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Summary

Recently, we found that high levels of clotting factor VIII
(>150 1U/d!) are common and make an important contribution to
thrombotic risk. The determinants of high factor VIII:C are unclear and
might be partly genetic. Therefore, we tested the influence of age, blood
group and von Willebrand factor (VWF) levels on factor VIILC
levels, and investigaied whether factor VIII:C levels are genetically
determined. We performed an analysis of 364 female relatives of
hemophilia A patients, who had visited our center for genetic
counseling. In univariate analysis, ABO blood group, age and VWF
antigen (VWF:Ag) levels all influenced factor VIILC levels. After
adjustment for the effect of VWF:Ag levels, both blood group and age
still had an effect on factor VIILC levels. In sister pairs, the Pearson
correlation coefficient between factor VIIL:C levels was 0.17
(p = 0.024) and this correlation remained positive (0.15, p = 0.046)
after correction for the influence of VWF:Ag. In mother-daughter pairs,
no correlation of factor VIII:C levels was found. The correlation
of VWF:Ag levels in sisterpairs was 041 (p <0.001) and in
mother-daughter pairs 0.44 (p <0.001), in line with the assumption
that VWE:Ag levels are under control of autosomal genes. Familial
influence on plasma factor VIII:C and VWF:Ag levels was investigated
with a recently developed familial aggregation test. This test verifies
whether familial aggregation of a particular parameter exists in a set of
pedigrees. In 435 women from 168 families, factor VIII:C as well as
VWF:Ag levels correlated significantly within families, which suggests
a familial influence. The familial aggregation was more prominent for
VWE:Ag levels than for factor VIIL:C levels, possibly because the
genetic effect on VWE:Ag levels is larger than on factor VIILC levels.

Our results support the presence of a familial influence on factor
VIILC as well as on VWE:Ag levels.

Introduction

Several studies have indicated an association of the levels of cloiting
factor VIIL:C and von Willebrand factor antigen (VWF:Ag) with
arterial thrombosis (1-4). We have repeatedly found a low
mortality of ischaemic heart disease in hemophiliacs (5, 6), whereas
high factor VIII:C and VWF:Ag levels have been reported to be
associated with ischaemic heart disease (3, 4). Higher risks of arterial
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thrombosis have also been reported for individuals with blood group
non-0 (3, 7), n whom factor VIIL.C and VWF:Ag concentrations are
higher than in mdividuals with blood group 0 (8,9).

Recently, we investigated the roles of ABO blood group, VWF:Ag
and factor VIIL:C levels in the occurrence of deep-vein thrombosis (10).
Non-0 blood group and high concentrations of VWF:Ag and factor
VIII:C increased the risk of deep-vein thrombosis. In multivariate
analysis, the effect of non-0 blood group and VWF:Ag was fully
explained by factor VIII:C, i.e. factor VIII:C appeared to be the final
effector in promoting deep-vein thrombosis. The prevalence of factor
VIILC concentrations >150 1U/dl was 25% in thrombosis patients and
11% in healthy control subjects, which led to an adjusted odds ratio of
4.8 (95% CI 2.3-10.0) for venous thrombosis, We concluded that high
levels of factor VIIL:C are common and therefore make an important
contribution to the risk of deep-vein thrombosis.

The large interindividual variation in both plasma factor VIII:C
and VWF:Ag levels can be explained by blood group, age and several
other factors (11-13). VWF:Ag is an important contributor to
the factor VIIL:C concentration, which is explained by VWF being the
carrier protein for factor VIII. The non-bound factor VIII is partic-
ularly unstable in the circulation (14, 15). In the 1960s and 1970s,
family studies indicated a genetic influence on the level of factor VIIL:C
(16, 17). More recently, Grstavik et al. (18) found that the variance of
factor VIII coagulation antigen (VIIICag) and factor VIII-related
antigen (VIIIRag, i.e. VWF:Ag) levels was smaller within than
between twin pairs, with a heritability estimate of 0.57 for factor
VIIICag and 0.66 for factor VIIIRag. This points to genetic deter-
minants of factor VIII:C levels, additional to VWE.

Investigation of heritability is complicated and places high demands
on the group that is studied, with regards to structure and sample size.
Therefore, an essential preliminary procedure is to test correlations
between relatives.

With the current analysis, we had two aims. First, to quantify
the determinants of the factor VIII:.C levels, i.e. age, blood group
and VWF, and to study to what extent the effect of blood group and
age on factor VIIL:C levels is influenced by VWF:Ag levels. Second,
to investigate whether factor VII:C levels are genetically deter-
mined.

These analyses require data on a large number of families. This may
take many years to collect. We realized that factor VIIL.C had been
measured for many years in families for carrier testing in hemophilia A.
This study was therefore performed within the database of families seen
for genetic counseling for hemophilia A. The familial aggregation
of plasma factor VIII:C and VWEF:Ag levels of 435 women from
168 families was investigated with a recently developed statistical test
that verifies the existence of familial aggregation (19).
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Fig. 1 Distribution of factor VIII:C levels for non-carriers (A) and carriers
(B) in relation with age and blood group 0 (O) and non-0 (@)

Materials and Methods
Family Data

Female relatives of probands with documented hemophilia A who came to
the Leiden hemophilia center for carriership testing between 1985 and 1995
were included. Carriership was investigated using segregation analysis of
intra- and extragenic polymorphic markers of the factor VIII gene or of the
deleterious mutation m the family (20). In this way it could be clearly
established in 564 women from 172 families whether they were carriers of the
diseased allele or not. All subjects were first- or second-degree relatives of the
probands The pedigree size ranged from 2 (mother-daughter) to 8 persons.

Laboratory Assays

Biood was collected from the antecubital vein in 0.106 mM trisodium
citrate. Factor VIIT coagulant activity was measured by one-stage clotting
assays with factor VI deficient plasma. Before 1991, VWF:Ag was
determined by Laurell immunoelectrophoresis. From 1991, VWEF:Ag was
measured by an ELISA using polyclonal antisera. Pooled normal plasma
calibrated against an in-house reference, contaming 92 IU/dl VWF:Ag and
93 IU/dI factor VIIL:C (relative to the WHO international standard) was used as
a reference.

Statistical Analysis

The distribution of both factor VIII:C and VWF:Ag was not normal, so they
were logarithmically transformed for all statistical analyses. To investigate the
association between factor VIII:.C and VWF:Ag, the correlation coefficient
(product moment) was used. To assess the effect of carriership, blood group
and age on factor VIII:C levels, we used multiple linear regression. Carriership,
as determined by DNA analysis, was entered into the regression models as a
dichotomous variable (0 for non-carriers, 1 for carriers), age as a cOntinuous
variable (in years). Blood group was dichotomized into two groups (0 for blood
group 0, 1 for non-0). To test whether the effect of age and blood group on
factor VII:C was independent of VWF:Ag level, VWF:Ag was added later in
the regression model as a continuous variable. Potentially confoundmg effects
of the different VWF:Ag assays were adjusted by multiple regression, which
did not lead to any differences.

To investigate the genetic influence on factor VIII:C and VWF:Ag levels,
the residuals of the multiple regression models were used. Residuals are the
differences between the observed level Y, for person i and the predicted value
1, obtained from the multiple regression model. As a first test for familial
effects, correlations between the residuals (obtained from the multiple regres-
sion model) of mother-daughter pairs and sister pairs were calculated. Between
all mother-daughter pairs, for which Y-, and Y -u, are the residuals of mother
i and daughter j with variance o2, the correlation will be:

2 fnumber of pairs

i (Y (Y1)

pairs '

Familial aggregation of factor VIIE.C and VWF:Ag levels was studied using
a recently developed method (19), that tests the null hypothesis of no correla-
tion within randomly chosen pedigrees. Since we adjust for carriership by
multiple regression in these families, this test can be used. Within pedigrees,
the correlation of the genetic effects is assumed to have the following natural
correlation structure R: parent-offspring and individuals within a sibship:
correlation 1/2, grandmother-granddaughter and aunt-niece: correlation 1/4,
etc. To combine all information about correlations within a pedigree, Q can be
applied as the weighted sum of correlations between pairs of relatives within a
pedigree. Its mathematical formula reads:

noL (Yeu)Y-pR,

0= R T

1:21/ j; 7

R, is the natural correlation between person i and j of the same pedigree
(172, 1/4 etc.). R, = 0 if person i and J are not related. The value of Q is deter-
mined mamly by sibship and parent-child relations, but the other relationships
also contribute to the value of Q. The test for familial aggregation is positive
when the calculated Q is significantly larger than the expected Q value under
the null hypothesis of no aggregation. See reference 19 for details on the calcu-
lation of the associated p-value.

Results

We included 564 women from 172 families, who were all tested for
carriership for hemophilia A. Because of the possible effect of blood
group on factor VIIL:C levels, all analyses were restricted to individuals
in which blood group was measured. 129 females were therefore ex-
cluded: In 4 families, containing 25 subjects, blood group was not

Table 1 Increase in factor VIILC* (1U/dl) and in VWE:Ag levels (IU/d1) in relation to age and blood group
Factor VIII:C (95% CI) Factor VIILI:C (95% C1) VWF:Ag (95% CI)
corrected for VWE:Ag
Age (10 years) 56 (3.5-19) 30 (1.2-5.1) 5.8%* (3.4-8.2)

Blood group (0 vs non-0) 22.4%* (15.1-312)

9.3% (2.8-16.2) 31.5% (224-413)

*p<0.01, *f p<0.001
# Factor VIIL:C levels adyusted for carriership
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analyzed, and in 37 families blood group was analyzed in one member
only, leaving out 104 persons. Of those 37 families, we included the
one member with known blood group as a reference in the familial
aggregation test. So 435 subjects from 168 families were eligible for
analyses. The mean age was 35 years (range 3-84). 193 women were
carriers of hemophilia A and 242 were non-carriers.

Factor VIII:C levels were strongly correlated (r = 0.58) with
VWF:Ag levels. Factor VIII:C levels were higher in the 227 subjects
with blood group non-0 than in the 208 persons with biood group
in both carriers and non-carriers (Fig 1). As shown in Table 1, after
correction for carriership, factor VIII:C concentrations in subjects with
blood group non-0 were 22.4 [U/d] (95% CI 15.1-31.2) higher than
those with blood group 0. For VWF:Ag levels this difference was
31.5 Tu/dl (22.4-41.3). Both factor VIIL.C and VWF:Ag levels
increased with age. For every successive 10 years of age, the factor
VHLEC level increased 5.6 1U/dl and the VWE:Ag level 5.8 1U/d1.
To see whether the effect of blood group and age on factor VIII:C
concentration depended on VWEF:Ag level, we used multiple linear
regression. After adjustment for the influence of VWF:Ag level, the
regression coeflicient for blood group decreased to 9.3 IU/d] (2.8-16.2)
and for age to 3.1 IU/dI (1.2-5.1) suggesting a VWF: Ag-mediated effect
of these variables on factor VIILC level (Fig 2). Nevertheless, blood group
and age still had an effect on factor VIII:C, independent of VWEF:Ag.

To test for correlations of factor VIII:C and VWF:Ag levels within
mother-daughter and sister pairs, we analyzed all combinations of these
familial relationships. As shown in Table 2, after adjustment for blood
group and age, correlations for factor VIIL:C levels between mother and
daughter were very weak (r = 0.08). In sister pairs this correlation was
0.17 (p = 0.024) and remained significant (r = 0.15, p = 0.042) after
correction for the influence of VWF:Ag level. VWE: Ag levels showed
a strong association in mother-daughter pairs (r = 0.44, p <0.001) and
sister pairs (r = 0.41, p <0.001).

Table 3 shows the results of the familial aggregation test for factor
VIII:C and VWF:Ag levels. In this test, the null hypothesis of no
correlation was rejected for both factor VIII:C and VWF:Ag levels.
For factor VIII:C Q was 469 (p = 0.028), whereas the expected value of
no correlation was 429. For VWF:Ag level Q was 606 (p <0.001).
After correction for VWF:Ag level, Q for factor VIIL:C levels was 464
{(p = 0.04) and was thus not essentially affected, suggesting that
familial influence on factor VIIL:C levels is not regulated through
VWEF:Ag levels alone.

Discussion

In this study we used a new test, the familial aggregation test, spe-
cifically developed for testing correlations between family members,
which uses all possible combinations in families and provides more
information than the analysis of variance between pairs of relatives.
In the familial aggregation test, both factor VIILC and VWF:Ag
levels were positively correlated within families, suggesting a genetic
influence.
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Fig. 2 Mean (O, @) and predicted (---) factor VIIL:C levels for age and
blood group. Factor VIIL.C levels were adjusted for carriership (in A) and
for carriership as well as for the influence of VWF:Ag levels (in B). Predicted
values for age and blood group were calculated by multiple regression. The
difference 1n factor VIIL:C levels between blood group 0 and non-0 becomes

smaller after the correction for the influence of VWF:Ag levels, but 15 stilf
present

We found a positive correlation of factor VIIL:C levels in sister pairs
only and not in mother-daughter pairs. For X-linked determinants it can
be predicted that factor VIIL:C levels should give higher correlations in
sisters pairs than in mother-daughter pairs, because sisters inherit the
same X-chromosome from their father. This means that on average
50% of the sisters will have the same combination of X-chromosomes,
in contrast to 25% for autosomes. These findings suggest a control of
factor VIIL:C variation by X-linked alleles, possibly the factor VIII
gene itself. Filippi et al. (21) suggested a primary role of X-linked
genetic determinants in the variation of factor VIIL.C levels within
families. They found a positive correlation within groups of male pairs,
only if they had identical X-alleles.

VWE:Ag levels were strongly correlated in both mother-daughter
and sister pairs, which is in agreement with previous publications
that VWE:Ag levels are under control of autosomal genes (16, 22).

Table 2 Correlation coefficients of factor VIII:C and VWF:Ag levels between mother-daughter and sister pairs*

No. of pairs Factor VIII:C Factor VIII:.C VWF:Ag
corrected for VWF-AG
Mother vs daughter 213 0.8 (p=0.26) 0.07 (p=0.33) 0.44 (p <0.001)
Stster vs sister 174 0.17 (p = 0.024) 0.15 (p = 0.046) 041 (p<0.001)

# Factor VIII:C levels adjusted for carriership, age and blood group; VWF:Ag levels adjusted for age and blood group
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Table 3 Familial aggregation of factor VIII C and VWF Ag levels m 168 families*

Factor VIII C Factor VIII C VWF Ag
corrected for VWF Ag
Q 469 464 606
Exp (Q) 429 428 429
p value 0028 0 040 <0001

# Factor VIII C levels adjusted for cartiership age and blood group VWF Ag levels adjusted for age and blood group

Furthermore, in the Q test familial aggregation was prominent,
indicating that VWF Ag levels among women were stongly influenced
by famihal factors

VWF Ag levels showed higher correlations 1n sister pairs than factor
VIII C levels Assuming X-linked regulation of factor VIII C levels,
one would expect the opposite One posstble explanation 1s that the
genetic mfluence on VWF Ag levels 1s larger than on factor VIII C
levels This hypothests is supported by the higher Q we found for
VWF Ag levels in the familial aggregation test Another possibility 15
that the adjustment of factor VIII C levels for the influence of VWE Ag
levels 1s not correct, € g because we consider the mteraction between
factor VIII and VWF to be stnular 1n all individuals It 1s possible
however, that different binding affimties between VWEF and factor VIII
result m a variation of factor VIII levels 1n plasma Such different
affinities might be due to variations m either the factor VIII or VWF
protein

Both factor VIII and VWEF Ag levels are also influenced by blood
group and age @rstavik and coworkers (18) found that the effect of
blood group and age on factor VIII level was secondary to the effect on
VWE Ag In our data, factor VIII C and VWF Ag levels increased with
age, an effect that persisted for factor VIII C after adjustment for the
influence of VWF Ag levels This small mdependent effect of age on
factor VIII C may be mediated through several other variables, such as
body mass ndex, or the concentration of triglycerides and fibrinogen,
that also increase with age and are positively correlated with the factor
VHIC concentration (11 13) It 1s also possible that age has a
mote duect influence on factor VIII C levels by increasing the activity
of transcription factors binding to the promotor of the factor VIII gene
Individuals with blood group non-0 had higher levels of factor VIII C
and VWF Ag than subjects with blood group 0 Most of the variation
m factor VIIIC levels caused by the effect of blood group was
mediated through VWF Ag  However, using multiple regression
analysis, blood group still resulted m a predicted change n factor
VIII C concentration of 9 3 TU/dI after the correction for the effect of
VWF Ag levels In our pievious study, an effect of blood group on
factor VIII C of 7 6 TU/dI was noticed (10) How ABO blood group
influences plasma concentrations of VWF Ag and factor VIII C 1s
unknown Blood group A, B, and H(0) oligosaccharide structures have
been 1dentified on the factor VIII/vWF complex and on purified VWF
(23, 24) It1s possible that blood group determinants not only influence
the plasma concentration of VWF Ag but also the activity of factor
VIIC, e g by affecting 1ts secretion, activity or degradation (8) The
direct mfluence of blood group as well as age on factor VIII C levels
differs from the findings by @rstavik et al (18) and may be explamed
by the fact that n thewr study factor VIII C antigen was measured
wnstead of factor VIII clotting activity To conclude, VWF Ag levels
and factor VIII C levels seem to be genetically determied Factor
VIII C levels are mfluenced by age, blood group and other familial
factors, even after correction for the effects acting via VWF Ag
levels

326

Acknowledgements

This study was supported by a grant (No 950 10 629) from the Netherlands
Orgamsation for Scientific Research (NWO)

References

1 Meade TW, Mellows S, Brozowic M, Miller GJ, Chakiabarti RR, North
WRS Haines AP, Surling Y, Imeson ID, Thompson SG Haemostatic
function and 1schaemic heart disease principal results of the Northwick
Park study Lancet 1986, n 533-7

2 O'Brien JR Blood group, von Willebrand’s factor and heart disease
Thromb Res 1990, 59 221

3 Meade TW, Cooper JA, Stirhing Y, Howarth DJ, Ruddock V, Miller GJ
Factor VIIIC, ABO blood group and the incidence of ischaemic heart
disease BrJ Haematol 1994, 88 601 7

4 Jansson J-H, Nilsson TK, Johnson O Von Willebrand factor in plasma a
novel risk factor for recurrent myocardial infarction and death Br Heart J
1991, 66 3515

5 Rosendaal FR, Varekamp I, Smut C, Brocker Vriends HJT, van Dyck H,
Vandenbroucke JP, Hermans J, Suurmeyjer TPBM, Briet E Mortality and
causes of death 1n Dutch haemophiliacs, 1973-86 Br J Haematol 1989, 71
716

6 Triemstra AHM, Rosendaal FR, Smit C, Van der Ploeg HM, Bret E
Mortality wn patients with hemophilia Changes m a Dutch population from
1986 to 1992 and 1973 to 1986 Ann Intern Med 1995, 123 823 7

7 Medalie JH, Levene C Papier C, Goldbourt U, Dreyfuss F, Oron D,
Neufeld H, Riss E Blood groups, myocardial infarction and angina
pectorts among 10,000 adult males N Eng J Med 1973, 285 1348 53

8 Gull JC, Endies Brooks J, Bauer PJ, Marks WJ Montgomery RR The

effect of ABO blood group on the diagnosis of von Willebrand discase

Blood 1987,69 1691 5

Jeremic M, Weisert O, Gedde Dahl TW Factor VIII C (AHG) levels in

1016 regular blood donors Scand J Clin Lab Invest 1976, 36 461 6

10 Koster T Blann AD, Buiet E Vandenbroucke JP Rosendaal FR Role of

clotting factor VIII C 1n effect of von Willebrand factor on occunience of

deep-vein thrombosis Lancet 1995 345 1525

Balleisen L, Batey I, Epping PH, Schulte H, van de Loo J Epidemio

logical study on factor VI, factor VIII C and fibuinogen 1n an industrial

populatton I Baseline data on the 1elation to age gender, body weight

smoking, alcohol pill using and menopause Thromb Haemost 1985, 54

4759

12 Balleisen L, Bailey ] Epping PH, Schulte H, van de Loo J Epidemio
logical study on factor VII, factor VI C and fibunogen in an ndustrial
population 11 Baseline data on the rclation to blood pressure, blood
glucose, uric acid and liprd fractions Thromb Haemost 1985 54 721 3

13 Conlan MG, Folsom AR, Finch A, Davis CE, Sorlie P, Marcuccr G,
WuKK Associations of Factor VIII C and von Willebrand Factor with age,
race, sex, and risk factors for atherosclerosis Thromb Haemost 1993, 70
380 5

14 Tuddenham EGD, Lane RS, Rotblat F, Johnson AJ, Snape TJ, Middleton S,
Kernoff PBA Response to intusions of polyelectiolyte fractionated human
factor VIII concentrate in human haemophilia A and von Willebiand <
disease BrJ Haematol 1982 52 259 67

o

—

- 3 i ;e
e U
£ fupn TR ;&W ) m\ \',rwfr, J



P

3

SRR 5o, e NS 1 RO T b R e whoia

Kamphusen et al  FVIII Fanuhal Clustering and vWF Levels

{5 Bunkhous KM Sandberg H, Gartis JB Mattson C Palm M, Gnggs T
Read MS Purified human factor VIIT procoagulant protein Comparative
hemostatic response alter mfusion mto hemophulic and von Willebrand
disease dogs Proc Natl Acad Sc1 USA 1985, 82 8752 6

16 Kerr CB, Pieston AE Barr A Biggs R Further studies on the inheritance of
factor VIII C BrJ Haematol 1966 12 212-33

{7 Veltkamp JJ Mayo O Motulsky AG Fraser GR Blood coagulation factors
I 1LV, VII VI X, X, XI and XII m twins Hum Hered 1972 22
102 17

18 Gistavik KH Magnus P Rersner H, Berg K, Graham JB, Nance W Factor
VII C and Factot IX mn a twin population Evidence for a major effect of
ABO locus on factot VIII C level AmJ Hum Genet 1985, 37 89 101

19 Houwing Duistermaat JJ, Derkx BHF, Rosendaal FR Van Houwelingen
HC Testing familial aggregation Brometiscs 1995, 51 1292 301

20 Biocker-Vriends AHIT, Buet E Quadt R Dreesen JCEM, Bakker E
Claassen-Tegelaar R, Kanhat HHH, van de Kamp JJP, Pearson PL
Genotype assignment of haemophilia A by use of intiagenic and extiagenic

1estuction fragment length polymorphisms Thromb Haemost 1987 57
131 6

21 Fiippt G Mannucct PM Coppola R Fains A Rimaldi A Simiscalco M
Studies on Hemophilia A 1n Sardinia bearing on the problems of multiple
allelism, carrier detection and differential mutation rate n the two sexes
Am J Hum Genet 1984, 36 44 71

22 Banow ES Graham JB Blood coagulation Factor VIII (antthemophilic
factor) with comments on von Willebrand’s disease and Christmas disease
Physiol Rev 1974, 54 23 74

23 Sodetz JM Paulson JC, McKee PA Carbohydrate composition and ident
fication of blood group A B, H ohigosaccharide structures on human factor
VIII/von Willebiand factor J Biol Chem 1979, 254 10754 60

24 Matswt T, Titamt K Mizuochi T Structuies of the asparagie Iinked
oligosaccharide chains of human von Willebrand factor J Biol Chem 1992,
267 8723-31

Recerved July 29, 1997 Accepted after revision September 17, 1997

B \EW AND RECENTLY PUBLISHED

)

Born
Schwartz

Vascular Endothelium

Physiology, Pathology,
and Therapeutic Opportunities

1
}
2t -
T
1
0 G

g e ey NG, | wer vuwwé

Born/Schwartz [eds |
Vascular Endothelium
Physiology Pathology

and Therapeutic Opportunihies

1997 413 pages, 123 illustrations, 9 tables
paperback

DM 98 00/approx US $ 70 00

ISBN 3794517628

Recent discoveries have established the endothelium as a very large and
highly active endocrine organ which, through its strategic situation be-
tween the blood and the rest of the body, 1s responsible for a host of vital
physiological functions This in turn 1s leading fo rapid advances in under-
standing the pathogenesis of some of the most serious and most common
diseases, including hypertension, atherosclerosis, and inflammation Edi-
fors and authors are internationally leading scientists in these inveshigo-
fions

For the endothelium, as for all other hissues, morphological techniques,
however ingeniously applied, can provide no more than successive snap-
shofs of confinuous dynamic processes It 1s only in more recent years that
these techniques have been supplemented by cell culture 1n vitro and by
ingenious uses of endothelial mediators in vivo Nevertheless, many of the
most imporfant questions about endothelial functions remain to be an-
swered It 1s the purpose of this book to indicate directions along which
answers may be found

F. K. Schattauer Publishing Co. Stuttgart - New York

Distributors:

United States and Canada:

John Wiley & Sons Inc Wiley Liss Division 605 Third Avenue New York NY 101 58 0012/USA
UK, Eire, Spain, France, The Netherlands and South Africa:

Brihish Medical Journal BMA House Travistock Square London WCTH QR

327




