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Relative contribution of environmental
and genetic factors in some common
disorders.

The genetic contribution to disease varies; some disorders are entirely
environmental and others are wholly genetic. Many common disorders,
however, have an appreciable genetic contribution but do not follow simple
patterns of inheritance within a family. The terms multifactorial or
polygenic inheritance have been used to describe the aetiology of these
disorders. Normal traits inherited in this way include height and
intelligence.

Multifactorial inheritance

.0

z

General population

Affected: population incidence

The concept of multifactorial inheritance implies that a disease is caused
by the interaction of several adverse genetic and environmental factors. The
liability of a population to a particular disease follows a normal distribution
curve, most people showing only moderate susceptibility and remaining
unaffected. Only when a certain threshold of liability is exceeded is the
disorder manifest. Relatives of an affected person will show a shift in
liability, with a greater proportion of them being beyond the threshold.
Familial clustering of a particular disorder may therefore occur.

Liability

Hypothetical distribution of liability for a
multifactorial disorder in general
population and affected families.

Risk of recurrence

Heritability
Estimates of heritability

Heritability (%)

Schizophrenia 85
Asthma 80
Cleft lip and palate 76
Coronary heart disease 65
Hypertension 62
Neural tube defect 60
Peptic ulcer 37

The risk of recurrence for a multifactorial disorder within a family is
generally low and mainly affects first degree relatives. In many conditions
family studies have reported the rate with which relatives of the proband
have been affected. This allows empirical values for risk of recurrence to be
calculated, which can be used in genetic counselling. A rational approach to
preventing the disease is to modify known environmental triggers in
genetically susceptible subjects. Vitamin supplementation in pregnancies at
increased risk of neural tube defect and modifying diet and smoking habits
in coronary heart disease are examples of effective intervention, but this
approach is not currently possible for many disorders.

The genetic contribution to the aetiology of a disorder, or heritability,
can be calculated from the disease incidence in the general population and
that in relatives of an affected subject. Disorders with a greater genetic
contribution have higher heritability and, hence, higher risks of recurrence.
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Factors increasing risk to relatives
in multifactorial disorders

* High heritability of disorder
* Close relationship to proband
* Multiple affected family members
* Severe disease in proband
* Proband being of sex not usually affected
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HLA association and linkage

(a) A3, BwE47, DR7 (c) Avv24, B5, DR 1
(b) A1, B8, DR3 (d) A28, Bw35, DR5

(a) A3, Bw47, DR7 (b) Al, B8, DR3
(c) AwN24, B5,DR1 (d) A28, Bw35, DR5

(a) A3, Bw47, DR7
(d) A28, Bw35, DR5

* Homozygous affected

LU I Heterozygous carrier

Inheritance of congenital adrenal
hyperplasia (21-hydroxylase deficiency)
and HLA haplotypes (a) and (c).

Several important disorders occur more commonly than expected in
subjects with particular HLA phenotypes, which implies that certain HLA
determinants may affect disease susceptibility. Awareness of such
associations may be helpful in counselling. For example, ankylosing
spondylitis, which has an overall risk of recurrence of4% in siblings, shows
a strong association with HLA-B27, and 95% of affected people are positive
for this antigen. The risk to their first degree relatives is increased to 9% for
those who are also positive for HLA-B27 but reduced to less than 1% for
those who are negative.

Genetic association, which may imply a causal relation, is different
from genetic linkage, which occurs when two gene loci are physically
close together on the chromosome. A disease gene, located near the HLA
complex of genes on chromosome 6, will be linked to a particular
HLA haplotype within a given affected family but will not necessarily
be associated with the same HLA antigens in unrelated affected people.
HLA typing can be used to predict disease by establishing the linked HLA
haplotype within a given family.

Congenital adrenal hyperplasia due to 2 1-hydroxylase deficiency shows
both linkage and association with histocompatibility antigens. The
2 1-hydroxylase gene lies within the HLA gene cluster and is therefore
linked to the HLA haplotype. In addition, the salt losing form of congenital
adrenal hyperplasia is associated with HLA-Bw47 antigen. This
combination of linkage and association is known as linkage disequilibrium
and results in certain alleles at neighbouring loci occurring together more
often than would be expected by chance.

General distinction between insulin dependent and non-insulin dependent
diabetes

Insulin Non-insulin
dependent dependent
diabetes diabetes

[Thinness Obesity
Cl n ica featu res I Ketosis No ketosis

[Early onset Late onset
Treatment Insulin Diet or drugs
Concordance in monozygotic twins 50% 100%
Histocompatibility antigens Associated Not associated
Autoimmune disease Associated Not associated
Antibodies to insulin and Islet cells Present Absent

A genetic predisposition is well recognised in
both type I insulin dependent diabetes and type
II non-insutin dependent diabetes. Maturity
onset diabetes of the young is a specific form of
non-insulin dependent diabetes that follows
autosomal dominant inheritance. Clinical
diabetes or impaired glucose tolerance also occurs
in several genetic syndromes-for example,
haemochromatosis, growth hormone deficiency,
and Wolfram syndrome (diabetes mellitus, optic
atrophy, diabetes insipidus, and deafness). Only
rarely is diabetes caused by the secretion of an
abnormal insulin molecule.

Insulin dependent diabetes mellitus is heterogeneous, and the genetics of
the disease is not clearly defined. Environmental factors, notably viral
infections, are important, and only 50% of monozygous twins are
concordant for the disease. An association with HLA-DR3 and HLA-DR4
phenotypes is well documented, with 95% of insulin dependent diabetics
having one or both antigens compared with 50% of the normal population.
Although the relative risk of developing diabetes for a person with HLA-
DR3 or HLA-DR4 antigens is increased, most potentially susceptible
people do not develop diabetes. The greatest risk is to subjects with two
susceptibility antigens who have a family history of insulin dependent
diabetes mellitus. Better definition of susceptible genotypes is becoming
possible as subgroups ofHLA-DR3 and HLA-DR4 serotypes are being
identified by molecular analysis. An altered immune response controlled by
genes closely linked to the class II HLA antigens may be responsible for
susceptibility to the disease. Identifying people at risk with serological,
immunological, or molecular markers will be important if presymptomatic
preventive treatment becomes available.
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Diseases associated with histocompatibility
antigens

Ankylosing spondylitis B27
Autoimmune thyroid disease B8, DR3
Chronic active hepatitis B8, DR3
Coeliac disease B8, DR3

Diabetes (juvenile)
fB8, DR3
[B15, DR4

Haemochromatosis A3
Multiple sclerosis DR2
Psoriasis CW6
Reiter's disease B27
Rheumatoid arthritis DR4

Diabetes

Factors indicating increased risk of
insulin dependent diabetes

* HLA haplotypes shared with affected
sibling

* DR3/DR4 antigens

* Insulin autoantibodies
* Islet cell antibodies
* Activated T lymphocytes
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Empirical risk for diabetes according to affected
members of family

Risk (%)

Insulin dependent diabetes:
Sibling 3-10
One parent 3
Both parents 20
Monozygous twin 50

Non-insulin dependent diabetes:
First degree relative 10-40
Monozygous twin 100

Maturity onset diabetes of the young:
First degree relative 50

Non-insulin dependent diabetes mellitus shows a strong genetic
predisposition, and concordance in monozygotic twins is almost 100%. The
risk to siblings may approach 40% by the age of 80, but this high risk is for a
disorder that is generally mild. The genetics of this type of diabetes are not
understood, and genetically susceptible people cannot be identified with
certainty, although certain alleles in the hypervariable region near the
insulin gene detected by DNA analysis are found more commonly in non-
insulin dependent diabetics than in the general population. Other factors,
such as obesity, are also implicated in the aetiology.

Coronary heart disease

Types of hyperlipidaemia

WHO type Excess

Autosomal dominant:
Familial hypercholesterolaemia Ila, llb LDL
Familial combined hyperlipidaemia Ila, llb, IV LDL, VLDL
Familial hypertriglyceridaemia V, VI VLDL, CM

Autosomal recessive:
Apolipoprotein C II deficiency 1, V CM, VLDL

Polygenic:
Common hypercholesterolaemia Ila LDL

LDL=Low density lipoprotein; VLDL=very low density lipoprotein;
CM =chylomicrons.

Environmental factors play a considerable part
in coronary heart disease, but there is an
underlying genetic susceptibility, and the risk to
first degree relatives is increased to six times that
of the general population. Lipoprotein
abnormalities that increase the risk of heart
disease may be secondary to dietary or other
factors but often follow multifactorial
inheritance.

Familial hypercholesterolaemia (type II
hyperlipoproteinaemia) is dominantly inherited
and may account for up to 10% of all early
coronary heart disease. One in 500 of the general
population are estimated to be heterozygous for
the mutant gene. The risk of ischaemic heart
disease increases with age in heterozygous
subjects, who may also have xanthomas. Severe
disease, often presenting in childhood, is seen in
homozygous subjects.

Familial aggregations of early coronary heart disease also occur in people
without any detectable abnormality in lipid metabolism. Risks to relatives
will be high and known environmental triggers should be avoided.
Molecular genetic studies may lead to more precise identification of subjects
at high risk by determining the major genes responsible.

Xanthomas at elbows.

Schizophrenia and affective psychoses
Overall incidence and empirical risk of recurrence
(percentage) in schizophrenia and affective psychosis
according to affected relative

Affective
Schizophrenia psychosis

Incidence in general
population 1 3

Sibling 9 13
One parent 13 15
Both parents 40
Monozygous twin 45 70
Dizygous twin 10 1 5
Second degree relative 3 5

A strong familial tendency is found in both schizophrenia and affective
disorders. The importance of genetic rather than environmental factors has
been shown by reports of a high incidence of schizophrenia in children of
affected parents and concordance in monozygotic twins, even when they are
adopted and reared apart from their natural relatives. The same is true of
manic depression. Empirical values for lifetime risk of recurrence|are
available for counselling, and the burden of the disorders needs to be taken
into account. Both polygenic and single major gene models have been
proposed to explain genetic susceptibility. A search for linked biochemical
or molecular markers in large families with many affected members may be
starting to identify major susceptibility genes.
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Congenital malformations

Risk of recurrence in siblings for some
common congenital malformations

Risk
(%)

Anencephaly or spina bifida 5
Congenital heart disease 1-4
Cleft lip and palate 4
Cleft palate alone 2
Renal agenesis 3
Pyloric stenosis 2-1O*
Congenital dislocated hip 1-11*
Club foot 3
Hypospadias 10
Cryptorchidism 10
Tracheo-oesophageal fistula 1
Exomphalos <1

*Risk affected by sex of index case or
sibling, or both.

Occipital encephalocele detected
by prenatal ultrasonography.

Mendelian, chromosomal, or teratogenic
causes can be identified for many syndromes of
multiple congenital abnormalities, and improved
cytogenetic and DNA techniques will probably
elucidate the cause in others. Some
malformations are non-genetic, such as the
amputations caused by early amniotic rupture.
Many isolated congenital malformations,
however, follow multifactorial inheritance, and
the risk of recurrence depends on the specific
malformation, its severity, and the number of
affected people in the family. Decisions to have
further children will be influenced by the fact that
the risk of recurrence is generally low and that
surgery for many isolated congenital
malformations is successful. Prenatal
ultrasonography may identify abnormalities
requiring emergency neonatal surgery or severe
malformations that have a poor prognosis, but it
usually gives reassurance about the normality of a
subsequent pregnancy.

Mental retardation
Risk of recurrence for severe non-specific mental
retardation according to affected relative

Risk

One sibling 1 in 35
One sibling with consanguineous parents 1 in 7
Two siblings 1 in 4
One parent 1 in 10
One sibling, one parent 1 in 5
Both parents 1 in 2
Male sibling, maternal uncle or male cousin X linked

Intelligence is a polygenic trait, and mild mental retardation (intelligence
quotient 50-70) represents the lower end of the normal distribution of
intelligence. The intelligence quotient of offspring is likely to lie around the
mid-parental mean. One or both parents of a mildly retarded child are often
retarded themselves and have other retarded children. Intelligent parents
with one mildly retarded child are unlikely to have another similarly
affected child.
By contrast, the parents of a child with severe mental retardation

(intelligence quotient <50) are usually of normal intelligence. A specific
cause is more likely when the retardation is severe and may include
chromosomal abnormalities and genetic disorders. The risk of recurrence
depends on the diagnosis but in severe non-specific retardation is about 3%
for siblings, increasing to 25% after the birth of two affected children.

Dr Helen M Kingston, MD, is consultant clinical geneticist at St Mary's Hospital, Manchester.
The illustration of encephalocele was reproduced by kind permission of Dr Sylvia Rimmer,

St Mary's Hospital, Manchester.
The ABC of Child Abuse continues next week, and the ninth article in this series will appear

on 22 April.

ANY QUESTIONS

What are the harmful effects ofinhaling organophosphates?

The toxicity of organophosphate insecticides depends on their ability to
phosphorylate acetyl cholinesterase, forming a stable bond and interfering
with neurotransmission. Absorption by inhalation is more rapid though
less commonly seen than absorption by the skin or gastrointestinal tract,
but the effects are similar regardless of the route.
The acute adverse health effects that occur after inhalation of organo-

phosphate compounds depend on two factors, the mode of action of the
compound and the inhaled dose. Organophosphates may be either directly
active, when they exist in a toxic form, or indirectly active, when their
toxic effects occur after metabolic activation. The inhalation of small doses
of the directly acting compounds may result in nothing more than
rhinorrhoea or tightness in the chest and wheezing, known as pharmaco-
logical asthma. Indirectly acting compounds, on the other hand, do not
do this. The action of both types of organophosphate seems to be
potentiated by phenothiazines, though the mechanism is unknown. The
earliest symptoms after inhalation usually occur within half an hour, but
massive exposure may cause death within minutes. At lower doses
anorexia, nausea, sweating, epigastric tightness and heartburn may occur.
Increasing exposure causes vomiting, abdominal cramps, diarrhoea,
increased salivation and lacrimation, pallor, dyspnoea, wheezing,
bradycardia, and muscular twitching and fasciculation. Miosis may be

observed, but this is not a constant feature and may be seen, in the absence
of systemic effects, after ocular exposure. Death usually results from
respiratory failure, but iatrogenic fatalities have occurred after the
administration of atropine to hypoxic casualties. Those who survive
organophosphate poisoning usually recover fully, but permanent neuro-
logical damage has been reported.' 2

Organophosphate poisoning may be difficult to diagnose so a blood
sample for assay ofplasma and erythrocyte cholinesterase activity should be
taken as soon as possible. A reduction in the activity ofcholinesterase of30%
or more is suggestive, but normal activities do not exclude the diagnosis.
The Control of Pesticides Regulations 1986 require pesticides used in

the United Kingdom to be approved and used in accordance with the
instructions of ministers on the advice of the independent Advisory
Committee on Pesticides.3 Cases of poisoning must be reported to the
Health and Safety Executive.4-ALAN R SCOTT, senior employment medical
adviser, Health andSafety Executive, Nottingham

1 Metcalfe DR, Holmes JH. EEG, psychological and neurological alterations in humans with
organophosphate exposure. Ann NYAcadSci 1969;160:357-65.

2 Rodnitzky RL, Levin HS, Morgan DT. Effect of ingested parathion on neurobehavioural
functions. Clinical Toxicology 1978;13:347-59.

3 The control of pesticides regulations 1986. London: HMSO, 1986. (Statutory instrument
1986/1510.)

4 The reporting of injuries, diseases and dangerous occurrences regulations 1985. London: HMSO,
1985. (Statutory instrument 1985/2023.)
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