
Multifactorial Inheritance  
 



PRINCIPLES OF MULTIFACTORIAL 
INHERITANCE  

The Basic Model  
 

•  Traits in which variation is thought to be caused by the 
combined effects of multiple genes are called polygenic ("many 
genes").  

•  When environmental factors are also believed to cause 
variation in the trait, which is usually the case, the term 
multifactorial is used.  

•  Many quantitative traits (those, such as blood pressure, that are 
measured on a continuous numerical scale) are multifactorial.  

•  Because they are caused by the additive effects of many 
genetic and environmental factors, these traits tend to follow a 
normal, or "bell-shaped," distribution in populations.  
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the person appears unaffected; above it, he or she is affected 
by the disease.

A disease that is thought to correspond to this threshold 
model is pyloric stenosis, a disorder that manifests shortly 
after birth and is caused by a narrowing or obstruction of the 
pylorus, the area between the stomach and intestine. Chronic 
vomiting, constipation, weight loss, and electrolyte imbalance 
result from the condition, which can be corrected by surgery 
or sometimes resolves spontaneously. The prevalence of 
pyloric stenosis among whites is about 3/1000 live births. It 
is much more common in males than in females, affecting 
1/200 males and 1/1000 females. It is thought that this differ-
ence in prevalence reflects two thresholds in the liability dis-
tribution; a lower one in males and a higher one in females 
(see Fig. 12-2). A lower male threshold implies that fewer 
disease-causing factors are required to generate the disorder 
in males.

The liability threshold concept can explain the pattern of 
sibling recurrence risks for pyloric stenosis, shown in Table 
12-1. Notice that males, having a lower threshold, always have 
a higher risk than females. However, the recurrence risk also 
depends on the sex of the proband. It is higher when the 

FIG 12-1 A, The distribution of height in a population, assum-
ing that height is controlled by a single locus with genotypes 
AA, Aa, and aa. B, The distribution of height, assuming that 
height is controlled by two loci. There are now five distinct 
phenotypes instead of three, and the distribution begins to 
look more like the normal distribution. C, Distribution of 
height, assuming that multiple factors, each with a small 
effect, contribute to the trait (the multifactorial model). 
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FIG 12-2 A liability distribution for a multifactorial disease in 
a population. To be affected with the disease, a person must 
exceed the threshold on the liability distribution. This figure 
shows two thresholds, a lower one for males and a higher 
one for females (as in pyloric stenosis). 
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of the distribution have little chance of developing the disease 
in question (i.e., they have few of the alleles or environmental 
factors that would cause the disease). Those who are closer to 
the high end of the distribution have more of the disease-
causing alleles and environmental factors and are more likely 
to develop the disease. For multifactorial diseases that are 
either present or absent, a threshold of liability must be 
crossed before the disease is expressed. Below the threshold, 

FIG 12-1 A, The distribution of height in a 
population, assuming that height is controlled 
by a single locus with genotypes AA, Aa, and aa. 
B, The distribution of height, assuming that 
height is controlled by two loci. There are now 
five distinct phenotypes instead of three, and 
the distribution begins to look more like the 
normal distribution. C, Distribution of height, 
assuming that multiple factors, each with a 
small effect, contribute to the trait (the 
multifactorial model). 



The Basic Model  

•  Individual genes underlying a multifactorial trait such as height 
follow the Mendelian principles of segregation and independent 
assortment, just like any other genes. The only difference is 
that many of them act together to influence the trait.  

•  Blood pressure is another example of a multifactorial trait. 
There is a correlation between parents' blood pressures 
(systolic and diastolic) and those of their children.  

•  There is good evidence that this correlation is due in part to 
genes. But blood pressure is also influenced by environmental 
factors, such as diet and stress.  



The Threshold Model  

•  A number of diseases do not follow the bell-shaped 
distribution. Instead, they appear to be either present or absent 
in individuals.  

•  A commonly used explanation is that there is an underlying 
liability distribution for these diseases in a population.  

 
•  For multifactorial diseases that are either present or absent, it 

is thought that a threshold of liability must be crossed before 
the disease is expressed.  

à Below the threshold, the individual appears normal; above it, 
he or she is affected by the disease.  
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the person appears unaffected; above it, he or she is affected 
by the disease.
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factors that would cause the disease). Those who are closer to 
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FIG 12-2 A liability distribution for 
a multifactorial disease in a 
population. To be affected with 
the disease, a person must 
exceed the threshold on the 
liability distribution. This figure 
shows two thresholds, a lower 
one for males and a higher one 
for females (as in pylor ic 
stenosis). 



The Threshold Model  

•  A disease that is thought to correspond to this threshold model 
is pyloric stenosis, a disorder that manifests shortly after birth 
and is caused by a narrowing or obstruction of the pylorus, the 
area between the stomach and intestine.  

 
•  Chronic vomiting, constipation, weight loss, and electrolyte 

imbalance result from the condition, but it sometimes resolves 
spontaneously or can be corrected by surgery.  

 



The Threshold Model  

•  The prevalence o f pyloric stenosis among Caucasians is about 
3/1,000 live births. It is much more common in males than in 
females, affecting 1/200 males and 1/1,000 females.  

•  It is thought that this difference in prevalence reflects two 
thresholds in the liability distribution, a lower one in males and a 
higher one in females.  

•  A lower male threshold implies that fewer disease-causing 
factors are required to generate the disorder in males.  
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The Threshold Model  

•  A number of other congenital malformations are thought to 
correspond to this model.  

à They include isolated* cleft lip and/or cleft palate, neural tube 
defects (anencephaly and spina bifida), club foot (talipes), and 
some forms of congenital heart disease. 
  
•  Many of the common adult diseases, such as hypertension, 

heart disease, stroke, diabetes mellitus (types 1 and 2), and 
some cancers, are caused by complex genetic and 
environmental factors and can thus be considered multifactorial 
diseases  



Recurrence Risks and Transmission 
Patterns  

 

•  The number of genes contributing to the disease is usually not 
known, the precise allelic constitution of the parents is not 
known, and the extent of environmental effects can vary 
substantially!! 

 
•  For most multifactorial diseases, empirical risks (i.e., risks 

based on direct observation of data) have been derived.  



Recurrence Risks and Transmission 
Patterns  

 
•  To estimate empirical risks, a large series of families is exam- 

ined in which one child (the proband) has developed the 
disease.  

•  The relatives of each proband are surveyed in order to 
calculate the percentage who have also developed the disease. 

 
•  In contrast to most single-gene diseases, recurrence risks for 

multifactorial diseases can change substantially from one 
population to another. This is because gene frequencies as well 
as environmental factors can differ among populations.  

 



Several criteria are usually used to define multifactorial 
inheritance:  
 

1. The recurrence risk is higher if more than one family member 
is affected.  
2. If the expression of the disease in the proband is more severe, 
the recurrence risk is higher.  
3. The recurrence risk is higher if the proband is of the less 
commonly affected sex.  
4. The recurrence risk for the disease usually decreases rapidly 
in more remotely related relatives. 
5. If the prevalence of the disease in a population is f, the risk for 
offspring and siblings of probands is approximately √f . 
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CLINICAL COMMENTARY 12-1 
Neural Tube Defects—cont’d

However, it is likely that there is genetic variation in response 
to folic acid, which helps to explain why most mothers with 
folic acid deficiency do not bear children with NTDs and why 
some who ingest adequate amounts of folic acid nonetheless 
bear children with NTDs. To address this issue, researchers are 
testing for associations between NTDs and variants in several 
genes whose products (e.g., methylene tetrahydrofolate reduc-
tase) are involved in folic acid metabolism (see Clinical Com-
mentary 15-6 in Chapter 15 for further information on dietary 
folic acid supplementation and NTD prevention).

of NTDs can be avoided simply by dietary folic acid supplemen-
tation. (Traditional prenatal vitamin supplements would not 
have an effect because administration does not usually begin 
until well after the time that the neural tube closes.) Since 
mothers would be likely to ingest similar amounts of folic acid 
from one pregnancy to the next, folic acid deficiency could well 
account for at least part of the elevated sibling recurrence risk 
for NTDs.

Dietary folic acid is an important example of a nongenetic 
factor that contributes to familial clustering of a disease. 

TABLE 12-2 Recurrence Risks for First-, Second-, and Third-Degree Relatives of Probands

DISEASE
PREVALENCE IN  
GENERAL POPULATION

DEGREE OF RELATION

FIRST DEGREE SECOND DEGREE THIRD DEGREE

Cleft lip/palate 0.001 0.04 0.007 0.003
Club foot 0.001 0.025 0.005 0.002
Congenital hip dislocation 0.002 0.005 0.006 0.004

Multifactorial versus Single-Gene Inheritance
It is important to clarify the difference between a multifacto-
rial disease and a single-gene disease in which there is locus 
heterogeneity. In the former case, a disease is caused by the 
simultaneous influence of multiple genetic and environmen-
tal factors, each of which has a relatively small effect. In con-
trast, a disease with locus heterogeneity, such as osteogenesis 
imperfecta, requires only a single mutation to cause it. 
Because of locus heterogeneity, a single mutation at either of 
two or more loci can cause disease; some affected persons 
have one mutation while others have the other mutation.

In some cases, a trait may be influenced by the combina-
tion of both a single gene with large effects and a multifacto-
rial background in which additional genes and environmental 
factors have small individual effects (Fig. 12-4 ). Imagine that 
variation in height, for example, is caused by a single locus 
(termed a major gene) and a multifactorial component. Indi-
viduals with the AA genotype tend to be taller, those with the 
aa genotype tend to be shorter, and those with Aa tend to be 
intermediate. But additional variation is caused by other 
factors (the multifactorial component). Thus, those with the 
aa genotype vary in height from 130 cm to about 170 cm, 
those with the Aa genotype vary from 150 cm to 190 cm, and 
those with the AA genotype vary from 170 to 210 cm. There 
is substantial overlap among the three major genotypes 
because of the influence of the multifactorial background. 
The total distribution of height, which is bell-shaped, is 
caused by the superposition of the three distributions about 
each genotype.

Many of the diseases to be discussed later can be caused 
by a major gene and/or multifactorial inheritance. That is, 

• The recurrence risk for the disease usually decreases rapidly 
in more remotely related relatives (Table 12-2). Although 
the recurrence risk for single-gene diseases decreases by 
50% with each degree of relationship (e.g., an autosomal 
dominant disease has a 50% recurrence risk for offspring 
of affected persons, 25% for nieces or nephews, 12.5%  
for first cousins, and so on), it decreases much more 
quickly for multifactorial diseases. This reflects the fact 
that many genetic and environmental factors must 
combine to produce a trait. All of the necessary risk 
factors are unlikely to be present in less closely related 
family members.

• If the prevalence of the disease in a population is f (which 
varies between zero and one), the risk for offspring and sib-
lings of probands is approximately f . This does not hold 
true for single-gene traits, because their recurrence risks 
are independent of population prevalence. It is not an 
absolute rule for multifactorial traits either, but many such 
diseases do tend to conform to this prediction. Examina-
tion of the risks given in Table 12-2 shows that these three 
diseases follow the prediction fairly well.

Risks for multifactorial diseases usually 
increase if more family members are affected, 
if the disease has more severe expression, and 
if the affected proband is a member of the  
less commonly affected sex. Recurrence risks 
decrease rapidly with more-remote degrees of 
relationship. In general, the sibling recurrence 
risk is approximately equal to the square  
root of the prevalence of the disease in the 
population.



Multifactorial versus Single-Gene Inheritance  
 

•  It is important to clarify the difference between a multifactorial 
disease and a single-gene disease in which there is locus 
heterogeneity. In the former case, a disease is caused by the 
simultaneous influence of multiple genetic and environmental 
factors, each of which has a relatively small effect.  

•  In contrast, a disease with locus heterogeneity, such as 
osteogenesis imperfecta, requires only a single mutation to cause 
it. Because of locus heterogeneity, a single mutation at either of 
two or more loci can cause disease; some affected persons have 
one mutation while others have the other mutation.  

 
•  In some cases, a trait may be influenced by the combination of 

both a single gene with large effects and a multifactorial 
background in which additional genes and environmental factors 
have small individual effects (Fig. 12-4).  
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and environment: twin studies and adoption studies. We then 
discuss methods that aim to delineate the individual genes 
responsible for multifactorial diseases.

Twin Studies
Twins occur with a frequency of about 1/100 births in popula-
tions of European ancestry. They are slightly more common 
among Africans and a bit less common among Asians. Mono-
zygotic (MZ, or identical) twins originate when the develop-
ing embryo divides to form two separate but genetically 
identical embryos. Because they are genetically identical, MZ 
twins are an example of natural clones. Their physical appear-
ances can be strikingly similar (Fig. 12-5 ). Dizygotic (DZ, or 
fraternal) twins are the result of a double ovulation followed 
by the fertilization of each egg by a different sperm.† Thus, DZ 
twins are genetically no more similar than siblings. Because 
two different sperm cells are required to fertilize the two eggs, 
it is possible for each DZ twin to have a different father.

Because MZ twins are genetically identical, any differences 
between them should be due only to environmental effects. 
MZ twins should thus resemble each other very closely for 
traits that are strongly influenced by genes. DZ twins provide 
a convenient comparison: their environmental differences 
should be similar to those of MZ twins, but their genetic dif-
ferences are as great as those between siblings. Twin studies 
thus usually consist of comparisons between MZ and DZ 
twins. If both members of a twin pair share a trait (e.g., cleft 

there are subsets of the population in which diseases such as 
colon cancer, breast cancer, or heart disease are inherited as 
single-gene disorders (with additional variation in disease 
susceptibility contributed by other genetic and environmen-
tal factors). These subsets usually account for only a small 
percentage of the total number of disease cases. It is neverthe-
less important to identify the responsible major genes, 
because their function can provide important clues to the 
pathophysiology and treatment of the disease.

Multifactorial diseases can be distinguished 
from single-gene disorders caused by muta-
tions at different loci (locus heterogeneity). 
Sometimes a disease has both single-gene 
and multifactorial components.

NATURE AND NURTURE: DISENTANGLING 
THE EFFECTS OF GENES AND ENVIRONMENT
Family members share genes and a common environment. 
Family resemblance in traits such as blood pressure therefore 
reflects both genetic and environmental commonality 
(“nature” and “nurture,” respectively). For centuries, people 
have debated the relative importance of these two types of 
factors. It is a mistake, of course, to view them as mutually 
exclusive. Few traits are influenced only by genes or only by 
environment. Most are influenced by both.

Determining the relative influence of genetic and environ-
mental factors can lead to a better understanding of disease 
etiology. It can also help in the planning of public health 
strategies. A disease in which hereditary influence is relatively 
small, such as lung cancer, may be prevented most effectively 
through emphasis on lifestyle changes (avoidance of tobacco). 
When a disease has a relatively larger hereditary component, 
as in breast cancer, examination of family history should be 
emphasized in addition to lifestyle modification.

In the following sections, we review two research strategies 
that are often used to estimate the relative influence of genes 

FIG 12-5 Monozygotic twins, showing a striking similarity 
in physical appearance. Both twins developed myopia as 
teenagers. 

†While MZ twinning rates are quite constant across populations, DZ 
twinning rates vary somewhat. DZ twinning increases with maternal 
age until about age 40 years, after which the rate declines. The fre-
quency of DZ twinning has increased dramatically in developed 
countries during the past several decades because of the use of 
ovulation-inducing drugs.

FIG 12-4 The distribution of height, assuming the presence 
of a major gene (genotypes AA, Aa, and aa) combined with 
a multifactorial background. The multifactorial background 
causes variation in height among individuals of each geno-
type. If the distributions of each of the three genotypes were 
superimposed, then the overall distribution of height would 
be approximately normal, as shown by the dotted line. 
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•  Many of the diseases to be discussed later can be caused 
by a major gene and/or multifactorial inheritance.  

•  That is, there are subsets of the population in which 
diseases such as colon cancer, breast cancer, or heart 
disease are inherited as single-gene disorders (with 
additional variation in disease susceptibility contributed by 
other genetic and environmental factors).  

 
•  These subsets usually account for only a small percentage 

of the total number of disease cases. It is nevertheless 
important to identify the responsible major genes, because 
their function can provide important clues to the 
pathophysiology and treatment of the disease.  



THE GENETICS OF COMMON DISEASES 
Congenital Malformations  

•  Congenital malformations are seen in roughly 1 of every 50 live 
births. Most of them are considered to be multifactorial 
disorders.  

•  Specific genes and environmental causes have been detected 
for some congenital malformations, but the causes of most 
congenital malformations remain largely unknown.  

•  In general, sibling recurrence risks for most of these disorders 
range from 1% to 5%.  
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of these, including the HOX, PAX, and TBX families of genes, 
were discussed in Chapter 10. Another example is the RET 
proto-oncogene, which is responsible for some cases of 
Hirschsprung disease. However, the causes of many cases of 
this disorder remain undiscovered. Indeed, most of the 
genetic factors that contribute to important congenital mal-
formations (e.g., neural tube defects, common congenital 
heart defects, cleft lip/palate) are as yet unidentified.

Environmental factors have also been shown to cause 
some congenital malformations. An example is thalidomide, 
a sedative used during pregnancy in the early 1960s (and 
recently reintroduced for the treatment of dermatological 
conditions such as leprosy). When ingested during early preg-
nancy, this drug often can cause phocomelia (severely short-
ened limbs) in babies. Maternal exposure to retinoic acid, 
which is used to treat acne, can cause congenital defects of 
the heart, ear, and central nervous system. Maternal rubella 
infection can cause congenital heart defects. Other environ-
mental factors that can cause congenital malformations are 
discussed in Chapter 15.

Congenital malformations are seen in roughly 
1 of every 50 live births. Most of them are 
considered to be multifactorial disorders. Spe-
cific genes and environmental causes have 
been detected for some congenital malforma-
tions, but the causes of most congenital mal-
formations remain largely unknown.

Multifactorial Disorders in the Adult Population
Until recently, very little was known about specific genes 
responsible for common adult diseases. With more powerful 
laboratory and analytical techniques, this situation is chang-
ing. We next review recent progress in understanding the 
genetics of the major common adult diseases.

Cardiovascular Disorders
Heart disease. Heart disease is the leading cause of death 

worldwide, and it accounts for approximately 25% of all 
deaths in the United States. The most common underlying 
cause of heart disease is coronary artery disease (CAD), 
which is caused by atherosclerosis (a narrowing of the coro-
nary arteries resulting from the formation of lipid-laden 
lesions). This narrowing impedes blood flow to the heart and 
can eventually result in a myocardial infarction (death of 
heart tissue caused by an inadequate supply of oxygen). When 
atherosclerosis occurs in arteries that supply blood to the 
brain, a stroke can result. A number of risk factors for CAD 
have been identified, including obesity, cigarette smoking, 
hypertension, elevated cholesterol level, and positive family 
history (usually defined as having one or more affected first-
degree relatives). Many studies have examined the role of 
family history in CAD, and they show that a person with a 
positive family history is at least twice as likely to suffer from 
CAD than is a person with no family history. Generally, these 
studies also show that the risk is higher if there are more 
affected relatives, if the affected relative is female (the less 

These reservations, as well as those summarized for  
twin studies, underscore the need for caution in basing con-
clusions on twin and adoption studies. These approaches do 
not provide definitive measures of the role of genes in mul-
tifactorial disease, nor can they identify specific genes respon-
sible for disease. Instead, they provide a preliminary indication 
of the extent to which a multifactorial disease may be influ-
enced by genetic factors. Methods for the direct detection  
of genes underlying multifactorial traits are summarized in 
Box 12-1.

THE GENETICS OF COMMON DISEASES
Having discussed the principles of multifactorial inheritance, 
we turn next to a discussion of the common multifactorial 
disorders themselves. Some of these disorders, the congenital 
malformations, are by definition present at birth. Others, 
including heart disease, cancer, diabetes, and most psychiatric 
disorders, are seen primarily in adolescents and adults. 
Because of their complexity, unraveling the genetics of these 
disorders is a daunting task. Nonetheless, significant progress 
is now being made.

Congenital Malformations
Approximately 2% of newborns present with a congenital 
malformation (i.e., one that is present at birth); most of these 
conditions are considered to be multifactorial in etiology. 
Some of the more common congenital malformations are 
listed in Table 12-4 . In general, sibling recurrence risks for 
most of these disorders range from 1% to 5%.

Some congenital malformations, such as cleft lip/palate 
and pyloric stenosis, are relatively easy to repair and thus do 
not cause lasting problems. Others, such as neural tube 
defects, usually have more severe consequences. Although 
some cases of congenital malformations can occur in the 
absence of any other problems, it is quite common for them 
to be associated with other disorders. For example, cleft lip/
palate is often seen in babies with trisomy 13, and congenital 
heart defects are seen in many syndromes, including trisomy 
of chromosomes 13, 18, and 21.

Considerable progress is now being made in isolating 
single genes that can cause congenital malformations. Many 

TABLE 12-4 Prevalence Rates of 
Common Congenital Malformations in 
Persons of European Descent

DISORDER
APPROXIMATE PREVALENCE 
PER 1000 BIRTHS

Cleft lip/palate 1.0
Club foot 1.0
Congenital heart defects 4.0-8.0
Hydrocephaly 0.5-2.5
Isolated cleft palate 0.4
Neural tube defects 1.0-3.0
Pyloric stenosis 3.0



•  Some congenital malformations, such as cleft lip/palate and 
pyloric stenosis, are relatively easy to repair and thus do not 
cause lasting problems.  

•  Others, such as neural tube defects, usually have more severe 
consequences.  

•  Although some cases of congenital malformations can occur in 
the 'absence of any other problems, it is quite common for them 
to be associated with other disorders.  

à For example, cleft lip/ palate is often seen in babies with 
trisomy 13, and congenital heart defects are seen in many 
syndromes, including trisomy of chromosomes 13, 18, and 21. 
 



THE GENETICS OF COMMON DISEASES 
Multifactorial Disorders in the Adult Population  

Heart Disease  

•  The most common underlying cause of heart disease is 
coronary artery disease (CAD), which is caused by 
atherosclerosis.  

•  A number of risk factors for CAD have been identified, including 
obesity, cigarette smoking, hypertension, elevated cholesterol 
level, and positive family history  

•  Studies  showed that the risk is higher if there are more 
affected relatives, if the affected relative is female (the less 
commonly affected sex) rather than male, and if the age of 
onset in the affected relative is early (before 55 years of age).  



•  As lipids play a major role in atherosclerosis, studies have 
focused on the genetic determination of variation in circulating 
lipoprotein levels.  

•  An important advance was the identification of the gene that 
encodes the low-density lipoprotein (LDL) receptor.  

à Heterozygosity for a mutation in this gene roughly doubles LDL 
cholesterol levels and is seen in approximately 1 in 500 
persons. 

•  Mutations in the gene encoding apolipoprotein B, which are 
seen in about 1 in 1000 persons, are another genetic cause of 
elevated LDL cholesterol.  
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epidemiological evidence that cigarette smoking and obesity 
increase the risk of CAD, whereas exercise and a diet low in 
saturated fats decrease the risk. Indeed, the approximate 60% 
reduction in age-adjusted mortality due to CAD and stroke 
in the United States since 1950 is usually attributed to a 
decrease in the percentage of adults who smoke cigarettes, 
decreased consumption of saturated fats, improved medical 
care, and increased emphasis on healthy lifestyle factors such 
as exercise.

Another form of heart disease is cardiomyopathy, an 
abnormality of the heart muscle that leads to inadequate 
cardiac function. Cardiomyopathy is a common cause of 
heart failure, resulting in approximately 10,000 deaths annu-
ally in the United States. Nearly 100 different genes have been 
linked to cardiomyopathy. Hypertrophic cardiomyopathy, 
one major form of the disease, is characterized by thickening 
(hypertrophy) of portions of the left ventricle and is seen in 
as many as 1 in 500 adults. About half of hypertrophic car-
diomyopathy cases are familial and are caused by autosomal 
dominant mutations in any of the multiple genes that encode 
various components of the cardiac sarcomere. The most 
commonly mutated genes are those that encode the β-myosin 
heavy chain (35% of familial cases), myosin-binding protein 
C (20% of cases), and troponin T (15% of cases).

In contrast to the hypertrophic form of cardiomyopathy, 
dilated cardiomyopathy, which is seen in about 1 in 2500 
persons, consists of increased size and impaired contraction 
of the ventricles. The end result is impaired pumping of  
the heart. This disease is familial in about one third of  
affected persons; although autosomal dominant mutations 
are most common, mutations can also be X-linked or mito-
chondrial. The most commonly mutated gene encodes titin, 
a cytoskeletal protein. Other genes that can cause dilated 

commonly affected sex) rather than male, and if the age of 
onset in the affected relative is early (before 55 years of age). 
For example, one study showed that men between the ages of 
20 and 39 years had a threefold increase in CAD risk if they 
had one affected first-degree relative. This risk increased to 
13-fold if there were two first-degree relatives affected with 
CAD before 55 years of age.

What part do genes play in the familial clustering of CAD? 
Because of the key role of lipids in atherosclerosis, many 
studies have focused on the genetic determination of varia-
tion in circulating lipoprotein levels. An important advance 
was the identification of the gene that encodes the low-density 
lipoprotein (LDL) receptor. Heterozygosity for a mutation in 
this gene roughly doubles LDL cholesterol levels and is seen 
in approximately 1 in 500 persons. (This condition, known 
as familial hypercholesterolemia, is described further in Clin-
ical Commentary 12-2.) Mutations in the gene encoding apo-
lipoprotein B, which are seen in about 1 in 1000 persons, are 
another genetic cause of elevated LDL cholesterol. These 
mutations occur in the portion of the gene that is responsible 
for binding of apolipoprotein B to the LDL receptor, and they 
increase circulating LDL cholesterol levels by 50% to 100%. 
Dozens of other genes involved in lipid metabolism and 
transport have been identified, including those genes that 
encode various apolipoproteins (these are the protein com-
ponents of lipoproteins) (Table 12-5). In addition, several 
genes whose protein products contribute to inflammation 
have been associated with CAD, reflecting the critical role of 
inflammation in generating atherosclerotic plaques. Func-
tional analysis of these genes is leading to increased under-
standing and more effective treatment of CAD.

Environmental factors, many of which are easily modified, 
are also important causes of CAD. There is abundant 

TABLE 12-5 Lipoprotein Genes Known to Contribute to Coronary Heart Disease Risk

GENE
CHROMOSOME 
LOCATION FUNCTION OF PROTEIN PRODUCT

Apolipoprotein A-I 11q HDL component; LCAT cofactor
Apolipoprotein A-IV 11q Component of chylomicrons and HDL; may influence HDL metabolism
Apolipoprotein C-III 11q Allelic variation associated with hypertriglyceridemia
Apolipoprotein B 2p Ligand for LDL receptor; involved in formation of VLDL, LDL, IDL, and 

chylomicrons
Apolipoprotein D 2p HDL component
Apolipoprotein C-I 19q LCAT activation
Apolipoprotein C-II 19q Lipoprotein lipase activation
Apolipoprotein E 19q Ligand for LDL receptor
Apolipoprotein A-II 1p HDL component
LDL receptor 19p Uptake of circulating LDL particles
Lipoprotein(a) 6q Cholesterol transport
Lipoprotein lipase 8p Hydrolysis of lipoprotein lipids
Hepatic triglyceride lipase 15q Hydrolysis of lipoprotein lipids
LCAT 16q Cholesterol esterification
Cholesterol ester transfer protein 16q Facilitates transfer of cholesterol esters and phospholipids between 

lipoproteins

Adapted in part from King RA, Rotter JI, eds. The Genetic Basis of Common Diseases. 2nd ed. New York: Oxford University Press; 2002.
HDL, High-density lipoprotein; IDL, Intermediate-density lipoprotein; LCAT, lecithin cholesterol acyltransferase; LDL, low-density lipoprotein; 
VLDL, very-low-density lipoprotein.



•  Environmental factors, many of which are easily modified, are 
also important causes of CAD.  

à There is abundant epidemiological evidence that cigarette 
smoking and obesity increase the risk of CAD, whereas 
exercise and a diet low in saturated fats decrease the risk.  

•  The approximate 60% reduction in age-adjusted mortality due 
to CAD and stroke in the United States since 1950 is usually 
attributed to a decrease in the percentage of adults who smoke 
cigarettes, decreased consumption of saturated fats, improved 
medical care, and increased emphasis on healthy lifestyle 
factors such as exercise.  

 



THE GENETICS OF COMMON DISEASES 
Hypertension  

•  Systemic hypertension is a key risk factor for heart disease, 
stroke, and kidney disease. It is estimated that hypertension is 
responsible for approximately half of all cardiovascular 
mortality.  

•  Studies of blood pressure correlations within families yield 
heritability estimates of approximately 30% to 50% for both 
systolic and diastolic blood pressure.  

•  As the heritability estimates are less than 100%, it indicates that 
environmental factors must also be significant causes of blood 
pressure variation.  

•  The most important environmental risk factors for hypertension 
are increased sodium intake, decreased physical activity, 
psychosocial stress, and obesity  



•  Blood pressure regulation is a highly complex process that is 
influenced by many physiological systems, including various 
aspects of kidney function, cellular ion transport, vascular tone, 
and heart function.  

•  Much research is now focused on specific components that 
might influence blood pressure variation, such as the renin- 
angiotensin system (involved in sodium reabsorption and 
vasoconstriction); vasodilators such as nitric oxide and the 
kallikrein-kinin system; and ion transport systems such as 
adducin and sodium-lithium countertransport.  

à Linkage and association studies have implicated several genes 
involved in the renin-angiotensin system (e.g., the genes that 
encode angiotensinogen, angiotensin-converting enzyme type l, 
and angiotensin II type l receptor) in causing hypertension. 
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to hypertension. Although the individual effects of each of 
these genes is small (as expected for a multifactorial trait), 
they collectively explain a significant proportion of the 
genetic risk for hypertension.

Heritability estimates for systolic and diastolic 
blood pressure range from 30% to 50%. A 
number of genes responsible for rare hyper-
tension syndromes have been identified, and 
genome scans have implicated regions that 
might contain genes that underlie susceptibil-
ity to essential hypertension. Other risk factors 
for hypertension include increased sodium 
intake, lack of exercise, psychosocial stress, 
and obesity.

Cancer
Cancer is the second leading cause of death in the United 
States, although it is estimated that it might soon surpass 
heart disease as the leading cause of death. It is well estab-
lished that many major types of cancer (e.g., breast, colon, 
prostate, ovarian) cluster strongly in families. This is due both 
to shared genes and shared environmental factors. Although 
numerous cancer genes have been isolated, environmental 
factors also play an important role in causing cancer by 
inducing somatic mutations. In particular, tobacco use is  
estimated to account for one third of all cancer cases in 

association studies have implicated several genes involved in 
the renin–angiotensin system (e.g., the genes that encode 
angiotensinogen, angiotensin-converting enzyme type 1, and 
angiotensin II type 1 receptor) in causing hypertension.

A small percentage of hypertension cases are the result of 
rare single-gene disorders, such as Liddle syndrome (low 
plasma aldosterone and hypertension caused by mutations 
that alter the ENaC epithelial sodium channel) and Gordon 
syndrome (hypertension, high serum potassium level, and 
increased renal salt reabsorption caused by mutations in the 
WNK1 or WNK4 kinase genes); see Table 12-6 for additional 
examples. More than 20 genes have been identified that can 
lead to rare inherited forms of hypertension, and many of 
them affect the reabsorption of water and salt by the kidney, 
which in turn affects blood volume and blood pressure. It is 
hoped that isolation and study of these genes, and the path-
ways in which they act, will lead to the identification of 
genetic factors underlying essential hypertension.‡

Large-scale genome scans, undertaken in more than 
100,000 humans and in experimental animals such as mice 
and rats, have sought to identify additional loci (see Box 12-1) 
that might underlie essential hypertension. These studies 
have identified dozens of genes that influence susceptibility 

FIG 12-8 The renin–angiotensin–aldoste-
rone system. ↑, Increased; ↓, decreased; 
AT1 , angiotensin type II receptor 1. (Modi-
fied from King RA, Rotter JI, Motulsky  
AG, eds. The Genetic Basis of Common 
Diseases. New York: Oxford University 
Press; 1992.)
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‡The term “essential” refers to the 95% of hypertension cases that 
are not caused by a known mutation or syndrome.
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THE GENETICS OF COMMON DISEASES 
Cancer  

•  Most common cancers have genetic components. Recurrence 
risks tend to be higher if there are multiple affected relatives 
and if those relatives developed cancer at an early age.  

•  Specific genes have been discovered that cause inherited 
colon, breast, and prostate cancer in some families.  



THE GENETICS OF COMMON DISEASES 
Cancer  

•  Many major types of cancer (e.g., breast, colon, prostate, ovarian) 
cluster strongly in families. This is due both to shared genes and 
shared environmental factors.  

•  Environmental factors play an important role in causing cancer by 
inducing somatic mutations.  

à Tobacco use is estimated to account for one third of all cancer cases 
in developed countries, making it the most important known cause of 
cancer.  

à Diet (i.e., carcinogenic substances and the lack of "anticancer" 
components such as fiber, fruits, and vegetables) is another leading 
cause of cancer and may also account for as much as one third of 
cancer cases.  

à Approximately 15% of worldwide cancer cases are caused primarily 
by infectious agents (e.g., human papilloma virus for cervical cancer, 
hepatitis B and C for liver cancer).  



Breast Cancer 
•  If a woman has one affected first-degree relative, her risk of 

developing breast cancer doubles.  
•  The risk increases further with additional affected relatives, and it 

increases if those relatives developed cancer at a relatively early age 
(before 50 years of age).  

•  Several genes are now known to predispose women to developing 
hereditary breast cancer.  

à Most important among these are BRCA1 and BRCA2, two genes 
involved in DNA repair.  

à Germline mutations in the TP53 and CHK2 genes can cause Li-
Fraumeni syndrome, which also predisposes to breast cancer.  

à Cowden disease, Ataxia-telangiectasia, Mutations in the MSH2 and 
MLH 1 DNA repair genes. 

 



•  Despite the significance of these genes, it should be 
emphasized that more than 90% of breast cancer cases 
are not inherited as mendelian diseases.  

 
•  A number of environmental factors are known to increase 

the risk of developing breast cancer. These include:  
 
à nulliparity (never bearing children),  
à bearing the first child after 30 years of age,  
à a high-fat diet, alcohol use, and  
à estrogen replacement therapy.  



Colorectal cancer 
•  1 in 20 Americans will develop colorectal cancer, and roughly one 

third of those with this cancer will die from it.  
•  It is also clusters in families. The risk of colorectal cancer in people 

with one affected first-degree relative is two to three times higher than 
that of the general population.  

•  Familial colorectal cancer can be the result of mutations in the APC 
tumor suppressor gene or in one of several DNA mismatch-repair 
genes (HNPCC).  

•  Most colorectal cancer cases (>90%) are not inherited as mendelian 
conditions and are likely to be caused by a complex interaction of 
inherited and somatic genetic alterations and environmental factors.  

•  The latter risk factors include a lack of physical activity and a high-fat, 
low-fiber diet.  



Prostate cancer 

•  Having an affected first-degree relative increases the risk of 
developing prostate cancer by a factor of two to three, and the 
heritability of prostate cancer is estimated to be approximately 
40%.  

•  The relatively late age of onset of most prostate cancer cases 
(median age, 72 years) makes genetic analysis especially 
difficult.  

•  Genome scans have identified several dozen polymorphisms 
associated with prostate cancer risk.  



•  Several of these are located in chromosome 8q24, which 
contains polymorphisms associated with several other cancers 
as well (colon, pancreas, and esophagus).  

•  Although the 8q24 region contains no protein-coding genes, it 
contains enhancer elements that affect expression of the MYC 
oncogene, located about 250 kb from 8q24.  

•  Nongenetic risk factors for prostate cancer may include a high-
fat diet.  

•  Because prostate cancer usually progresses slowly and 
because it can be detected by digital examination and by the 
prostate-specific antigen (PSA) test, fatal metastasis can 
usually be prevented. usually be prevented.  



THE GENETICS OF COMMON DISEASES 
Diabetes  

•  Three major types of diabetes:  
-  Type 1 (formerly termed insulin-dependent diabetes 

mellitus, or IDDM),  
-  Type 2 (formerly termed non-insulin-dependent 

diabetes mellitus, or NIDDM), and  
-  Maturity-onset diabetes of the young (MODY).  
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Diabetes  

•  Type 1 diabetes.  
-  Characterized by destruction of the insulin-producing beta cells,  
-  usually manifests before 40 years of age.  
-  Patients with type 1 diabetes must receive exogenous insulin to 

survive.  
-  Autoantibodies are formed against pancreatic cells, insulin, and 

enzymes such as glutamic acid decarboxylase.  
-  A strong association with the presence of several human 

leukocyte antigen (HLA) class II alleles.  
-  Over the past few decades, the incidence of type l diabetes has 

increased substantially.  
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Diabetes  

•  Type 1 diabetes.  
-  Siblings of persons with type 1 diabetes face a substantial elevation 

in risk: approximately 6%, as opposed to a risk of about 0.3% to 0.5% 
in the general population.  

-  The recurrence risk is also elevated when there is a diabetic parent, 
although this risk varies with the sex of the affected parent.  

à The risk for offspring of diabetic mothers is only 1% to 3%, but it is 
4% to 6% for the offspring of diabetic fathers.  

-  Approximately 95% of whites with type 1 diabetes have the HLA DR3 
and/or DR4 alleles, whereas only about 50% of the general white 
population has either of these alleles. 

-  If an affected proband and a sibling are both heterozygous for the 
DR3 and DR4 alleles, the sibling's risk of developing type 1 diabetes 
is nearly 20% (i.e., about 40 times higher than the risk in the general 
population).  

-    
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Diabetes  

•  Type 1 diabetes.  
-  The insulin gene, which is located on the short arm of chromosome 

11, is another logical candidate for type 1 diabetes susceptibility.  
-  Polymorphisms within and near this gene have been tested for 

association with type 1 diabetes.  
à A strong risk association is seen with allelic variation in a VNTR 

polymorphism located just 5' of the insulin gene.  
à Differences in the number of VNTR repeat units might affect 

transcription of the insulin gene, which would result in variation in 
susceptibility.  

-  It is estimated that inherited genetic variation in the insulin region 
accounts for approximately 10% of the familial clustering of type 1 
diabetes.  
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Diabetes  

•  Type 2 diabetes.  
-  Accounts for more than 90% of all diabetes cases, and its 

incidence is rising rapidly in populations with access to high-
calorie diets.  

-  Affects approximately 10% to 20% of the adult populations of 
many developed countries.  

-  Usually have some degree of endogenous insulin production, 
and can sometimes be treated successfully with dietary 
modification, oral drugs, or both.  

-  Patients usually have insulin resistance (i.e., their cells have 
difficulty using insulin) and are more likely to be obese.  
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Diabetes  

•  Type 2 diabetes.  
-  Usually seen in patients older than 40 years, but because of 

increasing obesity among adolescents and young adults, it is now 
increasing rapidly in this segment of the population.  

-  The recurrence risks for first-degree relatives of patients with type 2 
diabetes are higher than those for type 1 patients, generally ranging 
from 15% to 40%. 

-   The two most important risk factors for type 2 diabetes are a positive 
family history and obesity; the latter increases insulin resistance.  

-  Extensive linkage and genome-wide association analyses have 
identified more than 70 genes that contribute to type 2 diabetes 
susceptibility.  

à The most significant gene identified thus far is TCF7L2, which 
encodes a transcription factor involved in secreting insulin.  
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Diabetes  

•  Maturity-onset diabetes of the young (MODY):  
-  Accounts for 1% to 5% of all diabetes cases, typically occurs before 

25 years of age and follows an autosomal dominant mode of 
inheritance.  

-  Is not associated with obesity.  
-  About 50% of cases are caused by mutations in the gene that 

encodes glucokinase, a rate-limiting enzyme in the conversion of 
glucose to glucose-6-phosphate in the pancreas.  

-  Another 40% of MODY cases are caused by mutations in any of five 
genes that encode transcription factors involved in pancreatic 
development or insulin regulation: hepatocyte nuclear factor-1α 
(HNFlα), hepatocyte nuclear factor-1β (HNF1β), hepatocyte nuclear 
factor-4α (HNF4α), insulin promoter factor-1 (IPF1), and neurogenic 
differentiation 1 (NEUROD1).  
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Obesity  

•  The worldwide prevalence of obesity is increasing rapidly 
among adults and children.  

•  Approximately 70% of American adults and 60% of British 
adults are overweight (body mass index [BMI) >25), and about 
half of these overweight persons are obese (BMI >30).  

•  Although obesity itself is not a disease, it is an important risk 
factor for several common diseases, including heart disease, 
stroke, type 2 diabetes, and cancers of the prostate, breast, 
and colon.  
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Obesity  

•  There is a strong correlation between obesity in parents and 
obesity in their children.  

à Common environmental effects: parents and children usually 
share similar diet and exercise habits.  

•  Genetic components: 
-  adoption studies each showed that the body weights of adopted 

persons correlated significantly with their natural parents' body 
weights but not with those of their adoptive parents.  

-  The heritability of fatness" (measured, for example, by skinfold 
thickness) is approximately 0.50.  

-  Genes that encode leptin (Greek, "thin") and its receptor.  
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Obesity  

•  The leptin hormone is secreted by adipocytes and binds to 
receptors in the hypothalamus, the site of the body's appetite 
control center.  

à Increased fat stores lead to an elevated leptin level, which 
produces satiety and a loss of appetite.  

à Lower  leptin levels lead to increased appetite.  
•  Leptin participates in important interactions with other 

components of appetite control, such as neuropeptide Y, α-
melanocyte-stimulating hormone and its receptor, the 
melanocortin-4 receptor (MC4R).  

•  Mutations in the gene that encodes MC4R have been found in 
3% to 5% of severely obese individuals.  
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Alzheimer's Disease 

•  Affects approximately 10 % of the population older than 65 years and 
40% of the population older than 85 years.  

•  Alzheimer disease is characterized by progressive dementia and 
memory loss and by the formation of amyloid plaques and 
neurofibrillary tangles in the brain, particularly in the cerebral cortex 
and hippocampus.  

•  The plaques and tangles lead to progressive neuronal loss, and 
death usually occurs within 7 to 10 years after the first appearance of 
symptoms.  

•  The risk of developing AD doubles in persons who have an affected 
first-degree relative.  

•  About 3% to 5% of AD cases occur before age 65 years and are 
considered early onset; these are much more likely to be inherited in 
autosomal dominant fashion.  
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Alzheimer's Disease 

•  Approximately 10% of AD cases are caused by autosomal 
dominant genes. Early-onset cases cluster more strongly in 
families and are more likely to follow an autosomal dominant 
inheritance pattern.  

•  This disease is genetically heterogeneous: at least four AD 
susceptibility genes have been identified.  

•  Three of the genes (encoding presenilin 1, presenilin 2, and 
amyloid-β precursor protein) cause early-onset AD and affect 
the cleavage and processing of the amyloid precursor protein.  

•  A fourth encodes the apolipoprotein E protein and is strongly 
associated with late-age onset of AD.  


