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Abstract 

Many studies have reported contradicting results regarding gender differences on various platelet functions. This study was done 

to evaluate gender variability in platelet aggregation in non-kava drinking and kava drinking Fijian(F) and Indo-Fijian(IF) 

population of Fiji Islands before and after aspirin intervention. Collagen induced platelet aggregation was measured in apparently 

healthy Fijian and Indo-Fijian, both male and female participants residing in Suva, Fiji islands. Volunteers were divided into 

three groups: non-kava drinkers (NKD), occasional kava drinkers (OKD) and regular kava drinkers. Whole blood platelet 

aggregometer was used to measure platelet aggregation (PA) using collagen as an aggregrating agent. Dosage of 100mg aspirin 

was administered to the participants. Platelet count (PC) and Packed cell volume (PCV) were also measured. The data were 

compared by unpaired t test. Results showed  that when PA in the females was compared with the males in the NKD Fijian group 

before aspirin, the females had a higher mean PA as compared to the males and the difference was statistically highly significant 

(p<0.01). No significant difference in PA was seen after aspirin intervention. Similarly, comparing the PA in males and females 

of the OKD Fijian group showed that there was a highly significant difference (p<0.01) before aspirin, whereas, no significant 

difference in PA was seen between the males and the females after aspirin intervention. In the RKD Fijian group, gender 

difference for PA was statistically non significant before and after aspirin intervention.  
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Introduction 

Fiji is a Pacific island country, located in the 

southwest Pacific. It has two main ethnic groups—

the original Melanesian/Polynesian inhabitants of the 

islands, and the descendants of the Indian laborers, 

who were brought in the late 19
th

 century to work on 

the sugar plantation. Fiji is a country where rapid 

changes have occurred in the social and economic 

aspects since its independence in 1970, and 

cardiovascular diseases have emerged as the major 

public health problem (Toumilehto et al., 1984).  

 The incidence of chronic non-communicable disease 

such as IHD has lead to the highest mortality rate in 

Fiji amongst the Pacific Island nations (Ram and 

Cornelius, 1991).Management of cardiovascular 

disease in Fiji includes anti-platelet drug, especially 

aspirin which is prescribed routinely. 

Evidence shows that aspirin is an important drug 

used to prevent heart attacks and strokes. Aspirin 

does this by inhibiting the enzyme COX1 in platelets 

and therefore preventing platelet aggregation. Aspirin 

has been prescribed for decades by cardiologists to 

patients who have suffered heart attacks, strokes or 

other thromboembolic event to prevent recurrence 

(Sanderson et al., 2005). 

Kava (Piper methysticum), also called the pepper 

plant, is an ancient crop of the western Pacific. It is 

found in Polynesia, Melanesia, and Micronesia. Kava 
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has a peppery taste and has long been a part of 

religious, political and cultural life throughout the 

Pacific.  

According to recent studies, kava may interact with 

anticoagulants or antiplatelet drugs to increase risk of 

bleeding. One in vitro study showed that the kava-

lactone, kawain, appears to decrease thromboxane-2 

production and inhibit cyclo-oxygenase, indicating 

that kava may have significant inhibitory effect on 

platelet aggregation (Gleitz et al., 1997). All of the 

above kava compounds tested demonstrated better or 

similar COX-1 inhibition activities as compared to 

ibuprofen, aspirin and naproxen (Wu et al., 2002). 

Sex hormones are known to influence platelet 

response to agonists. In vitro experiments have 

shown that administration of testosterone up-

regulates the thromboxane A2 receptors which makes 

the platelets susceptible to aggregation (Ajayi et al., 

1995), whereas estrogen poses a significant 

thromboembolic risk among young women on oral 

contraceptives (Roell et al., 2007) Some studies have 

shown no differences in platelet aggregation with 

regards to gender differences while others have 

demonstrated greater aggregability in females as 

compared to males (Meade et al., 1985, Haque et al., 

2001) vice versa (Johnson et al., 1975). 

This study was undertaken to investigate the effect of 

gender on platelet aggregation in kava drinking and 

non-kava drinking healthy volunteers, before and 

after aspirin intervention. 

Methodology 

This study was carried out in Suva city, Fiji Islands. 

The analytical part of the research work was 

conducted at the Fiji School of Medicine (FSM), 

Pacifica Campus Research Laboratory located on 

Extension Street, Suva.  

Apparently healthy volunteers (gender and kava & 

non-kava drinking) of 21-50 yrs of age group were 

included by an email request for participation to the 

staff at the teaching institutes in Suva, and 

information about this study was attached with email.  

Whosoever agreed to participate in the study was 

selected as a volunteer. The kava drinkers have been 

classified as regular drinkers (RKD) and occasional 

drinkers (OKD). The non-kava drinking (NKD) 

volunteers were those who abstained from drinking 

kava completely. For this study we have categorized 

the OKD volunteers who drink kava occasionally (i.e 

once a week) and the RKD individuals who drink 

kava regularly (i.e every day and more than or equal 

to 20 bowls per day). Both, groups of kava drinkers 

have been drinking kava for more than 2 years. Kava 

dermopathy, a niggling side effect on prolonged use 

of aqueous solution from roots and stem peelings has 

been noticed in RKD group. 

Informed consent was obtained from the participant. 

The strict inclusion and exclusion criteria used made 

the study groups relatively uniform, largely 

preventing extraneous variables from affecting 

platelet aggregation. To participate in the study the 

participants were requested not to take any drugs that 

included NSAID (such as aspirin), or any herbal 

medication which could potentially impair platelet 

function for a period of 2 weeks before the initial 

sampling. Women taking oral contraceptives or 

estrogen based therapy or other hormonal based 

medication, were requested to discontinue with the 

medications for a period of one cycle. Social and 

medical history of the participants was recorded to 

confirm that they were free from disease or 

medication. 

Approximately 10ml of blood was obtained by 

venipuncture with minimal stasis in blue top tubes 
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containing 3.2% sodium citrate. The samples were 

immediately analysed for platelet aggregation, PC 

and PCV. Impedance aggregometry (Ω) in whole 

blood was recorded by an aggregometer (Chronolog 

model 591, Havertown, PA),  after stimulating blood 

samples with collagen (0.5 to 5µg/mL).  Maximum 

aggregation within 5 minutes of agonist stimulation 

was recorded. The intra-assay coefficient of variation 

was 13.7% for 5µg collagen. Variable normality was 

confirmed by the Kolmogorov-Smirnov and Shapiro 

-Wilk tests. Gender differences in platelet 

aggregation were compared by t-test.  

Required human ethics approval was sought from the 

Fiji National Research Ethics Review Committee 

(FNRERC) and from the National Health Research 

Committee (NHRC) before the start of the 

experiment. The approval was granted, FNRERC 

reference number: 2008-001. 

Results 

The results were analyzed to determine if there is any 

difference in the PA between the males and the 

females of different groups before and after aspirin 

(100mg) intervention.   

Results showed that when PA in the females was 

compared with the PA in males, in the NKD Fijian 

group before aspirin, the females had a higher mean 

PA as compared to the males and the difference was 

statistically highly significant (t= 4.430, df =56, two 

tailed, p<0.001) (Figure 1). No significant difference 

in PA was seen after aspirin intervention (t= -2.580, 

df =56, two tailed, p=0.13).  

 

Figure 1 

 

 

 

 

 

 

 

 

 

 

 

Similarly, comparing the PA in males and females of the OKD Fijian group, showed that there was a highly 

significant difference before aspirin (t=5.063, df =58, two tailed, p=0.000) (Figure 2), whereas, no significant 

difference in PA was seen between the males and the females after aspirin intervention (t=-1.703, df =58, two tailed, 

p=0.094).  
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Figure 2 

 

 

 

 

 

 

 

 

 

 

 

In the RKD Fijian group, no statistically significant 

difference in PA was seen between the males and the 

males before (t= -1.165, df =54, p=2.49) and after 

aspirin intervention (t=0.147, df =54, two tailed, 

p=0.884). 

 A highly significant difference was seen in the PA 

between the males and the females in the NKD Indo-

Fijian group before (t=3.168, df =56, p=0.002) 

(Figure 3), after 100mg (t=-2.214, df=56, two tailed, 

p=0.013) (Figure 4) and 300mg aspirin (t=3.544, 

df=56, two tailed, p=0.001) (Figure 5) 

 

Figure 3 
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Figure 4 

 

 

 

 

 

 

 

 

 

 

Figure 5 

 

 

 

In the OKD Indo-Fijian group, the difference in PA between the males and females was significant before aspirin 

intervention only (t=-5.173. df=56, two tailed, p=0.000) (Figure 6). The difference was non-significant after aspirin 

intervention (t=-1.600, df=56, two tailed, p=0.115). 

 

Figure 6 
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There was no statistically significant difference in PA between males and females in the RKD Indo-Fijian group 

before (t=-1.792, df=50, p=0.079) and after aspirin intervention t=0.142, df=50, two tailed, p=0.888. 

 

Table1: Whole blood platelet aggregation (Ω, mean±SD) in kava drinking healthy volunteers  

Kava 

category 

Ethnicity Gender Mean+SD 

(Before 

aspirin) 

Significance Mean+SD 

(After aspirin) 

 

Significance 

 

NKD 

Fijians M 19.6+3.4 

(n=31) 

         

 

          ** 

7.9+3.2 

(n=31) 

 

      ns 

F 23.5+3.3 

(n=27) 

10.4+4.2 

(n=27) 

Indo-Fijians M 19.8+3.1 

(n=32) 

           

 

          ** 

9.3+3.1 

(n=32) 

 

 

        ** F 22.2+2.8 

(n=26) 

11.5+3.6 

(n=26) 

 

OKD 

Fijians M 18.6+3.1 

(n=34) 

 

 

          ** 

7.5+4.8 

(n=34) 

 

      ns 

F 22.5+2.73 

(n=26) 

9.6+4.7 

(n=26) 

Indo-Fijians M 19.5+2.4 

(n=35) 

 

 

          ** 

9.7+3.4 

(n=35) 

 

      ns 

F 23.0+2.9 

(n=23) 

11.0+2.3 

(n=23) 

 

RKD 

Fijians M 20.9+4.3 

(n=35) 

 

        ns 

15.3+6.4 

(n=35) 

 

      ns 

F 20.1+2.9 

(n=21) 

15.1+5.4 

(n=21) 

Indo-Fijians M 21.6+3.6 

(n=32) 

 

       ns 

15.8+4.9 

(n=32) 

 

      ns 

F 19.8+3.5 

(n=20) 

15.6+3.7 

(n=20) 

Note: ** = significant at (p≤0.001); ns= non-significant (p>0.05) 

The results revealed highly significant differences between male and female individuals before aspirin intervention 

except for Fijian and Indo-Fijians of RKD category.  
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Discussion 

In this study involving healthy Fijians and Indofijians 

(NKD and KD), the aggregability of platelets in 

response to a dose of commonly used agonist, 

collagen, was found to be higher in women than men 

in the NKD and OKD (F and IF) group and the 

difference was found to be statistically significant. 

The platelet aggregation in the females was found to 

be slightly lower than the males in the RKD (F and 

IF) group, though the difference was not statistically 

significant.   

The finding of our study contradicts with the study 

done by Meade et. al. (1985) and Johnson et. al., 

(1975) who found that no significant difference in 

platelet aggregation was seen in response to agonist 

like collagen or arachidonic acid but platelets from 

women were found to be more reactive than male 

platelets when ADP and adrenaline were used as 

aggregating agents. It has been suggested that the sex 

difference in platelet aggregation seen on addition of 

ADP and arachidonic acid, may be an artifact 

probably because of the lower packed cell volume or 

haematocrit in females which results in a larger 

volume of distribution of the anticoagulant and 

therefore consequently, higher ionized calcium 

concentrations. However, the more recent 

observations of Meade et. al. (1985) have shown that 

the sex difference in the aggregation responses to 

ADP remains statistically significant even after 

correction for the haemoglobin concentration and the 

haematocrit. In another study performed by 

Kasjanovova et. al. (1993) the effects of gender on 

platelet aggregation and the relationship with 

hematocrit were investigated. According to results of 

this study, there were no differences between men 

and women in the platelet aggregation and 

thromboxane B2 production with similar hematocrit 

values. The results of these studies contradict with 

our findings whereas agree with the findings by 

Gader et. al. (1990) who found that platelet 

aggregation in females was greater than in males, 

upon using a wide range of commonly used agonist 

like ADP, adrenaline, collagen and ristocetin.  

Our results using the impedence method (whole 

blood platelet aggregometer) are in agreement with 

the above studies which showed a gender related 

differences in aggregation induced by collagen. 

However, the disagreement between this study and 

the studies conducted by Mead et. al. (1985) using 

collagen could be due to differences in methodology 

since whole blood aggregometry (impedance method) 

and the turbidimetric method differ widely when 

employed to detect the same biological change.  

There are several studies investigating the effects of 

gender differences on platelet functions.  

The well-controlled platelet aggregation study 

performed at Tokai University School of Medicine 

with ten female and ten male participants, using the 

light scattering aggregometry, revealed that the 

female platelets respond to ADP more than male 

platelets. These authors suggested that females had 

greater aggregability than males due to the lack of 

testosterone, but the exact mechanism was not 

established (Haque et. al., 2000).  Most of the studies, 

which have been done to examine the effects of sex 

hormones on platelet function, have used platelets 

from animals with manipulation of hormone levels.  

Torres Duarte et. al. (1986) investigated the effect of 

sex on platelet aggregation in mice. In this study, 

male platelets exhibited a greater response than 

female platelets to both ADP and arachidonate in 

PRP. Contrary to this finding, Leng et. al. (2004) 

reported that platelets of female mice were 

intrinsically more sensitive to agonists than platelets 
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of males. In this study, female platelets also 

demonstrated greater aggregation in response to ADP 

and collagen-related peptide. 

The data published and available to date regarding 

several human studies are also controversial. While 

Beyan et.al. (2006) demonstrated that sex difference 

has no effect on platelet aggregation, Taylor et.al. 

(1987)  found that the response of platelets to 

agonists was greater in females than males. Some 

authors suggest that platelet aggregability may 

change with sexual maturity differently in females 

and males.  

Jayachandran et. al. (2004) reported sex-related 

differences in platelet aggregation and secretion with 

sexual maturation in pigs. In this study, platelet 

aggregation and ATP secretion decreased in females 

but increased in males with maturity. Results indicate 

that changes in platelet aggregation and secretion 

change with sexual maturity differently in females 

and males. The postulated mechanism put forth is 

that sex hormones are known to be absorbed at 

platelet membranes modifying their surface 

properties and inducing potential and permeability 

changes that may result in altered aggregability. It 

was reported that testosterone increases human 

platelet thromboxane A2 receptor density and makes 

platelets more prone to aggregation which may 

contribute to thrombotic cardiovascular disease in 

males (Ajayi et. al., 1995). In fact, castration reduces 

platelet aggregability in males. It was also reported 

that estrogen increases the aggregability of platelets, 

accelerating the formation of clots among young 

women on oral contraceptives. (Ajayi and Halushka, 

2005).   

Haque et. al., (2000) from the study on the effects of 

sex hormones on platelet aggregation concluded that 

females had greater aggregability than males due to 

the presence of estrogen that is elevated in the 

follicular phase after menstruation. In fact, estrogen 

inhibits the aggregation of platelets, but such 

inhibition is dependent on the presence or absence of 

the polymorphism of glycoprotein IIIa .  

It seems that sex hormones have an impact on 

platelets, although, many published studies report 

conflicting results of sex differences on various 

platelet function.  

In our study males and females of two different 

ethnic groups, Fijian and Indofijian have been 

considered and a significant difference in platelet 

aggregation was seen in response to collagen as an 

agonist. No significant difference in PA of males and 

females was seen in the regular kava drinking group. 

The precise role of kava on altered properties of 

platelets could not be elucidated. 

Results from the study by Becker et. al. (2006) 

supports the role of gender on platelet function, 

identifying a significant difference between platelet 

aggregability of females and males with different 

ethnicity. They found that women had consistently 

more reactive platelets compared to men with 

multiple agonists. The greatest platelet response to 

agonists observed in women confirmed that estrogen, 

but not testosterone, may be a promoting factor in 

platelet aggregation. This observation may help 

explain a greater thromboembolic risk in women than 

men and their different response to non-steroidal anti-

platelet medication. 

However, additional studies are needed to further 

investigate the effect of kava, aspirin and estrogen on 

platelets that may lead to new ways of identifying 

women at risk for adverse thrombotic events. 

Taking into consideration the gender differences in 

platelet aggregation among different ethnic groups, in 

the study done by Otabachi et. al. (2010) platelet 
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aggregation was measured in 36 healthy men and 

women free of any antiplatelet medication, aged 22– 

36 years, of Caucasian (White not of Hispanic 

origin), Hispanic, and African-American not of 

Hispanic origin. In this ex-vivo study, platelet 

aggregation was investigated, using a platelet ionized 

calcium aggregometer (Chrono-Log Co.)  in response 

to commonly used agonist like adenosine-50-

diphosphate (ADP), epinephrine (EPI), arachidonic 

acid (AA) and collagen (COL). Platelet aggregation 

response to all the tested agonists was found to be 

higher in females than in males regardless of 

ethnicity. The most significant differences were 

observed with collagen. Among the ethnic groups, 

Caucasian women were most prone to platelet 

aggregation. The group most prone to overall 

aggregation was Caucasian women, followed by 

Caucasian men. Both sexes of Hispanic origin, as 

compared to Caucasian subjects, had lower platelet 

aggregation in response to ADP, AA and EPI and had 

similar responses to COL. Although platelet 

aggregation to tested agonists was higher in women 

than men, Hispanic females had lower platelet 

response to AA and EPI compared to Hispanic males. 

African-American men’s overall response to all 

tested agonists revealed a marked aggregation 

inhibition as compared to all other tested groups. This 

work provided evidence that the female platelet 

response from three ethnic groups (Caucasian, 

Hispanic and African-American) combined was 

greater than the male response. Females scored 

slightly higher with EPI. While female and male 

platelets responded similarly to AA. This study 

suggested gender influences on platelet aggregation. 

According to the study by Beyan et. al. (2006) results 

show that sex does not affect platelet aggregation in 

healthy adults. For this reason, it is possible to 

suggest that results in animals do not reflect the 

condition present in humans. 

Taking into consideration the above studies, it can be 

concluded that sex difference does affect platelet 

aggregation. Our result supports that there is a need 

for gender differentiation while composing control 

groups in platelet aggregation studies. 

Conclusion:  

 In conclusion, the finding of our study in healthy 

males and females (Fijian and Indo-Fijian) shows that 

gender does affect platelet aggregation in response to 

collagen which is a commonly used aggregating 

agent. Although many authors have reported on the 

effect of gender on platelet aggregability, the 

underlying mechanisms that contribute to the 

observed differences remain unsolved and the results 

are controversial. While some studies have shown 

increased platelet aggregability in males others 

indicate that aggregability is more in females, while 

some report no difference in platelet responses 

between the sexes. Based on these observations, we 

postulate that antiplatelet medication strategies 

should also focus on gender. The impact of 

variability of platelet aggregation among different 

ethnicities on therapeutic decisions also requires 

consideration in Fiji, where kava, the culture drink, is 

normally taken by Fijian and Indo-Fijian females. 

Limitations:  

Our study employed only one method and a 

commonly used aggregating agent, collagen to study 

the gender differences in PA in the Fijian and Indo-

Fijian participants. 
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