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ABSTRACT

Diabetes is a worldwide public health problem and is progressively increasing in Third World
countries, particularly in African continent and Southern Asia due to low socio-economic standards. Since
malnutrition and undernutrition with cassava consumption and cyanide intoxication have been thought to be the
major cause of diabetes in tropical countries, WHO Expert Committee on Diabetes suggested, in its report, that
the relationship between Malnutrition-Modulated Diabetes Mellitus (MMDM) and high cassava consumption
should be clarified. Be that as it may, many recent studies have failed to establish a link between tropical
diabetes and cassava malnutrition. In this paper, we shed light on MMDM in order to reach a consensus on its
clinical, physiological and pathogenic features.
© 2008 International Formulae Group. All rights reserved.

Keywords: Tropical diabetes, cassava, immune disease, clinical features.

INTRODUCTION

For a long time, diabetes has been
considered a disease of developed countries.
However, in the past years, it has emerged as
a worldwide public health problem,
particularly in tropical countries (Monteiro et
al., 1991; Rolfe et al., 1992; Mbanya et al.,
2003). In 1997, about 127 million diabetic
patients were recorded all over the world and,
by 2010, the number will have reached 221
million (Amos et al., 1997). In addition, it is
believed that, in Africa, the prevalence of
diabetes will be multiplied by a factor of 2 or
3 (Amos et al., 1997).

Although the classical criteria like age
of diabetes onset, obesity symptoms, family
history of diabetes, urinary ketosis and
autoimmunity context allow to identify
patients suffering from the major types of
diabetes (Type I and Type II) in developed
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countries (Keen, 1986), a number of patients
in tropical countries don’t satisfy this
traditional classification (Ahuja, 1965; West,
1980; Mohan and Alberti, 1992).

World Health Organisation (WHO)
classification of diabetes distinguishes
between insulin dependent diabetes mellitus
(IDDM) termed Type I diabetes mellitus (T
IDM), non-insulin  dependent diabetes
mellitus (NIDDM) termed Type II diabetes
mellitus (T 2DM) and malnutrition related
diabetes mellitus (MRDM) (Alberti, 1993). In
many cases, the classification is difficult
because insulin requirements fluctuate greatly.
The incidence of obesity in T 2DM patients is
lower in Africa than in industrialized
countries (Hjelm et al., 2003; Bazzano et al.,
2005; Dagogo-Jack, 2006).

MRDM can be subdivided into protein-
deficient diabetes mellitus (PDDM) and
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fibrocalculus pancreatic diabetes (FCPD).
While FCPD pancreatitis manifests itself in
pancreatic duct calculi, PDDM is related to
the presence of ketosis-resistant
hyperglycaemia (Ahren and Corrigan, 1985).
As far as epidemiology is concerned, not
much is known. However, it had been
previously reported that 5.2% of the patients
in Cuttack, India (Tripathy and Samal, 1993),
6.2% in Korea (Huh et al., 1992) and 6% in
Nigeria (Akanji, 1990) are suffering from this
type of diabetes. Among patients with onset of
diabetes by 30 years of age, 53% were
diagnosed as MMDM, at Cuttack, India,
(Tripathy and Samal, 1993), 36% in Dhaka,
Bangladesh (Azad-Khan et al., 1991).
Nowadays, the term MRDM has been
replaced by MMDM. Therefore, in this
review, we will use the term MMDM instead
of MRDM

The purpose of this article is to make a
review of literature on tropical diabetes
mellitus in order to reach a consensus on the
exact clinical, physiological and
etiopathological features of Malnutrition-
Modulated Diabetes Mellitus (MMDM).

FOOD HABITS

Differences are found in the ‘‘dishes’’
consumed from country to country, region to
region, locality to locality, even family to
family (Kittler and Sucker, 2001). Although
cassava roots are the most useful part of the
crop, people in some regions eat the leaves
too. The cassava root, however, cannot always
be directly consumed. Many varieties in fact
contain cyanogenetic compounds which
release the highly toxic hydrogen cyanide and
if these varieties, called bitter cassava, are to
be used, they have to be detoxified. There are
a number of ways of doing this. The most
common one in rural areas is steeping, using
large quantities of water. Grating, mixing and
washing followed by drying will also
eliminate hydrogen cyanide

There are three ways of eating cassava
and the extend to which each is used depends
on the individual country in question. The
sweet varieties are eaten raw, boiled or fried.
The bitter varieties are steeped first. The
pasta, starch and flour made from the tubers is
stable and can be sold and cassava floor is
often mixed with wheat flour to make bread.
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Among urban indigenous women in
Fiji, the food frequency study revealed that
cassava, bread and sugar were consumed daily
as the main carbohydrate foods. The impact of
dietary transition, coupled with dietary excess
and physical inactivity, seem to be potential
risk factor of diabetes (Lako and Nguyen,
2001)

CLINICAL FEATURES

The general clinical features of the
patients suffering from MMDM in different
parts of the world e.g. India, Bangladesh,
Ethiopia, are identical. Acute symptoms are
polyuria and polydipsia, whereas chronic
symptoms are weakness, wasting, cramping
abdominal pain and skin infections. MMDM
patients are typically young at onset with low
body mass index, require insulin treatment for
glycemic control, have insulin resistance, and
do not develop ketosis on withdrawal of
insulin.

According to Samal et al., (2002), the
clinical picture of MMDM is similar to that of
T 1DM, but it develops upon a background of

chronic malnutrition in childhood.
Fortunately, in spite of severe
hyperglycaemia, ketonuria never occurs.

MMDM patients are extremely lean and
require high doses of insulin-over 2.0
U/kg/day for good glycemic control (Tripathy
and Samal, 1997). Even when optimally
controlled, these patients maintain their
leanness. Infections of the skin and soft
tissues and pulmonary tuberculosis are often
seen. Micro- and macrovascular complications
are rare, due to long-term follow-up.
Ultrasonographic evaluation of the abdomen
clearly differentiates MMDM from FCPD.
Absence of ketonuria and ketosis, despite very
severe hyperglycaemia in lean young subjects,
is the most significant marker of MMDM.

IS MMDM AN IMMUNE-MEDIATED
DISEASE?

WHO's revised classification in 1999,
based on the etiopathogenesis of the disease,
identifies only two categories: T 1DM and T
2DM. T 1DM is a polygenic disorder with an
autoimmune basis for disease development.
The presence of autoantibodies to T 1DM
autoantigens in clinical MMDM  either
identifies the slow-onset form of T 1DM or
suggests autoimmunity different from that in
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T 1DM. MMDM could be considered Type 1b
diabetes. Immunological studies carried out
on MDDM patients in Cuttack (India),
account for its inclusion in the category of
Type 1b diabetes. Hence, antibodies (Abs) to
tyrosine pyrophosphatase (IA2-Abs),
glutamate decarboxylase 65 (GADG65-Abs),
and other minor markers like ICA12 Abs and
tissue transglutaminase Abs (TTG-Abs) have
been looked for. The autoantibody-negative
PDDM patients were analyzed for HLA,
showing that DR7-DQ9 is increased in this
group compared to healthy controls, which
suggests an autoimmune response to an
unknown dietary autoantigen (Kanungo et al.,
2002). These authors conclude that an
autoimmune mechanism is involved in the
etiology of MMDM. In addition, the presence
of silent celiac disease seen with MMDM
patients is significant. It is important to note
that subclinical celiac disease exists with
diabetes mellitus and must be taken into
consideration in the diagnosis of MMDM
(Deja et al., 2008; Remes-Troche et al., 2008;
Salardi et al., 2008).

Pancreatic pathology is characterised
by reduced size of the pancreas. In
microscopical observations, acinar cells are
normal in appearance and islets of Langerhans
appear reduced in number, though normal in
size, morphology and distribution of cell
types. There is no evidence of inflammation
or fibrosis (Tripathy and Samal, 1997). These
findings are quite different from those in
FCPD and in many respects from T 1DM
(Tripathy and Samal, 1997). Islet cell
antibodies (ICA) were detected in 3 out of 30
patients (10%) in Ethiopia (Abdul-Kadir et al.,
1989), 11 out of 22 (50%) in Korea (Huh et
al.,, 1992) and only one case in Indonesia
(Wiyono et al., 1989). Two out of 9 patients
(22%) in Cuttack were positive for ICA
(Tripathy and Samal, 1997). GAD antibodies
were positive in 9 out of 52 Cuttack patients
(17%) with MMDM compared with 2% in
healthy controls. The frequency of positivity
was not influenced by the duration of the
disease.

As far as immuno-genetic studies on
MMDM are concerned, there are only a few
data available on this subject. Sanjeevi et al.,
(2002) have analyzed the HLA class II gene
polymorphism in MMDM, which was
previously referred to as PDDM in the 1985
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WHO classification. In addition to HLA, a
second susceptibility locus for T 1DM has
been identified to lie in the major
histocompatibility class III region. Both T
IDM and MMDM in Eastern Indians are
associated with DR3-DQ2 but not DR4-DQS.
Wiyono et al., (1989) and Tripathy et al.,
(1993) have demonstrated that the presence of
GAD 65 antibody and DR3-DQ2 positivity in
MMDM patients identifies the underlying
autoimmune mechanism in the etiology in
Eastern India. In autoantibody-negative
MMDM patients, an association with DR7-
DQ2 has been identified. The data obtained
also indicate the possibility that MMDM can
coexist with T 1DM in these patients and that
malnutrition could be one of the reasons for
the slower onset in T 1DM-prone individuals.
The association DR7-DQ2 suggests that there
is a different immunogenetic background to
MMDM than to T 1DM.

Some recent studies evoked a genetic
basis and SPINK-1 mutation in FCPD (Bhatia
et al., 2002; Tandon and Garg, 2004).
Schneider et al. (2002) have found in
Bangladesh that the SPINK-1 N34S mutation
increases the risk of several forms of
pancreatic  disease. SPINK-1 mutations
appeared in 12 out of 22 patients (54.55%)
with FCPD, 3 out of 15 patients (20%) with
tropical calcific pancreatitis, 6 out of 43
patients (13.95%) with T 2DM and 1 out of 76
(1.32%) control subjects. These findings
suggest that MMDM is immunogenetically
different from T 1DM in Eastern India.

ARE C-PEPTIDE LEVELS IMPLICATED?

When MMDM is insulin-dependent
with urinary ketosis and without insulin
therapy, the C-peptide level is very low on
fasting or after glucose ingestion (Mohan et
al., 1985). But when MMDM is insulin-
requiring, without urinary ketosis, the C-
peptide concentration is intermediary. In case
of MMDM non insulin-dependent, in which
oral treatment is favourable, the C-peptide
level remains low but appreciable. It appears
clearly that, therapeutically, MMDM can
acquire the form of T 1DM or the form of T
2DM or an intermediary form which is
insulin-requiring diabetes.

Nonetheless, this kind of diabetes has
been considered to be the result of
insulinopenia, low insulin reserve and
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diminished sensitivity to insulin. All reports
are unanimous on low levels of insulin and C-
peptide during fasting and in response to
glucose or glucagons (Cheng et al., 1992;
Iwasaki et al., 1994). Values are substantially
lower than in normal, but higher than those in
T 1DM. These findings suggest the
persistence of some residual B-cell function
for many years after the onset of the
pathology.

IS CASSAVA IMPLICATED?

Cassava, commonly known as tapioca
or manihot, is widely cultivated in more than
80 tropical countries and often consumed as a
staple food. It provides a cheap source of high
carbohydrates with low protein contents
(Table 1). Cassava is known to contain
cyanogenic  glycosides, linamarin  and
lotaustralin (Nartey, 1968). It still remains
unclear whether MMDM  should be
considered a distinct clinical entity, though
many epidemiological studies have failed to
establish unequivocally the correlationship
between its prevalence and cassava
consumption or protein malnutrition (Abu-
Bakare et al., 1986; Teuscher et al., 1987;
Akanji, 1990; Akanji et al., 1990; Gautier et
al., 2001).

The National Diabetes Data Group
(1979) and the WHO Expert Committee on
diabetes (1980) acknowledged the
malnutrition as a putative aetiological factor
in the pathogenesis of certain forms of
diabetes. Several investigators have observed
in patients with MMDM, a history of
malnutrition during childhood (Nwokolo
1980; Abu-Bakare et al., 1986; Djrolo et al.,
1998). These patients were from the poorest
socio-economic strata of the rural sector of
Central Africa. Dietary calculations revealed
low intake of total calories (62%),
carbohydrates (72%), proteins (56%) and fats
(53%) as compared with recommended
allowances before the onset of diabetes (Huh
et al.,, 1992). Clinical (Smith et al., 1975;
Balasse and Fery 1992) and experimental
studies (Okitotonda et al., 1987; 1988) have
shown that protein malnutrition and fasting
are associated with the alteration of glucose
homeostasis (Figure 1) (Yessoufou et al,
2006). Moreover, the diet toxic agents like
cassava derivatives, mostly carbohydrate-rich
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diet, have been evoked in the genesis of
MMDM (McMillan and Geevarghese 1979;
McMillan, 1986). Indeed, high consumption
of cassava or its derivatives is generally
correlated with high prevalence of MMDM
(McMillan and Geevarghese 1979; Nwokolo
and Oli, 1980). In contrast, Swai et al., (1992)
have reported that high dietary cyanide
exposure was not found to have had a
significant effect on the prevalence of diabetes
in an undernourished population in two rural
communities in Tanzania. Cassava
consumption is thus highly unlikely to be a
major etiological factor in so-called MMDM,
at least in East Africa. Teuscher et al., (1987)
have found no diabetes incidence in a
population in West Africa who had high
consumption of cassava. Similarly, Mathangi
et al., (2000) have not observed any diabetes
in rats fed, for one year, on a cassava rich-
diet. There were transient changes in serum
insulin and lipase levels, but the significance
of these findings are not clear. There was no
histopathological evidence of either acute or
chronic pancreatitis, but there were changes of
toxic hepatitis in the liver. Chronic cassava
ingestion up to a year does not lead to either
diabetes or chronic pancreatitis in the rat
model. These results are in accordance with
those of Soto-Blanco et al., (2001) who
observed that chronic cyanide exposure did
not promote diabetogenic effects in rats, swine
or goats, suggesting that cyanide is not
responsible for MMDM in humans.
Nevertheless, the high consumption of
tapioca (cassava) seems to increase diabetic
risk with a factor of 3.2 in rats, and in the
people of Borno state in Nigeria (Chibuzo and
Ajayi, 2000). Finally, it appears that a high
dietary uptake of cassava is ‘“diabetes-
generating” because cassava is poor in protein
(Rao 1983, 1988; Akanji 1993). Cassava
contains the cyanogenic glycosides which
generate cyanhydric acid which is toxic to the

pancreas. The detoxification of these
compounds needs sulphur amino-acids.
Cassava consumption without sufficient

protein nutrition leads to massive cyanhydric
accumulation which induces pancreatic
calcification and then diabetes
(Ranivontsoarivony et al., 2001; Yessoufou et
al., 2006).
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Table 1: Composition of standard and cassava-based diets (g/kg of diet)

Standard diet Cyanide-free Cassava (CFC) based diets
compositions Diet A Diet B Diet C Diet D
Starch 587 85 85 85 85
Tapioca (cassava) # 502 505 503.1 500.1
Potassium cyanide $ 1.9 1.9
DL-Methionine 3 3 3
Casein 200 200 200 200 200
sucrose 50 50 50 50 50
cellulose 50 50 50 50 50
mineral mix " 40 40 40 40 40
vitamin mix " 20 20 20 20 20
oil Isio-4 50 50 50 50 50
Total 1000 1000 1000 1000 1000

Values are in (g) per (kg) of the diet.

$ Cyanide (Prolabo, Normapur®, Paris, France) in sub-lethal dose according to Akanji and Famuyiwa (1993).

u Composition, according to Tribulot et al. (2001).

# Cassavas were certified cyanide-free by International Institute of Tropical Agriculture (Cotonou, Benin). Total oil
represented 5% of the diet. In each diet group, a total of 5 female Wistar rats were rendered diabetic by five low
intraperitoneal (ip) injections of streptozotocin (20 mg/kg body weight) in 0.1 M citrate buffer, pH 4.5, from day1 to day
5. Glycaemia was determined on day8 and day12.
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Figure 1: Glycaemia on day8 and dayl2 in wistar rats was determined by One Touch II

®Glucometer (LifeScan, Johnson and Johnson, USA). Values are mean + SD. Significant differences between
STZ-induced diabetic rats and their corresponding controls are indicated as follows: *p<0.05. Significant difference between
Experimental diet and Standard diet is indicated as follows: §p< 0.05. Day8 and day12 correspond respectively to the 8" and
12" day of the first injection of streptozotocin. (Yessoufou et al., 2006).
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We have also recently observed that
cassava consumption did not induce diabetes
but increased diabetes potency in rats
(Yessoufou et al., 2006). To put it in nutshell,
cassava consumption appears as a diabetes-
aggravating factor.

COMPLICATIONS

Peripheral neuropathy, frequent during
MMDM (Djrolo et al., 1998; Mohan et al.,
1985), is related to the amyotrophic and
functional impotency which stimulates
neuropathy in Beninese subjects (Djrolo et al.,
1998). In Ivory Coast, 70% of diabetic
patients catch neuropathy (Lokrou et al,
1987). The particular frequency of neuropathy
is probably related to nutritional factors
(Djrolo et al., 1998). The limb infection is
particularly important, serious and frequent
(Abbas et al.,, 2001). Some authors have
pointed out that member infection is
specifically  tropical, in  contrast to
observations in the West (Gill et al., 1998).
Degenerative  complications  could  be
observed in MMDM with lower prevalence
than that observed in T 2DM (Mohan et al.,
1985). Diabetic retinopathy may be prevalent
(Mohan et al, 1985; 1987); but,
macroangiopathy  also  exists  (Correa-
Giannella and Vieira, 2008; Fujii et al., 2008;
Mastej and Adamiec, 2008).

CONCLUSION

It is well recognized that some patients
with diabetes mellitus in tropical regions and
in some developing countries present other
forms of T 1DM and T 2DM, different from
those of Western world and developed
countries. In 1985, the WHO Study Group
acknowledged this by recognizing a third
class of diabetes, designated as MRDM and
subdivided into PDDM and FCPD. Since
then, more information has been obtained
about diabetes in tropical areas and should
form the basis for further investigations into
aetiological, epidemiological and clinical
factors of such diabetes. Whilst it appears that
malnutrition may influence the expression of
several types of diabetes, the evidence that
diabetes can be caused by malnutrition or
protein deficiency per se is not convincing.
Therefore, it is recommended that the class
“Malnutrition-related diabetes mellitus
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(MRDM)” be deleted. However,
experiments are required.

This review reports that the form of
tropical diabetes formerly named MRDM is
exceptional in tropical Africa, as previously
observed in other countries. The rarity of
MRDM cases and the lack of systematic
association between malnutrition and this
form of diabetes lead to reconsider the
classification regarding diabetes in tropical
regions.  Following  the  International
Workshop of Cuttack, India, and the Report of
WHO Consultation (Geneva 1999), the
delegates of several developing countries
recommended replacing the term MRDM by
MMDM. FCPD, an uncommon form in West
Africa, but prevalent in other tropical
populations, was considered a separate form.
Moreover, there are many factors, such as low
body weight, that are not well understood in
subjects with T 2DM; hence, the need for
further research to advance our knowledge on
the topic.
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