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Abstract. Background: There are few studies that consider the effect of high doses of caffeine on aerobic power 
(VO2max). Also, to date, no study examined the effect of coffee intake on dragon boat paddler specifically on 
women. The purpose of this study was to investigate the effect of espresso coffee on improvement of aerobic 
power of dragon boat paddler. Material: Twenty women athletes of Guilan dragon bout team members of Malavan 
club of port city of Anzali (mean ±SD age, 23.60± 3.49 years; BMI,23.77±1.88kg/m2; body fat, 30.32±4.65%) 
were recruited to this study, after they completed a primary test without consuming any coffee, they consumed 
6mg/kg of coffee (espresso or decaffeinated) and following that they completed two experimental trials. A 
randomized, double-blind, repeated-measures, design was employed whereby paddlers complete a 2000m 
paddling dragon boat ergo-meter. Results: Coffee could improve VO2max (Without coffee =74.40±4.99, Espresso 
coffee =90.10±6.19, Decaffeinated coffee =91.00±5.67, P<0.05). VO2max amount after exercise were 
significantly higher for both espresso coffee and decaffeinated coffee, when compared with without coffee 
condition. No significant differences were observed between espresso coffee and decaffeinated coffee (P<0.05). 
Conclusion: The present study shows that both high doses of caffeine (espresso coffee) and decaffeinated coffee 
can enhance VO2max during aerobic exercise including 2000m dragon boat paddling. It seems that some 
compounds except caffeine in decaffeinated coffee can act improve VO2max. Further studies needed for 
considering the effect of high doses of coffee on endurance exercises. Also in other age ranges of women athletes 
and other sport athletes. 
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Introduction1  
Dragon boat, a team paddling water sport, has developed in nearly 60 countries worldwide. Also annually 

over 50 million people in Asia are participant in dragon boat competitions. Dragon boat races are from 200 to 2000 
meters and above. Cardiovascular endurance)In terms of VO2max  (  is one of the important skills for dragon boat 
paddlers [1] and a dragon boat paddler should ideally be able to maintain VO2max throughout the whole game 
[2]. 

Coffee contains mineral ingredients such as Ca, K, Fe, P, Ni, Mg, and Cr [3], polyphenols, melanoidin and 
caffeine [4]. Numerous studies have shown that caffeine can act as an ergo-genic aid, in long-term exercise [5-9]. 
Caffeine’s primary ergo-genic mode of action is on the CNS [10]. Also it can be energetic with an increase in fat 
oxidation and a decrease in glycogen use [11]. Caffeine switches the substrate preference from glycogen to fat by 
increasing hormone sensitive lipase (HSL) activity and inhibition of glycogen phosphorylase activity [12]. 

Most research, have investigated the effect of low or moderate doses of caffeine consumption on 
performance, perceptual responses and Neuromuscular factors prior to endurance exercise [7-9,13, 14]. 
Nevertheless, there are a few studies that considered the effect of high doses of caffeine on endurance exercise 
[15, 16]. This may seem surprising as reports have shown that coffee is the most concentrated dietary source of 
caffeine as well as being one of the largest sources of caffeine used by athletes prior to competition [17]. However, 
according to our information to date, no study examined the effect of coffee ingestion on dragon boat paddler 
specifically on females. 

In addition, a few studies indicated the effect of pre exercise coffee on endurance exercises [7, 8, 16, 18-
20] and they demonstrated difference results. Hodgson et al. (2013) utilized coffee and caffeine in their Research 
and shown that both of caffeine and coffee (5mg/kg) consumption one hour prior to exercise can improve 
endurance exercise performance [8]. In contrast, Graham et al. (1998) Resulted that caffeine capsule could increase 
endurance compare to placebo but coffee don’t have any effect on endurance [19]. In another study by Graham et 
al. (1995) they showed endurance enhanced with both 3 and 6 mg/kg of caffeine, whereas there was no significant 
effect with 9 mg/kg of caffeine [16]. Moreover, to our knowledge, there is the first study that considered the 
ergogenic effect of espresso coffee on aerobic performance compared to decaffeinated coffee or placebo. 

Therefore, the purpose of this study was to determine the effects of high dose coffee (espresso coffee) on 
2000m dragon boat women paddler compared to decaffeinated coffee or placebo.  
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Materials and Methods  
Subjects 
Participants.  
Twenty women athletes of Guilan dragon bout team members of Malavan club of port city of Anzali (mean 

±SD age, 23.60± 3.49 years; BMI, 23.77±1.88kg/m2; body fat, 30.32±4.65%) with at least third time per week 
engaged in training and had competitive paddling experience were recruited for the study. The experiments were 
performed within the period of training phase. All participants didn’t have any injuries and they were non-smokers. 
For inclusion in the study, volunteers should not use other nutritional supplements. All athletes were fully informed 
of the experimental trials and all risks and discomforts associated before providing written informed consent to 
participate in the study.  

Ethical approval was obtained from the Islamic Azad University Rasht Branch Ethics Committee. 
Research Design.  

Method: The study utilized a double-blind, repeated-measures, design to identify the effects of espresso 
coffee and decaffeinated coffee on VO2max changes (2000m paddling). Research Subjects were asked to attend 
three laboratory sessions for doing two trails with coffee ingestion and one trail without coffee. All they took part 
in first session and two other sessions conducted 2 week apart and being performed at the same time in the morning 
to reduce the potential for circadian variability. In the first session participants pre-test measurements were 
assessed. Then they were performed the test without coffee and Subjects were given a questionnaire that measured 
feeling of perceived fatigue [21]. During the following two other visits, the subjects intake either the espresso 
coffee or a decaffeinated coffee and then remained seated for 60 minutes before the test. Athletes initially warmed 
up on a Dragon Boat Ergo-meter (D1-M) with the desired intensity and speed for 10 min. Then rested for 2 minute 
before the starting the tests. Then they performed 2000 meters paddling on a dragon boat ergo-meter that was 
calibrated prior each test by the athlete weight. Two second and third trails were separated by 24 h and the VO2max 
was recorded at the end of each test (showed by ergo-meter monitor). A Dragon Boat trainer that was Knows how 
worked a Dragon Ergo-meter and also was blind to the study protocol, supervised all sessions. Subjects were asked 
to maintain their habitual dietary intake and to abstain from coffee or vigorous physical activity for 24 h prior to 
each test. Also, all participants had previous experience with a dragon boat ergo-meter.  

Pre-test assessment: Height and body weight (lightly dressed and barefooted) were measured to the nearest 
0.1 cm nearest 0.01 kg, respectively, using a stadiometer and scale (Seca - Germany). Skinfold thicknesses were 
obtained at 3 sites (Triceps, Suprailiac, Thigh) according to the Standardization Reference Manual [22] using a 
Saehan caliper (SH5020, Korea), and body fat percentage were estimated using Jackson and Pollock nomogram. 
Body mass index were assessed using weight/height2 (Quetelet, 1869). 

Perceived fatigue: The perception of fatigue was performed using a Borg scale. The subjects indicated their 
own perception of fatigue immediately after the protocol on a scale of 0 to 10. Zero indicated least fatigue, and the 
ten indicated most fatigue. 

Aerobic power assessment: Kayakers performed their 2000m test on ergo-meter task specificity trial on an 
air braked, drag adjustable Multistroke Dragon Boat Ergo-meter (D1-M). The ergo-meter consisted of a flywheel 
connected to a carbon shaft via a retractable cord attached at either end. Distance from seat to foot-bar was adjusted 
to match each individual's seat position in the kayak; hand position on the carbon shaft was also adjusted to match 
on-water paddling position. Paddler’s weight in Kg was inputted in board console then accelerated the fan to a 
speed of 700 or over. Once the acceleration / speed is above 700, Was allowed the flywheel run freely until the 
fan had come to an unimpeded or un-accelerated stop, then the Drag Factor was automatically set. This calibration 
was performed prior to each test for all athletes according to manufacturer’s recommendations. Subjects were 
performed 2000m paddling (determined by the covered distance was showed on monitor) in each session and one 
of the author’s was supervised all sessions which was blind. VO2max were calculated at the end of each trail using 
the Dragon Boat ergo-meter, showed on ergo-meter monitor [23]. 

Coffee: three exercise trials were performed under three conditions, one with espresso coffee, the other one 
with decaffeinated coffee and third performed without any coffee. Subject ingested 6 mg caffeine/kg of espresso 
coffee, a range of 500-575 mg/kg, (based on a content of 145 mg caffeine/100 g coffee, Nestlé- NESCAFE) or 6 
mg caffeine/kg of decaffeinated coffee (caffeine amount was negligible, Nestlé-NESCAFE) 60 minutes before the 
test [24]. Amount of Coffee needed was measured using electronic weighing machine (Sartorius GMBH by 
Gottingen Germany). Both espresso coffee and decaffeinated coffee were dissolved in 200 ml hot water  and Not 
added any sweetener. 

Statistical Analysis  
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Values are expressed as means ± SD. The normality of each data set was evaluated using the Kolmogorov–
Smirnov test, which confirmed a normal distribution. Results were analysed using the general linear model with 
repeated measures. Where significant main effects were observed, Bonferroni post hoc tests were used to 
determine the differences. All data were analyzed using IBM SPSS Statistics version 21 for Windows (SPSS Inc., 
Chicago, IL, USA). A P value of less than 0.05 was considered to be statistically significant.  

  
Results 
Participants’ (n = 20) descriptive statistics include age, weight, height, BMI, body fat percent and Borg 

perceived fatigue are listed (Table 1). 
 
Table1. Participant characteristics (n=20). 

Parameter mean±SD 

Age (year) 23.60±3.49 

Weigh (kg) 61.70±4.32 

Height (m) 162.90±6.20 

BMI (kg/m2) 23.77±1.88 

Body fat percent 30.32±4.65 

Borg perceived fatigue (0-10) 7.9±0.6 

BMI=body mass index; BF%= Body fat percent 
 

Repeated-measures ANOVA analysis used for assessment (espresso Caffeine= 90.10±6.19, Decaffeinated 
coffee= 91.00±5.67, Without Caffeine consumption =74.40±4.99, F=48.04, p=0.00). Information on espresso 
coffee, decaffeinated coffee and without coffee effects on 2000m dragon boat are conditions presented in Table 2. 
 
Table2.Coffee effect on aerobic power in 2000m dragon boat paddling (N=20). 

 Mauchly’s W Mean±SD F Df Sig 

Mauchly’s Test 0.13   2 0.00* 

Without coffee  74.40±4.99    

Espresso coffee   90.10±6.19 48.04 1.07 0.00* 

Decaffeinated coffee  91.00±5.67    

Without coffee=pre-test; P≤0.05 
 

Bonferroni post hock test was used for between group interaction and results indicated significant 
differences in espresso coffee vs. without coffee group and decaffeinated coffee vs. without coffee group. Although 
there was no significant difference between espresso coffee compare decaffeinated coffee group (Table3). 
 
Table3. Bonferroni post hoc tests (N=20). 

Group  Mean difference Sig 

without coffee Espresso coffee -15.70 0.00* 

without coffee Decaffeinated coffee -16.60 0.00* 

Espresso coffee Decaffeinated coffee -0.90 0.51 

P≤0.05 
 

Discussion 
The current study determined the effects of high dose coffee (espresso coffee) on 2000m dragon boat 

women paddler compared to decaffeinated coffee or placebo. Numerous studies had been shown the effectiveness 
of caffeine on improve endurance exercise [6-9, 17]. Interestingly, current study showed that using coffee espresso 
(high dos coffee) on hour prior the exercise could significantly improve the VO2max compared with without 
coffee condition. 

In support, most studies have shown this effect on aerobic endurance. Graham et al. (1995), examined the 
exercise responses of well-trained endurance athletes to various doses of caffeine (3, 6 and 9 mg/kg) one hour 
before ran at 85% of maximal O2 consumption to voluntary exhaustion and showed that endurance was enhanced 
with both 3 and 6 mg/kg of caffeine, whereas there was no significant effect with 9 mg/kg of caffeine. In contrast 



 

54 

 

 PHYSICAL  
 EDUCATION  

 OF STUDENTS 

plasma epinephrine was increased in 6 and 9mg/kg. Similarly only the highest dos of caffeine resulted in increases 
in glycerol and free fatty acids. Thus, the highest dose had the greatest effect on epinephrine and blood-borne 
metabolites yet had the least effect on performance [16]. Caffeine acts as phosphodiesterase (PDE) inhibitor that 
causes an increase in cyclic adenosine monophosphate (cAMP) in the brain and leads to stimulation of 
catecholamines (i.e., epinephrine) [25, 26]. This elevation in epinephrine levels [27] would, in turn, improve 
performance by delaying carbohydrate utilization and preserving muscle glycogen content and it Cause a greater 
stimulation of lipolysis during exercise and a greater release of circulating FFAs into the blood stream [28]. Also 
this potential performance-enhancing mechanism may be particularly relevant for liver (Bischof et al. 2001) 
glycogen stores [29]. Spriet et al. (1992) found that ingestion of a high dose of caffeine (9mg/kg) before cycled to 
exhaustion at approximately 80% maximal oxygen uptake (VO2max) reduced muscle glycogenolysis in the initial 
15 min of exercise by increasing free fatty acid (FFA) levels which inhibits glycolysis and spares glycogen for 
later use [11]. Also Costill and colleagues (1978) observed with their pioneering work on coffee consumption with 
caffeine (330 mg) in elite male and female cyclists. During exercise, this greater reliance on fat metabolism with 
caffeine intake spares muscle glycogen utilization, which likely limits fatigue during prolonged aerobic activities  
(30). Specifically, Essig et al. (1980) and Erickson et al. (1987) both reported 42% reductions in muscle glycogen 
use during cycling at 70% of maximal oxygen uptake following caffeine ingestion compared with a control–
placebo [31]. 

Lamina et al. (2009) in a study on twenty non-athletes and non-regular users of caffeine African yang male 
in Different doses (5, 10 & 15 mg/kg) of caffeine, indicated no ergogenic effect of caffeine on VO2max in short 
maximum endurance performance [15]. Graham et al. (1991) showed that a high caffeine dose of caffeine (9mg/kg) 
or placebo one hour pre-exercise at approximately 85% VO2max; two trials running to exhaustion and two trials 
cycling to exhaustion had no effect on epinephrine concentration was with caffeine before running and cycling. 
Plasma glycerol was elevated only at exhaustion during cycling and Urinary increased after the running and cycling 
trials [32]. It seems that, difference result from different performance tests. Lamina et al used short maximum 
endurance, Graham et al. used a two trials running or cycling to exhaustion (85% VO2max) and we used 2000m 
paddling.  

Also, this study demonstrated the effectiveness of decaffeinated coffee on improve VO2max compare with 
without coffee condition. Hodgson et al (2013) illustrated performance times during the time trail were 
significantly faster for both caffeine and coffee when compared to placebo and decaffeinated coffee performance, 
they were similar for both caffeine and coffee and no significant differences were observed between placebo and 
decaffeinated coffee during the time trail in eight trained male cyclists/triathlon athletes following 30 min of 
steady-state cycling at approximately 55% VO2max and consumption drinks consisting 5mg/kg of caffeine, instant 
coffee, instant decaffeinated coffee or placebo [8]. In a study by Graham et al. (1998), nine healthy, fit, young 
adults performed five trials after ingesting placebo (dextrose) capsules with water, caffeine capsules with water, 
regular coffee, decaffeinated coffee, or decaffeinated coffee plus caffeine. In all three Caffeine trials, the Caffeine 
dose was 4.45 mg/kg. After one hour of rest, the subject ran at 85% of maximal O2 consumption until voluntary 
exhaustion. The results showed plasma Caffeine and epinephrine was increased in the three Caffeine trials. But 
the plasma epinephrine increase was greater with Caffeine capsules than with Coffee and they suggested that there 
must be a component (s) of Coffee that moderates the actions of Caffeine [19].  

In conclusion, caffeine can improve performance during aerobic exercise with low or moderate doses of 
caffeine. Furthermore, coffee can be effectiveness for enhance performance. The present study shows that high 
doses of caffeine can enhance VO2max during aerobic exercise including 2000m dragon boat paddling. 
Decaffeinated coffee could also have this effect. It seems that some compounds except caffeine in decaffeinated 
coffee can act improve aerobic power. A limitation of this study was the low number of volunteers obtained 
because of the total number of Club members was low. Also, subject habit in coffee consumption was not assessed. 
Further studies needed for considering the effect of high doses of coffee on endurance exercises. In addition more 
study needed for other age ranges of women athletes and other sport athletes.  
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