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Abstract

The ‘double burden of malnutrition’ refers to the simultaneous existence of both undernutrition and overnutrition in
the same population across the life course. Diabetes mellitus (DM) - a major non-communicable disease - has been
linked to both chronic undernutrition and obesity; the latter is now assuming prominence in developing countries.
The present review aims to highlight the global burden of this non-communicable disease in children and its
relationship with the ‘double burden of malnutrition’. Type 2 DM has rapidly evolved from a disease of the Western
world to a global disease; from a disease of affluence to a disease that now afflicts the poor; and from an adult-onset
disease to a disease that is gaining prominence in the pediatric population. Estimates from the International
Diabetes Federation show that diabetes affects at least 285 million people worldwide out of which two-thirds occur in
developing (low-to middle-income) countries. The global epicenter of diabetes epidemic is located in China and India
as Asia has undergone rapid economic development, urbanization and transitions in nutritional status. Overweight
and obesity are propelling the worldwide diabetes epidemic. Central obesity is correlated with both insulin resistance
and type 2 DM. Moreover, the scourge of chronic undernutrition among children in tropical developing countries may
predispose them to malnutrition-modulated diabetes mellitus (MMDM) later in life. Children in these regions are thus
faced with a health-related dilemma. There is an urgent need to develop a comprehensive prevention program

targeted at reducing diabetes risk and promoting proper nutrition among children in these countries.
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Children; Developing countries
Introduction

The double burden of malnutrition (DBM) refers to the

simultaneous existence of both under nutrition and over nutrition in
the same population across the life course [1]. The repercussions of
DBM are huge; early life undernutrition is an underlying cause
associated with about a third of early childhood mortality. Later in the
life course, diet and nutrition, and especially obesity are important
fundamental causes of many non-communicable diseases such as
hypertension, diabetes mellitus, cancer, stroke and ischemic heart
disease [1]. The extremes of malnutrition therefore constitute a serious
health challenge for children in tropical developing countries. For
instance, the incidence of obesity is rising because of the phenomenon
of ‘Nutrition transition’ [2], and other obesogenic factors like rapid
urbanization and sedentary lifestyle [3].

Diabetes mellitus (DM) - a major non-communicable disease - has
been linked to both chronic under nutrition [4,5] and obesity [3],
although its relationship with chronic under nutrition has remained a
subject of debate [6]. Previously, DM in children was essentially
insulin-dependent (IDDM) or type 1 DM, but non-insulin dependent
(NIDDM) or type 2 DM is now becoming more common in young
adults, teens and children; obesity is the major type 2 diabetes risk.
Remarkably, the number of children with type 2 diabetes caused by
obesity is increasing worldwide. On the other hand, chronic under
nutrition has long been recognized as a cause of persistent insulin
deficiency and glucose intolerance [4], and insulin resistance [5]. Thus,

the World Health Organization (WHO) subsequently incorporated
malnutrition-related diabetes mellitus (MRDM) as a category in the
classification of diabetes [7], although it was deprecated in a revised
classification of diabetes in 1999 which placed tropical chronic
pancreatitis or fibrocalculous pancreatic diabetes (FCPD) as one of the
causes of secondary diabetes.

The present review aims to highlight the global burden of this non-
communicable disease in children and its relationship with the ‘double
burden of malnutrition. The literature search strategy involved a
retrieval of relevant articles from Google and PubMed database using
appropriate search terms.

Diabetes Mellitus: A Snap-shot of the Global Picture

Type 2 DM has rapidly evolved from a disease of the Western world
to a global disease; from a disease of affluence to a disease that now
afflicts the poor; and from an adult-onset disease to a disease that is
gaining prominence in the pediatric population [3]. Estimates from the
International Diabetes Federation show that diabetes affects at least
285 million people worldwide out of which two-thirds occur in
developing (low-to middle-income) countries [8]. Asia alone accounts
for 60% of the world’s diabetic population [3]. For instance, the global
epicenter of diabetes epidemic is located in China and India as Asia
has undergone rapid economic development, urbanization and
transitions in nutritional status [9]. Interestingly, Asian populations
develop diabetes at younger ages, at lower degrees of obesity and at
much higher rates given the same amount of weight gain when
compared with Western populations [9]. In the North America, type 2
DM now accounts for about 15% to 45% of all newly diagnosed cases
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of diabetes in children and teenagers [10,11]. Type 2 DM has also been
reported in children in Asian-Pacific countries such as Japan [12],
India [13] and Australia [14], as well as in the United Kingdom [15].
Although type 1 DM remains the major form of the disease in children
worldwide, it is likely that type 2 DM will be the predominant form
within a decade in many ethnic groups [16]. For instance, among
children in Japan, type 2 DM is already more common than type 1 and
accounts for 80% of childhood diabetes [12]. This decline in the age of
onset of type 2 DM is an important factor influencing the future
burden of the disease [16]. Notably, the worldwide burden of the
disease is rising significantly with most of the increase documented in
the last two decades [17]. In 2003, the global prevalence of diabetes was

estimated at 5.1% among people in the age bracket of 20 to 79 years
and by 2025, the prevalence is projected to be 6.3% , a 24% increase
compared with 2003 [18]. In the developing regions, the prevalence
was highest in Europe and Central Asia and lowest in Sub-Saharan
Africa. Nevertheless, the largest increase in prevalence by the end of
the decade is expected to be in East Asia and the Pacific, and smallest
in the Sub-Saharan Africa [18]. Some of the variations may mirror the
disparities in the level of urbanization of the diverse populations. The
global burden of diabetes as reflected in the mortality, disability-
adjusted life years (DALYs) and direct medical costs attributable to the
disease by regions is shown in Table 1.

. . Disability-adjusted
Region Number of people (thousands) | Prevalence (percent) Dl_re.ct medical costs, 2003 (US$| Deaths, 2001 life years, 2001
million) (thousands)
(thousands)
2003 2025 2003 2025 Low estimate High estimate
Developing 140,849 264,405 45 5.9 12,304 23,127 757 15,804
countries
East Asia and the| 54 343 60,762 26 3.9 1,368 2,656 234 4,930
Pacific
/'igir;pe and Central| »g 764 33,141 7.6 9 2,884 5336 51 1,375
Latin America and | 49 1oq 36,064 6 7.8 4592 8,676 163 2,775
the Caribbean
Middle East and| 449, 23,391 6.4 7.9 2,347 4,340 31 843
North Africa
South Asia 46,309 94,848 5.9 7.7 840 1,589 196 4,433
Sub-Saharan Africa | 7,595 16,199 24 2.8 273 530 82 1,448
Developed countries | 53,337 68,345 7.8 9.2 116,365 217,760 202 4,192
World 194,186 332,750 5.1 6.3 128,669 240,887 959 19,996

Table 1: Estimated Numbers of People Age 20 to 79 with Diabetes, Mortality, DALYs, and Direct Medical Costs Attributable to Diabetes, by

Regions

Obesity and Type 2 Diabetes Mellitus: The Nexus

Overweight and obesity are propelling the worldwide diabetes
epidemic [3]. For instance, in the United States, the prevalence of
obesity in children and teenagers has closely paralleled the rise in the
prevalence of type 2 DM in this age group [19]. This trend shows that
the links between obesity and type 2 DM are firmly established. First,
for type 2 disease, being overweight or obese (Body mass index of >
30) is a risk factor. Second, obesity leads to a metabolic condition-
‘prediabetes’- which almost always develops into type 2 DM. According
to the American Diabetes Association (ADA), ‘pre-diabetes’ is defined
as a metabolic clinical condition which can predispose the affected
subject to future development of diabetes [20]. Pre-diabetes involves
two conditions namely impaired fasting glucose (IFG) and/or impaired
glucose tolerance (IGT). Based on biochemical and laboratory
parameters and in line with ADA guidelines [20], IFG is defined as a
fasting plasma glucose level ranging from 100 mg/dL (5.6 mmol/L) to
125 mg/dL (6.9 mmol/L) while IGT is a condition characterized by 2-
hour value of plasma glucose in the oral glucose tolerance test (OGTT)
ranging from 140 mg/dL (7.8 mmol/L) to 199 mg/dL (11.0 mmol/L).
In addition, a glycated hemoglobin (HbA1C) plasma level ranging

from 5.7% to 6.4% is further considered as a pre-diabetic condition
[20]. A recent extensive review has underscored the complex
relationship between pre-diabetes, family history of diabetes and onset
of cardiovascular diseases [21]. Interestingly, several studies have
established a possible association between pre-diabetes and increased
cardiovascular risk profile of subjects [22-25]. Furthermore, family
history of diabetes mellitus is not only related to a pure increase in
metabolic changes predisposing to the onset of overt diabetes but it
seems to overcome the endocrinological alterations and to provoke
early lesions even in the vascular walls [21]. Thus, family history of
diabetes increases cardiovascular risk profile of subjects. Although this
is not supported by strong scientific evidence, many observational
studies have revealed its relationship with increased cardiovascular risk
[21]. For instance, several workers have confirmed significant
endothelial dysfunction in subjects with parental history of type 2 DM
[26-29], although another study has reported a contrasting finding
[30]. Nevertheless, an association between carotid intima-media
thickness (CIMT) and risk factors for atherosclerosis has been
documented by some investigators [31]; underscoring the role of
family history of type 2 DM on development of cardiovascular risk. On
the other hand, the role of diet in slowing the cardiovascular risk has
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recently become an area of focus [32]. Dyslipidemia is known to hasten
the atherosclerotic process, and is one of the major risk factors for
cardiovascular disease in DM. The lipid alterations associated with DM
are attributed to increased free fatty acid flux secondary to insulin
resistance. Recently, the use of nutraceuticals (food or food
components which provide medical benefits including prevention
and/or treatment of a disease) as well as functional foods (any food or
food ingredients which may provide health benefit beyond the
traditional nutrients it contains) have been reported to reduce the
overall cardiovascular risk induced by dyslipidemia by acting parallel
or as adjuvants to statins [32]. Similarly, a recent review has revealed
that dietary omega-3 polyunsaturated fatty acids could improve
endothelial function and structure early in life [33]. Given that
endothelial dysfunction is a well-known early marker of
atherosclerosis, its improvement early in life will definitely reduce the
cardiovascular risk profile later in life [33].

The transition from obesity to diabetes is actualized by a progressive
defect in insulin secretion coupled with a progressive increase in
insulin resistance [34]. An increase in overall adiposity, especially of
visceral and ectopic fat depots, is specifically associated with insulin
resistance. Several studies have indeed established a link between
insulin resistance and truncal obesity (visceral and central abdominal
fat) [35-37]. Central obesity is correlated with both insulin resistance
and type 2 DM [38], and is now generally believed to be the fat depot
that conveys the biggest health risk [39,40].

Fat cell

Figure 1: Extra fat cell triggers inflammation by releasing LTB4
which binds to receptors on nearby macrophages

Several theories have also evolved to explain the molecular pathway
by which obesity leads to type 2 DM. For example, the medical
literature is replete with the evidence-based role of serum resistin levels
in this nexus between obesity and type 2 DM [41-45]. Increased
obesity has been found to elevate serum resistin levels [41,42], which
in turn directly correlate with insulin resistance [43]. Furthermore,
other workers have confirmed a direct correlation between resistin
levels and type 2 DM [43-45]. However, recent findings indicate that
the concept of ‘silent inflammation’ is the cause of insulin resistance.
Increased production of arachidonic acids (AA) by fat cells which are
metabolized to pro-inflammatory eicosanoids leads to formation of
new inflammatory mediators (tumor necrosis factor [TNF], inter-
leukin 6 [IL-6]). Central obesity is thought to increase the tendency of
fat cells to release these eicosanoids which contribute to insulin
resistance- a major step in the development of diabetes. A more recent
pioneer research by Olefsky and co-workers [46] specifically identified
a chemotactic eicosanoid- LTB4 as an attractive molecular link
between obesity and type 2 DM. In obesity, extra fat cells trigger
inflammation by releasing LTB4, which binds to receptors on nearby

macrophages and activate them with the resultant effects of ‘silent
inflammation’ and subsequent insulin resistance (Figure 1) [46].

Chronic Undernutrition and Diabetes: The
‘Controversial’ Link

Malnutrition- particularly under nutrition- has remained a major
health challenge in children in low-income developing countries. Over
35% of under-five children in sub-Saharan Africa exhibit physical signs
of malnutrition [47]. In retrospect, the relationship between chronic
undernutrition and diabetes was brought to the fore following the
report that protein- energy malnutrition (PEM) causes persistent
insulin deficiency, glucose intolerance and insulin resistance [4,5]. The
condition is characterized by chronic pancreatitis and was first
described in Indonesia in 1959 [48], but was subsequently reported in
sub-Saharan Africa [49-51], and South-east Asia [52,53]. Despite its
initial classification by the World Health Organization as malnutrition-
related diabetes mellitus (MRDM) in 1985 [7], the role of PEM in its
pathogenesis remains controversial. One author [54] suggests that
glucose intolerance in PEM is associated with structural changes in the
beta cell, and is irreversible despite sustained nutritional rehabilitation.
Chronic undernutrition over a life time may thus be an important
determinant of diabetes either by progressive impairment of beta cell
function or increased susceptibility to other genetic and environmental
diabetogenic influences [54]. MRDM has now been replaced with a
new nomenclature: malnutrition-modulated diabetes mellitus
(MMDM). MMDM can be subdivided into protein-deficient diabetes
mellitus (PDDM) and fibrocalculus pancreatic diabetes (FCPD).
FCPD- an uncommon form in West Africa but prevalent in other
tropical populations- was considered a separate form of the disease in
the revised WHO classification. While FCPD pancreatitis manifests
itself in pancreatic duct calculi, PDDM is related to the presence of
ketosis-resistant  hyperglycemia  [55]. MMDM patients are
characteristically young at onset with low body mass index, require
insulin therapy for glycemic control, have insulin resistance, and do
not develop ketosis on insulin withdrawal [56]. Interestingly, the
clinical picture of MMDM is similar to that of type 1 DM, but it
develops upon a background of chronic malnutrition in childhood
[57]. Thus, absence of ketonuria and ketosis despite very severe
hyperglycemia in lean young patients is the most significant marker of
MMDM [56]. In 1999, the WHO- revised classification of diabetes
based on the etiopathogenesis of the disease identifies only two
categories- type 1 DM and type 2 DM [56]. Basically, type 1 DM is a
polygenic disease with an auto-immune basis, and this has led to the
speculation by several investigators that an auto-immune mechanism
is also involved in the etiology of MMDM [58-60]. For instance, it has
been observed that sub-clinical or ‘silent’ celiac disease is present in
patients with MMDM and must be taken into consideration in the
diagnosis of MMDM [59,60]. Although it appears that malnutrition
may influence the expression of several types of diabetes, the evidence
that diabetes can be caused by chronic malnutrition or protein
deficiency per se is not convincing and remains speculative [56,61,62].
Nevertheless, another investigator [63] has conclusively documented
that chronic undernutrition may also accentuate beta-cell dysfunction
in type 2 DM leading to increased glucose intolerance. Comparing
undernourished and obese subjects with diabetes, it was observed that
while fasting glucose and free insulin levels were similar in both
groups, glucose tolerance was markedly worse in the undernourished
subjects [63]. Furthermore, undernutrition is known to diminish
insulin secretory reserve by reducing the beta-cell number, size and
granulation [63]. Nonetheless, the ‘controversies about the link
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