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Summary

Eighty consecutive FCPD subjects were evaluated for their nutritional
status, clinical presentation, b-cell (fasting C-peptide) and exocrine
function (fecal chymotrypsin). All patients diagnosed between 1994-
2000 (n=32) were followed prospectively for weight gain and glycemic
control. Only 20% of patients were of lower socio-economic status, while
55% had a low body mass index (<18 kg/m?). At onset of diabetes, only
26 (33%) presented with severe insulin-requiring diabetes. Subjects had
a wide range of fasting serum C-peptide (0.03-0.76 nmol/l); C-peptide
was negatively associated with duration of diabetes (r = -0.48, p=0.001).
Fecal chymotrypsin was severely decreased (1.2+3.2 u/g, normal >8.4
u/g), but did not correlate with C-peptide. Of the 50 patients on whom
current data was available, 6 (12%) had died. On prospective follow-up
(mean 2.3 years), there was a significant improvement in body mass
index (19.4+2.9 kg/m? vs. 17.0+ 3.7 kg/m? p<0.001) and hemoglobin
Alc (6.4+1.6% vs. 8.0+3.0%, p<0.001). FCPD patients in this study
differed from those described in earlier reports in many respects,
including improved nutritional status, a wider range of clinical
presentation and b-cell function, and a more favorable prognosis.

Introduction

In the Indian sub-continent, fibro-calculous pancreatic diabetes (FCPD)
was originally described from Kerala and subsequently other south Indian
states. More recently, it has been described from all parts of the country.
The disease as we see it has evolved considerably from earlier clinical
presentations where subjects presented an early age, had marked
emaciation, severe hyperglycemia and a very poor prognosis ((1, 6-8,
10, 14, 15). More recent studies have shown a later age of onset, much
better nutritional status, wide range of glucose tolerance and an
improved prognosis. The cause for this changed spectrum of the disease
is not clear. Is it a result of changes in nutrition, improved health facilities
and economic status of the population? Or is it attributable to the fact
that genetic and/or environmental factors, which predispose to the
illness, are different?
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In the current presentation, the clinical features of (mainly middle class)
patients with FCPD presenting to a tertiary care center in Lucknow, Uttar
Pradesh are delineated and a brief comparison is made with previous
studies from different parts of India over past few decades. Earlier reports
described the disease as occurring among young adults of a poor socio-
economic status.

Patients and methods
Patients

Eighty consecutive patients of FCPD who presented to our hospital
(Endocrinology, Gastroenterology or Surgical Gastroenterology services)
from1989 to 2000 were included in the study. Of these, 5 patients were
related and belonged to 2 families. FCPD was diagnosed on the basis of
abdominal pain, pancreatic ductal calcification and diabetes mellitus
(WHO criteria, 1985) (17). Subjects with a history of alcohol intake or
having obstructive biliary tract disease or hypercalcemia on investigations
were excluded.

All the patients belonged to the north Indian state of Uttar Pradesh or
adjacent regions. In addition to patients with a classical history of abdominal
pain and/or steatorrhoea, we screened all patients with onset of diabetes
<30 years by ultrasonographic examination of the pancreas. Also, all patients
diagnosed to have tropical calcific pancreatitis without prior evidence of
diabetes underwent an oral glucose tolerance test (OGTT).

Clinical features of 97 patients with type 1 diabetes, seen in the
Endocrinology department during the same time period, were used for
comparison with FCPD subjects.

Clinical evaluation

Patients were evaluated at the time of presentation for their nutritional
status (body mass index (BMI), clinical signs of malnutrition, serum
albumin). Evaluation for microvascular complications was performed
annually. Fundus examination was performed by direct ophthalmoscopy
by a trained ophthalmologist. Retinopathy was classified as background
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(non-proliferative) or proliferative. Nephropathy was diagnosed if urine
dipstick test was positive for protein (subsequently confirmed by 24
hour urine protein >0.5 gm), or if serum creatinine was >150 mmol/l.
Peripheral neuropathy was defined as bilateral absence of ankle jerks
and/or objective evidence of sensory loss in the lower extremities.
Glycemic control was assessed by hemoglobin A1c (HbA1c), and b-cell
function by measuring fasting C-peptide. Exocrine pancreatic function
was estimated by faecal chymotrypsin.

Follow up

All patients diagnosed between 1994 and 2000 (n=32) were followed
prospectively for their nutritional status, glycemic control and ability to
return to their previous occupation. The mean duration of follow-up
was 3.2 years (range 1 month — 6 years).

Investigations

Hemoglobin A1c was measured by ion-exchange chromatography
(Biorad, Hercules, California). The normal range was 4-6%. Fasting C-
peptide was measured by radioimmunoassay (Diagnostic Systems
Laboratory, Webster, Texas). Faecal chymotrypsin was measured using
an enzymatic technique (Boehringer Mannheim, Mannheim, Germany).

Statistics

The results were expressed as mean + SD. Continuous variables were
compared by the Student’s t-test and categorical variables by the chi-
square test or Fisher’s exact test. Follow-up data was analyzed by the
paired t-test. Correlation between variables was computed using
Pearson’s correlation coefficient. A two tailed p value <0.05 was
considered to be significant.

Results

Demographic Data

Thirty percent of the patients were of rural background. The patients
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were evenly distributed throughout the state, with no region having a
clustering of cases. There was a male preponderance (53:27). Only 20%
of the patients belonged to poor socio-economic strata (monthly family
income <1,500 rupees). None of the patients gave a history of
consuming cassava in their diet.

Clinical features

Abdominal pain was present in 68 (85%) cases. The onset of pain was
always prior to the detection of diabetes. The mean age at onset of diabetes
was 27.14+10.1 years (range 11-60 years), with 76% of subjects having an
onset <30 years. In comparison, patients with type 1 diabetes had an earlier
age at the onset of diabetes (13.34+7.1 years, p<0.001, Table 1)

Table 1: A comparison between clinical features of patients with FCPD
and type 1 diabetes

Type 1 Diabetes FCPD P Value
Age (years) 15.94+9.0 31.0+11.1 |<0.001
Onset of diabetes (years) 13.3+7.1 27.1+10.1 |<0.001
Duration of diabetes (years) 2.6+4.3 4.0+5.0 0.054
BMI (kg/m?) 17.1+4.4 17.9+3.1 0.17
Serum albumin (g/l) - 38+7 (n=57) -
HbA1c (%) 8.9+3.2 8.1+3.1 0.23
(normal range 4%-6%)
Fasting serum C-peptide 0.17+0.15 (n=22)| 0.2940.20 | 0.014
(nmol/l) (n=44)
Ketosis 59/84 (70%) 10/80 (12%) <0.001

Note: Values are as Mean + SD.FCPD: fibrocalculous pancreatic diabetes; BMI:
body mass index; HbAT1c: hemoglobin Alc

The mean BMI at presentation was 17.94+3.1 kg/m? (range 10.5-24.5
kg/m?). A low BMI (< 18 kg/m?) was found in 55% of FCPD patients,
while serum albumin was diminished (<35 g/I) in 26% of patients. None
of the patients had parotid gland enlargement, a cyanotic hue or
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nutritional edema. Subjects with low BMI had a significantly shorter
duration of pain compared to those with normal BMI (8.6 + 7.7 years
vs. 13.7 + 10.5 years, p<0.05); however, they could not be differentiated
on the basis of their socio-economic status, hemoglobin A1c, C-peptide
or fecal chymotrypsin levels.

At the time of diagnosis of diabetes, hyperglycemia was of variable
severity. Fifty four (67%) patients were controlled with diet or oral
hypoglycemic agents, including 9 (12%) patients who were
asymptomatic and diagnosed after an OGTT. At the other end of the
clinical spectrum, 26 (33%) patients presented with severe insulin-
requiring diabetes, though only 2 patients had ketosis at onset. Of the
54 patients on diet/oral hypoglycemic agents at diagnosis, 24 subjects
had a duration of diabetes >5 years when they presented to our hospital.
Twenty of these 24 patients (83%) required insulin injections for glycemic
control. Patients requiring diet/oral hypoglycemic agents at onset could
be differentiated from subjects treated with insulin by an later age at
onset of diabetes, and lower plasma glucose and HbA1c (Table 2).
However fasting serum C-peptide in the two groups did not differ.

Table 2: Comparison between FCPD patients treated with insulin ver-
sus diet/oral agents

Diet/OHA Insulin | P value
N 54 26
Age at onset of diabetes (years) 28.74+10.6 | 23.7+8.3 | 0.04
Age of onset of pain (years) 19.7+8.6 17.0+8.8 | 0.23
Duration of diabetes (years) 3.8+4.3 4.3+46.3 0.67
Gap between pain and 9.0+8.9 7.6+6.3 0.48
diabetes (years)
BMI (kg/m?) 18.1+2.9 17.4+3.6 | 0.38
Plasma glucose at onset (mmol/l)| 15.74+6.0 | 20.3+5.6 | 0.01
HbA1c (%) 7.342.6 9.74+3.8 | 0.005
Fasting serum C-peptide (nmol/l) | 0.30+0.18 | 0.22+0.14
(n=29) (n=15) 0.12

Note: Values are as Mean + SD.FCPD: fibrocalculous pancreatic
diabetes; HbA1c: hemoglobin Alc, BMI: body mass index.
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Family history

A history of type 2 diabetes was present in first-degree relatives in 36%
of patients. Eight (10%) patients had family history of tropical calcific
pancreatitis.

B-cell and exocrine function

FCPD patients presented with a wide range of fasting serum C-peptide
(0.03-0.76 nmol/l). C-peptide levels were higher compared to subjects
with type 1 diabetes (Table 1). Fasting C-peptide showed a positive
correlation with BMI (r=0.42, p=0.004), and a negative correlation with
duration of diabetes (r=-0.48, p= 0.001). Fecal chymotrypsin was
severely diminished (1.2+3.2 U/g of stool, normal >8.4 U/g; n=62).
Chymotrypsin levels were not related to duration of pancreatitis or to
fasting C-peptide.

Complications

Twelve patients (15%) had diabetic retinopathy (10 with background
and 2 with proliferative changes). Nephropathy was present in 15 (19%)
subjects, while 21 (26%) had peripheral neuropathy. No patient with
duration of diabetes < 2 years had any microvascular complications.

Mortality

Of the 50 (63%) patients on whom current information was available, 6
(12%) had died. Two patients died due to carcinoma of pancreas, 2 of
chronic renal failure secondary to diabetic nephropathy, 1 of cirrhosis
related to hepatitis B infection and 1 of septicemia.

Prospective follow up

Subjects (n=30) had significant improvement in their nutritional status
(BMI 19.4+2.9 kg/m? vs. 17.0+3.7 kg/m?, p<0.001); 75% of the patients
gained in weight. There was also an improvement in glycemic control
(HbA1c 6.4%+1.6% vs. 8.0%+3.0%, p<0.001). Two patients (6%) died
(one due to septicemia and one of chronic renal failure). All patients
who were living were able to resume their previous occupation.
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Discussion

The patients we have described differ in many respects from the older
descriptions of FCPD (1-9, 11-15). In previous reports, the disease
occurred predominantly in economically deprived subjects, who were
emaciated and suffered from numerous nutritional deficiencies (3-9,
11-15). In contrast, 80% of our patients belonged to a middle or upper
income group. Similarly, only a half of our patients had a low BMI, only
a third had low serum albumin levels, while parotid gland enlargement
and nutritional edema were not encountered. These facts strengthen
the hypothesis that protein calorie malnutrition does not play a primary
role in the susceptibility to FCPD (1-3, 18). Subjects with low BMI had a
shorter duration of pain, suggesting that their pancreatitis may be more
severe. As in many previous studies (1, 8, 10, 15, 16, 19, 20), intake of
cyanogenic glycosides from cassava was not a risk factor in this cohort.
There was a high prevalence of chronic pancreatitis in family members,
suggesting that genetic factors may be important in its etiology (21).

In contrast to older reports, where most patients at onset had severe
insulin-requiring diabetes (1-12, 15), two-thirds of the patients in the
current study were initially controlled on diet/oral hypoglycemic agents.
Heterogeneity of clinical presentation has also been reported in two
recent studies from different regions of India (22, 23). The only clinical
characteristics differentiating patients requiring diet/oral hypoglycemic
agents or insulin were that the latter were younger, and had worse
glycemic control. In contrast to previous reports (22), fasting C-peptide
levels did not differ significantly between these two groups of patients.

It has been previously reported that FCPD subjects have markedly
diminished C-peptide levels (3, 24, 25). In contrast, in the current study,
as well as in other recent studies conducted by others (22, 23, 26), and
by our group (27), b-cell function varied widely at presentation. This
may reflect the fact that patients now present earlier in the course of
their illness. We found that b-cell function was negatively associated
with increasing duration of diabetes. This is the likely reason why a
large proportion of FCPD patients on diet/oral medications required
insulin after 5 years. In their conversion to a state of insulin-dependence
over a short time period, these FCPD patients clinically resemble subjects
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with slowly progressive type 1 diabetes (28).

In contrast to b-cell function, exocrine function was markedly diminished
in all FCPD subjects by the time of presentation. As we have shown
previously (16, 27), there was no correlation between fecal chymotrypsin
levels and C-peptide levels. While chronic inflammatory changes in the
exocrine pancreas may lead to B-cell damage and diabetes, other factors,
such as islet cell regeneration (29), may influence the further rate of
decline of B-cell function. Our data are in contrast to an earlier study by
Yajnik et al (23), which reported that b-cell dysfunction and exocrine
function are directly correlated.

It was earlier believed that being a secondary diabetes, microvascular
complications might be uncommon in FCPD (5, 8). However, we detected
a high prevalence of such complications in this relatively young
population. This confirms data from more recent studies from other parts
of India (10, 22, 30). Unlike in type 2 diabetes, none of the patients
with duration of diabetes <2 years had any microvascular complications.
This may reflect the relatively abrupt onset of symptoms of diabetes in
FCPD patients.

Patients with FCPD, in addition to having to manage diabetes, also have
the burden of complications related to pancreatitis, including recurrent
abdominal pain and steatorrhoea. Enzyme supplements are expensive
and most of our patients could not afford these on a regular basis.
Despite these difficulties, the prospective arm of our study showed that
FCPD patients did well on follow-up. Despite having severely diminished
fecal chymotrypsin levels, they exhibited a sustained, significant
improvement in weight. They also had improvement in their glycemic
control with therapy and were able to resume their prior occupations.

In our entire cohort, 6 (12%) patients died, but this figure is likely to be
an underestimate since we could not obtain follow-up information on
30 (37%) patients. In our prospective study, only 2 of 30 (6%) patients
died. Renal failure and carcinoma of the pancreas were the two most
common causes of mortality. This data is similar to a recent study on a
large cohort of FCPD patients in which, due to a longer life expectancy
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after diagnosis, the two commonest causes of mortality were diabetic
nephropathy and pancreatic carcinoma. (31). These data are in contrast
to older studies (4), and to more recent study by Yajnik et al (10), where
a high mortality rate has been noticed mainly due to infectious diseases,
malnutrition and acute diabetes-related complications.

Why is the presentation in the current study different from those reported
earlier? Our patients were mainly from the middle-class (rather than
from more deprived sections), and are likely to have sought medical
advise earlier in the course of their illness. They are likely to have received
better medical care compared to that available earlier. Two studies from
the same region in south India, conducted more than two decades apart,
have reported changes in clinical presentation similar to what we
observed (8, 22). This suggests that that genetic heterogeneity is unlikely
to be the reason for the observed differences. This conclusion is
supported by reports that the genetic predisposition to FCPD appear to
be similar in different regions of the subcontinent (32-34)

Our cohort of FCPD patients differed from those described in earliest
reports in that they had an improved nutritional status, a varied clinical
presentation and course, wide range of beta-cell function, and a relatively
good prognosis.
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