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An Update
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Background
Chronic Pancreatitis (CP) is a worldwide disease.
This disease is common in India, particularly in
South India. Kerala state in India has the highest
incidence of this disease. The etiopathogenesis of
this disease is not clear despite a large number of
studies conducted.
The term chronic pancreatitis implies a chronic
ongoing irreversible destruction of the exocrine
and endocrine tissues of the pancreas with
morphological and functional changes. Acute and
acute recurrent pancreatitis can often progress
to chronic pancreatitis. The exact causes and
mechanism of this progression is largely unknown.
However many risk factors that can make the
pancreas vulnerable to injury and damage have
been postulated.

Alcoholic Pancreatitis
By and large, in Western countries and in Japan,
the industrialized nations, alcohol has been
found to be the major risk factor for CP.   The
association between alcohol and CP has been
recognized since a few decades. This association
has been established through epidemiological
studies, observational and cohort studies,
histopathological observations, electron
microscopic study of biopsy tissues, from animal

experiments and by the study of autopsy material.
These studies have shown that even though the
risk of pancreatitis increases linearly with the
increase in the quantity of alcohol consumed, no
threshold level of alcohol intake has been shown
beyond which pancreatitis occurs. Moreover, only
about ten per cent of chronic alcoholics develop
pancreatitis. The reasons for this have remained
speculative. Additional genetic or dietary factors
have been proposed in the past to account for this
incongruity. More recent work has thrown light
into the possible association of certain genetic
mutations with chronic pancreatitis. The ball
was set rolling by David Whitcomb when he
discovered in1996 that mutations in the PRSS1
gene were associated with the hereditary form of
pancreatitis. However, subsequent work did not
confirm an association between PRSS1 gene and
either alcoholic or idiopathic forms of pancreatitis.
Even so, later work has indicated an association
between certain other genetic alterations, notably
mutations in the SPINK1 and CFTR genes, with
alcoholic as well as idiopathic pancreatitis.
Again, recent work has clearly shown an
independent association between smoking and
chronic pancreatitis. Thus, smoking is now
considered, along with alcohol, an additional risk
factor for chronic pancreatitis. There is enough
epidemiological evidence too to incriminate
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smoking as a strong risk factor in the progression
of chronic pancreatitis to pancreatic cancer.
Yet another risk factor considered in the etiology
of CP is dietary changes. A very high fat and high
protein diet has been demonstrated by the Marseille
group of Prof. Henri Sarles to be a risk factor for
CP, while a very low fat intake also confers a risk
for CP, second only to a high fat diet.
Chronic alcoholic pancreatitis in the West is now
hypothesized to follow an acute or recurrent acute
episodes of pancreatitis, initiated by aggressive
factors such as alcohol and smoking, facilitated
by weak defensive factors secondary to genetic
mutations, and perpetuated by immunological
changes, triggering of release of cytokines, tissue
damage, more cytokine production, stimulation of
pancreatic stellate cells, laying down of collagen and
conversion to fibrous tissue. Extensive destruction
of acinar tissue and later the islets of Langerhans,
the endocrine tissue, and widespread fibrosis
complete the picture of chronic pancreatitis.
Alcoholic pancreatitis constitute about 70% of
CP in Western countries, another 10 to 15% are due
to miscellaneous causes and around 15 to 20% are
idiopathic, where the etiology cannot be determined
by any of the known investigating modalities.

Tropical Pancreatitis
While Western workers had been preoccupied
with the problem of alcoholic pancreatitis, a new
form of pancreatitis had emerged in the deprived
countries of Asia and Africa which is distinguished
by its occurrence in the young, including children
and adolescents, absence of a history of alcoholism
and smoking, malnutrition, rapid progression,
early development of diabetes mellitus and its
complication, and death at the prime of life.
This disease or syndrome was first described by
Zudeima from Indonesia, though the first large
series of cases were described from Kerala state in
India by Prof. Geevarghese in the early sixties from
the Trivandrum and Kottayam Medical Colleges
in Kerala. Subsequently, there were many other

reports of similar patients from other parts of the
state. The high prevalence of this unique disease in
Kerala state and the absence of reports from most
other parts of India presented an enigma not only
to workers in India, but also from other parts of the
world. The uniqueness of this disease and its peculiar
geographic prevalence prompted the ICMR to start
an ICMR Cell in the Medical College, Trivandrum
during the sixties to study this disease further. As a
result of the work of this Cell and the perseverance
of Dr. Geevarghese and colleagues, the clinical
features of the disease were largely characterized
and several papers were published on the clinical
features, the pathology and surgical treatment of
this peculiar malady. However, the etiology of the
disease remained a mystery. Meanwhile, there were
a few reports of tropical pancreatitis, even though
involving lesser number of patients, from Tamil
Nadu, Karnataka and Andhra Pradesh, all from
the South India, and surprisingly, none from the
North. The only exception was the state of Orissa,
from where Prof. B.B.Tripathy and his colleagues
described a number of young malnourished diabetic
patients who had pancreatic damage of varying
degrees. In the ensuing years, reports of chronic
pancreatitis with diabetes mellitus started coming
in from several Asian countries such as Indonesia,
Thailand, Ceylon (Sri Lanka), Malaysia and African
countries such as Nigeria, Uganda, Ghana and
Ivory Coast.
The common denominators of these countries
were that they were all in the tropics, the standard
of living and hygiene were poor, the diet was
suboptimal, malnutrition was rampant and
protein deficiency common. Another interesting
observation was that cassava, a tuber very rich in
carbohydrate and with negligible protein content
was widely cultivated and consumed as a staple
food by the population in these countries. These
observations gave rise to a hypothesis that this
disease was a consequence of protein malnutrition
and/or perhaps as a result of cassava consumption
in the diet. A cassava-based diet could lead to
deficiency of protein and essential amino acids and
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in addition, the cyanogenic content of many varieties
of cassava(Manihot esculenta Crantz, tapioca) could
be toxic to tissues, especially to the pancreatic
tissue which has a high protein turnover. Moreover,
the sparse essential amino acids methionine and
cysteine, available in a malnourished person, are
used up in the detoxification of the cyanogenic
glycosides of cassava, resulting in a deficiency of
these amino acids, thus depriving the pancreatic
tissue, which has one of the highest protein turnovers
in the body, of these essential amino acids.
Thus for a long time, protein malnutrition and
cassava hypotheses held sway as etiological factors
of this disease. As the etiology was only a matter
of speculation, and since there were no other
diagnostic markers for this disease, for the sake
of differentiating it from the well characterized
alcoholic pancreatitis, a convenient but inaccurate
term of tropical pancreatitis was applied to refer
to this disease. This term was obviously illogical,
as we were comparing alcoholic pancreatitis (AP)
named so based on etiology, to tropical pancreatitis
(TP), named so on the basis of geographical
prevalence.
Meanwhile, the endocrinologists were
concentrating on the diabetes complicating this
disease, and they emphasized the relation of the
diabetes to malnutrition and thus the concept of
malnutrition-related diabetes received coinage. In
1985, the World Health Organization (WHO), in
a technical report on the revised classification of
diabetes, introduced a new subtype of diabetes,
“Fibrocalculous Pancreatic Diabetes” (FCPD),
which has been considered by many workers as
synonymous to “tropical pancreatitis” with diabetes.
It was perhaps, a matter of semantics. The WHO
thus endorsed malnutrition as a cause of pancreatic
diabetes.
The World Health Organization in a Technical
Report in 1985 described two types of diabetes
mellitus, Fibrocalculous Pancreatic Diabetes mellitus
(FCPD) and Protein-deficient pancreatic diabetes
(PDPD). The former had pancreatic damage
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with fibrosis, exocrine deficiency and pancreatic
calcification, the latter without calcification or
pancreatic exocrine deficiency, but associated with
severe malnutrition.
A consensus conference conducted in Cuttack,
Orissa in1995 subsequently agreed upon to replace
the term PDPD with the term malnutritionmodulated diabetes mellitus (MMDM). Most of the
workers in this area are now agreed that TP and
FCPD are the same disease, one in which diabetes
has not yet developed, the other in which diabetes
has set in. However this is an area of controversy whether the two diseases are different stages of the
same disease, or are two different diseases.
Our group has been engaged in studies into the
etiology and pathogenesis of tropical pancreatitis
over the past thirty and odd years, initially at the
Medical College, Trivandrum, and now at the
Amrita institute of medical Sciences at Cochin.

Examination of the theories of
causation of tropical pancreatitis
Even though a geographical association has
been observed between tropical pancreatitis and
protein malnutrition, this association is not always
consistent. There are many deprived populations,
for example in Africa where TP is not seen. On the
other hand, in the neighboring state of Tamil Nadu,
TP has been described in better nourished subjects
from the higher socioeconomic class. Moreover in
the classical prototype of protein malnutrition,
Kwashiorkor, typical changes of TP are not seen
in the pancreas. In this condition the pancreatic
changes are essentially reversible. Hence protein
deficiency does not seem to be the major etiological
factor in TP. In a case control study conducted
by us, the protein intake by patients with TP,
and age and sex matched controls from the same
socioeconomic class and geographical region, did
not differ significantly.
Similarly, even though there is considerable
geographical overlap between cassava cultivating
and consuming countries and regions of TP
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endemicity, this correlation is not always borne out.
There are many non-cassava eating populations who
suffer from TP, such as in Tamil Nadu or Orissa, and
similarly, many populations that are cassava eaters
who do not contract the disease as in some of the
African countries. Case control studies by our group
and others have failed to show a positive correlation
between cassava consumption and TP. A few cassava
feeding studies in experimental animals have also
not been successful in reproducing changes similar
to those seen in TP. Even so, the contributory role
of cassava in the progression of tropical pancreatitis
cannot be completely excluded.
To summarize, while it is possible that protein
malnutrition or toxins from cassava and similar
cyanogen containing foodstuff intake might have
an additive role, by available evidence, they by
themselves do not seem to be the sole or major
etiological factors in the causation of TP. This area
needs to be explored further.
One of the remarkable features of TP noticed
by all workers is the familial occurrence of the
disease. There are many families with multiple
affected members, including parents and siblings;
and the high prevalence of TP in Kerala population
compared to the rest of India and its occurrence in
migrant Keralites in other parts of India and even
abroad lend support to a theory of inheritance.
However, early studies have not revealed a specific
pattern of inheritance. Our studies on HLA antigens
in TP patients with a family history of TP showed
a higher frequency of AW10 and AW19 haplotypes
in patients as well as other family members. In
addition, we have noticed the common occurrence
of non-calcific pancreatitis, type II diabetes and
pancreatic cancer in family members of TP patients.
When we were working on this problem many
years earlier, we did not have the tools to study
genetic factors. Work during the last two decades,
spurred on by the discovery of the mutation of
PRSS1 gene in hereditary pancreatitis, has shown
an association between chronic pancreatitis alcoholic, idiopathic and tropical- with mutations
in the SPINK1 gene. In fact, Spink1 mutations have

been shown to be present to the tune of up to 4% in
the normal population in our country. However, the
disease occurrence is not proportionate to the high
mutation frequency in the population; hence this
genetic defect is now considered a disease modifier
rather than the cause of the disease.
Another gene mutation that is under investigation
in TP is the Cystic Fibrosis Transmembrane
Conductance Regulator gene (CFTR). This gene
controls the chloride-bicarbonate exchange in the
pancreatic ductules and mutations result in an
inspissated pancreatic juice prone to protein plug
formation with subsequent calcification and calculus
formation. It has been shown that a combination
of SPINK1 and CFTR mutations in an individual
raises the risk of developing chronic pancreatitis
five hundred fold. Other candidate genes under
study in the causation of chronic pancreatitis
include the CASR (calcium sensor regulator gene),
the Cathepsin B gene and the Cytokine gene. In
a recent publication, our group has reported the
presence of  CASR mutations, SPINK1 mutations
and a combination of both mutations in tropical
pancreatitis.
Why is it important to investigate into the
etiological factors of tropical pancreatitis?
Tropical pancreatitis has a very high incidence
in the state of Kerala, and if we go by reports,
perhaps the highest incidence in the world. What
is the reason for this high prevalence? Are there
environmental factors? Are there genetic factors?
Are both these groups of factors interacting? If there
are environmental factors that we could identify
and if these are remediable, timely intervention
might bring down the incidence of the disease. If
there are genetic factors, one could offer genetic
counseling, or by early detection of the disease, try
genetic manipulations and try to abort the disease.
Again it might be possible to identify a susceptible
population and educate them regarding preventive
measures.
Second, by identifying some of the etiological
agents and the pathogenetic mechanisms, we may

Tropical Chronic Pancreatitis : An Update

be able to advance our knowledge about pancreatitis
in general and about fundamental concepts on the
genesis of pancreatitis. Having a highly susceptible
population with a high endemicity of the disease,
Kerala state may provide the right setting to
study this disease in depth and prove some of the
hypothetical issues in the initiation and progression
of the process of chronic pancreatitis. It is possible
that as in the case of the liver, even though the
initiating injury may be different in different
types of pancreatitis, say, alcoholic, idiopathic,
autoimmune or tropical, the further course and
perpetuating factors might be common to these
different forms.

The problem of malignancy in tropical
pancreatitis
It has been observed from the early years that
tropical pancreatitis is a pre-malignant condition.
Early workers such as P.A. Abraham, reported the
high incidence of malignancy in operated cases. In
our own series, operated by Prof. N. Rajan, there
was a high incidence of carcinoma complicating
pancreatitis. This observation has been confirmed
by many later workers. Malignancy complicating
TP occurs at a much younger age than de novo
malignancy of the pancreas and is rapidly fatal.
Surgery is of no avail. There are no markers for
the early diagnosis of this complication. It has been
quoted that TP has a hundred fold increased risk of
developing pancreatic cancer than controls.

The impact of newer developments
Current thinking is that chronic pancreatitis most
probably results from an interaction of genetic and
environmental factors. If a genetically susceptible
person is exposed to environmental factors such
as alcohol, smoking, food toxins, environmental
pollutants etc, there is initial injury to the pancreas.
This results in premature activation of trypsin, which
causes injury to pancreatic tissue. In the presence
of genetic abnormality the activated trypsin cannot
be destroyed as happens in a normal person. This
lack of protection leads to pancreatic injury by the
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injurious external agents with cytokine release,
oxidant stress, etc., which results in pancreatic
damage. Thus acute pancreatitis results. In persons
in whom the injurious agents are removed and
whose immune functions are normal the gland fully
recovers from the injury. In those with recurrent
or continuing injury, abetted by inappropriate
immune responses, leads to perpetuation and
progression of the damage and leads to chronic
pancreatitis. In this process, cytokine release,
oxidant stress, pancreatic stellate cell activation,
laying of collagen tissue, fibrosis and further
destruction of the gland, all occur in a cascading
fashion resulting in a chronically destroyed gland.
Many of the intermediate molecular events in this
over-simplistic model are still poorly understood
and require in depth studies.
We have also to study what are the peculiar factors
that operate in the case of tropical pancreatitis.

Recent change in the epidemiological
pattern of chronic pancreatitis
Three interesting developments in TP observed in
recent years are:
1. The changing pattern of the disease. The
disease is now seen to occur about one to
two decades later i.e., in adults in contrast to
early observations in children and adolescents.
The diabetes is milder and in many instances
controlled with oral hypoglycemic drugs.
Patients now live longer. However the rate
of malignancy does not seem to have come
down.
2. Lesser quantities of cassava are now consumed
by our population. And fewer people consume it
regularly. This is due to better purchasing power,
easier availability of cereals and improved public
distribution system. Alcoholism and smoking
have become widely prevalent in India and
particularly in Kerala state during the last two to
three decades.. About one third of the chronic
pancreatitis patients we see now are labelled as
“alcoholic pancreatitis”. More than 80% of them

328

Medicine Update 2008  Vol. 18

are heavy smokers. The non alcoholic chronic
pancreatitis we now see are older and better
nourished than the classic cases of tropical
pancreatitis that we used to treat two or three
decades earlier. Even in our “non alcoholic”
pancreatitis , a good number now drink alcohol
in quantities that are small or moderate, not
enough to earn them the label of “alcoholic”
pancreatitis. They also smoke moderately. We
suspect that even such moderate drinking and
smoking are contributory furthering pancreatic
damage. They may also be contributory to the
changing clinical characteristics of the disease
observed by us.
3. Two to three decades back the disease was
restricted to Southern Indian states such as
Kerala, Karnataka, Tamil Nadu and Andhra
Pradesh with Kerala perhaps having the highest
reported incidence in the world. The only other
region in India from where the disease has been
reported in large numbers was Orissa in the east
where it has been described as malnutritionrelated diabetes mellitus. The reason for this
peculiar geographical distribution was not clear.
However, in recent years there are reports of
TP coming in from some of the North Indian
centres such as Delhi, Lucknow and Chandigarh
and even countries like Bangladesh and China,
which strictly are outside the tropics. The
reasons for this geographical change in the
disease incidence is unknown. Perhaps this
changing pattern might offer some insights into
the etiological factors of the disease.

5.

Geevarghese PJ. Pancreatic diabetes. A clinicopathological
study of growth onset diabetes with pancreatic calculi.
Bombay, Popular Prakashan 1968.

6.

Viswanathan M, Sampath KS, Subramanian S et al.
Etiopathological and clinical angle of pancreatic diabetes
from Madras. J Assoc Physicians India 1973; 21:753-759.

7.

Kaushik SP, Vohra R, Varma R. Spectrum of Pancreatitis at
Chandigarh. Indian J Gastroenterol 1983;2:9-11.

8.

Shah SC.  Chronic pancreatitis – Follow up of operated cases.  
Indian J Gastroenterol 1986;3:157-159

9.

Mohan V, Mohan R, Susheela L et al. Tropical pancreatic
diabetes in South India. Heterogeneity in clinical and
biochemical profile. Diabetologia 1985;28:229-232.

10.

Balakrishnan V.  Chronic calcific pancreatitis in the tropics.  
Editorial. Indian J Gastroenterol 1984;3:65-67.

11.

Rakesh Tandon, Rai RR, Nundy S, Vashist S. A study of
chronic pancreatitis at the All India Institute of Medical
Sciences, New Delhi, In: Chronic pancreatitis in India. Ed.
Balakrishnan V. Pub. Indian Society of Gastroenterology 1987. St.
Joseph’s Press, Trivandrum, India (1st Edn.)

12.

Tripathy BB, Samal KC, Mishra H.  Diabetes with Exocrine
pancreatic diseases. In: Diabetes mellitus in developing countries.
Edr: Bajaj JS, Madan R, Shah AK, Mohan N, New Delhi: Interprint
1984.

13.

www.ipans.org: Website of the Indian Pancreatitis Study.

14.

Etemad B, Whitcomb DC.  Chronic pancreatitis: Diagnosis,
classification and new genetic developments. Gastroenterology
2001; 120-682-707.

15.

Balakrishnan V. Tropical Pancreatitis – epidemiology,
pathogenesis and etiology. In: Balakrishnan V, Ed. Chronic
pancreatitis in India. Indian Society of Pancreatology, Trivandrum.
1987; p. 79-85.

16.

Balakrishnan V. Pancreatic tropicale. In: Bernades P, Hugier
M, Eds. Progress en Hepato-gastroenterologie: Maladies Du
Pancreas Exocrine. Paris: Doin editeurs. 1987; p.207-27.

17.

Mohan V, Premalatha G. Fibrocalculous pancreatic diabetes.
Int. J Diabetes 1995;3:71-82.

18.

Balakrishnan V, Lakshmi R, Nandakumar R. Tropical
pancreatitis – what is happening to it? In: Chronic Pancreatitis
and Pancreatic Diabetes in India. Eds: Balakrishnan V, Harish
Kumar, Sudhindran S, Unnikrishnan AG. Pub: Indian Pancreatitis
Study Group, Cochin, India 2006.
Mohan V, Sadhasivaya J, Nagalotimath SJ, Yagnik CS,
Tripathy BB. Fibrocalculous Pancreatic Diabetes. Diab
Metabol Rev. 1998; 14:153-70.

References
1.

Zuidema PJ.   Cirrhosis and disseminated calcification of
the pancreas in patients with malnutrition. Trop Geog Med
1959;11:70-4

19.

2.

Geevarghese PJ, Pillai VK, Pitchumoni CS.  The diagnosis
of pancreatogenous diabetes mellitus. J Assoc Physicians India
1962;10:173-80.

20. The Hoax of God’s Own Country. Outlook Magazine July 12,
2004; p.53.

3.

Shaper AG.   Chronic pancreatic disease and protein
malnutrition. Lancet 1960; ii:1223-4.

4.

Kinnear TWG. The pattern of diabetes mellitus in a Nigerian
teaching hospital. East African Medical Journal 1963;40:28894.

21.

Lin Y, Tamakoshi A, Hayakawa T, Ogawa M, Ohno Y and
the Research Committee on Intractable Pancreatic Diseases.  
Cigarette smoking as a risk factor for chronic pancreatitis: a
case-control study in Japan Pancreas 200;21:109-14.

22. Pradeepkumar AS, Mohan S, Gopalakrishnan P, Sarma PS,
Thankappan KR, Nichter M. Tobacco use in Kerala. Findings

Tropical Chronic Pancreatitis : An Update

329

from three recent studies. Natl Med J India 2005 May – June;
18(3):148-53.

chronic pancreatitis? Indian J Gastroenterol 2006 March – April,
25(2); 74-81.

23. Rani M, Bonu S, Jha P, Nguyen SN, Jamjour L. Tobacco
use in India: Prevalence and predictors of smoking and
chewing in a national cross sectional household survey. www.
tobaccocontrol.bmj.com

30. Chari ST, Mohan V, Pitchumoni CS et al,  Risk of Pancreatic
Carcinoma in tropical calcifying pancreatitis: an epidemiologic
study. Pancreas 1994;2:62.

24. Geevarghese PJ.   Calcific Pancreatitis. Bombay: Varghese
Publishing House 1986.
25. Geevarghese PJ.  Epidemiology of Chronic Pancreatitis.  In:
Chronic Pancreatitis in India.  Balakrishnan V. Pub. Indian
Society of Pancreatology. St. Joseph’s Press, Trivandrum
1987.
26. Ramasundaram P, Lakshmi KR, Anantharaman M. Changing
scenario of cassava in Kerala economy. International Symposium
on Tropical Tuber Crops – Problems, Prospects and Future
Strategies.   Trivandrum: Central Tuber Crops Research
Institute. 1993: p. 69.
27.

Rani M, Shah S. Worlds apart: why are Kerala and Uttar
Pradesh so different in human development outcomes?
World Development Report 2004. Washington, DC: World Bank
2004.

28. Das SK, Balakrishnan V, Vasudevan DM. Alcohol: its health
and social impact in India. Natl. Medical J India. 2006 March
– April;19(2):94-9.
29. Balakrishnan V, Nair P, Radhakrishnan L, Narayanan VA.
Tropical pancreatitis- a distinct entity or merely a type of

31.

Hariharan M, Anandakumar M, Chellam VG. et al.  
Association of Pancreatic ductal adenocarcinoma with
chronic calcifying pancreatitis of the tropics. Recent advances
in Gastroenterologic carcinogenesis. Hiroshima, Japan 1996.

32. Elango Murugaian, Ram Mohan Prem Kumar, Lakshmi
Radhakrishnan, Vallath Balakrishnan. Novel Mutations in the
calcium sensing receptor gene in tropical chronic pancreatitis.2007
Sep 14: 1-5.
33. Rossi L, Pfutzer RH, Shahana P, Ali L, Sattar S, Azad Khan
AK. et al. SPINK1/PSTI mutations are associated with
tropical pancreatitis in
34. Bangladesh. Pancreatology 2001;1:242-5.
35. Chandak GR, Idris MM, Reddy DN, Bhaskar S, Sriram
PV, Sigh L. Mutations in the pancreatic secretory trypsin
inhibitor gene (PSTI/SPINK1) rather
than the cationic
trypsinogen gene (PRSS1) are significantly associated with
tropical calcific pancreatitis. J Med Genet 2002; 39:347-51.
36. Bhatia E, Choudhuri G, Sikkora SS, Landt O, Kage A, Becker
M, WittH. Tropical calcific pancreatitis: strong association
with SPINK1 trypsin inhibitor mutations. Gastroenterology
2002; 123: 1020-25.

