IQR) caffeine intake was 106 (51–193) mg, 
which was used to divide the participants into a low caffeine 
group (daily intake <106 mg, n = 20) and a high caffeine 
group (daily intake ≥106 mg, n = 20). Table 1 shows the 
demographic data of the participants in the two groups.

Ce(p) LOC was also not normally distributed (W = 0.77, 
P = 0.00). Ce(p) LOC was significantly lower in the high 
caffeine group (median (IQR) = 0.64 µg/ml (0.51–0.72) vs. 
0.70 µg/ml (0.57–1.10), W = 124.5, P = 0.04) [Figure 3]. 

Figure 2: Flow diagram of patient inclusion and exclusion

Figure 3: Boxplot of the difference in median Ce(p)LOC between high and 
low caffeine groups. Ce(p)LOC = effect site concentration of propofol at loss 
of consciousness
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Due to the highly skewed nature of the Ce(p) LOC variable, 
simple mathematical transformations did not produce a 
normally distributed variable. Weight‑adjusted fentanyl 
dose (W = 0.89, P = 0.00) and age (W = 0.94, P = 0.04) 
were also not normally distributed. As such, nonparametric 
ANCOVA on ranks was undertaken, with adjustment for 
ranked weight‑adjusted fentanyl, ranked age, smoking status, 
and alcohol intake. Caffeine group was found to be significantly 
associated with ranked‑Ce(p) LOC (F (1,34) = 4.58, 
P = 0.04). None of the other covariates was significantly 
associated with ranked‑Ce(p) LOC [Table 2]. In separate 
independent analyses, there was no significant difference in 
gender, ethnicity, preinduction HR, or preinduction MAP 
between the two caffeine groups. The high caffeine group did 
have a higher mean weight (80.2 (11.9) vs. 67.5 (13.0) kg, 
t = 3.22, P = 0.003) [Table 1], but the pharmacokinetic 
modeling of Ce(p) LOC specifically adjusted for patient 
weight and further propofol requirements would normally be 
higher, not lower, in patients of higher weight.

Also, there was no significant difference in the weight‑adjusted 
initial bolus dose of propofol between the groups (mean (SD) of 
high caffeine group = 2.79 (0.89) mg/kg, low caffeine group: 
2.87 (0.56) mg/kg; t = −0.33, P = 0.74), the time between 
fentanyl and propofol administration (median (IQR) of high 
caffeine group: = 0.83 min (0.33–1.48), low caffeine group: 

0.78 min (0.39–1.85); W = 190, P = 0.79), or the rate of 
administration of the main propofol bolus (median (IQR) of 
high caffeine group: = 4.67 (3.33–8.71) mg/s, low caffeine 
group: 3.91 (3.12–6.04) mg/s; W = 238, P = 0.32). 
Further, three patients in the low caffeine group required 
at least one additional bolus of propofol to be adequately 
anesthetized, while this was not required in any of the patients 
in the high caffeine group.

Discussion

Our results suggest that high daily caffeine intake is 
associated with lower propofol requirements for anesthetic 
induction. We propose that this is due to these patients, who 
are used to higher levels of exogenous caffeine, experiencing 
a lower state of arousal prior to surgery as a result of being 
nil by mouth.

Our results represent the first evidence that typical variation 
in exogenous caffeine intake can affect anesthetic induction in 
humans. It is in keeping with previous evidence suggesting that 
recovery from anesthesia is expedited by caffeine administration 
in both rats and humans. It is also in keeping with the widely 
reported observations of lower arousal after overnight caffeine 
deprivation in those who are used to regular daily caffeine 
intake. Indeed, pharmacological evidence suggests the half‑life 
of caffeine is around 6 h,[31] meaning serum caffeine levels 
would be significantly reduced after the nil‑by‑mouth period 
recommended for elective day case surgery.

It should be noted that this study was observational and 
as such, has a number of limitations, most notably that the 
high caffeine group had a higher mean weight than the 
low caffeine group. However, several factors suggest this 
should not materially affect the conclusions that can be 
drawn. Firstly, propofol requirements would normally be 
expected to be higher, not lower, in patients of higher weight. 

Table 2: Nonparametric ANCOVA on ranks

Variable Sum of 
squares

Degrees 
of 

freedom

F P

Caffeine group 570 1 4.66 0.04*
Weight‑adjusted fentanyl (rank) 15 1 0.13 0.72
Age (rank) 438 1 3.58 0.07
Smoking group 135 1 1.10 0.30
Alcohol group 6 1 0.04 0.83
Residuals 4159 122
*Statistical significance. The significant variable is in bold to standout from the 
non‑significant results. ANCOVA=analysis of covariance

Table 1: Baseline characteristics of high and low caffeine groups

Variable High caffeine group (≥106 mg) Low caffeine group (<106 mg) Statistical comparison
Group size (n)± 20 (50%) 20 (50%) ‑
Gender±

Male 11 (55%) 8 (40%) χ2=0.40, P=0.53
Female 9 (45%) 12 (60%) ‑

Ethnicity±

Caucasian 15 (75%) 12 (60%) χ2=0.46, P=0.50
Other 5 (25%) 8 (40%) ‑

Weight (kg)* 80.2 (11.9) 67.5 (13.0) t=3.22, P=0.00
Preinduction MAP (mmHg)* 95.6 (11.9) 97.7 (10.0) t=‑0.61, P=0.55
Preinduction HR (bpm)† 66.5 (12.3) 79.0 (25.0) W=139, P=0.10
Daily caffeine intake (mg)† 194 (92.0) 50.2 (47.1) ‑
±Number (%), *Mean (SD), †Median (IQR). MAP=Mean arterial, HR=Heart rate, bpm=Beats per minute, IQR=Interquartile range, pressure, SD=Standard deviation
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Secondly, the pharmacokinetic modeling of Ce(p) LOC 
specifically accounts for the weight of each patient. Finally, 
there was no significant difference in the weight‑adjusted 
initial propofol dose administered, which suggests that the 
anesthetist administering the anesthetic had appropriately 
accounted for the patients’ weight difference when planning 
propofol dosing.

Since this was an observational study, we also cannot 
completely exclude differences between the groups in terms 
of as yet undiagnosed subclinical organ dysfunction (e.g., fatty 
liver disease), which may have affected propofol requirements, 
but the age profile and exclusion of lifestyle factors such as 
obesity should have mitigated against this.

While the compartmental modeling used in this study is based 
on a very large well‑validated dataset, clearly the effect site 
propofol concentrations are estimates and cannot match the 
accuracy of true blood propofol concentration measurements. 
Nonetheless, the validity of the result is qualitatively supported 
by the fact that none of the high caffeine group required further 
boluses of propofol to be adequately anesthetized compared 
to three members of the low caffeine group.

The gold standard for observational assessment of caffeine 
intake is a weekly food diary as this minimizes reporter bias. 
However, a food diary was not practical for this study as the 
consent process was finalized on the day of surgery. Further, the 
use of caffeine questionnaires has shown good concordance with 
food diaries and is considered to provide meaningful estimates 
of daily caffeine intake.[23] Regarding the measurement of the 
point of LOC, the use of loss of verbal response and eye opening 
on command in this study has been supplemented in some 
studies by processed electroencephalography (EEG)‑based 
metrics, such as bispectral (BIS) index monitoring. However, 
EEG monitoring is not currently a part of normal day case 
general anesthetic practice in the UK for bolus administration 
of propofol, and therefore was not employed for the study. In 
addition, the time delay required for EEG waveform analysis 
means it will not accurately reflect the point of LOC when 
using a bolus induction regime.

It is noteworthy that the exclusion rate in this study after verbal 
agreement to participate (56%) was higher than anticipated. 
However, a significant number of exclusions were due to 
surgical cancellations or clinically necessary alterations in the 
way the anesthetic was delivered. As such, this merely reflects 
the observational nature of the study and the unpredictability 
of clinical practice.

Finally, the median difference in Ce(p) LOC between the 
two groups is modest at 0.06 mcg/ml and is smaller than 

the differences reported with neurological disease and heavy 
smoking. There are significant methodological differences 
limiting direct comparison with the studies, but, nevertheless, 
it would perhaps be expected that variations in patients’ 
exogenous caffeine intake would have a more moderate effect 
on propofol requirements than formal neurological pathology 
or, indeed, heavy smoking, which is known to induce hepatic 
enzyme activity.

Despite these limitations, the results do suggest that high daily 
caffeine intake is associated with lower propofol requirements 
for anesthetic induction during routine day case surgery. 
Larger multicenter studies are now required to verify this result 
and clarify the magnitude of the clinical effect. Confirmation 
of a significant clinical effect could lead to typical daily 
caffeine intake being incorporated into routine preoperative 
assessment and allow anesthetists to better optimize the 
dose of propofol administered for induction. Ultimately, this 
could minimize the risk of known complications of excessive 
anesthetic administration.
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