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- INTRODUCTION

Receul progress Lo understanding humau hereditary diseases and iu developiug approaches
Lhat can he applied at the cotmmunliiy level, has led Lo the differentialion of a group of
community genetics services, relevant to mauy aspeats of Primary Health Care. However, a
residual concepl of clinical genetics as a specialliy appropriate only for Lhe most develaopad
parts of the world obscures 1ts real relevance for public health 1u both developiug and
develuped countries. During the past Lhree years a series of WHO activities has beeu
underiaken, to ¢ollect and quauntify information ou the application of genetic knowledpe at the
community level and to intitiate some programmes, in order to develop approaches suitable for
incorporation inte health services. The emphasis has heen oo conditions that are common
globally, belug rolevant also iu developing couulries.

Examples of general importance are tLhe haemoglobinopathies (1,2), Glucose—b6-phosphale
dehydrogenase (GHPD) deficiency (3), fetral diagnosis 1o the first and second Lrimester of
preguavey (4,5}, cystic fibrosis (6), lactose wmaldigestiion (7), c¢ommon diseases Inecluding
corouary heart disease (8), mutational diseases (9%, and Birth defects monitoring (10).

This report is coucerned with the compunity aspecls of genetics services. It seeks Lo
11luslrate their relevance for health care by addressing some gquantifiable examples of the
coutrol of hereditary diseases; importaut new techuical developmeunts; approaches that may be
Incorporated into primary bhealth care; evaluation of community-based services; gaps in the
existing medical struciure thart need Lo be corrected in order to deliver Lhese gerviges; Lhe
fmportance of genetie iuformation iu health educatiou; the ethical problems assoclared with
geuelics services; auwd research veeds and opportunities.

2. EXPERIENCE TN THE CONTROL OF HEREDITARY DISEASES

One of the most important objectives of community genetics services is to reduce the
frequency and clinical manifestatious of the severe congeun{tal disorders, {.e. those disorders
Lhal arise at the time of couceptiou or duriug intra—uterine development. Nobt all econgeniLal
disorders are of geuetic origin (Fig.1), bulL as Lhe clinical geneticist {5 Inevitably Lnvolvad
in thelr differential diagnosis, Lreatment aund prevention, they are usually considered in the
conlext of hercditary disease.

The birth iuvcidence of ifnfants with congenital disovders, including thoge that are trivial
or relatively eassily corrected, is geuerally estimared Lo be about 23-60/1000. The incidence
of soverw congenital disorders that can cause early death ar life-loug c¢hrounle disease ranges
from aboul 15/1000 iu most of the more developed counlries, up to aboul 45/1000 in some less
developed parts of Lthe world (Table 1). Most iufauts with a2 severe congenltal disorder (such
a5 a haemoglobiuopathy, Down syndrome, c¢ongenltal heari disease, malformation of the urinary
Lract, or cystic fibrosils) are particularly susceptible to Iinfections, and fn many parts of the
world affected children simply disappear 1iunto the general infant and childhood mortality
withoul attracting speclal nntiee. However, the 1Infant mortality c¢an fall helow the loecal
birth-rate of severe congenital digorders only if Lthese vulnerable children are diaguogsed and
trealed, or 1f their birth-rate is reduced; i.e. through a genstics service. The by now
substantial experieuce of the effects of =such services, both at the individual and the
commuiity level, {a summarised here.

2.1. Monogeuie disorders

From 3-8% of married couples in different countries are at high and recurrewl risk of
producting offspring with a severe disorder tLthat {is inherfted In a Mendeliau fashilou.
Predicition of recurrence risk, Lreatment and prevention depend on sound eplidemiology and
acedrate dlagnosis, and these are the scientific responsibility of the eliunical geneticist.

However, genetic couuselling (with or without fetal diaguosis) for couples at risk,
siguificantly affects tLhe birth-rate of affected e¢hildren only when 1t 1s delivered
prospectively, i.e, before the couples have horue their first affected child. Prospective
counselling is technically possible at present only for conditions where helerozygotes can be
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accuralely ldentified, 1.e. the haemoglobinopathies and Tay-Sachs disesse. Cavriers of some
sex~linked conditious such as haemophlilia and Dug¢hennme Muscular Dystrophy can be identified
with rather less certainty by couventional methods, and one of the wost important beuefliLs of
DNA methods is {mproved accuracy of carvier diagnosis for these couditious. Prospective
helLerozygote detection also depends on community education, so that healthy individuals are
sufficiently alerted to a genetic risk Lo ask for testing and counselling. The birth-rate of
affected children will fall only if these couples are identified prospectively, and also use
Lhe genetic iunformation by refraining from reproducing, or seeking fetal diagnosis and
selective abortion. Therefore a fall In the anuual birth-vate of affected infants is the
simplest single criterion for messuring the prevention component of a genetie ¢ontrol
programme, staviing with education and ewnding with the reproductive behaviour of at-rigk
couples.

The haemoglobinopathies (the thalagsaemias and sickle—cell disezse) are the commonest of
the lethal monogeunlc disorders. They can be managed with reasonable success, and prevented by
heterczygote diagnosis and counselling, with the offer of fetal diagnosis and seleclive
abortion of affected pregnancies. Thiz has had a partieularly important effect in reducing
the birth-rate of thalassaemla major, and several studies have shown that a similar approach
would be equally accepiable for gther sgevere disorders such as cystic fibrosis, if it became
available (11)., The existing haemoglobinopathy control programmes therefore provide a model
for the general possibilities and limitations of contrel programmes for severe Mendelian
disorders.

The global distribution and health burden of the haemoglobinopathies is summarised in
Fig.2., Nearly 200 million people (about 4% of the world population) carry a potentially
pathological haemoglobinopathy gene. Though more than half are thalassaemia genes, about 752
of the 250,000 childreu born every year with a major haemoglobinopathy have sickle-cell
disease, and 65% of all affected children are borm in Africa, because such a high proportion
of Africans carry a sickle—cell trait (2). Migration has brought the haemoglobinopathies to
many previously non-éndemic aress, so that, for example, more c¢hildren with a major
haemoglobinopathy are now born in North than in Southern Europe, and their birth-rate unow
exceeds that of cystic fibrosis in most industtial areas of North-West Eurape (12).

Comprehengive thalgssaemlia control programmes that combine optimal treatment with a
community-hased approach to prevention are now established in meny Mediterrvenean couutries, aud
are beginning to extend into Asia (Fig.2). Fig.3 shows that as a result, the thalagcaemia
ma jor birth-rate has falleu Lo zero Iin the Ferrara district of northern Italy, Lo about 6% of
expactalion in Cyprus, and 30% of expectation in Greece (and most of mainland Italy). In
Sardinia it had fallen to 35% of the expectatiou by 1982, then rose again because of fallure of
finance for a planned health education campaign (2), and is now falliug ounce more.

Clearly, though such services ultlmately depend on fairly advanced laboratory and
obstetric techniques, they can be delivered effectively Lo the community only if information
and screening are iutegrated into primary health care. One important aspect of monitoring
these programmes is Lo interview the parents of affected children born after the establishment
of the programme. Fig.4 shows that most residual births have been due to ignorance of the risk
and of the existence of the prevention programme on the part of the families or their doctors,
rather than to rejection of fetal testing (13). In addition, it proves to be more difficult to
establish such services in large Lhan in small communities, mainly because of the Jdifflculty of
involving the large number of health-care workers concerned. This need for improved medieal
aud community education is a recurring theme in medical geneties.

Second trimester fetal diagnosis can lead Lo undesirably late terminatiou of pregnancy.
Thig iz particularly distressing for mothers at high genetlic risk, who may have to terminate
more than one affected pregnancy, and is uuacceplLable among some ethnic groups in Burope, and
in several Middle-Eastern and Asian countries. First-trimester fetal diagnosis by chorienic
villus sampling (CVS) combined with gene-mapping allows gelective abortion of affected
pregnancies before 121 weeks of gestation. Tt has therefore increased the general acceptability
of prevention, and has put it within reach for many couples who could not previously accept
sacond=trimester diagnosis (14).
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Up to 80% of fetal diaguoses for the haemoglobinopathies are uow doue by CVS and geug—
mappiug al scveral PBurcpeau cenlres. Besides being of greal psychological benefit for Lhe
Famllies, this provides experience of the advantages and limitations of the large—scale
application of the DNA methods. First-irimester diagnosis is already applied iu China for both
w —aud f-thalassaemla, and is presently belng established in Thailaud.

The introduction of effective prevention has generally been accompanied by aun increased
committmeut to Lhe care of the existing patiewnts, through focussing public attention aud
medical expertise on the problem. The fact Lhat a prevention programme “"contaius” the number
of affected children may even make 1t possible for less prosperous communities Lo provide Lhem
with optimal treatment, when Lhis would not have beeu possible before. A z2imple criterion for
measuring the suqcess of treatment is Lo monitor the patieuts' survival. Fipg.5 shows the
humber and age=distribution of thalassaemic patients in Cyprus. Very few are now born, aund
mosl existing ones seem to be surviving ln good health (though not without prohlems), so they
form a2 limited cohori programmed to pass steadily through the mediecal system in Lhe coming
years. This 4s ouly one example of a more general situation, since Lhe management of
previously fatal diseases of childhood is continuwously improving and more patieuts who naed
comprehensive support are surviving to adult age. However, the sysiem-oriented Lraining of
adull physiclans does not usually prepare them for mauaging such patients' complex physical,
soclal aud psychological problems, so some way must be found either to retafin Lhese paLicuts
io the care of the group Lhat has looked after them from infancy, or else to prepare selected
adult physiclans to take over thelr comprehensive care. The scale of the fulure service need
for Lreating the adolescent and young adult "survivors of chrouic disease of childhood” caun be
predicted by collecting data as shown in Fig.5.

Theve has been less progress in coultolling sickle—cell disease, despite the fact that it
is more common than thalasssemia, and probably equally lethal in many of the socleties where {t
is found. One reasou may be Its relatively lower “medical visibility”, since 1t often causes
such rapld death from infection in 1infanecy that Lhe underlying genetle condlition remalns
unsuspected. In most of Africa the vast majority of homozygous children die in this way iy
their very early years, but {t is still uot known whal proportion die undiagnosed in Infamey in
Western Furope aud South America.

Slckle—cell disease (and tralt) can be detecied relatively simply and cheaply in the
uewborn perfod using cord-bloed, or haemoglobin eluted from the (fresh) Guthrie blood spot.
There 1s now positive evidence that neonatal diaguosis followed by famlly counselling, with
simple protectlve measures, regular monitoring amd the appropriate use of antibloties, cau
reduce the early mortaliiy and worbidity of the sickling syndromes (15). Nevertheless, sickle=-
cell coutrel programmes based on usonatal screening have been implemenied ouly fu parts of
North America, a few of the Caribbean islands, and a few small disilricts in Eurepe.

Fetal diaguosts of sickle-cell disease 15 technically simpler bul socially more
complicated than Lhat of Lhalassaemia. When only mid-trimester diaguosis is available, most
couples at risk for infants with sickling syndromes have requesied neonatal diagnosis rather
than fetal diaguosis, largely because of the uncertain severiiy and proguosis of the condition.

However, diagnosis of sickle-cell disease by gene-mapping 1is one of Lhe most
stralghtforward applicatious of DNA technology, and can be done in the first trimester of
preguancy. Comprehensive sickle-cell programmas combining ueonatal dlagnosis, helerozygote
screanlug and couuselliug, and the offer of feLal diagnosis by CVS and geue-mapping are belng
established i{n Cuba, Martinlgque and Guadeloupe. This approach is likely to spread further in
Lthe future.

Tay-Sachs disease was the firsl mouogeuic disorder to he prevented by prospective
heterozygote screening and counselling combined with fetal diaguesis (16), and so has a
particularly important place in the history of genetic disease coutral., It ¢an be detected
raeliably lu the heterczygole, and between 3 and 5% of Ashkenazi Jewish populatfons aud perhaps
1% of nou-Jewlsh populations are carriers of Lhe gene. Though the wnumbers involved are
relatively small aud the families are secatterved, there is evidence of a 70-90% fall i{n affected
births in the United States between 1970 and 1980 (5).
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Phenylkelouurlia provides the classic example of the conirol of a rare, severe and easily-
treated inherited disease. It oecurs in Furopean populations with a frequency of 1 in 13,000
te 20,000, and is detected between 5 aud 10 days of 1ife in most developed countries by
assaylng the phewylalanine level in blood-spots dried onto filter-paper aund posted to the
sereening laboratory. Dietary treatmenl preserves normal intelligence. Fetal diagnosis by
gene-mapping is now available for many families, but 1its uyptake has so far been rather
limited.

The establishment of neonatal screening for phenvlketouuria as an integral part of primary
health care created a public health structure through which nearly every member of the
population is provided with geunetic Lesting al a critical potot of their Iife. It shows Lhat
once such a structure has been established for oune purpose, 1L can also be used For Lhe coutrol
of other c¢onditions. The same approach iz now used for the npeounatal diagnosis (aud sa
effective treatment) of congenital hypothyroidism, sickle-cell disease, galactosaemia, and some
amine-a¢id disorders, 1In different populations. They also provide a hasis for ganelie
epidemiological research on the birth-incidence of other inherited diseases such as aming-
acldapsthies aund cystic fibrosis.

Cystic Fibrosis (CF) is the conmonest lethal recessively~inherited disease among
Caucasians, about 5% of whom are heterozygous. A study is under way to eXtend knowledge of its
geographical distribution, which may be wider than was beliesved hitherto (6). There is good
evidence that survival and quality of 1life are improved by early diagnosia, regular
physiotherapy, and treatment with prophylactie antibioties. Surveys have shown a lively
Intervest among the families in prevention. Recently there has been important progress towards
fetal diagnosis by asssy of alkaline phosphatase in sumniotiec fluid at about 19 weeks gestation,
but there appears te be about a 10% misdiagnosis rate, with both false positives and false
negatives (17). The recent identification of several restriction fragment length polymorphisms
flanking the locus of the CF gene has improved Lhe gituation, because first-trimester diagunosis
by gene-mapping now sppears possible for about 80Y of families with an atfeeted child (18}.

Df courge, the localisation of the CF gene engenders hope that the abnormal gene—product
will soon be {dentified, and that this knowledge will make 1t rossible to provide more
effective treatment for Lthe patients, and veliable prospective heterozygote testing far the
population. However, it proves Lo be very difficult 1o locate a gene fu a relatively large
section of DNA when the gene—product is unknown, so Lthis outcone may depend on a combination of
progress in conventional and DNA approaches.

Hagmophilia, an X-linked digease that ocecurs in about 1 in 10,000 males, provides a
remarkable example of progress in treatment and ptevention of an inherited disease. Fig.6
shows that treatmwent with Faetor & or cryoprecipitate can return life-expeclancy, and quality
of 1life nearly Le normal in the whole group of patients, though complications due to exposure
to hepatitis ov AIDS virus in the preparations are now causing anxliety to many families. Until
recently fetal diaguosis was dome by a 2-step procedure in the second trimester of pregnancy:
aoniocentesis to determine the sex of the fetus was followed, in the case of & male, by fetal
blocd sampling to reach a definitive diagnosis. However, both fetal sexing aud diagnosis by
gene-mapping can now be done in many cases by a single procedure in the first trimester {19).

Glucose-f=phosphate dehydrogenase deficiency (G6PD deficiency), the comnovest enzyne
disorder of the human red cell, is also inherited as an X-linked recessive, and like the
haemoglobinopathies confers protection agalnst falciparum walaria. This 18 mosL marked iu Lhe
female heterozygote, possibly because the existence of two population of red cells, one normal
and one GO6PD deficient impedes adaplation on the part of the pavasite (20). The distribution
of G6PD deficleuncy therefore colncides with that of the haemoglobinopathies (Fig-7)- About 12%
of the world population carry the geue, and about 4% of all newborns are male hemizygotes or
female homosygotes, In these susceptible individuals GBED deficiency can cause neonatal
jaundice with the risk of kernicterus, leading to death or chronic atheiloid cerebral palsy. it
may also lead to episodes of acute haemolytic anaemia in echildhoed or adult life, when
susceptible individuals are exposed Lo certain drugs or foodstuffs. "Favism”™ deseribes Lhe
acute haemolysis that can occur in some suscepLible individuals following the 1ngestion of
broad (fava) beans.
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The pradominant form of G6PD deflciency varies in different parts of the world, the common
African form helug rather milder than the commoun Mediterranesn and Asian forms. The glohal
numher of Infants at risk Is extremely large, including from 3 Lo 15% of all newborus iu many
parts of Lhe world. It is woel known whal proportion of Lhose st risk actuwally develop
complications in different seltings. Historlcal data from Singapore (3) suggest Lthal about 7%
of infants at risk died iu the past, and 1L 1s Lo be expected that a similar proporiion
sustained some lasting damage. It i3 therefore nol surprising that neonatal Jjaundice is
recoguisced as an impertaut but neglegted cause of perinatal morvtality and morbidity in mauny
developlng ecountries (21).

The complications of GHPD deficlency can be coutrolled by simple and iunexpensive measures,
suth as newbora screening for susceptible infants, exposure of jaundiced babies Lo light, aud
cducat ing the population not Lo dress hables in clothes that have beeu stored in moLhhalls, and
not to fead broad beaus to children. The incidence of kernleterus ¢au be brought Lo uearly
zare and the ueed for exchange-trausfusiou reduced to a very low level by these approaches, in
pepulations where G6PD deficiency is common (3).

X-livked mental relardalion associated with 2 fragile ¥ chromosome 1is awother common
genetic disorder that cau be detected In the feLus by karyolyping, In principle. However,
fetal diaguesis 1= still unreliable techuically, and female fetuses with oune fragile X
chromosome present a problem because of the variability of the associated elinical pleture.
Improved DNA technology may assist with some of these limitatious, though 1t is unlikely to
resolve the problem of variable manifestations In the female.

Finally, Huntington's Chorea is the best-known example of a dominantly-inheriiLed condition
that 1s Tethal in middle life., Heterozygotes inevitably develop Lhe disesse uuless they die
early of wsomething else. Their surprisfiugly high freguency, about ©0.5/1000 in European
populatious, may be due to the Facl that in the past affecled individuals appareutly had more
children than the population average (22).

Until recently, the ounly possible applicatioun of kunowledge about the diseaze following
diaguosis of the proposilus, was genetic counselling of the vcelatives and psychological and
social support for Lhe family. Counselled relatives of affected individuals usually curtatl
thelr reproduction for fear of Ltransmitting the disease Lo thelr offgspring (Fig.8), and this
behaviour, [f coutinued owver several geunerations, would lead Lo the virtwal disappearance of
the disease. Though this restraiut relieves some of the anxlety of those at risk, ir 1is at
best ouly a partial solutiou. Receutly, definitive diapuosis of carriers has become possible
by pgeuc-mapping for a significant number of families (23). However, in the absgence of
realistic hope of improved treatmeunt this funvelves formidable psychological problems for the
families and their doctors. As with c¢ystic fibrosis, there Is now increased hope of
{denttfying the basic defect, and so discovering 4{f therapeutic {interveution will hecome
possible. If so, much of the anxiety associated with helerozygote diagnosis would be allayed.

2.2. Chrqpoﬁomal disorders

Doww syndrome accounts for oue gquarter to one third of all cases of mental retardatiou in
developed countries and a slightly smaller proportion in developing countries. Siuce women
over 35 have au increased risk of beari{ng a felus with Yown syndrome or another chromosomal
non-disjunction (Flg.8), In many developed countries Lhey are offered the possibility of
amnlocenlesis and selective abortion. The cul—off polint of maternal age for the offer of
amnlocenlesis varies from one reglon to another, according Lo the avallability of resources.
The “"uplake” rate also differs remarkably iu differenl areas, depeuding on whether aud how Lhe
preguant. women are loformed (5).

During the last 20 vyears Lhere has beenr a geueral fall iu the crude birth-rate by about
35% in many developed couulries. This fall has been particularly great amoug older mothers, in
large part dus Lo termiuatious of pregnancy oun grounds of maternal ape (Table 2). There has
couscequently baen 4 decrezse in the incidence of Down ayuwdrome from about 1.7 to as low as 1
per Lthousand live—hirths in some countries{Fig.10). As far as can be ascerlained, the age-
speclfic risks for trisomy 21 have not c¢hanged (24). Cousequently though apniocenteals offared
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only (o older mothers 1s of great value Lo individual women, it loses much of its impact in
preventing Down syndrome al the population level. Amniocentesis offered to all mothers over 35
might have veduced the birth lucidence of Down syndrome by aboutr 50%, if fully used before
1970; bul now its maximum effect could be a 10¥ reduction. However, in most of Europe, no more
than 30% of mothers in the designated age-group actually receive an amnlocentesis, so this
activity can have reduced the birth-rate of infauts with Down syndrome by at most 3%, compared
with about 25% due to therapeutie abortion on grounds of maternal age (25). It is uecessary tao
improve the delivery of thls service by ensuring counselling of mothers at risk; and alse Lo
find new ways of ideuntifying at-tvisk pregnancies. For instance, a correlation exists between a
low level of maternal serum alpha-fetoprotein (AFP) and the presence of aneuploldy in the fetus
iu the secound, and possibly also in the first trimesler of pregnancy (26). Retrospective
studies show Lhat a group of younger mothers at high risk (more thaw 1 in 200) can be
identified by integrating the paternal serum AFP level with maternmal age {(27). The offer of
amuioccentesls Lo these mothers would increase the proportion of Down syndrome cases deiectable
to about 40%, while only about doubling the present number of amniccenteses.

In many developiug countries the birth-rate of infants wiiLh Down syndrome remains above 2
per thousand because most women continue reproducing to the euwd of thelr fertile 1life.
Education about the elevaled risk of older women, combined with family planning programmes
would be a useful and inexpensive strategy, aud 1s a simple example of the general need for
increased education about genetic diseases.

2.3. Congenital malformations

Malformations such as cougenital heart defeets, neural tube defects cleft palate ele are
thought te result from the interactiou of unknown exogeuous and genetic factors. They
generally show a familial! tendency, the recurremce risk being of the order of 1-6% depending on
the unumber of affected relatives, the severity of malformation, and the prevelance among the
general population.

Routine ultrasound monitoring iu pregnancy is at present the only way to detect many fetal
malformations. Tn a recent study, 2.5 out of 2.9/1000 major congenital malformations
(exeluding congenits] heart disease) were directly detected by scanning at 16 weeks' gestation
at an expert cenlre (28), and it is also possible to detect major congenital heari disease at
16 weeks of pregnancy (29). Ultrasound scamning later in pregnancy somelimes provides the
oppertunity for intra-uterine corrective surgery (though thils has as yet had limited success);
more often it permits predielion of the need for early neonatal surgery-

The newborn inecideunce of neural tube defects varles from around 1-2 per thousand in most
parts of the world, to as much 28 4-8 per thousand in the UK, Egypt, Northern India and parts
of China (53). Exogenous factors certainly play an {mportant part, siunce the background
Intldence has fallen by about a half (for unknown reagons) in Worthern Treland and most of the
UK in the past 7 years (30). There 1is also evidence that periconceptional vitarin
supplementation for mothers who have already had an affected child can greatly reduce the
recurrence-rate, at least in high-incidence areas (31). Nutritional supplementation around the
time of conception may reduce the generzl incidence of these severe malformatious where they
are common, but it is unlikely to abolish them altogether.

The neural tube defecls were the first group of serious congenital malformations to be
diagnosed in significant numbers in the fetus, because in mosl cases both the amniotic fluid
AFP and the maternal serum AFP are ralsed. The development of a simple screening testL, with
furthet diagnostic refluements to exclude false positives, has allowed maternal serum AFP
sereeuning ou a mass scale in some countries, with a reduction of from 60=70% in the inchdence
of anencephaly and spina bifida in both high and low-inecidence areas (Fig.11).

2.4, Maternal-fetal interaclions

Numerous genetically-determined or geneticaliy-influeunced materual=fetal interactious may
have serious tconsequences for either the mother or the fetus.
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Rhesus haemolytic disease of the newborn is an lmportant complicatlon of pregnancy that
can be prevented simply, effectively and cheaply. The frequency of the Rhesus—negative {(d)
gene in a population (32) determines both the incidence of homozygous Rh—negative females (dd)
and their risk of mating with a homozygous or heterozygous Rh-positive male (DD or Dd). The
frequency of maternal immunisation depends on the incidence of ABO blood=~group incompatibility
butwezn the parents, the aumber of previous pregnancies (including abortions) gome aspects of
delivery that may affeet the number of fetal red cells entering the maternal circulation, and
the characteristies of the mother's immune response; so the incldence and the complicaticn-rate
of Rh incompatibility differs in different parts of the world. In Northern Europe, about 15%
of matings and 10% of pregnancies are at risk. In the past, maternal fmmunisation led to
sLillbieth or neonatal death In about 0.7/1000 births, and to long-lasting neurological damage
from hyperbilirubinaemia in a significant peresatage of survivors. Treatment of the affected
fetus by intra=uterine transfusfon and early delivery, and of the newborn by phototherapy and
exchange=transfusion are now fntegral parts of obstetric and paediatric practice in many
countries, while prevention of maternal induction by routine injection of anti-D globulin after
delivery or abortlion, has been Iintegrated into basie health care. Stillbirths and neonatal
deaths due to Rh—haemolytic disease have been reduced by over 95% in most developed countries
since 1950 (33).

The low incidence of Rh negativity often leads t¢ the neglect of rhesus incompatibility in
many parts of Agia and Africa. However, as the frequency of the d gene falls, the chance that
a dd homozygote will mate with a homozygous (DD) partner rises, so the reproductive risk of a
Rh-negative woman In Africa, Asis or China may be three times that of her Buropean sister. Rh-
acgative Individuals in these areas are algoe at increased risk of being unable to obtaln blood
LI rhey need a transfusion, while transfusior withour rhesus testing has a high rigk of
lmposing life-long incapacity to bear living childrven. It 1s cheap and easy to detect Rh
negativiry, and (within limits) the less common it is, the stronger the genetic indication for
detecting 1t, providing advice, and taking appropriate precautions.

Matecrnal phenylketgomuria, though rare, can cause a severe maternal-fetal 1nteraction.
Phenylketonurics usually relax thelr striet diet onece they have passed adolescence, but a high
phenylalanine level in maternal bloed can cause microcephaly and severe mental retardation in
the fetus, irenically reversing the maternal compensation that allowed the phenylketonuric
mother herself to teach birth undamagzed. Te avoid these problems, it 1s essential for the
mether to return to a strict diet prior to conceptlion, and to maintain it throughout the
prefinancy .

Diabates mellitus, one of the most common genetically~infleenced disorders, causes an
increased frequency of congenital malformations, as well as complications at delivery and in
the necnatal perlod. These problems can be reduced by early diagnosis snd strict control of
malernal diabetes, and by ultrasound monitoring during pregnancy L¢ detect major congenital
malformations. The increasing frequency of diabetes as a disease of affluence amgng even young
women, in some large population=-groups that are genetically pre-disposed (e.g. Asian Indians
and South American Indians), is likely to lead to an increase in the birth-rate of Infants with
gongenital malformacions.

Maternal infectlons can have serious congequences for the fetus. Rubella was the first
common teratogenic agent to be defined, and rermination of pregnancy inm the first trimester
when the mother i1s known to have been infected by the virus has been accepted az legitimate
medical practice in most countries for many years. In most developed countries glrls arg
encouraged Lo be immunised against Rubella, and pregnant women are screened for antibodies to
thls and cother infective agents such 2s toxoplasmosis and cytomegalovirus. It is now becoming
possible to make a definitive diagnosis of infection of the fetus by estimation of IgM in fetal
bload, but diagnosis by thils method can be done only after 22 weeks of pregnancy, slonce it is
necessary to walt for the wmaturation of the fetal immune system. However, 1t may now be
possible, uwsing DNA methods, to ideantify the presence of virus in samples of chorionie villus
material obtalned in the flrst trimester of pregnancy (34).
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Cenetic disease in the fetus may also constiture a rigk to the mother. For 1instance,
hydrops fetalis due to homozygous o =ero thalsssaemia, in which the fetus has no chance of
surviving, wmay complicate up to 4/1000 pregnancies in some South—East Asian populations. Tt
may csuse pre-eclampsia and eclampsia, obstructed labour and post—-partum haemorchage. Fetal
diagnosis by gene-mapping in the first trimester of pregnancy, and selective aborticn of
hydropic fetuses is now being developed in Asia.

Diagnostic interventjon in pregnancy may in itself cause fetal abnormality. There 1g
evidence that ammiocentesls, at least as it was practised some years ago, led to spontanecus
abortion in about 1% of pregnancles, and could cause some correctable pressure—deformities of
the limbs znd disturbances of lung development in a small proportion of cases {33). These
effects may have been dues to aeccult persistent leakage of amniotic fluid. The technique has
since been impyoved by increased use of ultrasound and disposable needles of a smaller external
Buage, and it seems that these risks have decreaszed. However, fetal disgnosis by ultragsound,
amniocentesis and CVS is used on such a large and increasing scale, that it is of the utmost
importance to wmonltor any potential pathological effects. The risk assoclated with
amniocentesis continues to be studied (36). A WHO-sponsored intergational registry (37) shows
that CVS been assoclated with subsequent abortion in about 4% of cases worldwide, and with
about 2% of cases at very large, experienced centres (38). The bagkground rate of spontaneous
abortion at this stage of pregnancy of viable, chromosomally-normal fetuses is thought to be
about 1.5%, so the additiensl loss provoked by CVS seems to range from about 0.5~2% at
different ecentres. In order to study the short and lomng-—term risks more accurately,
Internationally—co-ordinated randomised controlled seudies have been generally accepted (39),

3. GENETIC APPROACHES FOR HEALTH PROMOTION

The objective of health promotion iz to encourage a healthy life-style, through education
and other means. Certain identifiable individuals or groups run a particularly high genetig
risk of some coamon diseases (sweh as cotonary heart discease, diabetes, or some forms of
malignancy), or may be wvulnerable to gpacific eavironmental or dietary hazards. It is usefyl
to identify people with such genetic predispositioms, if they can then protect themselves hy
adjusting their lifestyle or behaviour; but before such recommendations can be made on g mass
scale, there must he very c¢lear evidence far the reality of risk and the effectiveness of the
avoiding action. To achieve the maximum good and avoid harm, it is advisable to take the
normal range of human wvariation into account, because recommendations valuahble For particular
Eroups could actually be harmful for others. It 1is also necessary to provide easily-
accessible, clear and balanced educational aids for the general public {n order to convey
informarion without creating unnagessary anxiety.

For coronary heart diseage, where the familial tendency is fairly strong, it is important
to advise relarives of their increased risk, and of the value of Investigation: appropriate
changes in lifestyle invelve diet, exercise and avolding smoking (8). In populations where
diabetes 1s increasing in frequency 1t 1s particularly important rto LYy to prevent the
development of obesity by promoting a balanced diet.

There is considerable evidence of genetically—determined differences between population
groups  in  the ability to tolerate specific foodstuffs in their diet., Information on the
geographical distribution, freguency and gignificance of such characteristics 1 useful For
appropriate nutritional and public heslth strategies. The pgenetic basis for the tendencies
indicated in Fig.12 is clearer for some conditions than for others. For instance, lactose non—
digestion, a recessively—icherited disorder of the enzyme neutral lactase, 1s especially
prevelant in developlag countries, among populations without a tradition of using milk and
dairy products (Fig.13). In such societies milk ig usually converted to yoghourt or chesse, or
handled in some other way that reduces the lactose content, The coundition is relevant hecause
dried milk 1s so often used for food supplementation in famine and disaster-relief pProgrammes.
Fortunately most children possess the necessary lavel of the enzyme at least up to the age of 6
years, and are uot intolerant of lactose, but questions remain about how to use milk
supplements 1n severely malnourished ohildren of children recovering from diarrhoea, and for
older c¢hildren and adults (7).
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Certaln drugs can cause acute haemolyiec reactions ip individuals with GAHPD deficicnrey-
The very high frequency of GBPD daficlieney In people originatiog from the tropics and sub-
troples makes it important for health-workers to be aware of which drugs may be hazardous - and
also of those that are not, in case useful drugs are needlessly witheld (3). This is
patticularly impertant in view of the recent resurgence of falelparum malaria, because GHPD
deffciency Timlits the range of anti-malarial drugs that can safely be used by affected
fndividuals. New drugs should bhe tested for their ability to cause haemolysis In G6PD
deficiency hefore belng introduced into relevant countries.

tron—supplementation of bhasic foodstuffs {is desirable in many countries. However, in
parts of Asia 3-4/1000 of the population may have haemoglobin-E/B—thalassaemia, a severe iron—
loading anaemia. Unless diagnosed and advised, they would he put at Increased risk by dietary
fron supplementation.

1-4.5% of those Caucasian populatiens that have bheen studied are carriers of ao-1
antitrypsin deficiency. Homuzygotes have an Increased risk of developing emphysaema in a
polluted atmpsphere, and there Is evidence that heterozygotes are specially at risk for the
pulmonary complications of smoking: but the usefulness of (dentifying and advising them iz
still ungertalin.

At present, few genetic variants are known to constitute real ocecupational hazards. The
hest example is the need to exclude red-green colour blindness In pilets and train drivers.
Various other rests have heen sugpgested, but most lack any adequate basis for curtalling cholce
of employment.

Social and economic development in itself brings about a reduction in the Infant mortality
and the birth-rate. When families are small, {t is increasingly impertant to the parents for
aach ehild to be free from congenital disease. Balanced information 1is Important to help
potential wmothers to minimise avoidable risks, and to reduce fears of unknowingly causing
damage to the fetus. They need to know that single most important precaution Is to have a
balanced diet bafore, during and after pregnancy: that in theory, the hest age for childbearing
is between 1B and 30 (though =oclal conditions sometimes tend to delay childbearing te the mid-
or late thirties): that they should avold drugs and habirs such as smoking and alcohol intake
that have heen shown to be potentially harmful to the ferus (but that risks refer to excessive
axposure, rather than to moderate drinking or smoking that mey have occurred Incidentally
around the time of conception): to be immunised against rubella infectiom: and to seelk testing
for any detectable genetic condition common in their community, prior to embarking on a
pregnancy.

Soclal  development also increases the possibllities of accidental exposure to
mitagens such as fonising radiatlon or chemicals. Public concern over the possible genetle
conseaquances 1s heing eaxpressed globally., At present, knowledge 1is gravely limited by
fgnorance of the haslc mechanisms of mutagenesis. There is evidence from studies on the mouse
that about 1% of naturally-ocecurring mutations may be due teo background radiation. However,
apart from the ohvious inference that a small addition to the background level of radiation
will necessarily lead to a small inecrease in the mutation rate, it is diffieult to make any
firm statemant about the genetic effects of exposure to rtadiation In man. There is no well-
characterised background level of axposure to use as a haseline for mutagens other than
radiation. It iz nevertheless important to provide the public with a balanced view of the
present state of knowledge, related to the natural hackzround of vadiation and other hazards

(9.

Studies on populations cvposed te radiation have heen condocted on ¢hildren borm to
parents surviving the atomic boubings of Hirtoshima and Nagasaki, and on populatioms living in
areas with relatively high background radiation levels., In Hiroshima and Nagasakl the findlngs
were in the dirsctiom of a genetic effect of the exposure, but fn no instance was there a
significant difference betwean the chlldren of parents who received essentially no excess
radiation, and those who received doses up to the maximum compatible with survival., However,
ditficultics Iin estimating the actual dose of radlation received impeded the calculation of the
"doubling dose” (for mutation) of acute radiation exposure. Previous estimates are now bheing
reviged, The incidence of cancers has been investipated in parts of India and China with a
high natural background radfation, but so far no correlation with exposure has been
documentad.
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Efforts to evaluate whether new industrial developments have resulted in an inerease in
mutation rates have been compromised by the inadequacies of present methods of evaluvation.

Therefore reliable studies are necessary to meet public concern; for the regulation of
exXposures to real haszards; and for reassurance about iImaginary or trivial risks. It is also
important to analyse the costs and benefits of efforts to prevent mutational disease, taking
into aecount the rigks that society accepts in other contexts.

To facilitate well-planned studies of the potential problem of increased muration rate, it
is advisable to identify and study groups at unusual risk of mutation. (These might include
pregnant women and children ia groups accidentally exposed to mutational hazards such as
radiation, or exposed to chemical hazards such as gsmoking). The studies should be conducted
with suitable populations available for comparison. Since the number of children born to
parents with unusual mutagenic exposures will generally be small, special emphasis needs to be
placed on the development of methods to extract maximum Information from each subject.

Better procedures are needed, and promising developments Involve the examination of
protein and DBNA by modern methods. Repositories of cell-lines from children at risk and their
parents and suitable controls, should be established when possible to allow future studies by
better techniques when these become avallable. Co-ordinated international effort in the study
of aveidable mutational diseases is necessary to facilitate technlcal developments and expleit
collaborative arrangements.

Better prometion depends above all on education. The pessibilities for preventing some
common  recessively—inherited diseases, together with present knowledge of genetic
predispositions to common discases, indicate a need for effective, broadly—based programmes in
health education that should involve all sections of the population, particularly in
communities that seem to have a specific genetic predisposition. These must persuade the
young, who perceive no imminence in health-risk, to seek relevant heterozygote testing or to
alter their life-styles, and the middle-aged and elderly must be dissuaded from cultural norms
encouraging obesity, unwise culinary practices and the like. The women of the community are
patrticularly important as rthey bear and care for the children and are the chief prepaters of
food. No simple, one—dimensional approach will succeed in genetic, or in other forms of
health-education. A clear and flexible straregy, patience, persistence and reiteration are
needed to achleve a successful outcome.

There 1s a shortage of the necessary educational resources, such as books pitched at the
appropriate level, both for primary health care workers and for the community, and their
production should be encouraged. Since health education for genetic risks is still a research
area, it 1s desirable to collect and monitor existing programmes, In order to develop an
effective model.

4,  THE GENETIC COMPONENT OF HEALTH SERVICES

Since they have been relatively recently developed from a research basits, colinical’
genetics =services are at present available only in the most developed countries. This explains
the common view that a genetics service is an inappropriate luxury where malnutrition and
tnfectign are still important problems. However, inherited and other chronic diseases are
wore commen, and their burden falls much mere heavily on the family, in developing than in
developed countries. As control becomes more feasible, it is necessary to reconsider when and
how to introduce community genetics services into developing health systems.

As recent initiatives in primary health care reduce the infant wmortality, congenital
disorders are inevitably beginning to be recognised in developing countries. For Lnstance,
child nutrition programmes promoted by the WHO involve weighing childrenm regulavly so that
those who are not thriving can be given dietary supplements; those who do not respond are
referred for medical advice. This approach, directed to a common basic problem, incidentally
functions as a filter for detecting children with c¢ongenital disorders presenting as failure to
thrive. Similarly, much effort is devoted to developing effective malaria control. Once this
is realised in Africa, whare most infants with sickle—cell disease die of infections including
malaria, there will be improved survival of a large number of children with severe chronic
disease-
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Tnherited disease may have a particularly =evere effect on families In developing
countries. In the absence of genetic advice couples usually realise that a disease s
Inkerited only by having more than one affected child; if a diagnosis Is made and they would
like to avoid Further pregnancles they may have limited access to contraception and thevapesutic
abortion; and medications prescribed for affected childeren may be cither unchtainable (PKU
dict) or impossibly expensive (haemophilia, thalassaemia}. Congequently the family is often
rapldly ilmpoverished, and thig puts the lives of the remaining healthy echildren at unusually
high risk when there is a high prevalence of malnutritlion and infection. For example, the
average ilafant and childhood mottality in families with thalassaemie children fIn Paklstan
approaches 50%, compared with 22% for the general population (Flg.l4).

In West Africa, abour 2% of newborns have sickle-c¢ell disease, and most die from
infections in their very early years; so this single inherited discase contributes about 147 of
the general 1infant mortality (which is about 140/1000). It also ensures & Very uncven
disteibution of the infant mortality: for the 8% of couples that are both carrlers of sickle-
cell traic it 1s at least 390/1000, compared with about 120/1000 for the 92%Z of couples that
are not at rlsk (see Fig.15e). There are pood reasons for introducing an appropriate setrvice
for a genetic disease that is so commen, and has such severe effects on a large minority of the
populatiaon.

Knowledge, being cheap, spreads fagter than technology, which 15 expensive, and this
creates a general problem for developing countries, f{llustrated by the fact that the ability to
diagnose genetic disease is spreading ahead of the ability to provide whatever treatment is
possible, Oncc a common and severe congenital dlsorder that can be treated or prevented is
dlagnosed, it 1s very difficult to ignore it: the fact of diagnosis and the knowledge that goes
with it, without the ability to treat it properly can make the families' situation worse iIn
many ways, while the need for tertiary level medical care can tend te ingrease exlsting
distortions in the health system. Therefore it iz ressonabla to evaluate the potential burden
of congenital disorders in every country, whatever the stage of development, with a view Lo
introducing preventive measures at the appropriate time.

4.1, Indicators for inteeducing genetics services

The Ffollowing simple indicators (which may be particulariy helpful in developing
countries) can be used In evaluating the local importance of hereditary diseases, and the need
for ceontrol programmes.

The gencral level of development is indicated by the infant mottality and the birth-rate.
"Best estimates” of these parameters for 1980 for every country in the weorld (40) give =a
“glohal development curve” (Fig.13a) that ghows a direct relatfonship between infant mortality
and erude birth-rate, until the latter reaches a maximum of about 30/1000. As the development
vurve ls dynamie, and most countries are moving steadily to the left as the Infant mortallty
falls, the curve can be usad to follow a country's rate of development.

In theyry, one might think that the need for a comprehensive genetics service could be
predicted from the local incidence of gevere congenital disorders and the projected date when
the infant mortality will approach this figure. However, there are many other genatic
disorders pregsenting later in life, and the approach is also inadequate because the infant
mortallty represents the whole society only In developed countries (at the bottom left-—hand
corner of Lhe curve). In most developing countries there is a very wide range of birth-rate
and infant mortality, both beilng low among the urban middle-classes (at the bottom left) and
rising to a maximum among the rural poor (stretching away to the right). In these countries,
the nead for a genetles service will be fele first in the more developed section of the curve,
the urgency of the demand being related to the local frequency of genetic problems.

The epidemiolopy of severe congenital diserders c<an be approached by using some simple
general principles.
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Congenital malformations involving major external alterations of body form are relatively
simple teo document: the neural tube defects ace among the commonest and most obvious, and as
information or their frequency ¢an be gathered in any large obstatric service, it is already
known to vary very much world-wide. Since the frequency of congenital malformations is related
to variables such as Rubella infection, maternal diabetes and the frequeney of consanguineous
marriage, 1t is important to collect "baseline” data on their incidence in large materaity
services, In communities where the frequency of these Ffactors is changing. &Since many
malformations are internal, good paediatric pathology is required to obtain reliable figures.

The main variable in the Frequency of chromogomal non—disjunctions is maternal age, the
proportion of mothers over 35 varying from 4% to 22%Z in dlfferent countries (Fig.16). The age
specific bivth-incidence of trisomy 21 Jfs well-known <{4), and thers iz no evidence Ffor
differences between societies, so the birth frequency of chromosomal non—disjunctions can be
calculated from basic demographic information on maternal age distriburiom. Lt seems that the
birth-rate of infants with Down syndrome may be as high as 2.5/1000 live births in parts of
Africa, South America and Asia, compared with 1-1.5/1000 in Japan and most Western countries.

The best ways of describing the frequency of Mendelian conditionz are: a- as the
percentage of the populstion that are carriers (when this can be measured or calculated), and
b- as births per thousand of affeeted infants. The average global background frequency of
births of fnfaunts with major single gene defects is thought to be about 3.5/1000, but the
commonest disorders like G6PD deficlenmey, the haemoglobinopathies and cystic fibrosls differ
greatly in frequency between populations. Newborns can be screened to establish the incidence
of GGPD deficiency (3) and cystic fibrosis (6): snd as the haemoglobinopathies can be diagnosed
glmply and reliably in heterozygotes, a good approximation of the birth-rare of homozygotes can
be caleculated from survey data, even whem a high infant mortality makes direct studies of hirth
incidence impossible (2).

About 14% of the world's popularion and 19% of all birthe are located in areas where
consangulneous marriages occur by chofice rather tham by accident (Table 3 and Fig.173. A
careful study in Japan (42) showed a wmodest effect of suach inbreeding on mortality and
morbidity, but the scanty data available also indicates that the birth incidence of infants
with recessively-inherited conditiems is increased in populations where consanguinity 1is
combined with meonogamy, the extent of the effect being inversely propeortional ¢ the historical
age of the rradition. Consangunineous marriages are also common In areas where mobility is
testricted, so in many patts of the world, small pockets of high frequency of different genetic
dizorders are often found, due to founder effects combined with isolatiomn. The proportion of
different populations Involved could be documented. There is evidence from Japan and Finland
that as the frequency of consanguinecus marriage has fallen with increased mobility of the
population (Fig.18), the incidence of recessively-inherited diseases hze also Fallen.

Figure 19 shows that the effect of consanguineous marriage on the birth incidence of
lethal recessive diseases 1s more marked for rare than for common conditions. These curves can
be used to estimate the statistical effect of a given proportion of cousin marriages at any
heterozygote frequency: for example, both the 17% of first cousin marriages In Turkey (B-
thalagsaemia trait 2%) and 50% of first cousin marriages among British Pakistanis {B-
thalassaemia trait 6.5%) doubles the expected birth incidence of homozygotes, from .1 to .2 per
thousand in the first instance, and from 1 to 2 per thousand in the second. Therefore, data on
the frequancy of conganguineous marriage is highly relevant to the need for genetics services.,

Traditional cousin marriage has important social functicns, aad zuy attempt to discourage
it on genetlc grounds would certainly do more harm than good. A better approach is t- offer
genetic advice to the extended family whenever an individual with a genetic disease 1is
diagnosed, and to promote counselling for young related couples prior to wmarriage or
reproduction (43).

Final family size has an important influence on the possible effect that retrospective
genetic counselling (i.e. after the birth of the first affected child) can have in limiting the
number of new births of children with igherited diseases (Table 4)(44)- When most couples hava
only 1-3 children the effect can ke small or negligible, but in countries where the average
couple has 6 or 7 children, genetlc counselling with access to family planpning could, in
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theory, reduce the birth lucidence of severe inherited disorders by up to 50%. Therefore, a
family planning service could be the first step towards a genetics service in many developing
countries. However, in such societies voluntary childlessness is an even less acceptable
solution Ffor the problems of genetic disease than 1t is In more daveloped countries, so
pressure will inevitably arise for the {ntroduction of merhods that allow couples to arhieve a
healthy famlly.

Tt is also Important to menitor common conditfons that are related both to lifestyle and
to genotype, such as obesity, diabetes, coronary heart discase and some malignancies, as this

information is also relevant to the need for genetics services.

4.2. Community Genetics Services

It has been found that genetics secrvices are most effectively delivered on a regional
basis, and most conveniently-sized units can provide all types of service for a population of
2-3 million persons(45)., Their community responsibilities include (either directly, or
indirectly through co-ordinating the relevant elements In the exlsting medical and community
services): fetal diagnosis of cytogenetic and bfochemical disorders, and «of congenital
malformations including neural tube defects; appropriate necnatal and heterozygote goereaning of
the general population, Iucluding defining the soclal strategy and arranging the laboratory
service; continuing assessment of all aspects of genetlcs services, based on knowledge of local
genetic eplidemiology; centralisation of informatlion about common genetic conditions, such as
Nown syndrome, metabolic diseases, cystic flbrosis and the haemoglobinopathies, that are
normally treated by general paediatricians; and provision of the professional training and
community educational aids that are needed to ensure the adequate delivery of the service to
the popalation. It is also important to provide detalled clear and accurate information for
individuals whe carry, or suffer from, specific hereditary diseasges.

The scale of the new developments in prevention of congenltal disorders during pregnancy
through obstetric techniques such as ultrasound, amniocentesis, CVS and intrauterine treatment
has led to the emergence of fetal medicine as a new component of obstetrics. It is so closely
related to the work of the geneticist that both services benefit greatly from close physical
proximity, when this can be arranged.

There 1s alsoe a particular need to develop community-based genetic counselling.
Counselling at the specialist level needs to be done by an expert clinical genetlelst, but
eounselling for the narrower range of simple common conditions that are the targets of the
community genetics services has te be provided through the primary health care system. At
present, this approach 1s very under—developed, so there is a3 need for education of primary
health care workers, particularly midwives, nurses and others concerned with maternal and child
health, in common genetle problems and appropriate actioons.

4.3 Evaluating penetics Prugrammes

Evaluation is an important component of genetics services, as It both defines the target
and monitors progress towards it. Some aspects of & generics service can be measured
relatively siamply, such as the changes in birth-incidence or lethality of the conditions
mentigned in the first part of this report. However, the possibiliry of monitoring using
simple statistical parameters as shown in the figures that summarise the impact of various
sarvices, depends on the gencticist having access to {iaformation about the birth, diagnosis and
dsath of patients with congenital disorders in the region. At present, conditions diapnosed at
birth are usually reported, but many genetic disorders such as e¢ystic fibrosis, haemophilia
and the hacmoglobinopathies present later, and are not systematically reglstered 1o most
countries. Agrecment on registration of patlents, at least those with preventable congenital
disorders, should be eacoutaged to assist in programme evaluation.

Howsver, one of the most valuable fumctlons of a genetlc consultation is to relieve people
of anxiety about a possible genetic risk, or of gullt about their possible respoasibility for
their own or thelr child's illmess. It may be difficult to evaluate some such aspects of the
service, but approaches to measuring effects on the psychological quality of life need to be
considered, It is as necessary to avoid the assumption that only what can be measured is
worthwhite, as to avold the fdea that the effect of services cannot or should not he measured.
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Cost~benefit analysis is a form of evaluarion that is inereasingly practised 1n countries
with a social commitment to comprehensive medical care. In the field of feral diagnosis, the
analysis has usuiglly been conducted by balancing the cost of the medical care of affected
children for soclety, sgaiust the cost of preventing thedir births through a genetics prograome.
It is easy to show that restraint of reproduction by at-risk couples and selective sbortion of
fetuses with chronic disease saves money even in the short term, and such arguments show that
there i1s no excuse for not setting up these services, even when money is short. However, this
approach requires considerable further development. There have so far been very few good
studies of the real cost to the family and soclety of the birth of a severslv-handicapped
individual; and the limited approach described above encourages am implied assumption that
genetics services should cost society less than the amount of money they can save — a crlterion
that is not applied to any other form of medical practice.

A wote realistic appreoach is to try to measure the amount of health that can be bought for
a given amount of money: for example a fetal diagnosis serviee could be evaluated by obsarving
how many families use it to attain their reproductive goals. Many couples at high genetie risk
do not dare to reproduce unless Ffetal diagnosis 1s available, so up to three wanted healthy
children may be born for every affected fetus aborted; and for the cost of the fetal diagnosi-,
parents at genetic risk may either obtain a healthy child or avoid the problems associated with
the birth of a sick one. Elaborating this sort of approach further depends on defining
quantative criteria for the many kinds of benefits provided by a genetics service, iuncluding
more subtle ones such as velief of anxiety.

J.- ETHICAL ISSUES

Ethical questions in counection with genetics services should be viewed in the light of
their general objective, which is te help people with a genetic disadvantage to live and
reproduce as normally and as responsibly as possible.

It is important to recognise that these issuves involve the majority of the human race.
For example, at some time in their reproductive 1ife up to half of the women in the world
conceive a fetus with a severe congenital disorder, but most such pregnancies wniscarry-
Infants bern with clinical birth defects represent only the small proportion of affeated
tetuses that survive the pregnancy.

The ethical issues connected with medical genetics services are very broad. They can be
approached here only in a selective manner, with emphasis on a few outstanding toples. For
practical purposes, the ethical questions that arve most commonly raised may be divided into the
speculative and the real. For example, the question of abortion (because of an unacceptable
risk of bearing a severely affected child) is often brought into the discussion: but the
abortion issue is in fact extraneous to debate about medical genetics. The acceptability of
abortion under specific circumstances is decided on general social and medical, rather than on
genetic grounds, aad a fetal diagnosis service can operate only within the framework of such
general decisions. In most countries abortlon because of a severely affected fetus is accepted
a5 2 legitimate mediecal procedure; and clearly in those countries where abortion is legal when
the preguancy is unwanted, it must also be legal if the pregnancy is unwanted because the child
is severely (1l ov malformed.

Concern has been voiced that selective abortion for severe genetle disorders mway =alter
attitudes toward the vights of handicapped people, but there is no evidence to support this
notien: no country where fetal diagnosis has become established has reduced its efforts to care
for the handicapped. There are intrinsic reasons why the existence of prevention makes it more
important, and more feasible, to provide optimal care for the handicapped (46), aad in many
countries there are now firmer recommendations than ever that individuals with congenital
disorders should be given optimal treatment. In reality, heterozygote diagnosis, fetal
diagnesis and patlent cate are complementary, not competing, approaches to helping people with
a genetic disadvantage-

Progress in understanding the mechanisms of inheritance, performing genetic diagnosis and
controlling geunetic disability often evokes fears of a "brave new world”, including coercive
control of peoples' raproductive behaviour for political ends. However, the geneticist's
principle of the autoromy of the individual (see below) excludes such activiries even if they
were possible.
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The fact that such speculative issues occupy the foreground of public debate obscures the
really important ethical issues of medical genetics, and Impedes the development of necessary
services by creating the false impression that this area of medicine is beset with ipsoluble
moral problems.,

The pulding principles of clinical geneticists, that are jneluded in professional teaching
and adhered to in practice, have been studied empirically and gummarised in a ser of
"guidelines” for genetlc counselling, fetal diagnosis and screening. Core principles are the
autonomy of the individual or the couple, their right to adequate and complete information, and
the maintenance of the highest standards of confldentiality {(47). Tt follows that the choices
that are to be made should be made by the individual or the ¢ouple and that genetlc counselling
shaould he provided In a non-directive manner. Non~directive counselling does not mean aimply
glving people the facts and letting them make up thelr own mind. It is a special skill
requiring an appropriate personality and tralning, and involves accompanying “counsellees™ In
decision-making by helping them take account of thelr anique medical, social and moral
situation.

The principle of confidentlality should also be used not only to protect the privaey, but
2lso to serve the true interests of the people involved, and other members of their kindreds.
Yhus, the establishment of useful and confidential genetic registers should be ¢onsldered.

The broadest of the real ethical iscues is the limited availahility of genetlcs gervices.
The care of the handicapped and support for thelr families is universally deficient, and at the
same time the services that can now be provided for responsible family planning are oot
effactively delivered, and are unequally distributed even in developed ¢ountries. The poor
dalivery of amnlocentesis to older mothers in ¥orthern Europe Is only ome example. As a
fesult, women unnecessarily bear seriously affected children, and the realisatfon that the
problem could have been avolded then makes the situation werse. The limited delivery of these
services fs partly due fo inadequate resources, especially for counselling; and partly due to
inadequate provision of health education for the community, and technieal information for
health professionals.

Application of the new genatlc technelogy can create real new ethigal problems. For
instance, whenever a mnew DNA probe or techolque is developed, 1t is an important medical
responsibitity to make {t available EFor research, so as Lo expedite the developments so
urgently needed by patlents with chronie disease, or at high genetic risk: but at present rhis
i sometimes impedad hy non-scleantific considerations. In view of the sericus conseguences of
predictive tests for severs monegenic disorders, they need to be highly reliable; for instance
tests based on genetlc varlation at a linked locus (RFLPs} should he widely used only 1f the
linkage is very tlght, or if locl op both sides of the gene in gquestion can be used, so that
racombination can be excluded for practical purposes.

Other difficulties are 1llustrated by the possibility of predictive teste at the DNA level
for the Huntlngron's disease gene. When such a test hecomes reliable 1t will in principle be
possible for people belonging to Huntington dlsease kindreds to avoid passing the pene on to
future generations; however, the prlce for many people will be the definite knowledge that thay
carry the gene for this severe disease, and there is justified worry that this could lead to
tragic consequences such as sulcide. There 15, however, no easy way out. Not making the test
available means that more people, namely the spouses and offspring of the patlents, wlll bhe
involved ina these anxieties. It seems reasonable that spouses of people at high risk for such
diseases should share their partner’s knowledge, but the responsibility for this declsion
should rest with the individual at risk.

There 1s a possibility that DNA techaology will ultimately parmit the fdentificarion of
many normal as well as pathological inherited characteristics, in the fetus as well as in the
adult, =nd there is need for some guidance on the usefulness of nffering fetal disgnesls for
conditions associlated with c¢linical consequences of variable severity, such as o1 antltrypsin
deticiency. As the fimal responsibility for the declision rests with the counselled couple, the
best way Lo find out how to use new diagnostis tests fs to disecuss them with the affected
familles and record their react{ions. The most ohjective approach 1ls to make fetal diagnosis
avallable, and to ohbserve how families at risk make use af {t.




HOP/WG/85.10
page 17

There 15 increasing awaremess that genes at the ends of the normal range of penatic
variation, such as o1 antittypsin deficiency, may confer a predisposition or resistance to
common disorders. The penes themselves do not cause digseage, and 1in fact most of their bearars
may be completely healthy. Every measure should be taken to ensure that Individuals can have
tests for such chatacteristics conducted, without fear that the results could be used to their
disadvantage, for instance in limiting choice of employment or in weighting life insurance.
Such application of this information would be unfair, since testing {s available for only a few
of the risks that actually exist; it is essentially random by which tests are available at a
given time and place; and {ndividuale with positive results are Likely themselves to rake
appropriate avoiding action. As knowledge of such normal genes grows, 1t is d{ncreasingly
important to establish rules governing confidentiality, and thiz ¢ould require new laws in some
countries,

Fetal sexing provides an important example of nen-pathological genetic diagnosis.
Termloation of pregumancy in the mid-trimester on grounds of fetal sex is genarally aot
accepted, but the possibility of sex selection in the first trimester, at a stage when
termination of pregnancy on social grounds is widely available, isg a new issue. There seems no
contra-indication to providing information on fetal sex within the coatext of ganetic
diagnosis. On the other hand, sex selection as a primary indication for fetal diagnosis is
generally viewed as an undesirable expression of inequality of the sexes, and there can he
lirtle doubt that its practice by genetlelists in developed countries would endanger the
genetics gervices by producing a negative reaction. It follows that it should not be offered
L the framework of a genetics service.

Inevizably the soecial and ethical aspacts of generies services differ between developing
and developed countries, because economie factors are g0 critical and genetic disease may be so
destructive, when there is no social support system. Consequently, an important element in
genetic counselling in developing countries 1s 1information on the economic consequences for
the family, of the birth of an affected chiid.

6. FURTHER RESEARCH NEEDS

Clinical genetics gervices have iwportant fundamental regearch implications, and need to
be conducted im contact with expert reasearch centres, but useful research need not always be
highly technical,

Knowledge of the nature and geographical distribution of genetic characteriastics televant
for health is essential and forms an important part of the background for many aspects of
health care. Since each human population 1s genetically unlque, genetic epidemiological
information is needed from every country, and is in 1itself a contribution to the science of
human genatics,

To deliver community genetics services effectively, it is necessary to have cheap and
simple technology that can he used on a mass scale. The availability of ultrasound and
karyotyping 1s still limited o some extent even in developed countries by expense. Simplified
techniques are needed so0 that these uszeful approaches c¢an be applied more widely. The
development of cheap portable high quality uwltrasound machines, and simpler DNA-based screening
methods to gstimate chromosome dosage, would overcome some of the wost importanmt limitatioms In
our ability to offer fetal testing to all who nead ir.

However, even those genetics services that are available are not yet being delivered
effectively, partly because hasic genstic counselling is not yet fategrated into primarvy health
care, and partly because of the difficulty of alerting the healthy population to the reality of
genatic risk. Therefore atudies of genetic health=education strategies and of methods for
delivering community-based genetics services should be encouraged.

Resgarch on the genet{c background of common diseages such as coronary heart disease and
diabetes may be particularly indlcated in parts of the world whers populations of different
ethnic origing share 2 similar environmeat and diet, and where these diseases of affluence are
also on the increase. In the cancer fleld it iz clear that some people are at higher risk than
others of developing & malignancy, and comparison of reglonal differences may cast iight on the
genetic faetors invelved.
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Atypleal drug reactions and reactions to enviromnmental agents often have g genetilic basis
and should he Invealgated more systematically to broaden our knowledge of human variation,
relevant to health-prometion.

There are particularly interesting opportunities for genetic epidemiologlcal research In
countrics where conganguingous marriage is a longstanding tradition. Since most specific
inherited disorders are caused by a variety of different mutations, and most patients with a
recesslively-inherited condition who are offspring of a consangulneous marriage are homozygous
for the same mutation, they provide unique opportunities for studying the relationship between
genotype and phenotype. Gomparigson aof the relative incidence of consanguineous and non-
conganguineous marriages among parents of children with a given recessively-inherited condition
provides a simple way to assesa the frequency of the mutant gene In questieon Iin the population.
When the mutant gene 1s rare, practically all affected children will be the offspring of
consangulneous couples, but when a gene 1s more commen, the proportion of non—consanguineous
couples among the parents of affected children is higher. Thus, once biochemlcal pgenetic
diagnosls is avallable, a "genetle profile” can be mapped more easlly rhan In most other
populations. Differences In the proportion of children with different congenital malformations
in the offgpring of consanguineous and non—consanguinecus marrisges may also cast Llight on the
contribution of inheritance %o congenital malformations, while the fregquency of homozygotes for
more than one kind of recessive disease in extended inbreeding families may clarify the
question of the number of recessively-inherited lethal traits carried per person.

7. CONCLUSIONS

The general objective of genetlies services 1s te help people with a hereditary
dlisadvantage to live and reproduce as normally and as respensibly as possible. Activities
in¢lude diagnesis, counselling, and technical interventions, which range from treatment of
affected individuals, and prevention by alteration in lifestyle, to selective abortion of
feruses fFound to have a sevetre disorder.

The central ethleal principles of genetic practice are respect for the autonomy of
individuals, theilr right to adequate and complete iaformation, and preservation of the highest
level of confidentiality.

Cenetile information promotes Iindividual autonomy by increasing people's ablility to control
their own health and that of their family. Genetic misinformatiom is the main complication of
inexpert approsaches- As the range of possible options and the propoertion of the population
involved 1w extending steadily, it 1s necessary to encourage wider understanding of genetic
issues by offerving silmple and realistic information to the community. This should help people
to use genetic information when it is relevant, and to avold unneccessary anxletleszs related to
knowledge of genetic risk, or to possible hazards such as radiation and toxic substances In the
environment.

Genetic factors are an important elemeat in human health. Depending on the country, from
1.5 to 4.5% of newborns suffer from a congenital disorder that will lead to death or lifelong
problems. Genetic factors are alse important in resistance to infeetion, and in diseases such
as atherosclerogis, diabetes, cancer and hypertension, while due to the wide range of human
variation, iInherited predispositions are thighly relevant for Thealth promotion. Some
genetically-determined pathology can now be prevented by programmes delivered at the community
level, which may be defined as community genetics services.

An  important problem, especlially where prevention 1z econcerned, 1s that though
collectively they are numerically significant, genetle digorders include a very large number of
different conditions, many of which are relatively rare., Community genetics services therefore
depend on setting up simple mass-~scale goreening programmes, which will contact almost everyone
in the population at a relevant point in thelr life.

Mych of the progress in developing these approaches in the past 15 years has been achieved
through collaboration between the geneticist and the obstetrician. Examples are: newborn
sereening using the Guthrie blood spot for phenylketonuria, cougenital hypothyroidism and
sickle—cell disease; screening of pregnant women for Rhesus blood group, maternal serum

e
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alphazfetoprotein (AFP) level and haemoglobinopathy traits, as well as for @xposure to relevant
infections; ultra—sound scaaning; and the offer of swniccentesis to older mothers. Onee such
testing systems have become part of basic health care, a foundation exists for other approaches
to be introduced; while integration may improve the resolving power of gereening tests, for
example, the possible application of a low maternal sevum AFP for detecting fetuses with Down
syndrome.

The ability to offer help to at-risk individuals identified in screening programmes
depends largely on obstetric techiques such as ultrasound scanning in pregnancy, and obtaining
samples of fetal material for genetic diagnosis by amniccentesis, fetal blood sampling or
chorionic wvillus sampling. Association between clinical genetics and the mnew obstetric
discipline of fetal medicine greatly strengthens genetics practice and is promataed by locating
these two disciplines physically together, at least in some centres.

The inereasing need to inform the population about the possibilities for preveanting
congenital disorders, means that it is now necessary to promote basic gengtic screening and
advice in Primary Health Care.

Community genetics services are relatively inexpensive and highly cost=aeffective, in view
of the great social and financial burden of the chronic digease avoided. They require to be
co—ordinated by specialist geneticists, usually bagsed on research institutions with relevant
expertise, and c¢losely associated with obstetric collesgues. In addition ro solving
spenlalised genetic problems, the clinical geneticist's responsibilities now extend to
developing and organising community genetlcs programmes and integrating them into the health
system, educating the relevant health-workers, ensuring quality control, and monitoring the
gervices to promote high quality and continuing progress.

A review of available experience on the control of avoidable conditigns in more developed
countries shows that: changes in social factors such as the distribution of mataernal age has
greatly reduced the background frequency of births of children with Down syndrome: hereditary
disease control programmes have brought about major reductions in the births of infants with
neural tube defects, thalassaemia, Tay-Sachs disease and some other inherited diseases, and
wore moderate reductions 1n births of childremn with Down gsyndrome; neonatal jaundice with
kernicterus leading to death or ¢hronic disability, due to Rhesus haemolytic disease of the
newborn or G6PD deficiency, has been almost eradicated from many areas where it was common;
early diagnosis and treatment have improved the survival and quality of life of patients with
phenylketonuria and other amino-acid disorders, congenital hypothyroidise, and sickle-cell
disease; and the prognosis of some common conditions such as haemophilia, thalassaemia and
cystic fibrosis has been greatly improved by careful attention to management. The benefits of
the community approach to genstically-determined disorders are now clear, and extensive
experience of organising effecrive programmes iz available for guidance, in extending them ro
more of the world's population.

The burden of genetie disease 1s, in general, heaviest in developing countries. The
haemoglobinopathies and G6PD deficiency are common in areas with a previous history of malariaj
a high proportion of older mothers leads to a high birth-rate of infants with Down syndrome;
and where conganguineous marriage is common, the birth-rate of infants with recessively-
inherited diseases way be considerably increased. Furthetmore, because of the lack of a social
support system, the heavy burden of chronic disease for the individual and the family places
added emphasis on the desirability of prevention. A setf of findicators is proposed to assist in
evaluating the need for genetics services in developing countries. They dnclude basic
statigtical data on iofant mortality and birth-rate, materaal age distribution, the frequency
of avoidable genetic conditfous such as the haemoglobinopathies, and the incidence of
consangulnecus marriages.

Even in developed countries the delivery of existing genetlcs services is very uneven.
Some, such as newborn screealng are provided to over 95% of many populations, but others such
as amniocentesls for the prevention of Down syndrome, or carrier screening for the
haemoglobinopathies, are provided to only a fraction of those who really need them. It appears
that one of the main problems in delivering genetics services is the difficulty of informing
the profession and the community of the veal significance of genetic problems. There is
therefore & need for international collaboration in improving genetic health-education at all
levels, particularly through the development of appropriate educational aids.
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At the level of health-promotion, the present most iImportant need 1s for further
development of genetic approaches for identifying groups of people at increased risk from
coronary heart disease, so that they can be offered further testing and useful advice. The
development of similar appreaches for reducing the incidence of other common diseases such as
diabetes and cancers 1s a priority area for genetilc regearch.

Finally, the relevance of the normal range of human variation, illustrated by local
differences In ability to digest lactose, to eat broad beans or to take certain antimalarial
drugs with safety underlines the importance of further mapping of common hereditary traite
relevant to health, in order to assist appropriate development of social and health policies.
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dizorders
Congenital
dizeases
Fig.1 Categories of Congenital Diseases.

("Common diseases” are not included)
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Fig.3 Fall in the birth-rate of infants with thalassaemia mzjor associated

Wwith several thalassaemia control programmes. {[Dats from ref. 2).
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CAUSES FOR THE BIRTHS OF 193 THALASSAEMIC CHILDREN
IN 3 REGIONS WITH THALASSAEMIA CONTROL PROGRAMMES

Choice not to
Lab_uratory error  terminate an
(mainly in affected
heterozygote pregnancy

detection)
r f

Refuszl of
fetal
diagnosis

Y A

55%
Patients’

s

I

\ Obstetrician’s ignerance

\Nﬁiignorance éggi nﬁt

\ (did not ac_ .

\arrange testing) ?_ﬁﬂtetrm‘{an
N a ill too late)

WHQ 861196

Fig.4

Pie chart summarizimg the results of interviewing the parents of thalassaemic¢ children
Only a minerity of these birthg were the

born since the start of the control programme.
result of the parents' informed cheice not to request fetal testing, or not to abort a
pregrancy whers the fetus had been shown te be affected with thalassacmia major. Most

werce born because ejther the parents or the obstetrician or both, were unaware of Lhe
It is also noteworthy that as the

reality of risk, and the poasibility of prevention.
number of affected births falls, the propertion that are due to an error of di apEnos s
rises - cmphasizing the very high level of responsibility associated with heterozypaote
sereening. (Collected data from Sardinia, Athems and Cyprus: from reference L3,
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Fig.5 Age-distribution of patients with homozygous B-thalassaemia in
Cyprus in 1984. The leading (right) edge of the curve canm be used to
monitor the patients' survival - i.e. the effectiveness of
treatment. The trailing edge measures the effectiveness of

preventien. In Cyprus, the thalassaesmia problem has now been
"contained" by an energetico programme c¢ombining treatment and
preventicn. {Data from ref. 13},
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Ape-distribution of known patfients with hazemophiliz A in the UK, in 1980. Number
of patients shown = 4089. A further 232 whose age was not known are not included.
The leading (right) edge of the ¢urve measures the increasing cffectiveness of
trecatment with time. DNata on recent deaths collected in 1980 showed that the

life-expactancy in haemophilia regembled the normal at that time. {Data from
reference 48).
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Estimated births af heterazrygotes/ 100,000

J
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Fig.8
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Year of birth

WHO podRE

Decrease 1in the number of births of incividuals ar
develuping Huntington's chorea in Scutn Wales. Az =a
geretic counselling and femily support, many members of Kindreds
transmitting Huntingten's chores decide not to reproduce, 1in order
Lo aveld handing on the gene. (Data from ref, 23),

risk for
resylt  of
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Fig.9 Increasing risk of carrying an aneuplold fetus with increasing
maternal age. The data are for findings at amniocentesiz; =ince
abau one-third of chromosomally-abnormal fetuses abart

spontansously between 16 weeks and term, the risk of delivering a
live-born chromoscmally-abnermal child iz absut one thirg less than
that shown, The relationship with maternal age is complicated by the
Fast that the early spontansocus abortion rate of Fetuses with
trisomies other than trisomy 21 increases after the age of 40, so
that though more are concelived, fewer survive long enough to  be
diagnosed at amniocentesis. The sudden drop 1in the number of
fetuses with Down syndrome diagnosed after 47 years of age may be
an  artefact due to the small numbers of mothers in  this age-group
studied, or the result of increased tendency to spontanecus abortion
of the chromosomally-abnormal fFetus in these much older mothers.
(Dzta from ref. 49).
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Fig. 10 Changes in the distribution of wmaternsl age, and in the number and

age=distribution of infants with Down syndrome, in Belgium between
1960 and 1978. The upper part of the figure shows that in these 18
years there was a 20% fall in the number of births, and that hslf of
thiz fall has been due to a reduction in births to mothers over 35
vears of age. The incidence of Down syndrome births has fallen by
about 34%, (from 1.6-1.7/1000, to 1.0-1.1/1000), and the annual

number of Down syndrome births has fallen by 47%. The lower part of

the figure shows that of these, the percentage born to mothers over

35 has fallen from 53% to 28%: i.e., the maternal age distribution of
mothars of infants with Down syndrome has beern almost perfectly
"reversed”. The scale of the graph representing Down syndrome births
for 1978 has been reduced to half that of the corresponding graph for
1960, in order to indicate the absolute fall in the number of affectad
infants born every year, as well as the maternal age distribution.
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FALL IN THE INCIDENCE OF NEUTRAL TUBE DEFECTS IN SCOTLAND
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Fig. 1 The incidence of neural tube defects has fallen in Scotland by

almest 60% since maternal serum AFP screening was introduced,
However, records of =abeorticns because of the diagneslis of an
affected fetus suggest that only half of the fall has heen due to
Tetal diagneosis, the remainder being due o a fall in the background
incidence of neural tube defects in the UK., This fall, which started
Al the same time as the secreening programme, may be due to a change
in dietary habits. This ceinelidence underlines the importance of
anzcurate monitoring. (Data from ref., 30).
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Ethrnie group Genetic Causative Rasult
mainly involved tralt aEent
Caucasians Unknown bread Coeliac
(specially Celts) {gluten from | discase
wheat & rye)
lzetase
non-per- lactose mzldigestion
Azsians, Blacks istence
{except Japan-
ege, Bantu) GEPD des- broad acute
ficiency beans haemolysis
Blacks unknown salt hypertension
Amerindians Unknown alcohol impaired
catgbolism

Common dietary problems assoclated with genetic variabilivy,
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Fig.13 Pistribution of the adult lactase phenotypes, lactose digester and

lactose non-digester, in the 0ld Werld. Na, or insufficient data is
avallable for the areas left blank. (Data from ref.7).
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The contrast in the life-table for the general population of Pakistan, and the life-
table for the offspring of families with thalassaemiz major (or any other leathal
recesyively-inherited disease) provides an example of the impact of inherited disease

on the family, in developing countries.

When the general infant and childhood

iortality amounts to 20%, the additional losses of children due to inherited disease

increases the figure to at least 45%.
from reference 50:
communication from Dr Ziaur Rehman),

{Bata on the general life-tahle for Pakistan

on the childhood mortality in families with thalasssemia, parsonal
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The relatienship between the infant mortality and the birth-rate for
the countries of the world, forms a "global development curve". Each
country is represented by cne point. The countries of Europe and
North America and Japan are at the bottem left-hand corner; those of
South America and Asia are scattered along the curve, while most
African eountries are on the plateau aspd Lo the right. The f[igures
for the left-hand end of the curve are reliable, but those for the
right-hand end are '"best estimates" based on surveys,

and could
include considerable inaccuracies. (Data frem ref, 40D,
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Fig.15b.The global development curve i3 dypamie and cam be used to demonstrate
the evolution of some aspects of development in individual countries.
This example shows the change from 1962-1982 in a Eingle country.
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Fig . 15c.The curve can alsc be used to demonstrate the eontribution of
partienular cenditions te infant mortality. In mueh of Sub-Saharan
Africa, about 8% of couples are at risk for having children with
sickle-cell diseass, which usually leads to death in early childhood;
50 the average infant mortality of about 1UQ/1000 in this part of the
world (eg.,g. for Nigeria) can be divided into twe components: about
34071000 for the group of families at risk for siskle-cell dizease,
and 12077000 for the families not se at risk. Tt is difficult to
ilgnore a disorder that affects auch 2 large minority of the population
30 Haverely.
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Fig.18

In Japan, there has been a very rapid decrease in the frequency of
¢onsanguineous marriages in the last 4Q years, ¢oinciding with rapid
industrial development and increased mobility of the population.
(Data from reference 51).
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Fig.19

Relationship between the incidence of heterozypotes, and the birth-rate of
homozygotes, for conditions inherited as Mendelian recessives. The lower curve shows
Lthe relationship under conditions of random mating, the upper cutve shows the
relationship with first ceusin matriage. Consanguinity increases the birth incidence
of rare disorders mpuch more than that of cowmmon ones. TFor instance, when the
heterozypote frequency iz 10%, 100% first cousin marrizage would only double the birth
inclidence of homozypotes; when the heterozygote fregquency is 4% it quadruples it, and
when 1t is 1%, it multiplies it twelve times. The effect of a given proporiion of
first cousin marriage (n%) in a population can be calcylarad by addiag n%Z of the
birth-rate for first cousin marrlage, to 100-n% of the birth-rate for vandom mating.




Table 1

ESTIMATED FREQUENCY OF CONGENITAL DISORDERS

Type of disorder

A1l digorders,
incidence per
1,000 births

Severe disorders,
astimated incidence
per 1,000 births

Congenital

nalformations 17-30 8-15
Chromosomal

aberrations 4-9 2~5
Mendelian

disorders 4=7 47
Haemoglobino-

pathies 0-16 0-16
Total 25-62 14-43

{Data from ref. 5)
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Table 2

CHANGES IN REPRODUCTIVE BEHAVIOUR QF QLDER MOTHERS
AND THEIR EFFECT ON THE NUMBER OF BIRTHS OF CHILDREN
WITH DOWN SYNDROME, IN THE USA 1960-1977

Maternal % fall in % of recognized Calgulated fall in Down
age group hirth rate pregnancies gyndrome births 1960=77
1960-77 aborted, 1977
Total | Due to abortion
<33 34 24
35-39 66 30 } %
40 73 42 ) 0% 22z
{(Data from ref. 25)
Table 3

POPULATION NUMBERS IN REGIONS WITH A
CONVENTION OF CONSANGUINEOUS MARRIAGE

Region Population Annual births
(millions) {millions)
North Africa 98.1 4,951
West and North Asia 161.5 6.649
India (one third) 237.3 7.899
Paltlstan 87.1 4.200
53R (part) 37.7 1.278
Total 621.7 24,98
Global figures 4,577.0 129.6
Proportion of world
pepulation involved 13.6% 19.3%




P A

Table 4

. THE PROPORTION OF BIRTHS OF INFANTS
WITH RECESSIVELY-INHERITED DISEASES THAT CAN BE PREVENTED,
IF PARENTS REFRAIN FROM FURTHER REPRODBUCTION
FOLLOWING GENETIC COUNSELLING,
DEPENDS ON THE FINAL FAMILY SIZE

Average final Maximum % reduction in
family size birth incidence through
(number of avoiding recurrence in
offgpring) the same family

0
13
23
32
39
45
20

‘l' 35

- e o

(Data from ref. 44)
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