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ABSTRACT: 

The principal objective of this study was to examine the effect of intense physical 

exercise on menstrual blood loss in women with Type I von Willebrand disease (vWD). 

First, we investigated the effect of exercise on the level of the von Willebrand protein 

(which is deficient in the disease) in a pre-test post-test quasi-experiment conducted on a 

single group of 40 healthy adult pre-menopausal female volunteers recruited from Sainte-

Justine Hospital in Montreal between October and December, 2001. The von Willebrand 

protein (vWF:Ag), coagulation Factor VIII (FVIII:C), bleeding time (BT), coagulation 

time (aPTT) and several markers of exercise intensity (sweat sodium, lactate, 

noradrenaline, adrenaline) were measured before and after a standardized exercise 

session. The significance of the change in these values with exercise was assessed using a 

paired Student's t-test. The exercise markers were explored as potential predictors of the 

exercise-related change in vWF:Ag using multiple linear regression. Results showed that 

there was an absolute mean increase of 0.30 (95% confidence interval (95% CI) 0.23-

0.37) and 0.60 (95% CI 0.44-0.76) in vWF:Ag and FVIILC, respectively, and a 

significant shortening of the BT and aPTT due to exercise. The change in the sweat 

sodium collected from patches applied to the forearm during exercise (a marker of 

exercise intensity) was found to be a significant predictor of the change in vWF:Ag 

induced by exercise (regression coefficient = 0.05 (95% CI 0.01-0.09). Changes of 1, 5 

and 10 units in sodium were associated with average changes of 0.05, 0.26 and 0.52, 

respectively, in vWF:Ag from baseline (mean 0.83 U/ml). Next, we set out to assess the 

feasibility and acceptability of a 4-period randomized crossover trial in order to evaluate 

the effectiveness of exercise in reducing the menstrual blood flow in women with Type I 

vWD. The methods and protocol of this feasibility study are outlined in this thesis and 

issues related to patient recruitment, compliance and withdrawals are addressed. The 

strengths and pitfalls of the crossover design feasibility study are discussed and revisions 

for the definitive trial are recommended. 



RESUME 

L'objectif principal de cette etude etait d'examiner l'effet de l'exercise physique intense 

sur les pertes menstruelles abondantes chez les femmes atteintes de la maladie von 

Willebrand de Type I. Dans la premiere etude, nous avons investigue l'effet de l'exercice 

sur le niveau sanguin de la proteine von Willebrand (celle qui est deficiente dans cette 

maladie) par le biais d'une etude quasi-experimentale de type pre-test post-test realisee 

aupres d'un seul groupe des femmes benevoles en bonne sante et premenopausees. Elles 

furent recrutees a l'Hopital Sainte-Justine de Montreal entre octobre et decembre 2001. 

La proteine von Willebrand (vWF:Ag), le facteur VIII de la coagulation (FVIII:C), le 

temps de saignement (TS), le temps de coagulation (aPTT), ainsi que quelques 

indicateurs de l'intensite de l'exercice ont ete mesures avant et apres un exercice 

standardise. Un test t paire de Student a ete utilise pour evaluer la signification des 

changements dans ces valeurs suite a l'exercice. Des indicateurs de l'intensite de 

l'exercice physique ont etes investigues comme variables predictives potentielles du 

changement dans le vWF:Ag induit par l'exercice. Une analyse de regression lineaire 

multiple a ete utilisee. Les resultats de cette etude demontrent une augmentation moyenne 

absolue de 0.30 (intervalle de confiance (IC) de 95% 0.23-0.37) et 0.60 (IC 95% 0.44-

0.76) dans les facteurs de vWF:Ag et FVIILC, respectivement, et un raccourcissement 

significatif du TS et de 1'aPTT suite a un exercice. L'augmentation de niveaux de 

chlorure de sodium dans la transpiration produite lors de l'exercice fut demontree comme 

etant de facteur predictif significatif du changement dans le vWF:Ag (coefficient de 

regression = 0.05 IC 95% 0.01-0.09). Des changements de 1, 5 et 10 unites de chlorure de 

sodium sont associes avec des changements moyens respectifs de 0.05, 0.26 et 0.52 

unites dans le niveau de base du vWF:Ag (moyenne 0.83 U/ml). Par la suite, nous avons 

examine la faisabilite et 1'acceptability d'une etude "crossover" aleatoire de quatre 

periodes, pour evaluer 1'impact clinique de l'exercise sur les pertes menstruelles 

excessives chez les femmes atteintes de la maladie von Willebrand de Type I. La 

methodologie et le protocole de cette etude pilote sont decrits dans la presente these et les 

questionnements relies au recrutement, a l'assiduite et aux abandons sont discutes. Les 

forces et faiblesses de cette etude sont discutees et des recommendations sont formulees 

pour la revision de l'etude definitive. 
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INTRODUCTION: 

Menorrhagia (excessive menstrual blood loss) is the most prevalent symptom in women 

with von Willebrand disease (vWD) and has a major negative impact on the quality of 

life of those affected. All current treatment options to curtail menstrual blood loss in 

women with this condition require either the ingestion or injection of a medication or a 

surgical intervention. Natural approaches to treat menorrhagia in these women are 

virtually absent from current medical practice. Such approaches, if proven effective, 

could be especially appealing to some women with this condition and could also 

circumvent the potential morbidity, undesirable side effects and costs associated with 

current treatments. 

The published literature suggests that intense physical exercise can bring about many 

changes in the coagulation system. However, the precise effect that exercise has on von 

Willebrand factor protein (vWF:Ag), which is typically deficient in individuals with 

vWD, has been the focus of only a few small uncontrolled studies in men. In this study, 

we set out to determine to what extent intense physical exercise could reduce menstrual 

blood loss in women with menorrhagia related to vWD. First, we assessed the change in 

vWF:Ag induced by exercise in normal pre-menopausal women volunteers recruited 

from Sainte-Justine Hospital, in a one-group pre-test post-test quasi-experiment. The 

exercise protocol from the first part of the study was then used as the intervention in a 4-

period crossover feasibility study where we examined the effects of exercise on 

menorrhagia in women with Type I vWD identified from our clinic database. The 

analyses presented in this thesis are based on the data that was collected by our 

investigating team during the study. 



BACKGROUND: 

i. Burden of Illness 

vWD is the most common inherited bleeding disorder that affects approximately 1% of 

the general population, or 1 in every 100 persons, when random screening is carried out. 

Based on this estimated prevalence, it is expected that approximately 300,000 Canadians 

are affected by this bleeding disorder. vWD is a genetic disorder that it transmitted in an 

autosomal dominant fashion and, therefore, it affects men and women equally.2 

it The Role of von Willebrand Protein (vWF:Ag) 

vWF:Ag, a circulating blood protein, has two major functions in hemostasis (the arrest of 

bleeding). First, it mediates platelet adhesion and the formation of the platelet plug at the 

site of vascular injury (primary hemostasis), and in so doing, permits the initial arrest of 

bleeding. Second, vWF:Ag carries and protects the coagulation protein Factor VIII 

(FVIILC), which is essential to the formation of a more definitive blood clot at the site of 

injury (secondary hemostasis).3 vWD is characterized by defective or deficient blood 

levels of vWF:Ag caused by genetic mutations in the vWF:Ag gene located on 

chromosome 12. 

Hi. Clinical Presentation 

vWD is associated with an abnormal bleeding tendency. It manifests as a propensity to 

bruise easily and often spontaneously, have nose bleeds, bleed from the gums, and can 

result in sometimes serious hemorrhaging after surgery or dental extractions. In addition, 

heavy and prolonged menstrual periods (menorrhagia) and bleeding after childbirth are 

common manifestations in women afflicted with this disorder.5 Even though the 

frequency of genetic transmission of this disorder is equal in males and females, it is 

likely that the additional challenges to the hemostatic system posed by monthly 

menstruation and childbirth account for the higher reported prevalence of females with 



vWD. ' ' Overall, the impact of vWD on the health of women worldwide is 

considerable, ' which has lead to an expansion of interest and research studies in women 

with this bleeding disorder. 

iv. The Classification of von Willebrand Disease 

The current classification of vWD includes 3 main subtypes, referred to in the medical 

literature as Type I, Type II and Type III. Type I and Type III are caused by a mild and 

severe quantitative deficiency, respectively, of circulating vWF:Ag. Type II is caused by 

a qualitative defect in the vWF:Ag.10 Type I constitutes approximately 75% of all 

reported cases and results in a mild to moderate bleeding tendency.5 Given that this 

subtype is the most commonly encountered in clinical practice, it is also the most 

amenable and appropriate target for clinical research. 

v. The Diagnosis of von Willebrand Disease 

The laboratory diagnosis of vWD is established by demonstrating lower than normal 

levels of vWF:Ag, von Willebrand factor activity (Ristocetin cofactor, RcoF) and a 

prolonged bleeding time (BT). The traditional BT measures, in seconds, the length of 

time that an individual bleeds following a standardized skin incision. However, a newer 

method to measure the bleeding time non-invasively is now commonly used. It uses the 

Platelet Function Analyzer ® (PFA-100®)11 instrument, which measures the closure time 

(CT) in seconds, and has a higher sensitivity and specificity (95-100%) and > 95%, 

respectively)12'13'14 than the traditional bleeding time (65%)15 when used as a screening 

tool to diagnose vWD. Decreased Factor VIII activity (FVIILC) and prolongation of the 

coagulation time (aPTT) are occasionally seen in severe variants of Type I vWD but are 

more typical of the other subtypes.7'16 

Genetic defects in the vWF:Ag gene are only partially responsible for the variability in 

the blood levels of vWF:Ag.17'18 There are, in addition, several other genetic modulators 

of vWF:Ag levels; younger individuals, blacks, males and individuals of blood type O 



have lower levels of vWF:Ag in comparison to their older, non-black, female and blood 

type A, AB, B counterparts.19'20'21'22'23 Furthermore, many acquired conditions, either 

physiological (pregnancy, follicular phase of the menstrual cycle, stress) or pathological 

(inflammation, thyroid disorder), medication intake (oral contraceptives, steroids) and 

intake of caffeine or nicotine can increase the blood levels of vWF:Ag.20'24'25 The 

heterogeneity in blood vWF:Ag levels attributable to many of these concomitant factors 

introduces complexity in diagnosing vWD, especially since genetic tests for this disorder 

are still not routinely available. At the present time, the diagnosis of vWD is based on a 

combination of clinical history and laboratory criteria. Laboratory testing for vWD often 

needs to be repeated several times before definitive conclusions about the presence or 

absence of the disease can be firmly made. In recognition of this difficulty, the 

International Society of Thrombosis and Hemostasis (ISTH) devised a clinical standard 

for the diagnosis of vWD that includes definitions for definite and probable disease.26 

(The current definition of definite Type I vWD is outlined in the Subject Eligibility 

Criteria section of the crossover feasibility study on page 56 of this thesis.) 

vi. Menorrhagia in von Willebrand Disease 

Menorrhagia is subjectively reported in over 90% of women with vWD, making it the 
97 

single most common bleeding manifestation in women with this disorder. Menorrhagia 

is associated with considerable impairment in quality of life, work absenteeism, and 

psychological impairment. It can also lead to the development of iron deficiency anemia 

and, in some circumstances, can lead to women having to undergo unnecessary 

hysterectomies to control bleeding. ' Given the high prevalence of menorrhagia in 

women with vWD, menorrhagia has become a major target of clinical research. 

Menorrhagia is defined as excessive menstrual blood loss of greater than 80 ml per 

menstrual cycle. The ability of both patients and physicians to diagnose true 

menorrhagia is notoriously poor. ' ' The clinical assessment of menorrhagia is often 

limited by the patient's cultural and/or social background.34 Useful clinical indicators of 

menorrhagia include a history of menses (menstrual period) of long duration, excessive 

10 



tampon and/or pad use, frequent soiling of clothing or bedding, excessive fatigue, 

significant impairment of quality of life, history or current iron deficiency anemia, a 

positive transfusion history, signs of volume depletion or a previous hospitalization or 

hysterectomy to control menstrual bleeding.28,34 

The gold standard for objectively quantifying menstrual blood loss is the measurement of 

hemoglobin on blood tinged sanitary napkins by the alkaline hematin method.35 

However, since this is a highly specialized and laborious technique, it is not often used. 

Instead, a pictorial blood assessment chart (PBAC) has been developed as an objective 

tool to diagnose menorrhagia and provides a semi-quantitative measure of blood loss. 

Each cycle score is tabulated by adding together separate pre-assigned scores that reflect 

the number of pads or tampons used, the degree to which each of these is soiled, and the 

presence of flooding and leakage.36 Objective blood loss measured by the gold standard is 

highly correlated with the menstrual score determined using the PBAC (Pearson 

correlation coefficient of 0.85).36 It has been shown that the PBAC score has an 86% 

sensitivity and 89% specificity to diagnose menorrhagia defined as >100 ml of blood loss 

per cycle by the alkaline hematin technique.36 A score of >100 using the PBAC is 

equivalent to >80 ml blood loss. Further, a score of > 185 has a high positive and negative 

predictive value to diagnose menorrhagia.37 The validity of this instrument to diagnose 

menorrhagia is, however, limited by the fact that it has been established only for women 

using a single brand of tampon or sanitary napkin supplied by the investigators. ' The 

sensitivity and specificity of this tool to diagnose menorrhagia in users of different brands 

of sanitary devices has not been studied. Since menstrual blood loss and PBAC scores of 

a given individual are usually consistent between 2 consecutive menstrual cycles, a single 

PBAC score of > 100 is sufficient for the diagnosis of menorrhagia. The PBAC is a 

simple, inexpensive and reasonably accurate method for assessing menstrual blood loss, 

and as such, has become a commonly used and useful tool both to diagnose menorrhagia 

and to evaluate responses to therapy for this condition. This scoring system is now used 

on a routine basis in gynecology clinics and many hemostasis clinics within North 

America. 

11 



Menstrual blood loss is controlled by hormonal, mechanical and hemostatic mechanisms. 

The formation of hemostatic plugs in the first 20 hours of a menstrual bleed is important 

for uterine hemostasis.38 Thus, any disorder of blood coagulation, including disorders of 

blood vessels, platelet abnormalities, coagulation factor deficiencies and vWD can cause 

menorrhagia. In one study, 17% of women with menorrhagia were found to have a 

bleeding disorder.39 Menorrhagia is the most common bleeding symptom reported in 

adult females with vWD who have reached the age of menarche, and occurs in 93.1% of 

all cases.40 Using the PBAC score, 74% of the women with vWD scored > 100, as 

compared to 29% of the women in the control group.41 The median PBAC score was 122 

(range 38-482) in women with inherited bleeding disorders, as compared to 73 (range 9-

310) in the control group.41 Therefore, the PBAC score has proven to be useful to 

diagnose menorrhagia when applied to menstruating women with vWD. 

vii. Treatment of Menorrhagia in Patients with von Willebrand Disease 

There is currently no consistent approach to the management of menorrhagia in women 

with bleeding disorders. Rather, there are a variety of both specific and non-specific 

approaches that are used to treat menorrhagia. Non-specific approaches include surgery 

(endometrial ablation, dilatation and curettage, hysterectomy), hormonal therapy 

(contraceptive pill, estrogen, progesterone) and the use of antifibrinoloytic agents. 

Surgical procedures offer a definitive reversal of menorrhagia but are associated with 

significant morbidity and are not ideally suited to treat women of childbearing age who 

comprise the large majority of women suffering form menorrhagia.29 Although oral 

contraceptives and other hormonal therapies are effective in treating idiopathic 

menorrhagia (menorrhagia of an unknown cause), less than 50% of women with 

menorrhagia related to vWD respond to these interventions.29 Women who do not desire 

contraception or who have a personal or family history of breast cancer or 

thromboembolic disease (propensity to form venous clots) are often not eligible for 

hormonal therapy. Antifibrinolytic agents work by solidifying the blood clot once it is 

formed. Tranexamic acid, a commonly used and inexpensive anti-fibrinolytic agent, has 

been shown to be effective in approximately 60% of women with menorrhagia of an 

12 



unknown cause. ' ' Although several published case reports45'46 and clinical experience 

suggest that this therapy is efficacious in treating menorrhagia related to vWD, this 

finding has not yet been studied prospectively. Antifibrinolytic agents are, in general, 

well tolerated but can cause nausea, headaches and dizziness. There is also a potential 

risk of intra-cranial thrombosis (a blood clot in the brain) associated with tranexamic 

acid, although this finding has not been confirmed in large-scale studies.47 

Specific approaches aimed to correct the vWF:Ag deficit in vWD have become of 

increasing interest. The discovery of a drug called desmopressin (1-deamino-8-D-

arginine vasopressin, DDA VP) has revolutionized the treatment of vWD over the past 

decade by virtue of its targeted effect on vWF:Ag.48 DDAVP works by causing the 

release of endogenous vWF:Ag (and probably FVIILC) from storage sites in vascular 

endothelial cells (cells that line blood vessels),49'50 although the precise mechanism by 

which DDAVP induces this effect is still unknown. The intravenous administration of 

0.3mcg/kg of DDAVP results in a 2 to 3-fold (and as high as a 5-fold) increase in the 

blood level of vWF:Ag and FVIILC.51'52'53 DDAVP also increases platelet function and 

shortens the bleeding time independently of its effect on raising vWF:Ag levels.54'55'56'57 

The in vitro bleeding time (PFA-100 ®) is useful for the therapeutic monitoring of 

patients with vWD who are treated with DDAVP.58'59'60 Peak levels of vWF:Ag and 

FVIILC are achieved 30 to 60 minutes after the DDAVP administration and begin to 

decline after 2 hours.50 This response has been observed in healthy individuals,51'61 as 

well as in patients with mild vWD and mild hemophilia A,48,51,52 '62 '63 in whom DDAVP 

results in decreased clinical bleeding. Despite the genetically impaired production of 

vWF:Ag in Type I vWD, normal vascular storage pools permit a response to DDAVP 

that is equivalent to that of normal individuals.64 

There are no published randomized studies of the effect of intravenous DDAVP in the 

treatment of menorrhagia. Published observational studies have shown that this agent is 

very effective to treat menorrhagia in women with underlying bleeding disorders, 

including vWD, and as a result, it has now become the accepted front-line targeted 

therapy for this indication.65'66'67 Intranasal DDAVP has been used successfully to treat 

13 



menorrhagia in women diagnosed with mild or moderate type I vWD.68'69 In one study, 

intranasal DDAVP decreased the mean (+/- SD) number of days of menstrual bleeding 

from 11 (+/- 9) to 6 (+/- 2) days in women with inherited bleeding disorders.68 In another 

study, 92%) of the female subjects with bleeding disorders and menorrhagia reported good 

to excellent responses using this treatment, which shortened and/or lightened 88% of 

their menstrual cycles.69 In another recently published randomized double-blind clinical 

crossover trial, intranasal DDAVP failed to show any significant positive effect on the 

menstrual blood loss in women with mild types of vWD as determined by the PBAC.70 

The mean difference in PBAC scores between the DDAVP and the control group was 8 

(95%) CI-15.5-31.6). However, the possibility that blood levels of FVIILC and vWF:Ag 

attained after delivery of the drug were subtherapeutic (since these were not measured), 

and the low power of this study due to the small sample size, limit any definitive 

conclusions on the effectiveness of intranasal DDAVP on menorrhagia. 

Adverse effects have been reported in 29% to 68% of patients treated with DDAVP.70'71 

The most common side effects are mild, such as facial flushing, dizziness, headache, 

rhinitis (runny nose) and conjunctivitis (watery eyes). In more serious cases, chest 

tightness, severe headache, abdominal cramping and vomiting have been reported.68'69'71 

Seizures,72 related to a significant decrease in the level of sodium induced by DDAVP, as 

well as isolated cases of myocardial infarction,73'74 mostly in older individuals with 

established coronary disease, have also been reported. Another drawback of DDAVP 

therapy, especially if it is used on a regular monthly basis, is that it is expensive and, in 

its intravenous formulation, must be administered in the hospital. 

The limited applicability and efficacy of certain of these therapeutic alternatives, in 

addition to their various contraindications, adverse side effects and high cost justify the 

search for new approaches to treat menorrhagia in vWD. 

14 



viil Stress as a modulator of von Willebrand Factor Antigen 

The limitations in the therapeutic alternatives discussed above have created an incentive 

to discover alternative, less toxic and expensive, mechanisms/interventions to DDAVP 

that can induce similar changes in vWF:Ag and improve hemostasis. Physiologic stress, 

either mental or physical, is an important but less commonly recognized modulator of 

vWF:Ag levels and is amenable to manipulation for this purpose. Published studies 

demonstrate that physical75'76 and mental77'78 stress can induce several changes in the 

coagulation system, most notably an increase in the level of circulating vWF:Ag and 

FVIILC. The main explanation for this phenomenon is the release of these proteins from 

storage sites in vascular endothelial cells (cells that line blood vessels),75 although there is 

also additional activation of inactive FVIII that is already present in the blood 

circulation.7 '80 Although the precise mediators of this release have not been identified, 

the effect of an acute rise in adrenaline and noradrenaline related to either physical or 

mental stress is highly plausible.81 

The endogenous release of catecholamines, namely adrenaline and noradrenaline, 

mediate the sympathetically driven human "alarm reaction" (palpitations, tremor, 

sweating) in response to psychological stress.82 Significant increases in noradrenaline and 

adrenaline have also been shown to occur in response to an intense cycling exercise and 

correlate strongly with other measures of exercise intensity, namely lactate and measures 

of maximum oxygen uptake.83 Further, several studies in humans have shown that the 

direct intravenous infusion of adrenaline induces a 2-fold or greater increase in the level 

of circulating vWF:Ag77,84 and FviILC77'84'85'86'87, as well as a shortening of the BT 

(bleeding time)86 and aPTT (coagulation time)86,88 in both normal subjects78'84'85'86'87'88 

and patients with non-severe types of vWD ' ' and hemophilia. ' In these studies, 

responses were immediate, peaked at 1 hour and fell to baseline levels after 6 hours (the 

reported half-life of this effect ranges anywhere from 0.8-3.4 hours). These coagulation 

changes were prevented when these same individuals were treated with an anti-

adrenergic agent (adrenaline receptor blocking agent) prior to the infusion of 

adrenaline.85 Other studies have shown that vWF:Ag also increased in the culture milieu 
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of endothelial cells following an adrenaline infusion.81'91'92 Further, it has been shown 

that blocking receptor sites for adrenaline and other catecholamines could abolish 

alterations in blood coagulation induced by physical exercise.93'94 Seeing as adrenaline is 

known to increase significantly in situations of sympathomimetic discharge, in situations 

of high stress, either physical or mental, adrenaline release most likely mediates (at least 

in part) the changes in VWF:Ag and FVIILC in response to stress. 

In a study by Jern et al, 10 males between the ages of 22 to 30 (mean 25) were assigned 

to 3 different stress tests, a mental stress challenge, an intense physical exercise and an 

intravenous adrenaline infusion, on different days and in random order.77 Mental stress 

caused a 29.5% and 73.5% relative increase in vWF:Ag and FVIILC from baseline, 

respectively. Comparable changes were observed among the men when they were infused 

with adrenaline. Physical exercise at maximum capacity caused a 133% and 69% relative 

increase in vWF:Ag and FVIILC from baseline, respectively. The absolute change in 

vWF:Ag and FVIILC caused by mental stress relative to that caused by physical exercise 

was 31%o and 38%, respectively. 

Changes in circulating levels of vWF:Ag77'79'84'95'96'97'98'99'100'101'102'103 and 

FVIILC,77'79'84'86'95'96'97'98'100'101'102'103'1^ comparable to those seen 

after the administration of DDAVP, occur after strenuous physical exercise and range 

anywhere from 20% to 300%. Changes in FVIILC are accompanied by a shortening of 

the aPTT in most studies where it was measured.86'95'97'98'100'103'104'105'106'107'111 There is 

also evidence of platelet activation79'96'113 (a main component of the initial blood clot) and 

increased thrombin formation (a main component of the definitive blood 

clot)108'114'115'116'117 after vigorous exercise. The traditional bleeding time, a global 

functional measurement of vWF:Ag and platelet activity, was only measured in one 

study, in which it decreased significantly from baseline in 4 male and 2 female adult 

volunteers after both a 3 minute and a 2 hour vigorous exercise. 

The effect of exercise on the coagulation system among the various published studies is 

inconsistent. The discrepancies may be due in part to the use of different exercise 
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protocols, study populations and sample sizes in various studies. Earlier studies examined 

the impact of a short duration high intensity exercise on various coagulation parameters. 

In one study by Prentice et al, 2 untrained males had a 200% increase in both FVIILC 

and vWF:Ag after running a Vi of a mile as fast as possible.84 Rizza's study showed that 

there was a considerable variation in response among individuals doing a similar 

exercise.112 The post-exercise FVIILC change ranged from 139% to 333% among 15 

untrained healthy subjects (4 women) who ran 3/4 of a mile as fast as possible (average 

increase in FVIILC of 219%) from baseline). Increases of 180%) to 300% and 143% to 

200%o were observed among 2 different individuals who repeated the same exercise on 

different days. When 5 of the individuals walked for 3 or 6 miles at a pace of 5 miles per 

hour, no change in FVIILC was observed. Similar findings have been shown for more 

physically fit subjects. Changes of 187% and 115% in FVIILC and vWF:Ag, 

respectively, were seen among 10 runners (5 female) between the ages of 21 and 56, after 

running 3A of a mile as fast as possible.102 When 3 of these individuals jogged in place for 

30 minutes, comparatively lower increases of 35% and 32% in FVIILC and vWF:Ag 

occurred. Mean increases of 100% and 38% in FVIILC and vWF:Ag, respectively, were 

noted in a study by Stibbe on 10 untrained volunteers (4 females) ranging in age from 19 

to 38, after running up and down a staircase at maximum speed for 3 minutes.79 In this 

study, 2 of the 4 women ran for only 2 minutes because they were exhausted. When 5 

healthy untrained men (ages 19-22) performed the same exercise, a mean increase in 

FVIILC of 2 to 3 times over baseline and a concomitant shortening of the aPTT was seen 

despite the fact that none were exhausted after the exercise.110 

Several studies have examined the effect of a graded treadmill or cycle exercise 

performed to exhaustion. vWF:Ag increased by 62% from baseline and was accompanied 

by a statistically significant shortening of the aPTT among 20 men who performed a 

treadmill test to exhaustion. In another study, 20 trained males exercised to exhaustion 

and displayed changes of 0.51 in FVIILC.80 Responses were variable among individuals 

in that study, including 3 individuals who had less than or equal to 10% increments in 

FVIILC. These 3 individuals also had the lowest maximum heart rates in the group. 

Individual differences in the subjective sense of exhaustion and its less than perfect 
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reflection of individual maximum exercise capacity118 are limitations of that study and 

other studies that use this criterion as the endpoint. A similar observation is made by 

Iatridis et al in which 8 out of 59 untrained male subjects had equivocal or no increment 

in FVIILC following an exhaustive exercise, whereas there was a 188%) mean increase 

for the group and a significant shortening of the aPTT.111 The variable response to 

exercise in this study may be related to the fact that exercise times ranged from 6 to 32 

minutes before exhaustion was reached. 

There are several studies that show more directly that exercise intensity, as measured by 

the post-exercise lactate, is an important determinant of the coagulation response to 

exercise. Lactate levels were moderately correlated with thrombin generation (r = 0.62 p 

= 0.001) among 30 individuals after running (n = 10), jogging (n = 10) or cycling (n = 

10).114 Post-exercise lactate levels in these 3 groups were 4.3 +/- 2.3, 1.4 +/- 1.0 and 2.3 

+/- 1.1, respectively, which reflects the great variation in intensity achieved among the 

individuals performing these 3 exercises. A moderate correlation between post-exercise 

lactate and FVIILC (r = 0.65 p < 0.002) was also present in a single group of 19 

untrained males (ages 21-49) after a maximum treadmill exercise. In this same group of 

males, there was a 159% increase in FVIILC from baseline and a 109% increase in 

vWF:Ag from baseline.101 In another study, the aPTT shortened significantly when 10 

untrained males (mean age 23) performed a cycle exercise to their predetermined lactate 

threshold, but no change was observed in the aPTT when they cycled to half of their 

maximum lactate threshold on a different day.119 

In order to better define coagulation responses to different exercise protocols and 

intensities, Andrew et al studied 5 moderately active males between the ages of 25 and 

44, each of whom performed 3 different exercises on separate occasions.100 Direct 

comparisons of the effect of the 3 different exercises performed by the same group of 

individuals helped control for patient-related confounders that may have also influenced 

their response to exercise. Each participant performed a graded exercise to maximum 

intensity, a steady state low intensity exercise and a 30-second maximal exercise on a 

cycle ergometer. Various coagulation and fibrinolysis parameters were measured at 
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baseline and at several time points both during and after each exercise. During the graded 

exercise, at maximum effort, FVIILC and vWF:Ag increased by 200%) and 150%>, 

respectively, from baseline. The mean blood lactate level was significantly higher (10 +/-

1.08) at maximum effort compared to rest and submaximal effort. Similar increments in 

FVIILC and vWF:Ag (200%) and 100%, respectively) were observed among the same 

individuals after doing a 30 second maximum cycle exercise, after which the mean lactate 

level was also elevated (13.2 +/- 1.31). However, when the same subjects performed a 

steady state low intensity exercise, after which lactate levels were barely increased (3.5 

+/- 1.53), the FVIILC and vWF:Ag levels were unchanged from baseline. 

The duration of exercise at maximum intensity may be an important determinant of the 

peak coagulation changes due to exercise as well as the persistence of such changes. 

Changes of 194.5%), 96% and 144%) in vWF:Ag were observed among 7 trained males 

between the ages of 24 and 45 who ran short (1.7 km), medium (4.8 km) and long 

distances (10.5 km), respectively.99 The vWF:Ag increments were significantly higher in 

the short and long distance runs than in the medium distance run. These changes persisted 

for up to 10 hours. Other studies have shown that increased levels of FVIILC persist 

anywhere from 6 to 8 hours after strenuous but short duration exercise (mean peak level 

of 200-300%))n0 and for as long as 24 hours after a marathon run (mean peak levels of 

250-300%>)96 or triathlon race (mean peak level of 275%>)98. These studies suggest that the 

peak coagulation changes and the persistence of such changes induced by exercise are 

also related to the duration of the exercise at maximum capacity. 

Maximum exercise intensity for a given individual is measured by age-adjusted 

maximum heart rate, maximum oxygen consumption (VO2 max), threshold respiratory 

oxygen/carbon monoxide ratio (RER > 1.0), or various combinations of these markers, in 

addition to exhaustion. When standardized intensities are used, more uniform coagulation 

responses occur with exercise. In one study by Lin et al, 11 male volunteers were 

subjected to a standardized exercise on a cycle ergometer until at least 2 criteria of those 

listed above were met.104 The mean baseline level of the group was 108.6 (+/- 6.7) for 

FVIILC, as compared to 274.1 (+/- 32.3) after exercise. The elevated levels of FVIILC 
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remained statistically elevated for up to 6 hours after the exercise. The mean aPTT 

shortened from 27.6 (+/- 0.7) at baseline to 22.3 (+/- 0.5) immediately after exercise, 

although this shortening was no longer significant 2 hours after exercise. 

Standardized protocols have also enabled a better understanding of the importance of 

exercise intensity on the relative balance between coagulation (clot formation) and 

fibrinolysis (clot dissolution) during exercise. Among 29 sedentary men, significant 

changes in FVIILC were not observed until exercise was maximal; FVIILC was 153 (+/-

10) at 100%) VO2 max, as compared to 85 (+/- 4) at rest.107 Peak changes occurred in the 

early post-exercise period and were still significant after 25 minutes of rest (211 +/- 27). 

Significant shortening of the aPTT also occurred at maximal exercise and persisted into 

the recovery period. In contrast, fibrinolytic activity peaked at maximum heart rate and 

underwent a rapid decline after exercise. A similar pattern was noted among 10 healthy 

male volunteers who exercised to exhaustion on a cycle ergometer; their mean (+/- SE) 

FVIILC measured at baseline was 107 (+/- 13), as compared to 269 (+/- 9) immediately 

after exercise (a 151%> increase from baseline).109 In this group, changes in FVIILC 

occurred between 95%>-100%> of maximum heart rate, whereas significant changes in 

fibrinolysis were already present at 80%> of maximum heart rate. It is evident from these 

studies that the achievement of maximal effort during exercise is essential in order to 

maximize coagulation changes during exercise and to isolate its effect from that of 

fibrinolysis in the post-exercise recovery period. 

A single individual in the latter study had no change in his FVIILC level despite having 

achieved maximum exercise as determined by objective criteria.109 His maximum oxygen 

uptake (VO2 max), physical activity and mental anguish at baseline were comparable to 

the rest of the group, as was his plasma volume loss from sweating during exercise. This 

observation suggests that there are other unknown modulators of the response to exercise, 

aside from intensity. 

There are several studies that have examined the effect of physical conditioning on the 

response to acute exercise, although these yield conflicting results. Fergusson et al 
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showed that there was no difference in FVIILC and aPTT among sedentary individuals, 

joggers and marathon runners, when they exercised to their maximum potential.120 These 

results are corroborated by a study by El-Sayed et al in which 25 moderately active but 

untrained individuals were randomized to a physical conditioning program or to a control 

group. Approximately XA of the subjects in each group were female and mean ages 

were 33.4 (+/- 5.4) and 32.1 (+/- 6.4), respectively. Randomization was stratified 

according to age and baseline cardiorespiratory status. Both groups were subjected to a 

standardized cycle ergometer test to VO2 max or exhaustion. VO2 max increased 

significantly after conditioning in the experimental group, as compared to baseline. 

Comparable elevations in lactate occurred with exercise in both groups. Post-exercise 

levels of FVIILC were 230 (+/- 100) and 250 (+/- 100) in the control and experimental 

groups, respectively, as compared to a baseline of 100 (+/- 20) in both groups before 

conditioning. The results after conditioning were not significantly different. Furthermore, 

the mean aPTT decreased from baseline and was not significantly different in each of the 

2 groups. 

These findings, however, have recently been challenged by the work of van den Berg et 

al, who showed that a higher FVIILC and a lower aPTT were achieved in endurance 

trained individuals, as compared to sedentary individuals, following an exercise 

performed to maximum effort.105 Another study published in the same year showed that 

untrained controls had significantly higher post-exercise increments in FVIILC and 
191 

greater shortening of the aPTT than conditioned individuals. The precise effect of an 

individual's baseline physical condition on his/her coagulation response to maximal 

exercise remains to be determined. 

Baseline vWF:Ag and FVIILC increase with advancing age. However, a study conducted 

by van den Burg et al showed that age did not affect the coagulation response to exercise 

performed at maximum effort.97 In this study, the increase in FVIILC and the shortening 

of the aPTT after a standardized cycle ergometer test, to REQ > 1.15 or age predicted 

maximum heart rate, was comparable among sedentary males (total n = 38) in 3 different 

age categories (20 to 30, 35 to 45, and 50 to 60). The authors demonstrated that changes 
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observed with exercise were merely superimposed on baseline levels, which suggests that 

the vascular endothelium response to physiological stress was not altered by age in the 

ranges that they considered, despite considerable age-related decreases in work capacity 

and maximum heart rate. In a more recent study, van den Burg et al suggest that there is a 

differential effect of physical conditioning across ages in response to acute exercise; 

younger individuals display a higher FVIILC and a shorter aPTT after physical 

conditioning in reference to baseline, as compared to older individuals, when allowed to 

exercise to their maximum potential.95 

The effect of baseline levels of vWF:Ag and FVIILC on the post-exercise increments has 

not been evaluated in healthy individuals. However, the effect of intense exercise on 

FVIILC, vWF:Ag, aPTT and BT in individuals with vWD and hemophilia (genetic 

diseases that lead to a decreased production of blood levels of vWF:Ag and FVIILC, 

respectively) has only been looked at in two studies. The first study by Edgeberg showed 

a normalization of FVIILC, bleeding time and aPTT in 2 women with mild vWD who 

had a prolonged bleeding time and aPTT at baseline, and 50%> of normal vWF:Ag levels 

after running VA of a mile as fast as possible.110 In contrast, 2 individuals with severe vWD 

had no response to the same exercise. In the second study by Stibbe, an individual with 

mild vWD who ran up and down a staircase for 2 minutes normalized her bleeding time 

and FVIILC.79 A mean change of 250% in FVIILC, comparable to that seen in the 

healthy individuals in the same study, took place in 2 mild hemophiliacs (deficient in 

FVIILC) after running 3A of a mile as fast as possible. However, the effect of a 

standardized exercise on individuals with either vWD or hemophilia has not been 

published. 

ix. Sweat as a Marker of Exercise Intensity 

Sweating related to intense physical exertion is also sympathetically driven and is likely 

related to the surge of adrenaline and noradrenaline (catecholamines) that occurs during 

intense exercise.122'123 Sweating patterns in response to intense physical activity show that 

sweating thresholds vary according to body site. In males, the forehead and the lower 
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back consistently produce the highest volume of sweat and have the highest sweating rate 

in response to exercise.124 The threshold for sweating on the forehead and chest remains 

constant whereas the threshold for sweating on the forearm increases with increasing 

exercise workloads.125'126 As such, sweating rates measured on the forearm most 

accurately reflect the vigor of the exercise. 

Age itself is not known to affect the degree of sweating responses to exercise, but the 

decline in sweat production observed with aging is more closely related to the 

concomitant decrease in VO2 max (maximum oxygen consumption).127 While sweating 

does not differ substantially between fit and non-fit individuals, the delay to the onset of 

sweating is shorter in trained individuals.128 

There is no standard method to measure the amount of sweat produced during exercise. 

Sweat is comprised of salt (sodium chloride) and water. A filter paper patch test initially 

developed as a screening tool for cystic fibrosis can be used to collect the salt produced in 

sweat. ' ' These patches can also be useful in measuring the amount of salt produced 

in sweat during exercise. Further, because salt becomes permanently trapped in these 

patches, this measure remains accurate even if the analysis of the patches is delayed for 

an extended period of time. A modified version of this patch was developed to collect 

sweat produced during exercise for the purpose of the present study. 

x. Limitations of the Existing Literature 

There is little doubt that exercise can bring about changes in vWF:Ag and FVIILC under 

a variety of conditions. However, there are several shortcomings in the published 

literature in this regard. First, most of the studies that have addressed this phenomenon 

are based on small sample sizes. Although no confidence intervals for the means are 

provided in any of the studies, these would likely reflect imprecise estimates due to the 

small sample sizes involved. Second, multiple outcomes in addition to vWF:Ag and 

FVIILC were measured in most studies, which may have resulted in statistically 

significant findings by chance due to a high Type I error.132 Third, although the effect of 
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exercise on the shortening of the aPTT (a reflection of the increases in FVIILC) has been 

examined in numerous studies, there has been virtually no measure of the effect of 

exercise on the bleeding time (a reflection of the level of vWF:Ag), which is consistently 

abnormal in individuals with vWD. This shortcoming may be related at least in part to the 

fact that the PFA-100® instrument, which reliably measures the in vitro bleeding time 

was not routinely available when these studies were conducted. Fourth, the results of 

these studies, carried out predominantly on male volunteers, may not be completely 

generalizable to women. The effect of exercise on coagulation has not been studied 

exclusively in women and the various studies in which women are included (most often 

comprising a minority)79'102'106'112 did not have sufficient power to assess gender 

differences. Fifth, although the most impressive changes in FVIILC and vWF:Ag were 

seen in trained athletes after long distance marathons,96'98'99 this type of exercise 

intervention has limited applicability to untrained individuals. Sixth, neither exercising to 

exhaustion, the expensive equipment used to determine VO2 max, nor the sequential 

blood tests used to measure lactate during exercise in most studies, is practical for routine 

use or use in large-scale studies. Finally, the effect of exercise has been studied in only 3 

women with vWD.79'110 Our interest was to study the effect of exercise on vWF:Ag, 

FVIILC, CT and aPTT in healthy women, using a standardized exercise protocol that 

could be done at home and easily integrated into one's daily activities, as a potential 

therapeutic modality to treat menorrhagia in vWD. 
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STUDY HYPOTHESIS: 

Both exercise and DDAVP can induce significant increases in circulating vWF:Ag and 

FVIILC. The therapeutic efficacy of DDAVP in treating menorrhagia in women with 

vWD has been clearly established. However, the possible beneficial effect of exercise on 

menorrhagia in women with vWD has not yet been addressed in a formal clinical trial. If 

the induced levels of these proteins attained with exercise are sufficient to correct the 

laboratory profile of affected women, then it may be reasonable to hypothesize a positive 

effect on their menstrual bleeding, analogous to the effect of DDAVP therapy. 

Contrary to the usual tendency to remain inactive during heavy menses, we hypothesize 

that short periods of daily vigorous exercise may significantly reduce the amount of 

menstrual blood loss in women with Type I vWD. Our hope is that this simple and 

physiological intervention could be considered as a viable alternative to pharmacological 

therapy to treat menorrhagia in highly motivated women affected by this disorder. 
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STUDY OBJECTIVES: 

Parti 

The main objective of Part I of this study was to assess the impact of a high intensity 

graded stepping exercise on the level of circulating vWF:Ag, FVIILC and their respective 

functional measures, namely, the CT (closure time) and the aPTT (coagulation time). A 

secondary objective of this study was to evaluate the utility of a filter paper patch to 

collect sweat during exercise as an index/indicator of compliance with exercise; to assess 

the relation between the amount of salt (referred to herein after as sodium) collected in 

the sweat patch during exercise and the change in vWF:Ag; and to assess a similar 

relation for several other blood markers of exercise intensity. 

Part II 

The main objective of Part II of this study was to assess the feasibility of a 4-period 

crossover trial in order to evaluate the effectiveness of an intensive home exercise 

protocol on the quantity of menstrual blood loss (using a pictorial blood assessment chart 

(PBAC)) in adult women with established Type I vWD and menorrhagia. 
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PHASE I 

METHODS: 

Study Design 

A one-group pre-test-post-test design, without a control group, was used to study the 

research hypothesis. Laboratory measurements of several coagulation parameters were 

taken before and after an exercise intervention on a single experimental group consisting 

of healthy female volunteers. 

Study Population 

The target population consisted of healthy pre-menopausal adult women (between the 

ages of 18-40 years old). 

Subject Recruitment 

A convenience sample of healthy pre-menopausal females comprised the experimental 

group. Volunteers were recruited from Sainte-Justine Hospital. Publicity for this study 

was made by word of mouth and from announcements posted in the hospital. A monetary 

honorarium was offered to participants. 

Subject Eligibility 

Pre-menopausal women between the ages of 18 to 40 were eligible for the study. 

All volunteers answered a medical questionnaire and underwent a physical examination 

in order to assess their eligibility for the study. The exclusion criteria were: 

• irregular menstrual cycles (absence of regular monthly menstrual periods) 

• a personal or family history of bleeding or a known bleeding disorder 

28 



established coronary artery disease (CAD) or risk factors for CAD including a family 

history of premature CAD 

a history of exertional syncope (loss of consciousness with heavy exertion) 

a history of impaired balance 

a significant motor disability 

asthma or other pulmonary conditions 

significant anemia 

pregnancy (known or a positive urine pregnancy test) 

an uncontrolled thyroid disorder (known or an abnormal TSH result) 

chronic steroid use or sympathomimetic drugs (drugs that stimulate the 

cardiovascular system) 

difficult venous access 

women who did not feel that they could complete the described exercise protocol for 

any reason 

Eligible candidates signed a written consent form. 

Study Protocol 

All participants selected for this study were required to attend a private exercise session, 

scheduled at 8:00 a.m. in a designated room with the temperature set at 22° C. All 

participants were asked to refrain from smoking, from ingesting caffeine and foods that 

are high in fat content, and from intense physical activity for 24 hours prior to their 

designated exercise session. 

Each exercise session began with a 30-minute rest period. A filter paper patch was 

applied to an alcohol cleansed area of both the forearm and forehead of each participant 

at the start of the rest period and were removed after 30 minutes had elapsed (control 

patches, Time 0). Baseline blood samples were drawn immediately after the rest period 

(Time 0). The exercise protocol was then reviewed with each participant, after which two 

new filter paper patches were applied. After a 5-minute stretch period, each participant 
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was required to perform a step exercise, at a rate of 32 steps per minute. A music cassette 

specially designed for step exercise (The Beat®, 1995) guided this pace. The exercise 

session was carried out under medical supervision. Each participant wore a cardiac 

monitor (Polar Beat®; Polar Electro, 1995) with a continuous heart rate display. 

Participants were coached to achieve their maximum heart rate during exercise and were 

advised to decelerate if and when they exceeded their maximum heart rate. After 

completion of the exercise session, a second set of blood samples was drawn (Time 1). 

During a 30-minute rest period that ensued, both patches were removed and replaced with 

new ones and as often as necessary, until the patches no longer became wet with sweat 

(Time 1). A final set of blood samples was drawn after the second 30-minute rest period 

had ended (Time 2). 

Exercise end-points 

Each participant was instructed to exercise until either (i) the patch on the inner surface 

of the forearm became wet, or (ii) the participant became physically exhausted and was 

unable to continue exercising. 

Blood sampling and sodium measurements 

The tests that were done on the blood samples included blood type, hemoglobin, 

hematocrit, platelet count, aPTT, vWF:Ag, FVIILC, CT with each of epinephrine and 

ADP (adenosine triphosphate), epinephrine, norepinephrine and lactate. All blood 

samples were drawn with the help of a technical assistant and were drawn from the 

antecubital vein (central arm vein) with minimum stasis (tourniquet removed 

immediately once needle inserted) using a 22" gage needle short tube butterfly catheter. 

Samples were drawn using a two-syringe technique so as to ensure that there was no 

spurious local FVIILC production at the venipuncture site. With the exception of blood 

type, which was drawn only once at baseline, all other blood tests were done at baseline 

(Time 0), immediately after completion of the exercise (Time 1) and 30 minutes after 

completion the exercise (Time 2). The sodium was measured by extracting it from the 
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filter paper patches placed on the participant's forearm during and after the exercise 

session. A detailed description of specimen processing and analytical instruments and 

methods is provided in Table 1. 

Data Collection, Processing and Verification 

Paper data collection sheets were used during the initial candidate interviews. Age, 

menstrual phase, contraceptive use, smoking status and fitness level were determined for 

each candidate at the time of the initial interview. This information was then transferred 

manually into a SAS compatible database. All entries were verified in duplicate for 

accuracy. All laboratory test results were initially stored in our hospital-based computer 

system and then retrieved after the completion of the study and entered into the SAS 

compatible database. Verifications for illegitimate codes and illogical entries were made 

on the final database. 

Study Variables 

The change in vWF:Ag due to exercise was used as the main dependent variable in the 

regression analysis, although both FVIILC and vWF:Ag were measured before and after 

exercise. Using FVIILC change as the dependent variable in a separate regression 

analysis was felt to provide redundant information, since these two factors are closely 

related physiologically, are known to change in parallel with exercise and, in this study, 

were highly correlated both at baseline (r = 0.68 p < 0.01) and at both time points after 

exercise (r = 0.81 p < 0.01 and r = 0.85 p < 0.01 for Time 1 and 2, respectively). Further, 

factors that determine blood levels of vWF:Ag are better established in the literature than 

those that determine blood levels of FVIILC. The post-exercise level at Time 2 was used 

to calculate the change in vWF:Ag from baseline in all regression models. Measuring the 

change from baseline to Time 2, as opposed to the change from baseline to Time 1, more 

accurately reflects newly released vWF:Ag from its storage sites due to exercise since the 

additional concentration effect induced by sweating during exercise, which would be 

apparent immediately after exercise, is no longer present 30 minutes after the exercise. 
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The main exercise marker variables (or independent variables) tested in turn, in separate 

regression models, included the following: sodium change, adrenaline change, 

noradrenaline change and lactate change. The changes in adrenaline, noradrenaline and 

lactate from baseline (Time 0) to immediately after exercise (Time 1) were used in the 

regression analysis. The change in sodium in the forearm patch rather than that in the 

forehead patch was used in the regression model since it became wet much closer to the 

time of maximal heart rate for all participants studied. The change in sodium was 

calculated by subtracting the baseline sodium level in the control patches from the total 

sodium content of all the patches worn during and after the exercise session. 

Fitness level and age were evaluated as covariates in regression. Fitness level was 

determined according to the score calculated from a fitness questionnaire administered by 

the investigator at the time of the initial interview. A copy of the fitness questionnaire is 

attached as Appendix A. Age was determined at the initial interview. 

The definitions and coding of all study variables are provided in Tables 2 through 5. 

STATISTICAL ANALYSIS: 

All analyses were carried out on the data set generated during the study using SAS 

version 8 statistical software package. 

Our data set included observations made on 40 individuals. There were no missing values 

for vWF:Ag. We identified 2 individuals who had missing values for both adrenaline and 

noradrenaline at all 3 time points, and an additional 9 values of various variables that 

were missing among the remaining individuals. Given the limited sample size and the 

fact that we had no a priori reason to suspect that the values for these 2 individuals 

differed systematically from those that were present in the data set (since the tubes for 

these individuals were known to be lost), the missing values for these 2 individuals, as 

well as for all other isolated missing observations, were replaced by the median values of 
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the group of the respective variable and were included in the analysis. In order to ensure 

the absence of bias by using this approach, all final models were run both with and 

without observations with missing values. Since the results were not affected by the 

removal of observations with missing values, these observations were kept in the final 

models. There were no outliers or illogical entries detected on the initial inspection of the 

data set. 

First, descriptive statistics for all 4 exercise marker variables, namely, sodium change, 

lactate change, noradrenaline change and adrenaline change (independent variables), and 

for vWF:Ag change (dependent variable), hemoglobin, hematocrit and platelet count 

were calculated. A paired-Student's t-test was then carried out for vWF:Ag, FVIILC, 

aPTT, CT ADP and CT epinephrine. Separate paired analyses were carried out for Time 

0 and Time 1, and for Time 0 and Time 2. A two-sided alpha level of 0.05 was chosen to 

indicate significance. Linear regression was then used to assess whether any of the 4 

exercise markers measured in this study could be useful in predicting the change in 

vWF:Ag levels due to exercise. 

The change in vWF:Ag was used as the dependent variable in regression. While, several 

authors advocate the use of the post-intervention value as the dependent variable in 

regression modeling (while adjusting for baseline levels), due to its greater statistical 

efficiency than modeling change scores,133 we felt that predicting the absolute level of 

vWF:Ag achieved after exercise in women who start out from normal baseline values has 

little clinical applicability. A more clinically relevant outcome is the degree to which 

these individuals change from their respective baseline values, since predictors of this 

change may also be relevant to women with vWD who have subnormal levels at baseline. 

Since these are two fundamentally related approaches, the choice of method is unlikely to 

influence to a large degree the findings with respect to the exercise marker of interest. 

Further, statistical efficiency has been reported to be similar between both approaches 

when the correlation between the pre-intervention and the post-intervention value is 

greater then 0.6.134 To verify this assumption, a regression model was run in duplicate 
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using vWF:Ag measured after exercise while adjusting for baseline levels, and the 

regression parameters of the exercise marker variables did not change meaningfully. 

The choice of using Time 2 to define the change in vWF:Ag outcome variable rather than 

Time 1 was expected to have little effect on the results, since the vWF:Ag levels at the 2 

time points after exercise were highly correlated (r = 0.99 p < 0.01). Carrying out the 

regression analysis using the change in vWF:Ag from baseline (Time 0) to immediately 

after exercise (Time 1) instead of 30 minutes after exercise (Time 2) had a negligible 

impact on the results. 

A univariate analysis was carried out using sodium change, lactate change, noradrenaline 

change and adrenaline change as the main independent variables in 4 separate models, 

each with vWF:Ag change as the outcome. The p-values of the regression coefficients 

were used to determine the significance of the relationship between each independent 

variable and the outcome using an alpha level of 0.05 to indicate significance. Ninety-

five percent confidence intervals (95% CI) were also estimated for all regression 

coefficients in the univariate analysis. The residual plot of each of these variables was 

examined and showed no major violation of any of the regression assumptions. 

Four different multivariate models were then considered, each using 1 of the 4 markers of 

exercise intensity as the main independent variable. These variables are: sodium change, 

lactate change, noradrenaline change and adrenaline change, respectively. In order to 

evaluate the usefulness of each of these exercise markers as a predictor of the exercise-

related change in vWF:Ag, each was studied in a separate model. Since the causal nature 

of the relationship between the extent of change in the exercise marker and the change in 

vWF:Ag due to exercise was not the main goal of the regression analysis, it was not 

considered important to adjust these exercise variables for one another in any given 

model. Our goal was to identify which of the 4 exercise markers was the best predictor of 

the change in vWF:Ag resulting from exercise, based on statistical inference and clinical 

utility. Age (continuous) and fitness level (dichotomous) were then evaluated as 

covariates in each of the 4 multivariate models. 
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Potential effect modifiers were tested by adding plausible interaction terms, one at a time, 

to the base model, which already included the main independent variable of interest 

(exercise marker variable), as well as age, fitness level and baseline vWF:Ag (only in the 

case of testing effect modification by baseline vWF:Ag). First order interactions with the 

main exercise marker variable and each of age, fitness level and baseline vWF: Ag were 

studied in their respective models. Interaction terms were created by multiplying the main 

independent variable by each covariate of interest. The significance of the interaction 

between continuous variables was tested by comparing the significance of the F-statistic 

derived from the model with the interaction term to that derived from the model without 

the interaction term, using the appropriate numbers of degrees of freedom (multiple 

partial F-test). A significance level of 0.05 was used to determine whether the interaction 

terms should be kept in the multivariate model. There were no significant interaction 

terms found and, as such, no interaction term was retained in any of the 4 models. 

The presence of confounding by age and fitness level was assessed through the change in 

estimate method. The regression coefficient for the main exercise marker variable in 

each multivariate linear regression model (MLR) that included fitness level and age as 

covariates was compared to the regression coefficient for that same variable in an MLR 

model with each covariate removed in turn. Covariates that changed the regression 

coefficient of the exercise marker variable by 10%> or more were deemed to be 

confounders of the association between exercise and vWF:Ag change in this study and 

were included in the final multivariate models on that basis. Age was not found to be a 

significant confounder of the relationship between the change in any of the exercise 

markers and the change in vWF:Ag due to exercise. Fitness level was found to be a 

significant confounder of the relationship between the change in each of lactate, 

noradrenaline and adrenaline, and the change in vWF:Ag in their respective models. 

Neither age nor fitness level confounded the relationship between the change in forearm 

sodium and the change in vWF:Ag. Since fitness level was felt to be an important 

confounder of the relationship between exercise intensity and the change in vWF:Ag a 

priori, it was also retained in the change in forearm sodium model despite the absence of 

35 



demonstrated confounding in this study. Age was not included in any of the final models, 

seeing as it was neither an important effect modifier nor a confounder of the relationship 

between exercise and vWF:Ag change. 

The final models included each of the exercise marker variables of interest and fitness 

level. The overall F-test and the adjusted R2 value are reported for each of the final 

multivariate models. The regression coefficients, standard errors, p-values and 95% CI 

for each exercise marker variable (main independent variable) are reported in their 

respective models. Standardized regression coefficients were calculated for all 4 exercise 

markers in their respective models in order to allow for a meaningful comparison of their 

relative utility in predicting the change in vWF:Ag (taking into account differences in 

measurement units and measurement error) when adjusted for fitness level. This 

standardized coefficient was calculated by multiplying the regression parameter of the 

independent variable of interest by the standard deviation of that variable in the data set 

and then dividing that number by the standard deviation of the vWF:Ag change 

dependent variable.136 

Collinearity diagnostics were run on all of the final models by examining variance 

inflation and Eigen values. There was no evidence of collinearity. Potential outliers and 

influential observations were identified by observing the distribution of each variable and 

by using r Studentized and Jacknife residuals, Cook's distance and DF Betas for each 

observation. The few outliers that were identified were investigated by reviewing the 

original data for the individuals in question. Because these outliers were not found to be 

related to illogical and or erroneous data entries, but rather to true extreme values (since 

they corresponded closely to the extreme values obtained in these same individuals for 

FVIILC measures), the outlying data was kept in the final models without modification. 

In any event, analyses were run both with and without these outliers and did not 

materially change the overall significance of the model or the estimated regression 

coefficients in the respective models. Further, visual analysis of the residual plots for 

each of the 4 models showed that the major assumptions of linear regression were not 

severely violated. 
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SAMPLE SIZE DETERMINATION: 

A priori, an increase of at least 10%> in either vWF:Ag or FVIILC, either relative or 

absolute, was considered to represent a clinically meaningful response to exercise. 

Postulating a two-sided alpha error of 0.05, the study would have 80% power to detect a 

mean significant increase (defined as a greater than 10%> mean increase from baseline) in 

levels of vWF:Ag and FVIILC using approximately 40 subjects.137 The within-subject 

standard deviation of vWF:Ag and FVIILC on consecutive determinations is 

approximately 10%> to 15%> in our laboratory; as such, 15%> was used as a more 

conservative estimate. A mean difference of 10%> was considered to be clinically 

meaningful and of sufficient magnitude to correct the aberrant laboratory profile of many 

women affected with Type I von Willebrand disease. It was not considered pertinent to 

adjust the sample size of this study for noncompliance, since all sessions were supervised 

until completion. 

RESULTS: 

Study Accrual 

Forty subjects were recruited over a 3-month period. All selected participants presented 

for their exercise session on the assigned date. 

Exercise end-points 

The utility of the filter paper patch on each site (forearm and forehead), as a rough 

indicator of exercise compliance, was assessed among women who successfully 

completed the standardized exercise protocol. Of the two sites studied, the patch on the 

forearm corresponded more closely to the achievement of maximum heart rate and was 

not wet before a minimum of 15 minutes of exercise had elapsed. 
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All participants achieved the exercise endpoints as outlined in the study protocol; all but 

1 participant stopped when the forearm patch became soaked and the last participant 

stopped due to exhaustion. The mean exercise time was 23 minutes, with a range of 15 to 

29 minutes. Forty-five percent of the participants achieved their maximum heart rate, 

while the remaining 55% of the participants achieved sub-maximal heart rates ranging 

from 90%o to 99%o of their maximum heart rates. 

Exercise Complications 

The exercise protocol was well tolerated by the majority of participants. Two participants 

experienced transient pre-vagal reactions immediately following the exercise protocol 

and a third had weakness accompanied by a sustained sinus tachycardia (rapid heart beat) 

for the first 2 hours after exercise that subsequently resolved. All 3 individuals were in 

the lowest activity level category at baseline. A fourth participant developed a contact 

dermatitis at the site of application of her forehead filter paper patch that resolved 

completely following 3 days of application of topical 1%> hydrocortisone and did not 

recur. 

Descriptive Statistics 

Baseline Characteristics of the Study Group 

Tables 6 and 7 present the baseline clinical characteristics of the study group. All 

participants, except for 1, were Caucasian. The mean age of participants was 25 years old 

and 70%> of the participants were less than 30 years old (not shown). Approximately Vi of 

all the participants were physically fit at baseline, were users of caffeine and the 

contraceptive pill and were of blood type O. Only 10%> of the participants were smokers. 

The distribution across menstrual phases among women participating in this study (luteal 

47.5%o, follicular non-menstruating 37.5%o and follicular menstruating 15%) was 

proportionate to the known relative duration of each of the phases in a normal menstrual 

cycle. 
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Exercise Markers 

As can be seen from Table 8, mean changes (+/- SD) in lactate, adrenaline and 

noradrenaline from baseline (Time 0) to immediately after exercise (Time 1) were 5.57 

(+/- 2.31), 86.23 (+/- 130.92) and 1689 (+/- 1290), respectively. The mean change in 

forearm sodium from baseline (Time 0) compared to immediately after exercise (Time 1) 

was 3.26 (+/- 1.72). The minimum change in sodium incurred by any participant was 0.8 

mmol/1. 

Hemoglobin, Hematocrit and Platelets 

Both the hemoglobin and the hematocrit levels increased by 8%> from baseline (Time 0) 

to immediately after exercise (Time 1). Levels returned to baseline after 30 minutes of 

rest (Time 2). There was a 39%> increase in the platelet count at Time 1 that returned to 

baseline levels at Time 2 (not shown). 

vWF:Ag Change 

As shown in Table 9, the mean change (+/- SD) in vWF:Ag from baseline to Time 1 and 

Time 2, was 0.31 (+/- 0.26) and 0.23 (+/-0.25), respectively. 

Univariate Analysis 

Paired Student t-test 

Table 10 presents the means (+/- SD) and 95% CI of vWF:Ag, FVIILC, aPTT, CT ADP 

(PFA-100®) and CT epi (PFA-100®) before exercise (Time 0), immediately after 

exercise (Time 1) and 30 minutes after the exercise (Time 2). The mean baseline values 

of each of these tests were within normal limits (according to the normal values 

established in our laboratory), thus providing reasonable assurance that individuals with 
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undiagnosed bleeding disorders were not inadvertently included in this study. As can be 

seen from the results in Table 10, there was a 0.31 U/ml absolute mean increase in 

vWF:Ag levels from baseline (Time 0) to immediately after exercise (Time 1) (p < 0.01), 

which corresponds to a mean increase of 37%. Similarly, for FVIILC, a 0.65 U/ml mean 

absolute increase was observed from baseline (Time 0) to immediately after exercise 

(Time 1) (p < 0.01), which corresponds to a 56%> mean increase. These changes persisted 

and were still significant 30 minutes after exercise (Time 2). The corresponding absolute 

mean increase in vWF:Ag measured at 30 minutes after exercise (Time 2) was 0.23 U/ml 

(p < 0.01), representing a mean increase of 27% from baseline. Corresponding values in 

FVIILC measured at 30 minutes after exercise (Time 2) were 0.43 U/ml and 39%>, 

respectively (p = 0.02). Differences in both vWF:Ag and FVIILC were significantly 

higher immediately after exercise (Time 1) than after a 30 minute rest period (Time 2) (p 

< 0.01, p < 0.01, respectively). The mean absolute and relative changes in vWF:Ag and 

FVIILC are depicted in graphic form in Figures 1 and 2. 

Figures 3 and 4 illustrate the frequency distribution of the mean absolute increase in 

vWF:Ag and FVIILC, respectively, immediately following exercise (Time 1), as 

compared to baseline (Time 0). As can be seen in these Figures, 92%> of participants 

achieved a > 10%> absolute increase in vWF:Ag levels immediately after exercise (Time 

1) as compared to baseline (Time 0), and 65% achieved a > 20%> absolute increase. 

Similarly, 91.5% of all participants achieved a > 10%» absolute increase in FVIILC levels 

immediately after exercise (Time 1) as compared to baseline (Time 0), and 92%> achieved 

a > 20% increase. 

Furthermore, exercise was accompanied by a mean shortening of 1.0 second of the aPTT 

from baseline to immediately after exercise (p < 0.01) that persisted but was no longer 

significant at 30 minutes after exercise (p = 0.08). Closure times (CT) decreased 

significantly after exercise with a mean absolute decrease of 12.6 seconds and 24.8 

seconds with ADP and epinephrine, respectively (p = 0.01 and 0.01, respectively). These 

changes persisted and remained statistically significant 30 minutes after the exercise (p = 

0.05 and < 0.01, respectively). 
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Simple Linear Regression 

A univariate analysis was performed using simple linear regression. The unadjusted 

regression coefficients and their accompanying standard errors, p-values and 95%> CI for 

the association between the changes in sodium, lactate, noradrenaline and adrenaline, 

respectively, and the change in vWF:Ag are shown in Table 11. The squared correlation 

coefficients are also reported for each univariate model. 

As can be seen from Table 12, the regression coefficient for a 1 unit change in sodium 

(rounded to 2 decimal places) was 0.05 (95% CI 0.00-0.09). The regression coefficient 

for a 1 unit change in lactate (rounded to 2 decimal places) was 0.03 (95%> CI -0.00-0.06). 

The corresponding changes in vWF:Ag for a 5 unit and a 10 unit change in each of 

sodium and lactate are also shown. The regression coefficient for a 1000 unit change in 

noradrenaline was 0.02 (95% CI -0.04-0.08). A 100 unit change in adrenaline 

corresponded to a mean change in vWF:Ag of 0.02 (95% CI -0.04-0.09) on average. 

Mean changes in forearm sodium of 3.26 and of 5.57 for lactate corresponded to mean 

changes in vWF:Ag of 0.15 and 0.17 from a baseline of 0.83 U/ml, respectively. Mean 

changes in noradrenaline of 1689 and of 86.23 for adrenaline (not shown) corresponded 

to mean changes in vWF:Ag of 0.03 and 0.02, respectively. As shown by the squared 

correlation coefficients for these variables, the change in sodium level alone explained 

10%) of the total variation of the change in vWF:Ag due to exercise (p = 0.04), whereas 

lactate alone explained 8% of the total variation. Individually, noradrenaline and 

adrenaline changes explained 1% and 2%, respectively, of the variation of the change in 

vWF:Ag. These results suggest that the change in forearm sodium alone explains a small 

but significant amount of the change in vWF:Ag due to exercise. The change in lactate 

explains a comparable amount of the change in vWF:Ag due to exercise, although this 

estimate is of only borderline significance given its corresponding 95%) CI that includes 

zero. 
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Modeling vWF:Ag after exercise, while adjusting for baseline levels, resulted in 

regression coefficients of a similar magnitude for each of these variables, albeit with 

slighter wider confidence intervals. Results were essentially unchanged when the level of 

vWF:Ag immediately after exercise (Time 1) was used to calculate the change in the 

dependent variable. 

Multivariate Analysis 

A multivariate analysis was performed using linear regression. All estimates of the effect 

of exercise intensity variables were adjusted for fitness level, which changed the estimate 

of effect of each exercise intensity variable by at least 10%> when added to each of the 4 

separate models containing change in lactate, adrenaline and noradrenaline, respectively. 

Because the baseline fitness level was considered to be an important confounder of the 

relationship between exercise intensity and the change in vWF:Ag due to exercise on 

biological grounds, it was retained as a variable in the sodium change model as well, 

although it was not a confounder based on the change in estimate method. No interaction 

terms were added to the models, since no effect modification was detected between the 

exercise intensity variable of each model and the candidate covariates, namely, baseline 

vWF:Ag, age and fitness level, when tested for this purpose. The regression coefficients, 

standard errors, 95%> CI and p-values for each of the interaction terms tested are shown in 

Table 13. 

The regression coefficients and their accompanying standard errors, p-values and 95%> CI 

for changes in forearm sodium, lactate, noradrenaline and adrenaline, when adjusted for 

fitness levels are shown in Table 14. As shown in Table 15, the regression coefficients 

for a 1 unit change in sodium and a 1 unit change in lactate (rounded to 2 decimal places) 

were 0.05 (95% CI 0.01-0.09) and 0.02 (95% CI -0.01-0.06), respectively. Corresponding 

regression coefficients for a 5-unit and a 10-unit change in each of sodium and lactate 

were 0.26/0.52 and 0.11/0.22, respectively, when adjusted for fitness level. The 

regression coefficient for a 1000 unit change in noradrenaline, when adjusted for fitness 

level, was 0.02 (95% CI -0.04-0.08), and was 0.12 for a 5000 unit change. The regression 
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coefficient for a 100 unit change in adrenaline was 0.05 (95% CI 0.01-0.11) and was 0.24 

for a 500 unit change when adjusted for fitness level. Mean changes in forearm sodium, 

lactate, noradrenaline and adrenaline in this group were associated with an average 

change of 0.17, 0.12, 0.04 and 0.04 U/ml in vWF:Ag, respectively, when adjusted for 

baseline fitness level (not shown). Mean changes of 4.81, 11.36, 10 416.67 and 520.83 in 

forearm sodium, lactate, noradrenaline and adrenaline, respectively, would be sufficient 

to change the vWF:Ag by 1 standard deviation (SD). The squared partial correlation 

coefficients (shown in Table 14) for these 4 variables indicate that they explain 14.64%>, 

4.18%o, 1.80%), and 6.63%>, respectively, of the total variation of the change in vWF:Ag 

due to exercise that is not otherwise explained by fitness level. These results confirm the 

findings in the crude analysis, and again suggest that the change in forearm sodium plays 

a significant role in predicting the change in vWF:Ag due to exercise. The magnitude of 

the sodium effect was similar to that in the crude analysis. The magnitude of the adjusted 

regression coefficients for noradrenaline and adrenaline was higher than in the crude 

analysis, whereas that for lactate was comparatively lower than in the crude analysis. The 

corresponding 95%> CI for these latter parameters are wide and include zero. 

The standardized regression coefficients for changes in sodium, lactate, noradrenaline 

and adrenaline were 0.36, 0.20, 0.13, 0.25, respectively (shown in Table 14). The higher 

magnitude of the standardized coefficient for sodium change as compared to those for the 

other exercise marker variables in their respective models (all adjusted for fitness level), 

suggests that, of the 4 exercise markers, the change in sodium is the strongest predictor of 

the amount of change in vWF:Ag due to exercise. 

The overall significance levels and adjusted squared correlation coefficients for all of the 

4 final models are shown in Table 16. Together, sodium and fitness level (Model 1) 

explain almost 20%> of the total variation of the change in vWF:Ag due to exercise, 

whereas each of the other 3 models explain less than 11%> of the total variation of the 

change in vWF:Ag due to exercise . 
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The regression parameters for each of the four exercise marker variables studied in their 

respective models were essentially unchanged when regression was carried out using the 

level of vWF:Ag measured 30 minutes after exercise (Time 2) as the dependent variable 

(and adjusting for baseline vWF:Ag). Also, the results in each of the 4 models were not 

meaningfully different when the level of vWF:Ag measured immediately after exercise 

(Time 1) was used as the dependent variable, or when it was used to calculate the change 

in vWF:Ag which was then used as the dependent variable. 

DISCUSSION: 

Our results indicate that exercise has a strong effect of exercise on various coagulation 

parameters. We have shown that intense exercise can increase the absolute levels of 

vWF:Ag and FVIILC by an average of 0.30 (37%) and 0.60 U/ml (56%), respectively, in 

healthy females. These responses were sustained even after 30 minutes of rest following 

exercise, although they were less marked at this time. A corresponding significant 

increase in the functional activity of these proteins in coagulation was also shown by 

virtue of the corresponding significant shortening of the CT and the aPTT. 

However, these results were surprisingly lower than we had expected; 50% to 200%> 

increments in both vWF:Ag and FVIILC levels have been reported in most previous 

studies.75'76 It is known that the magnitude of coagulation changes is related to both the 

intensity100'101 and duration96'98'99 of the exercise. Wetting of the forearm patch, which 

was the exercise endpoint used in our study, occurred for all individuals between 19 and 

23 minutes of exercise. For at least 50%> of participants, this endpoint corresponded to a 

submaximal heart rate of 90%> to 100%, which may be one possible explanation for the 

lower changes in vWF:Ag and FVIILC values observed in our study. It is also possible 

that exercising for a longer period of time at maximum heart rate could have increased 

the magnitude of the observed changes. However, we feel that compliance with exercise 

as a therapeutic modality would be seriously compromised if a more exhaustive protocol 
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were to be used. The protocol used in our study was well tolerated and all women 

achieved the prescribed end-points. This protocol, if proven effective to treat 

menorrhagia in women with Type I vWD, could easily be integrated into a woman's 

daily routine. Further, a stepping exercise can be done indoors, obviates the need to 

purchase expensive exercise equipment and is suitable for physically untrained 

individuals. It may also be possible that for reasons that are unclear, men respond 

differently to maximal exercise than do women. Women were included in only 4 small 

exercise studies (n = 10-14) that were insufficiently powered to assess gender 

differences. ' ' ' The effect of intense exercise on menorrhagia in women with Type 

I vWD should be the focus of a future study. 

Notwithstanding the lower than expected magnitude of the change in the level of 

vWF:Ag with exercise, we feel that our findings are clinically pertinent. The changes that 

were observed in this study group could theoretically be beneficial to women with Type I 

vWD in whom baseline levels of vWF:Ag and FVIILC in the range of 0.30 to < 0.50 

U/ml, respectively, are typical. Since the lower normal limit in healthy individuals for 

both of these proteins is 0.50 U/ml16, the 10% to 20% increments in vWF:Ag and 

FVIILC, respectively, attained with exercise by the majority of subjects participating in 

this study should be sufficient to correct the aberrant laboratory coagulation profile in a 

large proportion of women with Type I vWD. Although this study was conducted using a 

sample of healthy women, we feel that these results are generalizable to women with 

Type I vWD who are known to have normal storage pools of both vWF:Ag and 

FVIILC.64 A complete correction of the vWF:Ag level and BT (bleeding time) has been 

reported following vigorous exercise in 3 women with Type I vWD.79'110 Furthermore, 

responses similar to those in healthy individuals have been documented among 

individuals with Type I vWD who are treated with DDAVP48'51'52'62,63 and adrenaline 

infusions,86'89'90 both of which also work by causing a release of these proteins from their 

storage sites. The impact of a corrected coagulation profile on excessive blood loss 

during menstruation remains to be seen and is the main objective of Phase II of this 

study. Additional benefits of routine exercise include decreased menstrual pain138 and 
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decreased risk of coronary heart disease,139 which make regular exercise a particularly 

appealing treatment modality for women with vWD. 

Although the mean increase in vWF:Ag reported in this study was 37%, there was great 

variability in the responses among study participants (ranging from 6%> to 120%). We 

evaluated the extent to which the change in forearm sodium in sweat as well as 3 other 

blood markers of exercise intensity could predict the change in vWF:Ag due to exercise. 

We have shown that, of the 4 exercise marker variables in their respective models, the 

change in forearm sodium with exercise is a significant predictor of the change in 

vWF:Ag from baseline to 30 minutes after exercise. From the regression coefficient for a 

1 unit change in sodium (P = 0.052), it can be predicted that an individual of a given 

fitness level with a baseline vWF:Ag level of 0.83 U/ml (which was the mean in this 

study group) would attain a level of 0.88 U/ml on average after exercise for every 1 

mmol/1 change in forearm sodium. The effect on the change in vWF:Ag, based on the 

range of values observed for the change in forearm sodium in the group, ranges from 0.04 

to 0.44, corresponding to final vWF:Ag levels of 0.87 to 1.27 U/ml. Also, an average 

change in forearm sodium of 4.4 mmol/1, which is sufficient to increase the change in 

vWF:Ag by 1 SD, lies within the range of change in forearm sodium observed in this 

group (0.80-8.40 mmol/1). The reproducible findings for the effect of the change in 

sodium with different dependent variable definitions in regression modeling adds 

credibility to the importance of change in sodium as a predictor of the change in vWF:Ag 

with exercise. Only a larger sample size could lead to a more precise estimate of the 

effect of the change in forearm sodium on the change in vWF:Ag and should be 

addressed in a future study. 

Little can be said about the importance of the other predictors of vWF:Ag in this study, 

namely, lactate, noradrenaline and adrenaline, since their accompanying 95%> CI are wide 

and all include zero. The precision of the estimates observed in this study was low and is 

a reflection of our small sample size. Larger studies would be required to address the 

importance of these prognostic markers as predictors of the change in vWF:Ag. 
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Lactate, a known by-product of muscular exercise, was expected alone to account for, to 

a significant degree, the change in vWF:Ag. In our study, the mean change in lactate was 

5.6 +/- 2.3. This mean lactate level is intermediate between those achieved by 5 male 

subjects in one study, when they performed a graded cycling exercise to maximum 

capacity (10 +/- 1.08) and when they cycled at a steady state low intensity (3.5 +/-

1.53), and was associated with a mean change in vWF:Ag of intermediate magnitude. 

In our study, vWF:Ag and FVIILC levels increased by 150%) and 200%, respectively, 

following high intensity exercise but were unchanged after the low intensity exercise.100 

The change in lactate was not found to be a significant predictor of the change in 

vWF:Ag due to exercise in our study, at a significance level of 0.05. However, the fact 

that the 95%> CI for this regression coefficient lay mostly above zero and its upper 

confidence limit was 0.06 suggests that it may be prove to be a clinically important 

predictor of the change in vWF:Ag with exercise in a larger study. 

Although one possible explanation for the apparent insignificant effect of lactate is its 

imprecise estimate due to our small sample size, there are two other possible 

explanations. One possibility is that while lactate may have a dose-response linear 

relationship to vWF:Ag within a wide range of exercise intensities, it may lose its 

predictive capacity within the narrow range of exercise intensities imposed by our study 

protocol. Another possibility is that the production of lactate during intense exercise has a 

stepwise (or threshold) relationship rather than a linear dose-response relationship to the 

change in vWF:Ag. This latter possibility is supported by a study in which the aPTT was 

shortened significantly when 10 untrained males cycled to their respective lactate 

thresholds, whereas there was no change following exercise at 50%> of their respective 

lactate thresholds.119 If a stepwise relationship was indeed found to exist, then it could 

explain the weak linear relationship between lactate and the change in vWF:Ag that was 

observed in our study. Interestingly, the crude correlation between the change in forearm 

sodium and the change in lactate in our study was not significant. The absence of an 

association between these two variables suggests that perhaps they are not capturing the 

same element of exercise intensity, which may explain why they are differentially 

predictive of the change in vWF:Ag with exercise. 
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There are several reasons as to why we believe that noradrenaline and adrenaline are 

unlikely to prove to be important and/or useful predictors (despite our initial hypothesis) 

of the change in vWF:Ag, even in studies with larger sample sizes. First, their 

corresponding regression coefficients are of low magnitude even when accounting for 

their different units (i.e. expressing adrenaline and noradrenaline in terms of 100 and 

1000 units of change, respectively, rather than 1 unit of change, as in the case of forearm 

sodium and lactate). Second, they explain but a very small portion of the variation of 

vWF:Ag change due to exercise, as demonstrated by the low squared partial correlation 

coefficients of noradrenaline and adrenaline, being 1.80% and 6.63%>, respectively. 

Further, the mean magnitude of change required in either noradrenaline or adrenaline to 

induce a 1 SD change in vWF:Ag falls beyond their respective ranges of change observed 

in this study. Also, their respective standardized regression coefficients, which take into 

account their different units and measurement errors, suggest that these exercise markers 

are comparatively less important predictors of the change in vWF: Ag change than either 

sodium or lactate change. Another drawback to using these substances is that they require 

a blood test, are highly unstable and easily influenced by factors other than physical 

stress; mental stress is one such factor and may explain the elevated levels of 
R9 

noradrenaline at baseline in our study. Although lactate levels, by comparison, are not 

influenced by mental stress, lactate shares the disadvantages with noradrenaline and 

adrenaline of requiring a blood test for measurement and of being highly unstable. 

Among the 4 exercise markers, the fact that the change in sodium levels with exercise, as 

measured in the filter paper patches, was found to be a significant predictor of the change 

in vWF:Ag in our study, is more specific to physical exercise, and is clinically practical, 

stable, non-invasive and inexpensive, suggests that efforts should be directed towards 

refining the predictive capacity of sodium change in this setting, rather than the other 

exercise markers. 

Arguments against the use of standardized regression coefficients have been raised for 

many reasons. The fact that standardized regression coefficients are difficult to interpret, 

do not represent true measures of the effect of changing the independent variable and are 
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sample-specific are among the most frequently cited criticisms.136 Nonetheless, 

standardized coefficients can help assess the relative importance of the independent 

variables when they are measured in different units, since direct comparisons are 

otherwise difficult140 and no definitive method for such comparisons exists.141 Measuring 

the relative importance of the main independent variables by using standardized 

regression coefficients in this study was motivated by our interest to determine if 

measuring sodium in sweat could be a suitable replacement for other blood markers of 

exercise intensity. Recognizing the controversy surrounding the use of regression 

coefficients as a valid means to compare the relative importance of variables in 

regression, other methods to judge the value of sodium as a predictor of the change in 

vWF:Ag, as compared to the other markers, were also employed in our study. The 

relative magnitude of change in these variables required to bring about a 1 SD change in 

vWF:Ag (method proposed by Greenland)141 and the comparatively higher partial 

correlation coefficient of sodium relative to the other exercise marker variables led to 

analogous conclusions. Most importantly, the greater clinical practicality of measuring 

sodium in sweat as opposed to measuring the other blood exercise markers was an 

important consideration. 

Despite the moderate capacity of forearm sodium to predict the change in vWF:Ag due to 

exercise, it only explains 20% of the total variation in this change after adjusting for 

fitness level. It is probable that no one marker of exercise used in this study was able to 

completely capture the element of the exercise that is most predictive of the change in 

vWF:Ag. It is also possible that V02 max, a more global measure of exercise intensity, 

would be a better predictor of the response to exercise. This measure, however, requires 

expensive equipment and trained personnel and is not suitable for testing on a large scale 

or for individual home use. The possibility that other unknown factors are responsible for 

the differential effect induced by exercise merits further study. 

In this study, the relationship between each of the exercise markers and the change in 

vWF:Ag was not differentially affected by fitness level, age or baseline vWF:Ag. 

Although this observation may represent a true absence of interaction by these variables, 
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the small sample size used in our study restricted our ability to properly assess the 

presence or absence of effect modification. Despite this limitation in our study, the 

absence of effect modification by these variables has been supported in other studies. In a 

randomized trial conducted by El-Sayed et al, individuals who were subjected to a 

physical conditioning program did not display increments in vWF:Ag significantly 

different from individuals who were not subjected to the conditioning program, following 

a standardized graded exercise to maximum heart rate and/or exhaustion.106 Further, 

Furgusson et al showed that there was no difference in the magnitude of coagulation 

changes between sedentary individuals, joggers and marathon runners following vigorous 

exercise to their maximum potential.120 The finding that age does not modify the response 

to exercise is supported by the work of van den Burg et al who showed that increments in 

vWF:Ag after a standardized exercise were of similar magnitude among sedentary men of 

20 to 30, 35 to 45 and 50 to 60 years old.97 Baseline circulating levels of vWF:Ag were 

not expected to affect the change in vWF:Ag in response to exercise, which is in large 

part explained by the new release of vWF:Ag from its storage sites.75 This expectation 

was based on the fact that individuals with mild vWD and hemophilia, who have 

decreased baseline levels of vWF:Ag and FVIILC, respond normally to 

DDAVP,48'51'52'62'63 adrenaline86'87'89'90 and, in a few cases, to exercise.79'110 

In our study, we assessed and controlled for the presence of confounding due to baseline 

fitness levels and age, which were identified as potential determinants of the change in 

vWF:Ag. Although the relationship between changes in forearm sodium and baseline 

fitness levels has not been explicitly studied, baseline fitness level is known to influence 

the metabolism of lactate142'143 and adrenaline and noradrenaline144'145 during exercise. 

Since fitness level is likely to be a strong determinant of the change in vWF:Ag due to its 

direct influence on exercise capacity (intensity and duration) and was also a strong 

confounder in our data, it was duly adjusted for in our analysis. However, residual 

confounding by fitness level, as it is defined in this study, remains a possibility.146 For 

instance, it is possible that the broad categories of fitness level that were defined in the 

questionnaire we used were not sensitive enough to distinguish between true baseline 

differences in cardiorespiratory status. That being said, this less precise definition of 
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fitness level used in our study probably did not substantially bias our estimates of effect, 

since it has been shown in at least in one study, that defining fitness levels by more 

objective measures of cardiorespiratory status does not to affect the extent of coagulation 

changes induced by exercise.106 

Age, on the other hand, was not adjusted for in the final models because it is not known 

to affect the change in the exercise markers, it is unlikely to influence the change in 

vWF:Ag with exercise to any significant extent97 and was not an important confounder in 

our data. Since age range was restricted by our study design and may have controlled for 

the possibility of age as a confounding variable in our data, this observation may not be 

valid outside of the age range studied (18 to 40 years old). 

Residual confounding due to other known confounders about which we did not have any 

information may bias the association we have observed. For example, mental stress is 

known to increase levels of noradrenaline and adrenaline82 and is a known mechanism for 

the increase in vWF:Ag.77 Although the precise relationship between mental stress and 

the changes in forearm sodium and lactate is unknown, it is unlikely to be very significant 

since these markers are generally more specific to physical rather than mental stress. 

Since mental stress is an important predictor of vWF:Ag change,77 it is likely also an 

important confounder of all 4 associations between exercise markers and the change in 

vWF:Ag addressed in this study. The high mental stress of the participants before the 

exercise session may explain why the mean noradrenaline level after 30 minutes of rest 

was lower than the initial baseline mean (not shown) and may have independently 

contributed to the observed increase in vWF:Ag. Not adjusting for mental stress may 

have biased our estimates away from the null in the case of adrenaline and noradrenaline, 

and towards the null for lactate and forearm sodium (which are less closely correlated to 

mental stress). 

Another limitation of this study relates to its generalizablilty. First, the effect of exercise 

on individuals of the black race, on females outside of the age range we studied and on 

women with high baseline fitness levels is not known and cannot be extrapolated from 
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our study results. Although exercise as a means of therapy is likely to be of little value in 

older individuals due to the potential risk of inducing myocardial infarction,147 its 

effectiveness in children remains to be studied. Highly fit women were clearly 

underrepresented in this study (only 1 woman was in the highest fitness level category) 

and, therefore, it is not possible to generalize our results to this particular group of 

women. 

In addition, the fact that individuals volunteered for this study implies that the study 

group was comprised of a select group of highly motivated young women to whom the 

prospect of exercise was appealing; consequently, the study group may not have been 

representative of all healthy women of childbearing age on a number of unmeasured 

factors. ' Whether comparable effects of exercise can be demonstrated in a randomly 

selected group of women is not known. 

Another obvious yet important limitation of this study is that it only addresses the 

efficacy of vigorous exercise on increasing levels of vWF:Ag and FVIILC in women. 

This limitation is related to the fact that compliance with the exercise protocol was 

optimal due to the supervised setting. Participants made a particularly great effort to 

complete the protocol as intended. Whether women in an unsupervised environment 

would be equally as compliant is difficult to ascertain, and is an issue that is adressed in 

Phase II of this study. 

A major distinction between a quasi-experiment and a true experiment is that the former 

typically does not employ a randomization process to assign the intervention or to select 

individuals for inclusion in the study. The internal validity of the findings in quasi-

experiments is typically threatened for this reason.150 The findings in our descriptive pre­

test post-test study may be biased due to the existence of unknown confounders (related, 

for instance, to anthropometric values, high HDL cholesterol levels or the use of an oral 

contraceptive pill) that may have significantly affected the observed association between 

exercise and changes in the coagulation proteins. The lack of a control group in this 

particular study limits our ability to address this possibility. A random effect due to 
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clustering of an unknown determinant of the response to exercise among individuals in 

our single experimental group could have severely biased the observed association in this 

study. Nonetheless, such a bias, if any, is unlikely to explain the association in its entirety 

since this association has already been noted in the context of one other, albeit small, 

randomized trial106 and is based on sound physiological data. Because all individuals 

recruited in this study were assigned to the same intervention without randomization, 

selection bias is probably minimal.151 

Despite all of the foregoing limitations, the study design we used was a convenient way 

for us to test our hypothesis. The ease with which this design was implemented (due to 

the absence of a complicated randomization scheme) and the fact that there was a readily 

accessible group of young healthy female volunteers willing to participate in the study 

expedited recruitment and allowed for completion of this study in a timely fashion. 

Understandably, it is for this these reasons that the repeated measures quasi-experimental 

design is the most frequently used design in exercise physiology152 and was used in all 

but one study (to the best of our knowledge) to assess the effect of exercise on 

coagulation. 

The main drawback of quasi-experiments in general is they do not permit a strong or 

even reasonable causal inference of the intervention-outcome associations being 

evaluated.150 Quasi-experiments are particularly susceptible to several non-experimental 

processes that can influence, and therefore serve as plausible alternative explanations for, 

the observed results, which in many cases are not possible for the investigator to exclude. 

This possibility is especially true in studies such as ours where there is no control group. 

Nonetheless, there are several features of our study that render it immune from such 

competing influences, and in so doing, permit reasonable causal inference. 

In this study, possible alternative explanations for the results we observed relate to the 

effects of history, maturation and statistical regression to the mean.150 The effect of 

history refers to environmental patterns that change over time (in either direction) and 

that can directly influence the outcomes that are observed in a study, irrespective of the 
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specific intervention applied. For example, an improvement in the underlying condition 

or severity of the illness being studied over time could serve as a viable explanation for 

the outcomes observed. In our study, the stability of circulating blood levels of vWF:Ag 

over time (that are genetically controlled) and the very short interlude between repeated 

tests offer strong arguments against the effect of history playing a paramount role. An 

analogous argument can be made regarding the effect of maturation (which refers to the 

systemic fluctuations that can be observed in any dependant variable), since levels of 

vWF:Ag do not undergo appreciable changes over time. While it is true that there is a 

cyclical variation in the levels of vWF:Ag during a menstrual cycle,24 and under the 

influence of various medications25 and medical conditions,17'18 these factors cannot 

explain the immediate effects of exercise on the change in vWF:Ag. The effect of 

regression to the mean is to bring score levels of repeated tests towards the usual 

statistical mean. Particularly vulnerable to this effect are studies that include individuals 

whose pre-test scores are significantly higher or lower than the usual mean. However, 

given that all of the women in this study have normal circulating vWF:Ag levels, and 

therefore have scores that are close to the expected mean, this statistical phenomenon is 

unlikely to have a significant influence on our study results. In summary, the novel 

outcome that was measured, its known stability and the very-short pre-test post-test 

interval between repeated measures served to neutralize these alternative phenomena and 

therefore, strengthen the causal nature of the association between exercise and the 

increase in vWF:Ag observed in our study. 

Causality of the exercise-vWF:Ag relationship in this study is ostensibly supported by the 

fact that certain features of our study satisfy criteria put forth by Sir Bradford Austin 

Hill,153 although none of these features are sufficient in and of themselves to prove 

causation. The first of the criteria and arguably a compulsory feature for causality is the 

temporal relationship observed between exercise and the increment in vWF:Ag after 

exercise. Further, the very short interval between the intervention (exercise) and the result 

strongly support the notion that exercise was the cause of the increased levels of 

vWF:Ag. Additionally, the phenomenon we observed has reproduced what others have 

shown in the past. The mechanism for this phenomenon has been clearly elucidated and 
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is analogous to the effect of mental stress and DDAVP on vWF:Ag, and thus is 

biologically plausible. Although the response we observed is not specific to exercise, 

there are few factors other than mental stress and DDAVP therapy that are known to 

bring about such changes in vWF:Ag, particularly in such a short interval. Although 

mental stress as a contributing factor to the increase in vWF:Ag could not be ruled out in 

this particular study (especially in the absence of a control group), its contribution is 

likely to be minimal based on what has been previously reported in the literature.77 

Despite all the limitations noted above, we believe that the present study gives 

compelling evidence indicating that performing an intense exercise to one's maximum 

heart rate in a supervised and structured protocol can significantly raise vWF:Ag and 

FVIILC in healthy female volunteers. The accompanying shortening of the aPTT and the 

CT were in keeping with the degree of increase in FVIILC and vWF:Ag, respectively. 

The fact that significant increments in both vWF:Ag and FVIILC were achieved in the 

large majority of the participants included in our study, and that these changes were 

sustained even after a 30-minute rest period, underscores the clinical worthiness of 

intense exercise as a natural intervention. Moreover, the change in sodium level in sweat 

associated with exercise is a reasonably good predictor of the variation in change 

vWF:Ag observed in this study group. Furthermore, the easy implementation, low cost 

and excellent tolerability of this intervention make it worthy of further study in vWD. 

Finally, the sweat patch can also be used as a measure of compliance when exercise is 

being evaluated in women exercising in the home setting. 
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PHASE II 

METHODS: 

Study Design 

Crossover 

The design used for the feasibility study was a 4-period crossover randomized clinical 

trial. In this study design, there were 2 study arms; Arm A and Arm B. Each arm of the 

study represented a different treatment order sequence. Individuals in Arm A began with 

an "exercise" period and those in Arm B began with a "rest" period and each then 

alternated between "exercise" and "rest" for the remaining 3 consecutive study periods. 

Thus, individuals in Arm A of the study followed the treatment order sequence of 

"exercise", "rest", "exercise", "rest", whereas those in Arm B followed a "rest", 

"exercise", "rest", "exercise" treatment order sequence. The "exercise" or "rest" 

interventions applied only to days in which the participant was menstruating. A regular 

menstrual cycle is 28 days, with menstruation every 21 days. Seeing as only women with 

regular menstrual cycles were eligible to participate in this study, the crossover points in 

both study arms occur at regular intervals and are inherently time-dependent. 

Randomization 

A randomization scheme was used to allocate the study arm to each participant. Each 

consecutive candidate that satisfied the entry criteria was assigned a random number from 

a random digit permutation table.154 Individuals with even numbers were assigned to Arm 

A, whereas individuals with odd numbers were assigned to Arm B. Study arm 

assignments were kept in sealed envelopes and stored in the serially numbered study kits. 

After assembly, each study kit remained closed and was not opened until it was received 

by the participant. Participants were instructed not to open the envelopes until they left 

the hospital. 
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Blinding 

Blinding the subjects to the crossover point was not feasible given that exercise was the 

assigned intervention. The study investigator was, however, blinded to the study arm 

assignment, which was assigned by a clinical research nurse. The decision to blind the 

investigator in this feasibility study was done in order to reproduce the exact conditions 

planned for the definitive trial. The investigator will only be unblinded to the treatment 

assignment in the definitive trial upon the completion or early termination (for any 

reason) of the study. The investigator will tabulate all menstrual scores while still 

blinded. 

Study Population 

Subject Eligibility criteria 

Pre-menopausal women between the ages of 18 and 40 with menorrhagia and Type I 

vWD were eligible for this study. The definition of definite Type I vWD that was used in 

our study was that of the ISTH (International Society of Thrombosis and Hemostasis) 

published in 1996, and includes all of the following 3 components: i) a significant 

mucocutaneous (mucous membrane) bleeding history, ii) laboratory tests compatible with 

Type I vWD and iii) either a positive family history of Type I vWD or the documentation 

of a vWF: Ag mutation. The laboratory criteria for the definition of definite Type I vWD 

(item ii above) requires that i) both vWF:Ag and vWF:RcoF (vWF:Ag activity) are < 2 

SD below the population mean and ABO blood type adjusted mean on >2 determinations, 

and ii) ristocetin-induced platelet aggregation and von Willebrand multimer analysis, if 

performed, must not indicate abnormal sensitivity to low concentrations of ristocetin, or 

abnormal multimer distribution, respectively. All patients registered in our Type I vWD 

registry had been diagnosed with vWD according to the foregoing criteria. 
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The presence of menorrhagia in women with Type I vWD was determined based on 

either a previously documented menstrual PBAC (pictorial blood assessment chart) score 

of > 10036 or menstrual bleeding of sufficient severity (in volume and/or duration) to 

cause 1 or more of the following: i) significant impairment in quality of life (defined as 

interference with social, family or sexual activities, sleep or mood alterations, and/or 

inability to enjoy life), ii) work or school absenteeism on at least 2 occasions on account 

of severe bleeding, iii) the use of more than 8 sanitary pads or tampons per day on 3 or 

more consecutive days, iv) soiling of clothing or bedding requiring clothing or linen 

changes on at least 2 occasions, v) iron deficiency anemia, or vi) blood transfusion and/or 

hospitalization to treat uncontrollable hemorrhage. The features listed above are all 

associated with menorrhagia in women with Type I V^D,27 '28-29-34 '36 '41 

Eligible women were excluded if they had irregular menstrual cycles (absence of regular 

monthly periods), significant anemia, asthma or other pulmonary conditions, a personal 

or family history of heart disease, impaired balance, motor disability, history of 

exertional syncope (loss of consciousness with heavy exertion), an uncontrolled thyroid 

disorder or diabetes. Women who used steroids or sympathomimetic drugs, were 

pregnant (or had a positive pregnancy test taken 1 week prior to their participation in the 

study) and those who did not feel that they could comply with the prescribed exercise 

protocol for any reason were also excluded. 

Subject Recruitment 

Potential candidates for this study were initially identified from the computerized 

database of the Women's Bleeding Disorders Clinic of Sainte-Justine Hospital, in 

Montreal, with the help of a research nurse. Those identified were then contacted by 

telephone in order to review their eligibility and invite them to participate. Those 

individuals that were eligible and who agreed to participate in the study were then 

scheduled for a hospital visit. During the hospital visit, participants i) underwent a 

medical questionnaire and physical exam, ii) reviewed the details of the study protocol 

with the investigator, iii) signed a consent form, iv) were randomised to 1 of 2 study arms 
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(Arm A or Arm B as defined above) and v) were provided with a study kit containing the 

necessary materials for the study. Each study kit contained a cardiac monitor, a stepping 

music cassette (The Beat®, 1995), an aerobic step, a menstrual blood flow questionnaire, 

4 PBACs, filter paper patches, sterile urine cups (for placement and transport of the 

collected filter papers) and alcohol swabs. 

Compensation 

A $200 honorarium was given to each participant upon successful completion of the 

study. 

Study Protocol 

A home stepping exercise protocol was prescribed to each study participant. Participants 

were required to exercise in the morning of each day of their menstrual period (if they 

were in the "exercise" period of the protocol) while wearing a self adhesive filter paper 

patch on the inner surface of their forearm. The exercise protocol required participants to 

perform a step exercise at a pace of 32 steps per minute (as set by the music rhythm) at 

close to maximum heart rate. Participants were instructed to assess their heart rate from 

the cardiac monitor display every 15 minutes during the exercise. If, at any time their 

maximum heart rate was surpassed, they were instructed to decrease the intensity of the 

exercise and to adjust their pace in order maintain their heart rate at close to their 

maximum. Approximate maximum heart rate estimates155 were made by the investigator 

and were provided to each participant at the time of randomisation. Participants were 

instructed to continue the exercise until 1 of 2 end-points was achieved; either i) the 

participant became physically exhausted and was unable to continue, or ii) the forearm 

patch became visibly wet and a minimum of 20 minutes had elapsed. An absolute 

minimum of 20 minutes of exercise was required as an extra safeguard to ensure that an 

adequate exercise effort was made despite potentially higher ambient temperatures in the 

home that can independently increase sweating. This time corresponded to the shortest 
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duration of exercise performed by any single participant before the forearm patch became 

wet in our initial trial. 

Participants were asked to complete a PBAC on each day of their menstrual period for all 

4 consecutive menstrual periods (i.e. even when they were in the "rest" period of the 

protocol), as a means to quantify their menstrual blood flow. The PBAC used in this 

study is adapted from that used by Highams et al36 and is included as Appendix B. 

Participants were asked to apply the filter paper patch to their forearm before beginning 

the exercise and to remove it only once the exercise was completed. Once removed, the 

patches had to be placed separately into the pre-labelled sterile plastic containers 

provided in the study kit and then allowed to dry. Once the patches appeared to be dry, 

participants were asked to seal the containers. During the "rest" periods of the protocol, 

participants were asked to wear the forearm patch for 30 minutes on each morning of 

their menstrual period, during the same time that they would have otherwise performed 

exercise during the "exercise" period of the protocol. The sodium content measured in 

these patches applied during "rest" periods represents the baseline amount of sodium 

excreted by the forearm during the participants usual morning activity (non-exercise 

control patches). After having completed the study, participants were required to return 

all the patches and the PBACs to the investigator for analysis. Participants who 

successfully completed the study and returned all of the loaned study equipment were 

given the $200 honorarium. A clinical research nurse was available 24 hours a day for 

participant assistance. 

Women who participated regularly in vigorous exercise were asked to refrain from doing 

so during, or within 24 hours prior to, their menstrual periods. Routine exercise, however, 

was permitted between menstrual periods since long-term physical conditioning is known 

not to affect the response to an acute exercise.106'120 The women in the study were 

instructed to use, whenever possible, the same brand and absorbency of sanitary napkins 

and tampons for the duration of the study protocol so as to allow for meaningful 

comparisons between menstrual periods using the PBAC score. Also, women who were 
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on the birth control pill, who smoked or drank coffee regularly were asked either stop 

prior to their commencement of the study or to continue throughout the entire study so 

that these variables would not differentially confound the treatment effect across periods 

of the protocol. The decision of each participant was documented. As well, participants 

who used antifibrinolytic agents routinely to control menstrual bleeding were asked to 

cease such usage prior to their participation in the study. The use of medications during 

the study was, however, permitted when it was deemed necessary by the investigator to 

control significant bleeding of any type. In such instances, the use of the particular agent 

either during a menstrual period or within 3 days of the onset of a menstrual period was 

clearly recorded. Based on the known short half-life and inhibitory effects of 

DDAVP,48'50 Amicar and Cyklocapron,156 the use of any of these agents more than 3 days 

before the onset of menstrual bleeding was unlikely to have a substantial effect on 

menstrual blood flow. 

Compliance 

The sodium content of the filter paper patch was used as an objective measure of 

compliance with the exercise protocol. An absolute post-exercise increase in sodium 

content of greater than or equal to 1.0 rnmol/L was chosen to indicate compliance with 

the exercise protocol. This cutoff level was determined based on the results of our pre­

test post-test trial and corresponded to the minimum post-exercise sodium levels 

observed among all participants that successfully completed the exercise protocol while 

under supervision. 

Study Variables 

The main outcome (dependent) variable for the definitive trial will be the PBAC score. 

The investigator, from the indictors filled in on the PBAC by the participant, will tabulate 

scores for both the "exercise" and "rest" periods for each participant. The scoring system 

originally developed by Highams et al36 will be used to tabulate the scores. The PBAC 

score will be coded as a continuous variable. Compliance will be determined and coded 
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as a dichotomous variable (either 'yes' or 'no'). Sodium levels below 1.0 mmol/1 in a 

single patch will indicate non-compliance with the corresponding exercise period, 

whereas scores greater than or equal to 1.0 mmol/1 will indicate compliance. Compliant 

periods will be defined as exercise periods in which at least 90%> of the patches worn 

during that menstrual period indicate sodium levels of greater than or equal to the cutoff 

level of 1.0 mmol/1. 

RESULTS: 

Eligibility and Participation 

Two hundred and six individuals with vWD were identified from our hospital clinic 

database. After excluding individuals with non-Type I vWD, males, and individuals 

outside of the age range being considered in this study, 65 individuals were identified as 

potentially eligible for enrollment in this study. As can be seen from the enrolment 

algorithm in Figure 5, 43 individuals were contacted by telephone. An additional 14 

individuals were excluded based on information acquired by the telephone contact. The 

reasons for these exclusions and their relative frequencies are presented in Table 17. The 

most common reasons for exclusion were absence of menorrhagia or regular menstrual 

cycles, which together accounted for 72%> of all exclusions. Of the 29 eligible 

individuals, 14 declined and 15 accepted to participate, corresponding to a refusal rate of 

48%o. Of the 15 individuals who accepted, 13 have already been randomized in our study. 

The remaining 2 individuals will be randomized shortly. The reasons for refusal to 

participate and the percentage of individuals who refused for each reason are shown in 

Table 18. As can be seen from Table 18, the 3 most common reasons for refusal to 

participate were insufficient time, dislike of exercise and satisfaction with current 

treatment, which corresponded to frequencies of 35.7%, 21.4%> and 14.3%, respectively. 

A single individual refused to participate because she felt certain that doing exercise 

during her menstrual periods would not affect her menstrual blood flow, based on her 

past experience. 
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Recruitment and Withdrawals 

At the time of the preparation of this thesis, 13 individuals had already been randomized 

in this study. Recruitment took place over a 12-month period. As can be seen from the 

enrollment algorithm in Figure 5, 6 individuals have already completed the study and 3 

others have withdrawn themselves from the study, corresponding to a withdrawal rate of 

23%). Two participants withdrew from the study prior to commencing the exercise 

protocol due to time constraints. Interestingly, these 2 individuals were somewhat 

reluctant at first to participate for this very reason but ultimately agreed despite their 

initial reservation. The third participant withdrew after having completed 1 period of the 

protocol because she was intolerant to the intense exercise. Accordingly, at the present 

time, 5 individuals remain in the study at various phases of the protocol. 

Tolerability and Compliance 

The prescribed exercise was well tolerated by all 6 individuals who completed the study. 

All 6 individuals reported having achieved 1 of the 2 predetermined endpoints during 

each exercise session. None of the participants experienced difficulty in filling out the 

PBAC or following the instructions for the exercise protocol. This finding was further 

corroborated by the absence of telephone calls from participants to our clinical research 

nurse regarding such issues during the course of the study. There were no missing 

PBACs for any of the participants and all forms were filled out legibly. One participant, 

however, indicted the use of several different tampons and/or sanitary napkins during a 

single menstrual period although this pattern was consistent for all 4 menstrual periods. 

None of the participants reported having required treatment for bleeding during her 

menstrual periods, or within the 3 days prior to menstruation, or placed a telephone call 

to the investigator for that reason. All filter paper patches were returned and the number 

of patches for each individual corresponded exactly to the number of days of 

menstruation recorded on the PBAC. Using a cutoff level of greater than or equal to 1.0 

mmol/L of sodium in the patches, we will be able to determine the compliance rate with 

the exercise protocol during exercise periods in the definitive trial. Further, we will be 
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able to determine the percent agreement between the number of patches that had a 

sodium level of equal to or greater than 1.0 mmol/1 and the number of menstruation days 

indicated on the PBAC for the exercise periods. Taken together, these determinations will 

allow us to establish the compliance rate based on subjective and objective criteria. The 

assessment of compliance, based on the sodium levels in the patches and the number of 

menstruation days, will be made the research nurse in order to maintain blinding of the 

investigator, since the sodium quantities contained in the patches are likely to be 

informative of the type of period ("exercise" or "rest") in question. 

DISCUSSION: 

There are several issues relating to the recruitment, withdrawal rate and acceptability of 

our feasibility study that merit discussion. From the eligibility rate of 67%> in our study 

(29 out of 43 individuals contacted by telephone), we can anticipate that 44 of the 65 

individuals identified in our clinic database will be eligible for inclusion in our study. 

This number represents 21%> of the total 206 individuals identified from the database. 

With an overall eligibility rate of 21%> and a participation rate of 52%, we can expect to 

recruit 23 subjects for our study from our institution alone. A few additional patients for 

the study can be expected to participate from among the new diagnoses made in our 

outpatient clinic (i.e. approximately 2 per month). It is possible that recruitment for this 

study will need to be extended to other treatment centers in order to complete our study 

with sufficient power and within a reasonable time frame. Recruitment for this study was 

extremely slow, with only 13 individuals recruited in 1 year. The extent of the 

contribution that we will require from other treatment centers will depend on the 

estimated sample size for the formal trial. In the event that recruitment from other 

treatment center becomes necessary, appropriate stratified analyses according to 

treatment center will be employed. 

64 



Although there was only a small number of subjects in this feasibility study, we 

experienced a relatively high withdrawal rate of 23% (i.e. 3 out of 13 individuals). In 

only 1 of the 3 cases, the withdrawal was related to the exercise protocol, whereas the 

other 2 participants withdrew before they commenced the first period of the protocol. 

This finding was of great concern to us since a high withdrawal rate is especially costly in 

a crossover trial, where each individual contributes an important proportion of the overall 

information to the analysis.157 This observation is especially true when sample size 

estimates are based on multi-period crossovers, where the contribution of any given 

individual to the analysis is proportionately greater than in a 2-period design.158 A high 

withdrawal rate in a crossover trial results in a significant loss of statistical precision of 

the estimates generated in the trial, which can be comparatively large relative to that in a 

parallel group design for an equal number of withdrawals.157 Failing to keep withdrawals 

below an acceptable level would defeat one of the principal advantages of the crossover 

design. The best way to circumvent this problem is to implement precautionary measures 

to prevent withdrawals whenever possible. The best precautionary measure to minimize 

this problem in our definitive trial will be to better select individuals for the trial, that is, 

to ensure that only those individuals who are firmly committed to completing the 

protocol are randomized. Despite undertaking necessary precautions, a certain percentage 

of withdrawals is unavoidable. The estimated sample size for the definitive trial will be 

increased appropriately in order to accommodate withdrawals.159'160 

As was expected from the successful implementation of an analogous exercise program 

in our pre-test post-test trial, the exercise program was well tolerated by all individuals 

who completed this study. Exercise during heavy menstrual periods was deemed 

acceptable by all of the women who completed the study and none of the participants 

experienced difficulties adhering to the protocol. 

Compliance with our extended 4-period protocol, based on subjective reports and the 

number of complete PBACs returned by the participants, was 100%). In recognition of the 

limitation of these methods to determine compliance, a more objective assessment of 

compliance with exercise, using the sodium content measurements from the filter paper 
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patches collected from each participant, is planned for the definitive trial. Further, the 

extent to which subjective and objective measures of compliance are consistent with one 

another will be determined when the sodium levels are available from the definitive trial. 

Based on the high compliance rate in our feasibility study and the fact that this exercise 

was simple to perform without instruction, easily integrated by most participants into 

their daily routine and did not require the purchase of expensive exercise equipment for 

home use, we have decided to use the same exercise protocol for the definitive trial. 

The rationale for employing a crossover design to study the effect of exercise on 

menorrhagia in women with Type I vWD merits a discussion of its advantages and 

disadvantages compared to a group parallel design for the same purpose. 

A major advantage of having used a crossover design to study the impact of exercise on 

menorrhagia is that we were able to use fewer subjects than we would have otherwise 

needed for a parallel group design. The relative gain in power afforded by a crossover 

study is related to the fact that a comparison of treatments on the same patient is expected 

to be more precise than a comparison of treatments on different patients, as a result of the 

decreased variation in repeated measurements taken on the same individuals, as 

compared to measurements taken on different individuals.137'159'160 There is high inter-

patient variability in the amount of menstrual blood loss, which would inflate the required 

sample size needed to show equivalent differences between regimens in a standard 

randomized group parallel design.137'157 In contrast, however, the intra-patient variability 

in the amount of blood loss in 2 sequential menstrual cycles using the PBAC score is 

considered to be low.37 As in the case of menstrual flow, where there is high inter-subject 

variability relative to intra-subject variability, Brown has shown that a crossover design 

has a high cost efficiency relative to the parallel design for any given ratio of "cost of 

treatment per patient per period to cost of recruitment per patient".161 For reasons of cost 

efficiency and in view of the limited number of potential eligible candidates with Type I 

vWD available for this study, the crossover design was especially appealing. 
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Another important advantage of using a crossover study is that it virtually eliminates the 

influence of fixed patient-related characteristics (both known, such as age and fitness 

level, and unknown) on the relationship between variables being studied, because each 

participant serves as her own control.157 It does not, however, control for patient-related 

confounders that change over time. An attempt to control for potential confounders such 

as oral contraceptive use, smoking and caffeine intake was made by insisting on 

consistent use of or avoidance of these agents throughout the entire 4-month study period. 

The relatively short 4-month study period, however, makes it unlikely that other 

unmeasured or unknown time-dependant confounders will be particularly problematic. 

These two important advantages collectively justified our choice of using the crossover 

design for our study. 

A major theoretical disadvantage to using a crossover design is the risk of introducing 

order effects, which include carryover and period effects that may contaminate the 

results.157'160 A properly designed crossover trial should have an adequate washout period 

(time in which the potential influence of the intervention wanes before the second 

intervention begins) in order to prevent carryover effects from one intervention period to 

the next. Our study protocol meets this requirement since the short half-lives of 8 to 12 

hours of both vWF:Ag and FVIILC released during exercise, ensure that these effects do 

not carry over until the individual's subsequent menstrual period. When these same 

individuals cross back from a "rest" period back to an "exercise" period, there is by 

definition no carryover effect since there is no effect induced by rest. The "rest" period is 

equivalent to the placebo period used when studying the effect of a single drug in a 

crossover study. Further, the normal menstrual cycle of 28 days provides a natural 

washout period of any unknown or unmeasured effects that may have been induced by 

exercise. 

An evaluation of the effect of exercise on menorrhagia was also feasible in this study 

design, seeing as exercise is not known to cause any irreversible changes to menorrhagia 

(or its severity) or to cure it definitively. Irreversible changes to menorrhagia induced by 

exercise would preclude the use of a crossover design.159 Rather, the transient nature of a 
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response, if any, allows for comparisons between "exercise" and "rest" periods. 

Furthermore, there is no evidence in the literature to suggest that patterns of excessive 

menstrual bleeding fluctuate, remit or regress over time. The one exception to the stable 

nature of this condition is that patterns of menstrual bleeding tend to change, sometimes 

definitively, after pregnancy or after use of the contraceptive pill. Since pregnancy was 

an exclusion criterion in this study, period effects related to changes in menstrual flow 

unrelated to exercise over the 4-month follow-up period were not anticipated. Likewise, 

since oral contraceptive use remained consistent throughout the study for each individual, 

its use would not explain any changes in menstrual flow observed in the study. Treatment 

by period interactions is unlikely to arise in trials with short treatment regimens under 

stable treatment conditions.158 Further, the use of the 28 day menstrual cycle as the "time-

dependent" crossover in our trial, rather than a "response dependent" one, is also a useful 

way to minimize the influence of order effects and allows for unbiased and easy 

interpretation of the results.157 For these reasons, studying the effect of exercise on 

menorrhagia lends itself nicely to the crossover study design. 

The power of a crossover study and the validity of its findings may be compromised 

when the presence of order effects is comparable to or more significant than the presence 

of treatment effects.157 In such a situation, strong preference should be given to a parallel 

design in which these influences are not pertinent. Based on the existing knowledge of 

the effects of exercise and the strong clinical knowledge about vWD and its 

manifestations, we were reasonably assured of the absence of these effects in our trial. 

This factor weighed heavily on our decision to use the crossover design since according 

to Brown, estimating and adjusting for order effects requires a sample size greater than 

that which is needed for a parallel group design,161 and a greater sample size would not 

be feasible in our study given the limited number of potential candidates with vWD. 

Overall, we believe that the crossover design is an efficient way to address our study 

hypothesis, particularly in view of the inherent stability of vWD, the existing literature 

validating the absence of carryover effects and the acceptable withdrawal rate. Moreover, 
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inclusion of individuals who are committed to do the study should ensure that withdrawal 

rates in the study are not excessive. 

The choice between a 4-period crossover trial as opposed to the standard 2-period 

crossover trial was a difficult one. With a limited pool of potential candidates, our 

intention was to attempt to maximize the data gathered from each individual by adding 

additional periods to the protocol, while still maintaining a reasonable total duration of 
I C O 

the trial. In addition, we felt that using this strategy in our definitive trial will allow us 

to limit the recruitment of subjects to our treatment center. However, the trade-off for 

extending treatment periods is a potentially higher withdrawal rate and the need for more 

complicated analyses of the trial data.158 As the number of periods is increased, we 

suspect that the high rate of subject withdrawal would become an increasing threat. 

Considering that a withdrawal rate any greater than that which we observed in our 

feasibility study would undermine the utility of the crossover trial design, we felt that 

changing to the 2-period design in the definitive trial will help to minimize this risk. In 

addition, we speculate that the extended 4-period trial may have adversely affected 

recruitment, which was especially problematic in this feasibility study. It is possible that 

individuals who are limited by time schedules (as was the case in 36%» of the eligible 

women we canvassed who refused to participate in this study) would be more willing to 

commit to a 2-month study than to a 4-month one, which should facilitate the recruitment 

process. Limiting the study to 2 periods will somewhat simplify the statistical analysis of 

the results, by obviating the need to consider the longitudinal nature (correlations, for 

example) of patient responses to the intervention and by keeping the number of 
1 SR 

withdrawals to a minimum, will allow for a more efficient analysis. Notwithstanding 

the fact that there are certain advantages of the 4-period crossover design and that some 

multi-period designs can be equally if not more efficient than the 2-period designs, in our 

opinion, these advantages are largely outweighed by the potential problems of 

recruitment and withdrawals that we might experience, as well as the added statistical 

complexity with which we would be faced. Accordingly, serious consideration will be 

given to using a 2-period crossover design in our definitive trial. 
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Randomization of the treatment order was considered essential to our study, in order to 

ensure the complete absence of order-related bias, in case the menstrual score outcome 

was found to be sensitive to the treatment order. When the treatment order is not 

randomly assigned, results may be particularly biased.157 Consider, for example, a 

hypothetical scenario in which all women begin with an "exercise" period. It is 

conceivable in this circumstance, that if exercise were to have a true or perceived positive 

effect on menstrual blood loss, then this period would be perceived as the baseline flow 

to which the subsequent "rest" period would be compared. In such a situation, menses 

during "rest" periods may be perceived to be worse than they actually are. Even though 

the PBAC, a semi-quantitative tool, is being used to measure outcome in this study, it is 

still possible that participants may complete the PBAC according to their perceived 

changes in menstrual flow. For instance, women may assign a lesser score for a certain 

degree of sanitary towel soakedness, or not consider as menstrual days the last days of the 

menstrual cycle when losses are minimal. In the opposite scenario, if all women begin 

with a "rest" period, which should in theory represent their baseline heavy menstrual 

flow, exercise may be perceived as having a benefit even in the absence of a true 

response. Therefore, we felt that the use of random order treatment assignments between 

the 2 study groups at least controlled, to some extent, the possibility of order-related bias. 

It was not possible to conceal the crossover point in our study from participants since the 

intervention in the trial, namely exercise, is not amenable to blinding. The fact that 

exercise was being investigated as a therapy for menorrhagia was also not concealed 

from participating women. We are aware that knowledge of the crossover point can 

influence the treatment response or assessment.157 For instance, anticipated or perceived 

changes (positive or negative) of the effect of exercise on a participant's menstrual flow 

may inadvertently influence her menstrual score assignment leading to a misclassification 

bias of outcome. A tendency to underestimate blood loss during "exercise" periods as 

compared to "rest" periods is possible, for example, among women who anticipate that 

exercise will have a positive effect. Methods to ensure the blinding of the investigator to 

the treatment order sequence were successfully implemented by blinding the investigator 

to the sodium levels in the sweat patches (which will be carried through until after the 
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results are analyzed in the definitive trial) and by having the treatment assignments made 

by the research nurse. This approach will prevent the possibility of misclassification bias 

introduced by the investigator in the tabulation of the menstrual scores assigned by 

participants in the definitive trial. Although the menstrual score is a relatively objective 

measure of outcome, the knowledge of the treatment assignment could influence the 

classification of ambiguous and/or inconsistent scores by the investigator. If the 

misclassification of outcome introduced by either the patient or the investigator is non-

differential, bias in the menstrual score change will be towards the null hypothesis, or 

towards no change. If, however, the misclassification of outcome is non-differential, 

biases away from the truth in either direction are possible. This bias could result in 

overlooking the beneficial effect of exercise or concluding falsely that one was there 

when it is not. In either case, wrong conclusions regarding the value of exercise as an 

intervention for menorrhagia would be reached. Removal of investigator bias in the 

allocation of subjects to different interventions is achieved by blinding the investigator to 

the treatment assignment in a parallel group design. However, this feature is less 

pertinent to the crossover design, where all participants receive identical treatment, albeit 

in a different randomly assigned order. 

Our feasibility study had several other limitations that are worthy to note. The first relates 

to the possibility of bias that is the result of self-selection. For instance, it is possible that, 

inadvertently, individuals who already had some prior personal opinion regarding the 

effect of exercise on their menstrual periods chose to participate in the trial. It is also 

possible that individuals who exercise routinely may have already noticed some effect, 

either positive or negative, which may have also influenced their decision to participate in 

the study. One participant in our feasibility study refused to participate for this reason. 

The question was not explicitly asked to candidates who consented to participate in the 

trial, although 1 participant was convinced of the beneficial effects of exercise on her 

menstrual flow prior to enrollment. If a large proportion of such individuals that 

experienced prior positive effects of exercise participated in the trial, then the measured 

effect of exercise on menstrual blood loss may be biased away from the null hypothesis 

of no exercise effect. Therefore, motivational or behavioral characteristics of the 
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individuals that choose to participate may also have a positive effect on the outcome 

being measured. Although self-selection bias remains a possibility, it is unlikely to be 

substantial in view of the fact that our exercise hypothesis is not well known, and 

therefore, is unlikely to have influenced a large proportion of participants prior to their 

enrollment. 

The number of participants that withdrew from the study was 2 out of 13, which 

corresponds to a rate of 23%. If the withdrawals were in some way systematically related 

to the response to the exercise intervention, selection bias may threaten the validity of our 

results. ' If, for example, those individuals who found no improvement during the 

first period chose not to continue, the results may be biased in favor of showing a positive 

effect when in fact there was none. Although this possibility presents a possible concern 

for the definitive trial, we anticipate that exercise-related withdrawals will be minimal. 

Our speculation is based on the fact that since exercise is a physiological intervention, 

rather than a pharmacological one, withdrawal due to intolerance of the intervention or 

from side effects is not expected.157 As well, this expectation is supported by the 

observation that the exercise session itself was well tolerated by all 40 participants in the 

pre-test post-test trial, despite the fact that approximately 50%> of the women were 

inactive/sedentary at baseline. In addition, there has been only a single withdrawal so far 

that is directly related to the exercise protocol of the feasibility study. 

The possibility of bias introduced by the selective withdrawals that do occur will be 

assessed for in our final analysis of the results. An intention-to-treat analysis that includes 

those women known to have completed at least 1 period of the study protocol and who 

have completed at least 1 PBAC score, as well as a secondary per-protocol evaluation 

that includes those women who completed all 4 periods of the study protocol, will be 

carried out and compared. The intention-to-treat analysis, by including all data collected 

even from withdrawals, provides a greater accountability of all patients enrolled in the 

study, by decreasing the influence of withdrawals and non-compliers on the results, and 

thus allowing for greater generalizabiltiy.165 Individuals who are randomized, and who 

have not completed at least 1 period of the trial, will be omitted from the analysis. This 
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strategy is reasonable and can increase the precision of the estimates derived during the 

trial. Moreover, this strategy can be done without introducing significant bias, provided, 

however, that the withdrawals are unrelated to the likelihood of having received the 

intended treatment (or control).166 

Another concern raised by our study design is the possibility of contaminating 

intervention periods with rest periods and visa versa. This problem is a realistic one, since 

those who experience improvement in their menstrual flow with exercise in the first 

period may opt to continue exercising during subsequent periods. Although this tendency 

would violate the study protocol, this possibility is difficult to control. Although sodium 

measured in the patches should theoretically support or refute this possibility, such would 

only be the case if the patches were actually worn during exercise. If the patch is worn at 

any time other than during exercise, the sodium content of the patch will appear to 

correctly reflect a "rest" period in the protocol, despite the fact that exercise was done. 

The opposite situation in which women who find no improvement of their menstrual 

periods with exercise treat the remaining periods as "rest" periods is perhaps easier to 

control for. Sodium levels lower than 1.0 mm/1 on days corresponding to exercise periods 

of the protocol would indicate that exercise was not done. In both of these situations, 

biased estimates of the effect of exercise would result. Since the ultimate analysis in our 

definitive trial will be based on some form of comparison between "exercise" and "rest" 

periods,159'160 the possibility of either situation occurring would likely underestimate the 

effect of exercise (i.e. would bias the estimates toward the null hypothesis of no effect), 

since there would be little change in the intra-individual comparisons between treatment 

periods. 

The PBAC score has been validated by Highams et al36 We have chosen to use this tool 

in our study as a semi-quantitative measure of menstrual blood loss. It has also been 

shown that a score of > 100 has a high sensitivity and specificity to diagnose menorrhagia 

as compared to the gold standard hematin technique. * Despite this finding, however, 

the utility of the PBAC as a screening tool for menorrhagia is limited by the fact that its 

high sensitivity and specificity have only been established in women who use the same 
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brand of sanitary napkins or tampons.36'37 Its ability to discriminate menorrhagia from 

normal menstrual blood loss among women who use different brands of sanitary napkins 

has not been studied. However, despite this limitation, both Higham and Janssen have 

shown that blood loss is highly correlated with the PBAC scores (Pearson correlation 

coefficient of 0.85).36'37 This correlation coefficient measures the linear nature of the 

relation between menstrual blood loss and PBAC scores. Such a strong coefficient 

suggests that, in general, higher scores represent greater degrees of blood loss, whereas 

lower scores represent lesser degrees of blood loss. Moreover, this correlation coefficient 

suggests that the PBAC score can be used to assess the effect of treatment on menstrual 

blood loss, regardless of the baseline score of the particular individual. Therefore, since 

each woman will serve as her own control, the actual brand of tampon or pad used, as 

long as it was not changed for the duration of the study (or if at least consistent changes 

were made by each participant), should not influence the utility of this scoring system to 

compare menstrual flow between cycles in the same individual. Janssen et al also showed 

that there is consistency of individual menstrual blood loss and PBAC scores between 2 

consecutive menstrual cycles with the median of the menstrual scores on 2 consecutive 
37 

menstrual cycles of 96 and 85, respectively. In their study, using a cutoff of 185 to 

define menorrhagia (highest sensitivity and specificity), 85.1%> of women showed 

consistency of assessment of blood loss between 2 consecutive menstrual cycles using the 
37 

PBAC score as the outcome. This result suggests that differences in menstrual flow 

assessed by PBAC scores, both with and without exercise, can be attributed to true 

changes in menstrual blood volume and not to baseline variations in the scores of that 

particular individual. It is for this reason that we considered the PBAC score to be a valid 

means to assess the effect of exercise on menstrual blood flow in our study. This outcome 

tool has been used in order to evaluate the effect of intranasal DDAVP on menorrhagia in 

several other studies,68'69'71 including a recently published crossover study.70 

In our study protocol, exercise is being done in the home setting, where neither patient 

compliance nor the adequacy of the exercise will be monitored. This design feature will 

permit us to assess the efficiency of exercise (rather than efficacy) as a therapeutic 

modality to treat menorrhagia in women with Type I vWD. In general, the effect of non-
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compliance results in a bias the trial towards finding no benefit to treatment and leads to 

an erroneous failure to reject the null hypothesis.163 Although the compliance rate is of 

interest to us insofar as the interpretability of the findings in the definitive trial are 

concerned, even non-compliant periods will be included in the efficiency analysis. 

In the definitive trial, we will quantify the degree of compliance by using the sodium 

content of the filter paper patches. The cutoff that was used to discriminate between 

compilers and non-compliers with the exercise protocol was determined from data 

obtained during the pre-test post-test trial. Although all participants in Phase I of this 

study displayed a post-exercise sodium level of at least 1.0 mmol/1, it is possible that 

there are individuals for whom this increment will not be achieved during Phase II of the 

study, even among those who comply with the exercise protocol. This limitation is 

inevitable seeing as we are using an arbitrary cutoff to determine compliance in Phase II 

since a threshold criterion for sodium levels to distinguish compilers from non-compliers 

has not yet been published. Therefore, our compliance estimates will only be considered 

as rough estimates. 

The effect of a supervised exercise session on the laboratory coagulation parameters in 

women with Type I vWD was not assessed prior to Phase II of this study, although we 

feel that these findings would be generalizable to women with vWD. Also, blood levels 

of vWF:Ag are not being measured in Phase II of the study. It is possible that women 

completing the exercise protocol at home will not achieve blood levels of vWF:Ag as 

high as those noted in our Phase I trial. However, we do not believe that this possibility 

would be major drawback since our principal interest will be to assess the efficiency of 

the prescribed exercise on menstrual blood flow, which we believe to be the most 

clinically pertinent end-point. The menstrual blood loss outcome used in our study is a 

global reflection of the balance between the competing coagulant and fibrinolytic 

changes induced by exercise and, as such, is more clinically relevant than changes in 

laboratory parameters. 
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A similar concern was raised in the interpretation of a recently published clinical 

crossover trial designed to assess the effect of DDAVP therapy on menstrual bleeding in 

women with vWD.70 In this trial, the possibility of underdosing was considered since 

blood levels of the medication were not assessed and administration of the drug was not 

supervised. Although DDAVP has been shown in previous uncontrolled non-randomized 

studies to be efficacious to treat this condition,68'69'71 it was not shown to be effective in 

this trial. 

The results of the definitive trial will not be generalizable to all women with Type I 

vWD. Highly motivated women, in general, are more likely to participate in studies and 

are more likely to comply with the study protocol; accordingly, they likely differ 

significantly from women who do not participate in many other unmeasurable or 

unquantifiable behavioral and motivational characteristics.149'163 This limitation in 

generalizability is acceptable to us, however, in view of the fact that if exercise ultimately 

proves to be effective, it will only be employed by a very highly select group of women. 

Further, generalizing the results from our definitive trial to women outside of the age 

range being considered will not be possible. 
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OVERALL CONCLUSIONS: 

Non-severe forms of vWD affect 1 in 100 persons, making it the single most common 

inherited bleeding disorder. Menorrhagia is a significant problem among women with 

Type I von Willebrand disease. However, little focus has been placed on studying natural, 

low cost and safe treatment alternatives for this condition. The aim of our study was to 

investigate the effect of exercise on measures of the coagulation system in healthy pre­

menopausal women and to assess the feasibility of a 4-period crossover study in order to 

study the effect of exercise on menorrhagia in women with Type I vWD. The results of 

our Phase I quasi-experiment showed that circulating levels of vWF:Ag and FVIILC 

increase and the bleeding time and clotting times shorten significantly when women 

perform vigorous exercise. We have also shown that the sodium produced in sweat 

during exercise is a relatively good predictor of the magnitude of the change in vWF: Ag 

induced by exercise. It stands to reason, then, that intense exercise should moderate 

menstrual blood flow in affected women. 

The protocol used in our Phase II feasibility study was well tolerated and compliance 

with the exercise protocol was high. Recruitment, however, was particularly slow. The 

limited pool of potentially eligible subjects and the lengthy 4-period study design may 

have adversely affected recruitment. The withdrawal rate was 23%>. However, reducing 

the crossover study to 2 periods and including patients from other treatment centers 

should accelerate recruitment for our definitive trial. Also, better selection of candidates 

will help keep the withdrawal rate acceptable. The results of the definitive crossover trial 

will determine whether exercise is an efficient physiological alternative to standard 

therapies to treat of menorrhagia in highly motivated women with vWD. 
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TABLES 

Table 1-Analytical Methods 

VARIABLE 
MEASURED 

Sodium 

Chloride 

FVIILC 

vWF:Ag 

aPTT 

BT 

Blood group 

Catecholamines 
(adrenaline and 
noradrenaline) 

Lactate 

SPECIMEN 
HANDLING 

i. filter paper 
patches allowed to 
dry on room air 
ii. each patch was 
eluted into a fixed 
volume of distilled 
de-ionized water 
iii. the concentration 
ofNaCl in theeluate 
was measured 

i. immediate 
centrifugation at 4°C 
ii. snap frozen on 
dry ice 
iii. stored at -80°C 
for later analysis in 
batches 

analyzed 
immediately at 37°C 

stored immediately 
on dry ice 

ANALYSIS 
TECHNIQUE 

electrochemical 
determination 

Flame Emission 
Spectrophotometry 

aPTT-based one-
stage clotting assay 
using FVIII 
deficient plasma 
(Diagnostica Stago's 
Reagent) 
Automated 
immunoturbidometri 
c assay (LIATEST) 

aPTT-based one-
stage clotting assay 

in vitro with both 
ADP and 
epinephrine platelet 
agonists 

standard forward 
and backward blood 
bank procedure 
High Performance 
Liquid 
Chromatography 
(HPLC) 
enzymatic end-point 
procedure 

INSTRUMENT 

CMT 10 chloride 
titrator (Radiometer, 
Denmark) 
IL10 flame 
photometer 
(Instrument 
Laboratories, USA) 

STA compact 
instrument (Asniere, 
France) 

STA compact 
instrument (Asniere, 
France) 

Platelet Function 
Analyzer (PFA-100) 
test cartridge system 

Perkin Elmer LC 
system 

Beckman Synchron 
System (Beckman 
Instruments, CA, 
USA) 

ADDITIONAL 
STEPS 

Concentrations 
multiplied by 
fixed volume of 
eluate to derive 
total amount 

Supplementary 
dilutions for 
values exceeding 
1.0 U/ml and 
repeated (carried 
out to ensure 
readings from the 
most accurate 
portion of their 
respective 
standard curves) 

UNITS 

mmol/L 

U/ml (normal 
range: 0.5-1.5 
U/ml) 

Seconds 
(normal range 
29-43) 

Seconds 
(normal 
ranges: 
ADP-50-105 
Epi-60-150) 

pmol/1 

mmol/1 
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Table 2- Dependent Variables 

Variable Definition Scale (Units) 

vWF:Ag change* 
(Timel) 

Absolute level measured at Time 1 minus the value 
measured at baseline (Time 0) 

Continuous (U/ml) 

vWF:Ag change* 
(Time 2) 

Absolute level measured at Time 2 minus the value Continuous (U/ml) 
measured at baseline (Time 0) 

"used in regression 

Table 3 - Main Independent Variables (continuous markers of exercise) 

Variable Definition Scale (units) 

Forearm sodium change* Total absolute level as measured after exercise (Time 
1 plus Time 2) minus absolute value measured at 
baseline (Time point 0) 

Lactate change* Absolute level as measured after exercise (Time 1) 
minus absolute value measured at baseline (Time 0) 

Continuous (no units) 

Continuous (mmol/l) 

Noradrenaline change* Absolute level as measured after exercise (Time 1) Continuous (pmol/l) 
minus absolute value measured at baseline (Time 0) 

Adrenaline change* Absolute level as measured after exercise (Time 1) Continuous (pmol/l) 
minus absolute value measured at baseline (Time 0) 

'used in regression 
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Table 4 - Potential Confounding Variables 

Variable 

Age* 

Definition Scale (units) 

Chronological age Continuous (years) 

Fitness Level* Determined from a continuous score calculated from a Dichotomous 
validated fitness questionnaire1. Possible score values unfit <11=0 
range from 0 to >20. Category of fitness level then fit >11=1 
determined according to absolute score. 

*used in regression 

1 adapted from R.L. and J. Henderson, Fitness Running, Human Kinetics, Champaign IL, 1994 

Table 5 - Determinants of Baseline vWF:Ag 

Variable Definition Scale (units) 

Race Caucasian or other Dichotomous 
Caucasian=0 
Other=1 

Blood group Determined by forward and backward blood banking 
procedures 

Categorical 
0= reference 
A 
AB 
B 

Menstrual phase 

Smoking status 

Categories of menstrual phase determined by day of 
menstrual cycle by history at the time that they perform 
the exercise protocol 
Individuals in the follicular phase are then subdivided 
into follicular menstruating phase and non-
menstruating according to the presence or absence of 
their menstrual period during the exercise study 

Smoker defined as current and regular use of tobacco 
(>1 pack/week) 
Past-smokers and current infrequent smokers are 
categorized as non-smokers 

Categorical 
luteal (days 14-
28)=reference 
Follicular non-menstruating 
(days 6-14 and no menses) 
Follicular menstruating 
(days 1-5 and menses) 

Dichotomous 
non-smoker=0 
smoker=1 

Contraceptive use Users are defined by current use or use within 1 month Dichotomous 
preceding their exercise session non-user=0 
Previous users are categorized as non-users user=1 
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Table 6 - Distribution of Baseline Categorical Variables 

Variable 

Race 
Caucasian 
Other 

Menstrual phase 
Luteal 
Follicular non-menstruating 
Follicular menstruating 

Blood group 
0 
A 
B 
AB 

Smoking status 
Y 
N 

Oral contraceptive use 
Y 
N 

Activity Level 
Unfit 
Fit 
Very Fit 

97.8 
2.2 

47.5 
37.5 
15.0 

52.5 
30.0 
15.0 
2.5 

10.0 
90.0 

55.0 
45.0 

52.5 
45.0 

2.5 

Frequency Distribution (%) 

Table 7 - Baseline Continuous Variables 

Variable (units) Median Mean (+/- SD) Range 

Age 25.5 27.0+/- 5.4 18-39 
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Table 8 - Independent Variables 

Variable* Median Mean (+/- SD) Range 

Forearm sodium 

Lactate 

Adrenaline 

Noradrenaline 

3.30 

5.75 

80.00 

1935 

3.26+/- 1.72 

5.57+/- 2.31 

86.23+/-130.92 

1689+/-1290 

0.80-8.40 

-0.31-10.73 

-215.00-401.00 

-827-5369 
* change in variable indicated from baseline (Time 0) to immediately after exercise (Timel) 

Table 9 - Dependent Variables 

Variable Median Mean (+/- SD) Range 

vWF:Ag 1 

vWF:Ag 2 

0.25 

0.16 

0.31+/-0.26 

0.23+/- 0.25 

-0.12-1.11 

-0.12-0.98 
* vWF:Ag 1 = the difference in vWF:Ag from baseline (Time 0) to Time 1, vWF:Ag 2 = the difference in 
vWF:Ag from baseline (Time 0) to Time 2 
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Table 10 - Univariate Analysis-Paired Student t-test 

Parameter Time 0 Time 1 Time 2 
mean +/- SD mean +/- SD mean +/- SD 
(95% CI) (95% CI) (95% CI) 

vWF:Ag (U/mL) 0.83+/-0.19 1.14+/-0.32* 1.06+/-0.30* 
(0.77 0.89) (1.04 1.24) (0.97 1.15) 

FVIILC (U/mL) 1.12+/-0.20 1.77+/-0.60* 1.55+/-0.59* 
(1.06 1.18) (1.58 1.96) (1.37 1.73) 

APTT (seconds) 36.0+/-3.06 35.1+/-2.94 • 34.9 +/- 3.37 • 
(35.0 36.9) (34.1 36.0) (33.9 35.9) 

CT ADP (seconds) 85.2 +/-14.12 72.4 +/-16.66 * 80.4 +/-15.31 • 
(80.8 89.6) (67.2 77.6) (75.6 85.1) 

CT Epi (seconds) 129.6 +/- 34.37 105.1 +/- 28.58 * 116.1 +/- 36.31 
(118.9 140.2) (96.2 114.0) (104.8 127.3) 

* indicates significance compared to baseline using a paired-student t-test of p < 0.0001 
• indicates significance compared to baseline using a paired-student t-test of p < 0.05 
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Table 11 - Univariate Analysis- Linear Regression dependent variable = vWF:Ag change (Time 2) 

Variablet Coefficient!. SE P-value 95% CI R 2 

Forearm sodium* 0.05 0.02 0.04 0.00-0.09 0.10 

Lactate* 0.03 0.02 0.08 0.00-0.06 0.08 

Noradrenaline 0.02** 0.03 0.55 -0.04-0.08 0.01 

Adrenaline 0.03*** 0.03 0.41 -0.04-0.09 0.02 

f change in variable indicated from baseline (Time 0) to immediately after exercise (Timel) 
t rounded to 2 decimal places 
degression coefficient for a 1 unit change 
** regression coefficient for a 1000 unit change in noradrenaline 
*** regression coefficient for a 100 unit change in adrenaline 

Table 12-Univariate Analysis- Linear Regression dependent variable = vWF:Ag change (Time 2) 

Variable Units change in Units change in Final vWF:Ag level (U/ml) from 
independent variable dependent variable mean baseline of 0.83 U/ml +. 

(vWF:Ag) +. 

Forearm sodium 

Lactate 

Noradrenaline 

Adrenaline 

1 
5 
10 

1 
5 
10 

1000 
5000 

100 
500 

0.05 0.88 
0.22 1.05 
0.45 1.28 

0.03 0.86 
0.15 0.98 
0.30 1.18 

0.02 0.85 
0.09 0.92 

0.03 0.86 
0.13 0.96 

t rounded to 2 decimal places 
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Table 13 - Multivariate Analysis - Interactions dependent variable = vWFAg change (Time 2) 

Variablet 

Sodium*Age 

Sodium*Fitness 

Sodium*vWF:Ag* 

Lactate*Age 

Lactate*Fitness 

Lactate*vWF:Ag 

Coefficient 

0.004 

0.017 

-0.142 

-0.003 

-0.071 

0.047 

SE 

0.003 

0.044 

0.109 

0.003 

0.037 

0.082 

95% CI P-value 

-0.002-0.011 

-0.007-0.108 

-0.363-0.080 

-1.010-0.321 

-0.147-0.004 

-0.120-0.215 

0.21 

0.70 

0.20 

0.32 

0.06 

0.57 

Noradrenaline*Age -0.0000033 0.0000056 -0.0000146-0.0000080 0.56 

Noradrenaline*Fitness -0.000092 0.000059 -0.000212-0.000029 0.13 

Noradrenaline*vWF:Ag -0.00014 0.00018 -0.00050-0.00022 0.43 

-0.00017-0.000091 0.53 

-0.00146-0.00105 0.74 

-0.0038-0.0046 0.85 

t Interaction term tested in base model containing respective main independent variable and adjusted for 
fitness and age 

* vWF:Ag = vWF:Ag at baseline (Time 0) 

Adrenaline*Age 

Adrenaline*Fitness 

Adrenaline*vWF:Ag 

-0.000041 

-0.00021 

0.0039 

0.000065 

0.00062 

0.0020 
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Table 14 - Multivariate Analysis - Final Models dependent variable = vWF:Ag change (Time 2) 

Model Variablef Coefficient): SE 

1 Forearm sodium* 0.05 

2 Lactate* 0.02 

3 Noradrenaline** 0.02 

4 Adrenaline*** 0.05 
t Main independent variable of base model adjusted for fitness 
$ rounded to 2 decimal places 
¥ standardized regression coefficient 
* regression coefficient for a 1 unit change 
** regression coefficient for a 1000 unit change in noradrenaline 
*** regression coefficient for a 100 unit change in adrenaline 

SE 

0.02 

0.02 

0.03 

0.03 

P-value 

0.02 

0.21 

0.42 

0.11 

95% CI 

0.01-0.09 

-0.01-0.06 

-0.04-0.08 

-0.01-0.11 

Partial R2 

0.146 

0.042 

0.018 

0.066 

Stand Coeff¥ 

0.36 

0.20 

0.13 

0.25 

Table 15- Multivariate Analysis - Final Models dependent variable = vWF:Ag change (Time 2) 

Variable Units change in Units change in Final vWF:Ag level (U/ml) from 
independent variable dependent variable mean baseline of 0.83 U/ml +. 

(vWF:Ag) +. 

Forearm sodium 1 0.05 0.88 
5 0.26 1.09 
10 0.52 1.35 

Lactate 1 0.02 0.85 
5 0.11 0.94 
10 0.22 1.05 

Noradrenaline 1000 0.02 0.85 
5000 0.12 0.95 

Adrenaline 100 0.05 0.88 
500 0.24 1.07 

+. rounded to 2 decimal places 
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Table 16 - Multivariate Analysis - Final Models dependent variable = vWF:Ag change (Time 2) 

Model Variable* Covariate F-value 

1 Forearm sodium Fitness 5.39 

2 Lactate Fitness 2.78 

3 Noradrenaline Fitness 2.27 

4 Adrenaline Fitness 3.34 
* Main independent variable of base model adjusted for fitness 

P-value 

0.01 

0.07 

0.12 

0.05 

Adjusted R2 

0.18 

0.08 

0.06 

0.11 
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Table 17: Frequency (in descending order) according to reason of exclusion 

Number Reason Number Frequency (%) 

1 

2 

3 

4 

5 

No menorrhagia 

Irregular periods 

On medication 

Pregnant 

Exercise intolerance 

6 

4 

2 

1 

1 

42.9 

28.6 

14.3 

7.1 

7.1 

Total 14 100 

Table 18: Frequency (in descending order) according to reason of refusal 

Number Reason Number Frequency (%) 

1 

2 

3 

4 

5 

6 

7 

Total 

Insufficient time 

Dislike exercise 

Satisfied with current treatment 

Unwilling to modify current exercise program 

Trying to become pregnant 

Unconvinced that exercise helps 

None 

5 

3 

2 

14 

35.7 

21.4 

14.3 

7.1 

7.1 

7.1 

7.1 

100 
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FIGURES 

Figure 1: Mean absolute values of vWF:Ag (U/ml) and FVIILC (U/ml) at baseline (Time 0), 
immediately after exercise (Time 1) and 30 minutes after exercise (Time 2). 

Absolute 
mean 
(U/ml) FVIII:c 

vWFAg 

Time points 

* indicates significance at a p < 0.05 using a paired Student t-test 

Figure 2: Mean increases (in per cent) in vWF:Ag and FVIILC immediately 
after exercise (Time 1), and 30 minutes after exercise (Time 2) adjusted for 
baseline (Time 0). 

Relative 
Mean 
¥(%) 

• FVIII:c 
• vWFAg 

Time points 

* indicates significance at a p < 0.05 using a paired Student t-test 

4* mean % increase was calculated by subtracting the mean pre-exercise values from the mean post-exercise values, 
dividing by the pre-exercise values and multiplying by 100. 
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Figure 3: Frequency Distribution of absolute increase in vWF:Ag (U/ml) immediately after 
exercise (Time 1) compared to baseline (Time 0). 
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Figure 4: Frequency distribution of absolute increase in FVIILC immediately after exercise 
(Time 1) compared to baseline (Time 0) 
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Figure 5: Enrollment Algorithm 

Contacted by phone n*=43 

Eligible n=29 
(67%) 

Ineligible n=14 
(33%) 

Accepted n=15 
(52%) 

Refused n=14 
(48%) 

Enrolled n=13 To be enrolled n=2 

Completed n=6 On study n=5 Withdrew n=3 
(46.2%) (38.5%) (23%) 

/ 

All 4 periods n=6 after periodl n=1 before period 1 n=2 

* n= number of subjects 
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APPENDIX: Fitness Questionnaire 
From: R.L. and J. Henderson, Fitness Running, Human Kinetics, Champaign IL, 1994 

Please choose the statement that best describes you or your condition in the categories that follow: 

Cardiovascular health 

No history of heat or circulatory problems (3) 

Past ailments have been successfully treated (2) 

Such problems exists but no treatment required (1) 

Under medical care for cardiovascular illness (0) 

Injuries 

No current injury problems (3) 

Some pain in activity but not limited by it (2) 

Level of activity is limited by the injury (1) 

Unable to do much strenuous exercise (0) 

Illnesses 

No current illness (3) 

Level of activity not limited by the illness (2) 

Level of activity limited by the illness (1) 

Unable to do much strenuous training (0) 

Age 

Age<19 (3) 

Ages 20-29 (2) 

Ages 30-39 0) 

Ages 40 and older (°) 
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Weight 

Within 5 pounds of ideal weight 

6-10 pounds above or below ideal 

11-19 pounds above or below ideal weight 

>20 pounds above or below ideal 

_(3) 

.(2) 

.0) 

_(0) 

Resting Pulse Rate 

Below 60 beats per minute 

60-69 beats per minute 

70-79 beats per minute 

>80 beats per minute 

.(3) 

_(2) 

_(1) 

.(0) 

Smoking 

Never a smoker 

Once a smoker but quit 

An occasional, light smoker now 

A regular, heavy smoker now 

_(3) 

.(2) 

_d) 

_(0) 

Most Recent Aerobic Workout 

Participate in aerobic exercise classes >3 times a week 

Participate in aerobic exercise classes 2 to 3 times a week 

Participate in aerobic exercise classes 1 to 2 times a week 

No recent aerobic classes 

.(3) 

.(2) 

-(1) 

.(0) 
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Aerobic Exercise Background 

Participated in aerobic step workouts 1 to 2 years ago (3) 

Participated seriously on a regular basis within the past year (2) 

Participate in aerobic steps workouts 1 to 2 times a week (1) 

No recent aerobic step training (0) 

Related Activities 

Regularly practice similar aerobic activities (3) 

Regularly practice less vigorous activities (2) 

Regularly practice nonaerobic sports (weight-lifting, tennis, golf etc..) (1) 

Not regularly active in any physical activities (0) 

TOTAL SCORE 

Find Your Fitness Level 

Score Fitness level 

20 or more high 

10-19 average 

less than 10 below average 
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