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ABSTRACT

Introduction: Haemophilia A (HA) is a rare bleeding disorder. Patients with severe HA have a factor VIII
activity of < 1%. The clinical picture of severe HA consists of a propensity for spontaneous haemorrhages
to the skin, muscles, joints, and internal organs. To prevent severe complications of bleeds, patients with
severe HA receive prophylaxis with deficient clotting factor. Obese people have larger absolute fat free mass
(FFM) as well as fat mass than non-obese individuals of the same age, gender and height. Factor VIII (FVIII)
concentrates are typically confined to the vascular space. Although the pharmacokinetics (PK) based FVIII
dosing is becoming a standard in tailoring the prophylaxis for HA patients, the majority of them are still dosed
according to total body weight and this may result in an overdose of FVIIL. This study aimed to evaluate the PK
of FVIII considering patients’ body weight and body composition using electrical bioimpedance.

Material and methods: Twenty-one boys with severe HA undergoing plasma-derived factor VIII prophylaxis
were enrolled in the study. Patients underwent physical examination, body weight and height measurements,
had body composition assessed using electrical bioimpedance, FVIII concentration was measured before and
30 min after FVIII administration, and FVIII recovery was evaluated. Patients completed a questionnaire
regarding treatment, physical activity, and bleeding.

Results: Of the patients who underwent the study, 47.6% had a normal body mass index (BMI), 42.8% were
overweight, and 9.5% of patients were underweight. There was a correlation between patients’ BMI and FVIII
recovery, FFM and FVIII recovery, and fat mass and FVIII recovery. No relationship was found between FVIII
recovery and bleeding rate.

Conclusions: Determining factor VIII dosage according to FFM requires further study.
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Haemophilia is a rare disease. There are more than
400,000 patients with the severe form of haemophilia

Haemophilia A (HA) is a genetically determined = worldwide [2]. The prevalence of haemophilia in Poland
bleeding disorder resulting from factor VIII (FVIII) de-  is estimated at 1 : 12300, of which approximately 80-85%
ficiency. Inheritance of HA is recessive, linked to the X of cases are HA [3, 4]. There are approximately 300 pae-
chromosome - almost only men are affected, while wom-  diatric patients with severe HA (305 patients enrolled in
en are carriers of the defective gene [1]. the bleeding prevention program in June 2018) [5].

INTRODUCTION
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Clinically, HA, like other haemorrhagic diatheses, is
characterized by a propensity to bleed. The most charac-
teristic symptom of severe haemophilia is spontaneous
as well as traumatic articular bleeding, which eventually
lead to joint destruction. In addition, patients with hae-
mophilia may bleed into the muscles, gastrointestinal
tract, oral cavity, urinary tract, as well as into the central
nervous system. 80% of bleeding events, however, occur
in the musculoskeletal system [1]. Articular bleeding is
not always symptomatic, but it can damage a joint. Pro-
phylactic treatment with FVIII may prevent insidious ar-
thropathy development [6].

Lack of physical activity is one of the causes of excessive
body weight. This involves two concepts relevant to this arti-
cle: overweight is excessive accumulation of body fat, not yet
fulfilling the criteria for a diagnosis of obesity, but exceeding
the physiological value (body mass index - BMI, 85-95%
percentile for sex and age), while obesity is the abnormal
and/or excessive accumulation of body fat leading to deteri-
oration of health (BMI > 95" percentile for sex and age) [7].

The calculation of drug dosages to obese patients is
a subject of concern. The main factors that affect the tis-
sue distribution of drugs are body composition, regional
blood flow and the affinity of the drug for plasma pro-
teins and/or tissue components. Obese people have larg-
er absolute fat free mass (FFM) as well as fat mass than
non-obese individuals of the same age, gender and height.
Factor VIII concentrates are typically confined to the vas-
cular space, so the problem of accumulation of the drug
in adipose tissue is not a concern in patients with haemo-
philia [8]. But it has some other impact.

Although pharmacokinetics (PK) based FVIII dosing
is becoming a standard in tailoring the prophylaxis for
HA patients, the majority of them are still dosed accord-
ing to total body weight.

The purpose of this study was to investigate the role
of excessive fat content for the FVIII pharmacokinetic.
This is the first publication concerning this problem in
children with haemophilia in Poland.

MATERIAL AND METHODS

The cross-sectional study was performed by Clinical
Department of Paediatric Oncology, Haematology, Clini-
cal Transplantology and Paediatrics of Medical University
of Warsaw.

The aim of this study was to evaluate the relationship
of FVIII recovery to body weight in paediatric patients
with haemophilia.

Eligible boys were identified by an author of the study
from patients with haemophilia treated in the Depart-
ment of Pediatric Oncology, Hematology and Transplan-
tology of the Medical University of Warsaw.

Patients underwent physical examination, weight and
height measurements, body composition measurements
using electrical bioimpedance, and had FVIII levels as-

sessed before factor VIII administration and 30 min after
factor VIII administration.

Ethical approval was granted by the Bioethics Com-

mittee of the Medical University of Warsaw.
« STUDY GROUP
- INCLUSION CRITERIA

4 Males with severe HA

4 Age 6-18 years old

4 No persistent inhibitor

< Patients treated with pd FVIII

- EXCLUSION CRITERIA

< No consent to participate in the study

4 Haemophilia B

< Mild and moderate HA

< Patients taking medications that have a significant
effect on weight gain (e.g. steroids)

4 Age < 6 years old

o INSTRUMENTS
— Factor VIII PK

< Patients were receiving the standard FVIII dose used
in prophylaxis during the survey (20-30 IU/kg)

4 Assessment of FVIII level was performed before
the administration of FVIII, assuming that the pre-
vious administration of FVIII was performed
at least 48 h earlier

< The second FVIII level was assessed 30 min after
FVIII administration

4« Factor VIII recovery was calculated as follows
FVIII rec = (FVIII 30" (%) — FVIII 0(%)/dose
of FVIII (IU) per kg of body weight (k)]

- Weight and height measurements

4 Body weight measurements were taken with an ac-
curacy of 0.5 kg

4 Body height measurements were taken with an ac-
curacy of 1 cm

4 BMI was calculated with an accuracy of 0.01 kg/m?

4 Body weight, height and BMI measurements were
compared to OLAF percentile charts [9]

- Body composition analysis

< An AKERN BIA 101 device was used for body com-
position analysis

< The following parameters were considered:

* FFM in kg and as a % of body weight
= Fat mass (FM) in kg and as a % of body weight
— Questionnaire
4 Patients filled in a questionnaire that contained
questions about:
® their physical activity. Patients defined their phys-
ical activity as: low (less than 30 min of exercise/
day), moderate (more than 30 min of exercise per
day) or high (competitive sport, intense training);

= factor VIII dose and frequency of its administra-
tion;

®» frequency of bleeding (once per week/once per
month/once per six months/once per year or less
frequent).
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TABLE 1. Characteristics of the study group

Parameters Mean SD Median Min Max
Age (years) 13.17 2.46 13 10 17
Body weight [kg] 62.56 22.44 58 26 86.9
Centile of body weight 66.79 33.29 77 0.1 98
Height [cm] 166 0.15 168 133 184
Centile of height 64.13 34.44 74 3 99.9
BMI [kg/m?] 22.24 5.43 21.1 14.7 30.03
Centile of BMI 63.13 34.59 55 0.1 98
Fat free mass [kq] 48.34 12.47 50.3 24 78.6
Fat free mass (% of body weight) 83.45 9.74 85.8 65.5 98.5
Fat mass [kq] 10.39 7.48 8.9 0.7 26.2
Fat mass (% of body weight) 16.55 9.74 14.2 1.5 34.5
BMI — body mass index
[ ] [ ]
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FIGURE 1. Correlation between patients’body mass index expressed
in percentile and factor VIl recovery rate [%*kg/IU]
BMI — body mass index

o STATISTICAL ANALYSIS

— The continuous variables were summarized using
several statistics (median, mean, standard deviation
and range)

— The relationship between continuous variables was
assessed using ordinary linear regression and be-
tween binary and continuous using logistic regres-
sion. These relationships were summarized using
linear coefficient or odds ratio respectively, 95% con-
fidence interval and p-value

- Relationships were considered significant for p < 0.05

- All analyses were performed using the R program
language and statistical environment in version 4.2

RESULTS

From 65 patients with severe haemophilia, who were
treated in the Clinical Department of Paediatric Oncolo-
gy, Haematology, Clinical Transplantology and Paediatrics

Factor VIII recovery [%*kg/IU]

0 10 20 30
Fat mass (% of body weight)

FIGURE 2. Correlation between patients’ fat mass expressed as per-
cent of body mass and factor VIl recovery rate [%*kg/IU]

of Medical University of Warsaw during the survey, only
21 patients met the inclusion criteria.

Ten patients (47.6%) had BMI within the normal
range, 8 patients (42.8%) were overweight or obese (over-
weight 6 [28.6%], obese 3 [14.3%]), and 2 patients (9.5%)
were underweight according to OLAF centile scales.
Further characteristics of the study group are presented
in Table 1.

A correlation was found between patients’ BMI and
FVIII recovery (p-value: 0.0002).

Also a correlation was found between patients’ BMI
expressed in percentiles according to OLAF percentile
charts and FVIII recovery (p-value: 0.0009) (Figure 1).

A relationship was found between FVIII recovery
and patient’s fat mass (FM%bw) expressed as % of body
weight (p-value: 0.017) (Figure 2).

A relationship was found between FVIII recovery and
FFM expressed as % of body weight (FFM%bw) (p-value:
0.017) (Figure 3).
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FIGURE 3. Correlation between patients’ fat free mass expressed
as percent of body weight and factor VIIl recovery rate [%*kg/IU]

A relationship was found between patients’ BMI and
their lack of physical activity (p-value: 0.0088).

Also a relationship was found between patients” phys-
ical activity and FFM expressed as % of body weight
(FFM%bw) (p-value: 0.047).

There was no statistically significant correlation
between FVIII recovery and frequency of bleeding.

DISCUSSION

The latest 2020 guidelines of the World Federation
of Haemophilia included a new definition of prophylaxis.
According to the new definition it is regular administra-
tion of haemophilia patients with haemostatic drugs to
prevent bleeding in order to enable them to lead a healthy
and active lifestyle, including participation in physical and
social activities on a comparable level to healthy people [2].

At present, a patient suffering from severe haemophil-
ia has a chance to live a normal life. Due to widespread
prophylaxis, a network of haemophilia treatment centres,
training of medical staff, as well as education of patients’
parents, haemophilic arthropathy and associated deforma-
tion of the musculoskeletal system are rare among paedi-
atric patients. Children with haemophilia can play sports
and participate in social life on an equal basis with their
peers. On the other hand, the child’s diagnosis with hae-
mophilia significantly influences the organisation of family
life. Parents learn to administer the FVIII concentrates on
their own, recognize the symptoms of bleeding, and orga-
nize their children’s activities on the days when the factor
activity is the highest. Patients grow up with the need to
undergo intravenous injections several times a week and
attend visits in haemophilia treatment centres regularly.
Any trauma at almost every step in childhood may not
only require an additional dose of FVIII, but also creates

the risk of another hospitalization. In the face of many
challenges that await parents, it is difficult to avoid over-
protecting.

Lack of physical activity is one of the causes of exces-
sive body weight.

More than 20 years ago, the World Health Organi-
zation (WHO) officially recognized obesity as a disease
that promotes the development of other diseases, increas-
es the risk of death, and requires treatment [10]. It is es-
timated that there are currently more than 200 million
children with excessive body weight worldwide [11]. In
Poland in 2016, the percentage of school-aged children
with excessive body weight was 22%. Within 4 years
(between 2012 and 2016), this percentage increased by as
much as 5%. The most recent (2018) preliminary results
of a survey of adolescents aged 11-15 years (international
Health Behaviour in School-aged Children survey) indi-
cate that excessive body weight is present in 29.7% of boys
and 14.3% of girls (according to WHO criteria, 2007).
These percentages are several percent higher compared
to the results of the 2014 edition of this survey. Between
2014 and 2018, the percentage of adolescents with exces-
sive body weight increased 19.9-21.7% with a stronger
deterioration observed in boys compared to girls and,
considering age, in 13-year-olds of both sexes [12].

The epidemic of overweight and obesity also affects
patients with haemophilia [13]. Worldwide, the percent-
age of haemophilia patients with excessive body weight is
17%. However, if only patients living in North America
and Europe are considered, the percentage reaches 31%
[14]. The prevalence of overweight and obesity in haemo-
philia patients compared to the healthy population varies
depending on the country where the study was conducted.
In the United States, Canada, Denmark, and Taiwan,
haemophilia patients were more likely to be overweight
than the healthy population, while in India, a smaller
percentage of haemophilia patients suffered from over-
weight and obesity compared to the healthy population
[15-17]. In Poland, no such statistics have been published
to date. There are limited data on the paediatric popula-
tion of haemophilia patients. It is known that children
with haemophilia suffer much less frequently from ex-
cessive body weight compared to adults (26.9% vs. 43.3%
worldwide). However, over 10 years of follow-up, the per-
centage of children with haemophilia and excessive body
weight increased by as much as 40% [15]. Data on pae-
diatric patients vary by part of the world. There are fewer
obese and overweight children with haemophilia in Eu-
rope than in North America (18.8% vs. 30.6%) [16]. So
far there are no such data in the Polish population of chil-
dren with haemophilia. The study group was too limited
to draw similar conclusions on its basis.

Obesity also comes with a higher risk for haemophilic
arthropathy; joint range of motion has been shown to
negatively correlate with BMI [18]. However, the intravas-
cular compartment does not grow with the body mass. It
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is the explanation of higher FVIII recovery rates in over-
weight and obese patients — patients with excessive weight
receive higher weight-based doses that are distributed
over similar volumes to those measured in patients whose
BMI is within the normal range [19].

A limitation of this study is the size of the study group.
Nevertheless, it should be taken into account that haemo-
philia is a rare disease, the study included patients from
a single centre, and in the course of the study, the popula-
tion of paediatric patients with haemophilia was hetero-
geneous in terms of clotting factor concentrate received.
Taking into account the age of patients, we decided to
include patients on plasma-derived factor prophylaxis so
that the study group would be as homogeneous as possible.

According to the study results, patients with higher
BMI and fat content had FVIII recovery that exceeds
2% /IU kg™. Factor VIII recovery rate is usually predeter-
mined as 2%/1U kg™ [20].

According to van Moort’s study, using body weight
to calculate the correct dose of FVIII is not optimal and
especially in obese patients it may result in FVIII over-
dosing [21]. Taking the cost of FVIII concentrates into
consideration, overdosing of FVIII concentrates may lead
to unnecessary excessive cost for the healthcare system.

Not only patient weight can influence the PK of FVIII.
Other factors affecting the PK of FVIII include: patient’s
age, VWF level and blood group [22]. In this study, only
one of the factors affecting PK was analysed, and only one
of the PK parameters was considered.

According to the new definition of prophylaxis in
severe haemophilia, it should be tailored for the patient
[2]. Therefore, factor dosing should not only be based on
FVIII PK, but treatment planning should also take into
account the state of the musculoskeletal system to main-
tain good quality of life and prevent joint damage.

CONCLUSIONS

Calculating the dose of FVIII concentrates using
FFM rather than total body mass should be considered.
The unjustified use of excessive doses of factor VIII con-
centrates for prophylaxis is a burden on the healthcare
system. Pharmacokinetics of FVIII concentrates, depend-
ing on FFM, needs further investigations.

DISCLOSURE

The authors declare no conflict of interest.

REFERENCES

1. Blanchette V, Srivastava A. Definitions in hemophilia: resolved and
unresolved issues. Semin Thromb Hemost 2015; 41: 819-825.

2. Srivastava A, Santagostino E, Dougall A, et al. WFH Guidelines for
the Management of Hemophilia. 3 ed. Haemophilia 2020; 26: 1-158.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Zbikowski P, Matysiak M, Laguna P, Cwikla J. Artropatia hemo-

filowa — patogeneza, obraz kliniczny i mozliwosci diagnostyczne.
] Transfus Med 2010; 3: 19-26.

. Windyga ], Chojnowski K, Klukowska A, et al. Czes¢ I: Wytyczne

postepowania w hemofilii A i B niepowiktanej inhibitorem czynni-
ka VIII i IX (wydanie zaktualizowane). Acta Haematol Pol 2016; 47:
86-114.

. Windyga J, Zdziarska J, Ladny ], Zawilska K. Narodowy Program

Leczenia Chorych na Hemofilie i Pokrewne Skazy Krwotoczne na
lata 2019-2023. Ministerstwo Zdrowia 2018.

. Klukowska A. Profilaktyka u chorych na hemofilie. Acta Haematol

Pol 2009; 40: 493-500.

. Szajewska H, Horvath-Stolarczyk A. Zywienie i leczenie zywie-

niowe dzieci i mtodziezy. Wydawnictwo Medycyna Praktyczna,
Krakow 2017.

. Bjorkman S, Oh M, Spotts G, et al. Population pharmacokinetics

of recombinant factor VIII: the relationships of pharmacokinetics
to age and body weight. Blood 2012; 119: 612-618.

. Kulaga Z, R6zdzynska A, Palczewska I, et al. Siatki centylowe

wysokosci, masy ciala i wskaznika masy ciala dzieci i mtodziezy
w Polsce - wyniki badania OLAE

Obesity and overweight [Internet]. Available from: https://www.
who.int/news-room/fact-sheets/detail/obesity-and-overweight.
Abarca-Gomez L, Abdeen ZA, Hamid ZA, et al. Worldwide trends
in body-mass index, underweight, overweight, and obesity from
1975 to 2016: a pooled analysis of 2416 population-based meas-
urement studies in 128-9 million children, adolescents, and adults.
Lancet 2017; 390: 2627-2642.

Mazur J, Matkowska-Szkutnik A (red). Zdrowie uczniow w 2018
roku na tle nowego modelu badan HBSC. Instytut Matki i Dziecka,
Warszawa 2018.

Majumdar S, Morris A, Gordon C, et al. Alarmingly high preva-
lence of obesity in haemophilia in the state of Mississippi. Haemo-
philia 2010; 16: 455-459.

Wilding J, Zourikian N, Minno MD, et al. Obesity in the global hae-
mophilia population: prevalence, implications and expert opinions
for weight management. Obes Rev 2018; 19: 1569-1584.

Chang CY, Li TY, Cheng SN, et al. Obesity and overweight in pa-
tients with hemophilia: Prevalence by age, clinical correlates, and
impact on joint bleeding. ] Chin Med Assoc 2019; 82: 289-294.
Wong TE, Majumdar S, Adams E, et al. Overweight and obesity in
hemophilia: a systematic review of the literature. Am J Prev Med
2011; 41: S369-75.

Biere-Rafi S, Baarslag M, Peters M, Kruip M, Kraaijenhagen R, Den
Heijer M, et al. Cardiovascular risk assessment in haemophilia pa-
tients. Thromb Haemost 2011; 105: 274-278.

Young G. New challenges in hemophilia: long-term outcomes and
complications. Hematology Am Soc Hematol Educ Program 2012;
2012: 362-368.

Feldschuh J, Enson Y. Prediction of the normal blood volume. Rela-
tion of blood volume to body habitus. Circulation 1977; 56: 605-612.
Hazendonk H, Fijnvandraat K, Lock J, Driessens M, van der Meer E,
Meijer K, et al. A population pharmacokinetic model for periopera-
tive dosing of factor VIII in hemophilia A patients. Haematologica
2016; 101: 1159-1169.

van Moort L, Preijers T, Hazendonk HCAM, Schutgens REG, Laros-
van Gorkom BAP, Nieuwenhuizen L, et al. Dosing of factor VIII
concentrate by ideal body weight is more accurate in overweight
and obese haemophilia A patients. Br J Clin Pharmacol 2020; 87:
2602-2613.

Delavenne X, Dargaud Y. Pharmacokinetics for haemophilia treat-
ers: Meaning of PK parameters, interpretation pitfalls, and use in
the clinic. Thrombosis Research 2020; 192: 52-60.

Pediatria Polska — Polish Journal of Paediatrics 2023; 98

207



