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Twins are two independent babies delivered during the same pregnancy and are divided as monozygotic or dizygotic based on their
origin. Dizygotic twins are similar to two siblings and have different genetic information. In contrary, monozygotic twins have a similar
genetic identity and provide a unique opportunity to evaluate the contribution of genetic and environmental factors of the disease. The
endocrine and metabolic disorders affect a large number of the population including the twins. Diabetes, obesity, and autoimmune
thyroid disease are the most common endocrine disorders in general practice. It is essential to understand the genetic basis of
endocrine disorders for therapy, prognostication and risk assessment for future generations. In this article, we review the endocrine
disorders in relation to their occurrence in monozygotic twins to highlight the genetic and environmental contribution.
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INTRODUCTION

Twins or multiple pregnancies were an enigma during the
last century prior to the understanding of the genetics.
Advances in the reproductive physiology lead us to fathom
the basis behind the twin pregnancy."! Dizygotic twins
are formed when two independent eggs are fertilized
by different sperm cells and are implanted in the uterus
simultaneously. They can be male-male, female-female or
male-female twins and genetically they are two siblings
born simultaneously. Monozygotic twins occur when the
zygote splits and results in two embryos. They can be either
two similar looking males or females and are genetically
identical. The twin birth rates are increasing worldwide due
to increased exposure to the ovulation inducing agents,
phytoestrogens and endoctine disruptors.” India has a twin
pregnancy rate of 10-15/1000 live births. High twin rates

Access this article online

Quick Response Code:

Website:
www.ijem.in

DOI:
10.4103/2230-8210.145074

are observed in the African countries where the rates are
reported in excess of 20/1000 births.?

Twin studies help to determine the contribution of a
particular genetic or environmental trait on the phenotype
of the disease. The developed nations have established
twin registries enabling the researchers for a long follow-up
studies.”! These studies compare the concordance and
discordance of a disease in the twins in an attempt to isolate
the influence of the genetic and environmental factors.
Monozygotic twins reared apart in different circumstances
offer an excellent opportunity for exploring the disease
pathogenesis.
diseases are the most common endocrine disorders in the
population. These disorders affect about 10-20% of the
population, including the twins.I" In this review, we present
the physiology of twin pregnancy, followed by the relevant
literature pertaining to the endocrine disorders.

I Diabetes, obesity and autoimmune thyroid

Basic PHYsIoOLOGY OF TWINS

Zygosity determines the genetic makeup of the twins
and is the cornerstone for understanding all the twin
studies. Monozygotic twins have similar genetic makeup,
whereas dizygotic twins have only 50% similarities. Twin
analysis is based on the concordance of the disease among
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monozygotic versus dizygotic twins. The concordance
rates help in deducing the penetrance and “heritability”
of the disease, which explains the phenotypic variation in
the population.”! Any discordance is taken as the effect
of reduced penetrance and could be due to multiple
effects like altered immune repertoire, effects of epigenetic
and environmental factors. The immune repertoire is
different between the monozygotic twins due to the varying
somatic recombination of T- and B-cells and also the
individual immune exposures.” The concordance rates are
expressed as pairwise and proband wise in general. Pair-wise
concordance indicates the proportion of affected pairs
concordant for the disease and proband wise estimates the
risk of the disease in the other twin if one has developed
the disease.

Familial clustering of the diseases is due to the genetic and
non-genetic factors. The non-genetic factors that contribute
to familial clustering are the sharing of environmental
exposure through food, air and household items.!"” Sibling
risk ratio helps in identifying the genetic susceptibility and
non-genetic factors in familial clustering of the diseases.
A ratio of more than 5 indicates significant genetic
influence on the disease causation.'"! The interpretation
of twin data is related to certain limitations as explained
below. First, monozygotic twin pairs may inherit the
same DNA at conception but may develop in genetically
non-identical pairs due to somatic mutations and gene
rearrangements. Second, the gene-environment interaction
leads to modification in the phenotypic expression and
plays a substantial role in twins brought up at different
locations." Twin samples recruited through advertising or
hospital clinics have the potential for ascertainment bias
due to disproportionate sampling of the diseased twins.
Consequently, the reported concordance rates may have
been overestimated owing to selection bias. Hence, the
ideal method for sampling twins is by means of population-
based twin registries.

Twins and diabetes

Diabetes is a group of metabolic diseases characterized
by hyperglycemia resulting from defects in insulin
secretion, insulin action, or both. The disease spectrum is
heterogeneous, and the patients are divided broadly into
type 1 diabetes mellitus (T1DM) or type 2 diabetes mellitus
(T2DM). Previous reports suggest that the subdivision is
rather simplistic one and many patients have overlapping
features of both types.I"”! Genetic and environmental
factors play an important role in the etiopathogenesis of
T1DM and T2DM, respectively. Our knowledge about the
vice versa is limited due to a concept known as missing
heritability. The missing heritability exceeds 80% for T2DM
and 20% for TIDM.I" The risk of T1DM is increased

in relatives of patients as shown in Tables 1 and 2. The
lifetime risk is 50% for T1DM, and the risk is more within
10 years of diagnosis of the first twin.l'” The lifetime risk
of developing T2DM is 40% for individuals who have one
parent with T2DM and almost 70% if both parents are
affected. The concordance rate of T2DM in monozygotic
twins is about 70%, while the concordance in dizygotic
twins is only 20—30%. Proband wise concordance rates for
T1DM among monozygotic twin were 61% and 12% among
dizygotic twins."'T2DM had a monozygotic proband wise
concordance of 58% and a dizygotic concordance of 11%.

Type 1 diabetes mellitus results from a T lymphocyte-
dependent, selective destruction of the insulin-producing
pancreatic beta-cells. The T-cell receptor (TCR), is
mainly involved in the recognition of the peptide-major
histocompatibility complex, and twin sets discordant for
T1DM represent the ideal scenario to explore the factors
involved in the TCR repertoire and the risk of TIDM.!"
The large-scale twin studies have studied the concordance
rates of twins with T1DM and T2DM.!'*!! The wide
variation in the concordance is explained by the variable
heritability of the metabolic components and the influence
of the non-genetic factors. The twin study data also showed
that the largest discordance time between diagnosis of
monozygotic pairs, was 0.9 years, compared with 23.6 years

Table 1: Twin concordance rates for the endocrine
disorders

Disease Twins (%)
Monozygotic Dizygotic

Type 1 diabetes 60-70 10-15
Type 2 diabetes 65-90 20-30
Grave’s disease 30-35 2-5
Hashimoto’s thyroiditis 50-55 0-2
Congenital hypothyroidism 1-20 0-2
Autoimmune thyroid disease 80-85 30-40
Thyroid nodules 50-60 20-40
Obesity 70-80 20-40
Osteoporotic fracture 9-10 2-7
Growth hormone deficiency 40-80 10-20
Congenital adrenal hyperplasia 70-90 10-25

Table 2: Risk estimates of the common endocrine
disorders

Characteristics T1IDM* T2DM Obesity Thyroid
disorders

Population risk 0.1-0.4 6-7 20-35 10-15
Sibling affected 5-7 20-30  30-40 20-30
One parent affected 5-8 40-50 10-45 10-25
Both parents affected 20-25  60-70 10-50 NA
Fraternal twin affected 4-6 30-40 20-60 30-55
Monozygotic twin affected  50-70  70-95  40-90 10-40

*Risk estimate given as a percentage, *Data pertains to all thyroid disorders.
NA: Data not available, TIDM: Type 1 diabetes mellitus, T2DM: Type 2 diabetes
mellitus
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among dizygotic pairs.” The risk of developing T1DM is
influenced by the age of the onset in the first twin, and the
concordance was increased in twins who were heterozygous
for human leukocyte antigen DR3-DQ2 and DR4-D Q8.1
These data suggest that genetics plays an important role
in the development, severity and progression of T1DM.
Sex differences have also been observed in twin studies on
diabetes mellitus.” Females showed higher proband and
pairwise concordance rates when compared to males in
the twin registry studies. The influence of the sex steroids
on the DNA methylation and the epigenetic alterations
explain the sex differences.*)

Twins and obesity

Obesity is a multifactorial disorder leading to significant
morbidity and mortality. The studies establishing the
etiopathogenesis of obesity are complicated by the influence
of the genetic factors of the disease.” Body mass index
(BMI) is a simple measure of obesity derived from the
height and weight of an individual. The BMI is the basis of
classifying individuals into different weight categories such
as normal, overweight and obesity. Previous studies have
shown that BMI has a heritability estimate between 50%
and 90%. The heritability factor of other body composition
variables like total body fat mass and lean mass are less
studied.™ Monozygotic twin studies, especially from the
Finnish twin cohorts have enabled the fine characterization
of the genetic basis and acquired factors in twins discordant
for the obesity. The factors leading to the development
of obesity are higher birth weight, presence of variability
genes involving Ghrelin, overexpression of the 11-beta-
hydroxysteroid dehydrogenase gene, physical inactivity in
adolescence and higher insulin resistance.

Mitochondrial dysfunction also plays a significant
role towards the discordance of obesity in
monozygotic twins.” The adipose tissue of obese
co-twin shows reduction of mitochondrial DNA and
down-regulation of the genes involved in the oxidative
phosphorylation pathway. There is also a reduction in the
mitochondrial metabolism of branched chain amino acids
leading to increasing in the visceral and hepatic fat content.
The enlarged adipocyte releases inflammatory mediators
and cytokines, leading to low-grade inflammation, and this
propagates further insulin resistance. Previous studies also
suggest that the monozygotic twins with restrained eating
have higher ghrelin levels than the twins with unrestrained
eating,™ These findings support the concept of cognitive
control in relation to the physiological stimulation.

Twins and thyroid disorders
Autoimmune thyroid disorders (AITD) are seen in
approximately 2-4% of the population.”” The spectrum

of AITD extends from clinically silent presence of
autoantibodies to overt thyroid dysfunction. Thyroid
dysfunction ranges from the hypothyroidism (Hashimoto’s
thyroiditis) to hyperthyroidism (Graves’ disease). AITD is
developed due to a combination of genetic susceptibility
and environmental encounters leading to the breakdown
of immunological self-tolerance.’ The studies comparing
the concordance rates between monozygotic and dizygotic
twins shows that approximately 75% of the total phenotypic
variance in AITD is because of the genetic effects. In
contrary, the role of environmental and epigenetic factors is
evident by the lack of complete concordance in monozygotic
twin pairs.”!! The environmental factors implicated as the
triggers for AITD are cigarette smoking, Yersinia infection,
microchimerism and degree of X chromosome inactivation.
The studies of AITD in discordant twins suggest that few
environmental factors like smoking and infection may be
causally associated with overt AITD.P? The presence of
thyroid autoantibodies in euthyroid subjects did not show
any heritability in the twin pairs.

The concordance rate for Graves’ disease in monozygotic
twins was found to be approximately 30—35% and about
2-5% of dizygotic twins.” The concordance rate for
the Hashimoto’s disease is 55% and 0% respectively for
monozygotic and dizygotic twins. The same rates for the
thyroid antibodies include 80% and 40% respectively. The
sexual differences in the concordance manifest more in
the thyroid disorders and studies suggest females have
a higher concordance than males.’" Few studies suggest
a link between the X-chromosome inactivation and the
presence of the AITD in twin studies.” These studies
demonstrate that a mixture of genetic, epigenetic, and
environmental factors are involved in the pathogenesis of
the autoimmune thyroid disease.

Twins and other endocrine disorders

Twin studies pertaining to other endocrine disorders are
limited by the lack of numbers affected by these diseases.
Cortisol is an essential hormone for maintenance of the
normal physical and mental health. The cortisol secretion
has a characteristic diurnal rhythm, and the secretory
rates have shown a heritability varying between 50%
and 60% in twin studies.’” The discordant presentation
of adrenogonadal disorders like cryptorchidism and
congenital adrenal hyperplasia have been described in the
twins earlier.’” The literature is conflicting regarding the
prevalence of testicular germ cell tumors (TGCT) in twin
pregnancies. Few reports suggest that dizygotic twins have
a higher risk of TGCT when compared with monozygotic
twins and recent reports suggest otherwise.’”*! The
increased prevalence in dizygotic twins is explained by the
higher concentration of estrogen levels in the dizygotic
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pregnancies. The discordance of the hypospadias observed
in monozygotic twins is explained by the low birth weight
of the affected twins.”” Placental inadequacy leads to
the scanty provision of the nutrients and gonadotrophic
hormones, and the effect is more apparent in the small for
gestational age baby with hypersensitive gonads.

The discordant presentation of pituitary disorders such
as Cushing’s disease and growth hormone deficiency
have also been reported as isolated case reports.[*!*!
These reports do not give sufficient information to derive
conclusions regarding the genetic basis of the disease. Bone
mineral density (BMD) is influenced by the interactions
of the genetic, metabolic, environmental and nutritional
factors.I! Osteoprotegerin and receptor activator of nuclear
factor kappa-B ligand (RANKL) are important players in
the determination of bone density. Previous reports suggest
that the heritability was 82% for BMD and close to 50%
for RANKL." The levels of bone turnover markers also
differ markedly between singleton and twin pregnancies.
The high demand of calcium during twin pregnancy is met
by the eatly, and high bone turnover observed in mothers
with twin pregnancies.*”) We reported a case of discordant
twins with severe achondroplasia, developmental delay
and acanthosis nigricans syndrome.*! The expression
of multiple endocrine neoplasia (MEN) is also different
between the monozygotic twins, lending support to the two
mutation model of tumor formation.*? MEN syndrome
discordance suggests that the first mutation is inherited, but
the tumor formation occurs only after a second mutation
resulting in loss of the normal allele. The factors other
than the heredity are responsible for the expression of the
MEN-I syndromes, and similar phenomenon are described
in pituitary adenomas also.*"

CoNCcLUSION

Twin studies offer a unique opportunity to study the genetics
and environmental interactions in disease etiopathogenesis.
It is essential to have a national twin registry to capture the
data and further study the discordant twin pairs in a large
sample. Future twin studies should record the information
on genetic, epigenetic and environmental variation including
the birth details. This information enhances our ability
further to quantify the precise contribution of genetic risk
factors in endocrine and metabolic disorders.
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