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Etiology and epidemiology of maturity-onset diabetes of the young

Abstract

Evidence indicates that Maturity-onset diabetes of the young (MODY) exhibits an autosomal
dominant inheritance and is the most common type of monogenic diabetes. However, it should
be noted that misdiagnosis of the condition is very common, as patients are usually mistaken for
both types | and type Il diabetes mellitus. In the present study, we have discussed the etiology,
pathogenesis, and epidemiology of MODY based on an extensive literature review. Genetic
mutations are mainly attributed to the development of the disease, which usually manifests
throughout the second to fifth decades of life. Pancreatic islet cell destruction, impaired insulin
secretion, defects regarding threshold to serum glucose levels, and other pathological events are
usually observed in these patients. Data regarding the epidemiology of the condition is not
adequately reported in the literature, especially among non-European populations, indicating the
need to conduct future investigations. Ethnic and age variations are potentially epidemiological
characteristics of the disease. However, not enough data are present in the literature to support

such conclusions.
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Introduction

The term maturity-onset diabetes mellitus of the young (MODY) was first reported by Tattersall
in 1974 (1). Evidence indicates that MODY exhibits an autosomal dominant inheritance and is
the most common type of monogenic diabetes. However, it should be noted that misdiagnosis of
the condition is very common, as patients are usually mistaken for both types I and type 11
diabetes mellitus. In addition, the clinical manifestations of the condition are usually observed
before 25 years of age. However, it should be noted that affected cases do not usually have
pancreatic autoantibodies, and the disease is non-ketotic. Moreover, the main etiology of the

condition is usually attributed to beta-cell dysfunction (2, 3).

Establishing an adequate diagnosis of the condition is based on understanding and recognizing
the most susceptible patients to conduct adequate diagnostic modalities. Although the condition
usually exhibits autosomal dominant inheritance, evidence indicates that the condition's
behavior, treatment, and prognosis are difficult to predict (4). Among the different studies in the
literature, evidence indicates that the currently reported subtypes of MODY are six. However,
with further research ongoing, further data regarding novel subtypes are suspected, indicating the
importance of research in this field (5, 6). It should be noted that the epidemiology of the disease
is also hugely variable across the different populations. In the present literature review, we will
discuss the epidemiological and etiological findings from relevant studies in the literature

discussing MODY .
Literature review

Etiology and pathophysiology



The pathogenesis of MODY is usually initiated by a defect in insulin secretion secondary to
impaired development of pancreatic islet cells. Patients usually have heterozygous mutations,
and the disease is usually inherited in an autosomal dominant pattern. However, evidence that
expressivity and penetrance of the disease are usually remarkably variant across the different
populations and affected patients, even within a single-family. The genes involved in the
pathogenesis and etiology of the condition are the main determinant of the clinical phenotype of
the disease. Different mechanisms have been proposed by which genetic abnormalities can affect
insulin secretion in patients with MODY. Some of these mechanisms include the activation of
adenosine triphosphate (ATP)-dependent potassium channels, impaired glucose metabolism in
beta cells, and inducing defects regarding insulin sensing. A single-gene defect is usually
observed among patients with polygenic type | and type 11 diabetes mellitus, which significantly
leads to a defect in glucose metabolism secondary to impaired insulin secretion. Evidence also
indicates that autosomal dominant transmission is usually observed with most of the genetic
defects in these patients. However, it has been reported that autosomal recessive variations are
also reported in the literature and are usually observed in cases of neonatal diabetes. The older
classification and nomination of the different subtypes of MODY have been conducted
numerically (i.e., from 1 to 6). However, recent data classified these subtypes based on the
relevant genetic defects observed in these patients. In this context, studies show that at least 14
mutations of MODY can be detected, leading to the development of different subtypes of the
condition. These include APPL1, BLK, CEL, KLF11, KCNJ11, ABCC8, PAX4, PDX1,
NEURO1, INS, HNF1B, HNF4A, HNF1A, and GCK. Different factors can attribute to the
variable genetic mutations. These include the presence of extra-pancreatic manifestations,

response to treatment, and stage of onset. The commonest genetic mutations based on evidence



from the relevant studies in the literature include gene mutations in glucokinase (GCK), the
hepatocyte nuclear factor 1 alpha (HNF1A), hepatocyte nuclear factor 1 beta (HNF1B), and the
hepatocyte nuclear factor 4 alpha (HNF4A) which are usually detected in 30-60%, 30-60%, 5%,

and 5-10% of patients with MODY (7).

Evidence shows that the pathology in MODY 3 subtypes is mainly attributed to the significant
inhibition of mitochondrial metabolism and glucose transport and metabolism in pancreatic cells
by influencing the key steps in these cascades. HNF1A is usually detected in the intestine,
kidney, and liver together with pancreatic tissues. It is usually associated with remarkably beta-
cell dysfunction and destruction. Besides, the affected patients usually exhibit a reduced renal
threshold, leading to remarkable glucosuria. Most patients with these genetic mutations are
usually diagnosed with MODY between 21-26 years of age. High penetrance was also reported
for this genetic mutation. Studies show that 96%, 79%, and 63% of these genetic carriers usually
develop diabetes mellitus by 45, 35, and 25 years old, respectively (8, 9). On the other hand,
studies show that the etiology in patients with GCK genetic mutations, higher fasting glucose
levels are usually detected in these patients secondary to resitting insulin secretion related
threshold of serum glucose levels. In this context, a mild increase in serum levels of glucose is
usually observed by oral glucose tolerance testing (10, 11). On the other hand, the pathology of
MODY reported with patients with HNF4A mutations is usually similar to type Il diabetes
mellitus, including mainly a defect in HDL-C, which is remarkably reduced (12, 13). These
findings indicate that extensive research and diagnostic approaches should be exerted to
investigate more about the genetic status of these types to enhance a better prognosis for the

affected patients.

Epidemiology



Many previous literature investigations have reported the epidemiological data of MODY, which
will be discussed in the current section. Evidence indicates that MODY diagnosis is usually
established within the 2" to 5™ decades of life (14). However, not much data is available
concerning the condition's global burden since large worldwide population-based investigations
are rare in the literature. Furthermore, studies regarding the incidence of the disease are not
widely available in the literature. Many reasons can attribute to the minimum data regarding the
incidence of the condition among the different worldwide investigations. First, MODY is
frequently misdiagnosed because of the insidious onset of symptoms. Second, the clinical
manifestations of the condition are usually overlapped with the clinical manifestations of the
other two types of diabetes mellitus. Besides, clinicians lack awareness about the condition,
which significantly impacts the referral rate of high-risk children for early and comprehensive
genetic evaluation. On the other hand, the estimated prevalence rates are more common and
widely available in the literature (15-18). Overall, the estimated prevalence among the different
worldwide populations usually ranges between 1-5% of all patients with diabetes mellitus (14,
19). However, most of these rates are obtained from European investigations, which also indicate

that the prevalence of the condition is variable among different populations.

Previous studies from Germany reported that the prevalence of MODY is 23.9 per million, while
the incidence is 2.4% (20, 21). The estimated prevalence of the condition in Italy, Lithuania,
Sweden, and Norway is 5.5%, 3.14%, 1.2%, and 0.94-6.5%, respectively (22-26). Besides,
studies from the United Kingdom also show that the prevalence of the condition ranges between
68-108 per million (15, 27). On the other hand, the estimated prevalence in the Netherlands has
also been reported to be 30 per million. Studies within other countries outside Europe were also

conducted and also showed variable findings. For instance, a previous epidemiological study in



the United States by Pihoker et al. (16) reported that the prevalence of MODY is 1.2%.
Moreover, Davis et al. (20) estimated that the prevalence of MODY in their Australian
population is 89 per million. Among the different studies in the literature, it has been reported
that the least prevalence of MODY was reported by Amed et al. (28) in Canada, which reported

that the prevalence is 0.2 per 100,000 in their included children and young youth (<18 years old).

Although no ethnic disparity regarding the prevalence of MODY was reported in the literature, it
has been previously suggested that ethnicity can significantly impact the development and
prevalence of the condition (15). This can also be attributed to the availability and access to
diagnostic modalities and genetic testing among certain populations over others. Variations of
the prevalence of the disease were also documented. For instance, it has been estimated that the
prevalence of the condition is usually 1 per 23,000 in children and 1 per 10,000 in adults. It
should also be noted that the fact that evidence regarding the prevalence of the condition among
different European countries is usually attributed to the fact that genetic testing and the
availability of relevant diagnostic resources are widely available in these countries (16). For
instance, studies from the United Kingdom indicate this by reporting high prevalence rates of
monogenic diabetes, estimated to be 2.5%. Moreover, other studies also estimated a minimum
prevalence of MODY that ranges between 68 to 108 cases per 1,000,000 population (15, 27, 29,
30). Studies also show that certain subtypes of MODY are more prevalent than others, including
NF1A-MODY and GCK-MODY, by 52% and 32%, respectively. On the other hand, other
subtypes were also detected but not as prevalent as these two subtypes. These include HNF4A-
MODY, HNF1B-MODY, and Insulin (INS)-MODY or Neurogenic differentiation 1
(NEUROD1)-MODY, by 10%, 63, and <1%, respectively (15, 27). Although the prevalence of

these conditions seems to be relatively high compared to other worldwide rates, it should be



noted that the estimated rates across the Kingdom are reported to be potentially underreported
because of the high rate of misdiagnosis of MODY secondary to reduced referral and awareness
of the condition and genetic predisposition (27). Estimates also indicate that the prevalence of
MODY in other European countries (Poland, Germany, Netherlands, and Norway) is usually
comparable with the estimated prevalence in the United Kingdom, as previously discussed (15,

17,19, 21, 25, 31).

It should also be noted that the prevalence rates of MODY might also be significantly impacted
by the way participants are chosen in these population-based studies. For instance, it has been
observed that if patients with negative autoantibody are recruited, the prevalence of genetically
confirmed MODY is usually higher, as reported in Lithuania, Sweden, and Norway (3.14%,
1.2%, and 6.5%, respectively) (22, 24, 26). In the same context, recruiting patients with only
impaired fasting glycemia is also associated with higher prevalence rates, as reported in Italy,
with an estimated prevalence rate for MODY of 5.5% (23). Although little data is known
regarding the prevalence of MODY outside Europe based on the scarcity of reports, evidence
from these few studies indicates that ethnic and geographic variations can significantly impact
the prevalence of the condition. For instance, a previous study from the United States shows that
for youth < 20 years of age, the estimated minimum prevalence of monogenic diabetes is 21 per
1,000,000, while the prevalence of the condition among all pediatric patients with diabetes
mellitus is 1.2% (16). Compared with the United States, a previous study in Western Australia
reported that the minimum prevalence of MODY in the whole Australian population is 89 cases
per 1,000,000 population, which corresponds to a rate of 0.24% of patients with diabetes that are

< 35 years of age (32).



Not much epidemiological data was found in Asian, African, Middle Eastern, and South
American populations, which makes it difficult to draw any conclusive data regarding the
behavior of MODY in these countries. In addition, evidence from Saudi Arabia also indicates
that the epidemiological data regarding MODY is scarce, and little is known about the condition
(33-35). However, a previous report suggested that it is important to screen for the disease
because of the potential misdiagnosis of many cases across the Kingdom (36). Accordingly,
further studies are needed, especially among non-European countries, to adequately estimate the
prevalence and epidemiological characteristics of the disease globally. However, it should be
noted that a novel frameshift mutation was first detected in a previous report in Brazil, which is
considered the first case of NEUROD1-MODY in Latin America (37). Therefore, such data
indicate that studying epidemiology with countries where multiethnic variations are present can
adequately establish elaborate more about epidemiological characteristics and pathogenesis of

the condition.
Conclusion

In the present study, we have discussed the etiology, pathogenesis, and epidemiology of MODY
based on an extensive literature review. Genetic mutations are mainly attributed to the
development of the disease, which usually manifests throughout the second to fifth decades of
life. Pancreatic islet cell destruction, impaired insulin secretion, defects regarding threshold to
serum glucose levels, and other pathological events are usually observed in these patients. Data
regarding the epidemiology of the condition is not adequately reported in the literature,
especially among non-European populations, indicating the need to conduct future
investigations. Ethnic and age variations are potentially epidemiological characteristics of the

disease. However, not enough data are present in the literature to support such conclusions.
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