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syklmv Fil‘tuq pahents vmh 1mp1r:al pnm:reahc d:abclu syndrmne
msu]mdeperﬂ:nt diabetics (IDD), 27 non-insulin-dependent diabetics
. 14 normal subjects, all from India, were investigatzd for markers 'of Feell {C—pcpud.e} et

* “and exocrine (immuporeactive trypsini; IRT) reserve. IRT and C-peptide concentra- -+ -

; ti‘l:ms were the lowest-in TPDS, lower than normal in'IDD, and not- significantly
 different from normal in NIDDs. There was a highly significant correlation (r, =0-93;
. P<0-0001) between IRT and C- p:pud= (measured in 50% of patients‘and nohtr‘u[s)

.+, “conicentrations whieii all diabelic groups were combined. Such a correlation was absent

when TPDS patients were considered in isolation, largely because of the markedly low !
IRT concentration. Fourteen of 15 patients (93%) with TPDS had subnormal IRT. .
concentrations; of which 11 had IRT values of less than 50 pg/L. These IRT valtes are
similar to these previously reportéd'in cystic fibrosis. Only 6 of 16 IDDs (38%) had
subnormal IRT concentrations, of .which only one was below 50 pg/L. These data
suggest that éxocring pancreatic reserve is markedly diminished in TPDS and that a
subnormal IRT mnoemrauom may be a useful biochemical marker for this form of
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Tropical pancreatic diabetes syndmmc (TPDS)is
a cause of diabetes in a significant proportion of
young diabetics in tropical countries.'? The hall-
mark of TPDS is the presence of pancreatic

calculi demonstrable on abdominal X-ray.? It has -

been suggested that subclinical chronic pancreati-
tisis fairly common in tropical countries, and that
TPDS represents the final stage of evolution of

this process. There have hitherto been no -
attempts to determine the prevalence of such - -

pancreatitis in normal subjects or diabetics in
tropical countries. This is to some extent due to
the lack of a simple biochemical marker. Loss of
P-cell reserve in TPDS is variable and is respon-

sible for the marked heterogeneity in clinical
presentation and course.’ The relationship -
between exocrine and endoerine functions of the -~

pancreas in TPDS is largely unknown. -
We have previously. demonstrated that the

serum concentration of immunoreactive trypsin

(IRT) is significantly diminished in diabetics.?
This diminution is more marked in insulin-
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dependent diabetics (IDD) than in non-insulin-
dependent diabetics (NIDD). We have made
similar observations for serum pancreatic iso-

- amylase (PIA) and lipase aclivity.*® Exocrine

pancreatic reserve has also been shown to be
diminished by intralufinal tests of pancreatic

“function in 1DD.” We have recently demonstrated
- that there is also a significant correlation between
- exocring and endocrine pancreatic reserve as

reflected in IRT and PIA concentrations on the
one hand and C-peptide concentration on the
other.% Related to this is the fact that the size of
the pancreas has been found to be markedly

- diminished in IDD and moderately but signifi-
“cantly diminished in NIDD.?

We therefore underlook a study to investigate
whether IRT concentration could be used as a
marker for TPDS and to determine the relation-
ship between pancreatic endocrine reserve, as
indicated by fasting- C-peptide concentrations,
and IRT concentrations. The latter has been .
shown to bea useful marker for exocrine pancrea-
tic damage,/reserve in various clinical conditions
including cystic fibrosis,? f§ thalassaemia and iron
overload,' the very elderly,! the ‘toxic’ effect of

* “latge doses of steroids,” primary I:ulm-g,r cir-
'rhusls“ and Sjug;rl:n s syndrome."*
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Taeee .  Clinical features of subjects studied. Values are shown as median and (range)

Controls IDDs MNIDDs TPDS
{n=14) n=12) {n=2T) (n=15)
Age (years) 34(23-53) 23 (12-32) 42(25-712) 22(11-36)
. Sex 1M, 3F M, TF 19M.8F a9 M, 6F
Body mass index (kg/m®) 219 (154-28.9) 174 (133-208) 217 (16:5-34-6) 162 (11-2-24-2)
Duration of DM (years) e 0-5{0-5-1) 1 (0-5-16) 1-5 (0-5-7)
s
" Patients and methods concentration was also measured by a specific

Three types of Indian diabetic patients were
investigated: IDD (n=16), NIDD {(n=27) and
patients with TPDS (n= 15). The following cri-
teria were used to classify diabetic subjects: IDDs
were young subjects who had onset of diabetes
before 30 years of age, were severely hyperglycae-
mic and symptomatic at diagnosis, with substan-
tial weight loss. Some, but not all, were ketotic at
presentation. None of these patients showed
evidence of pancreatic calculi on abdominal X-
ray. All of them required insulin treatment for
symplomatic control and improvement in body
weight. NIDDs were older (over 25 years; range
25 to 65 years) and could be controlled on diet
with or without oral hypoglycaemic agents.

The diagnosis of TPDS was established by the
following criteria: onset of diabetes during youth
{usually in the second decade) usually associated
with chronic abdominal pain and by the presence
of pancreatic calcification on X-ray in the absence
of previous history of alcoholism or gallstones.

The clinical features of patients with TPDS,
1IDD, NIDD and controls are summarised in
Table 1. The control population comprised 14
normal Indian subjects (age range 23-55 years; §
of the control subjects were aged less than 40
years) with no family history of diabetes or
symptoms of pancreatitis and a fasting blood

glucose concentration of less than 5 mmol/L.

Data from IDDs and cystic fibrosis patients in the
UK are included for comparison (Fig. 1 and
Table 2). Fasting blood samples were obtained
from these patients in Pune, India, centrifuged
‘and the serum frozen at —20°C. These samples
were transported in the frozen state to the
- Mgtabolic Unit at The Royal Free Hospital,
London, where they were assayed for IRT and C-
peptide without prior knowledge of the diagnosis
of the patients from whom they were obtained.
IRT concentration was measured by a specific
radioimmunoassay using a kit (Hoechst, Houns-
low, UK), as described previously.! C-peptide

radioimmunoassay using a kit (Movo, Copenha-
gen, Denmark) following the method of Heding'
as described previously. Fasting C-peptide con-
centrations were measured in 12 patients with
TPDS, 7 patients with IDD, 7 patients with
NIDD and 6 controls.

The results are expressed as medians and
ranges. Statistical comparisons were carried out
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FiG. 1. Serum IRT concentrations in TPDS, Indian
IDD and Indian NIDD patients, and Indian controls.
IRT values for Caucasian patients with CF and 1DD
have been added for companson. Amongst the diabetic
groups, IRTs were the lowest in the TPDS patients and
were similar to those in CF patients. Horizontal bars
show medians in each group. Broken horizontal lines
indicate the upper and lower limits of the reference
range in normal subjects in the UK.
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TasLe 2. IRT concentrations, shown as medians and (ranges) and the frequency of abnormal IRT concentrations in

various patient groups
Subnormal IRT b
IRT IRT
n (/L) < 140 pg/L <50 pg/l.  Non-detectable =400 pg/L
TPDS 15 0 (0-160) 14 (93%) 11 {73%) 10 (67%) 0 (0%)
IDD (Indian - 16 155 (0-385) 6 (38%) 1(0%) 0(0%) 0 (0%)
-~ NIDD (Indian} . 27 231(51-1214) 7 (26%) 0 (0%) 0 (0%) - 5{19%)

Controls (Indian) 12 305 (136-465) 1 (8%) 0 (0%) 8 (0%) * 1{B%)
CF (UK} P 0 (0-156) 26 (97%) 22(B1%)  20(74%) 0 (0%)
IDD (UK) M - 102 (46-350) 16 (70%) 4(18%) 0 (0%) 0 (0%)

using Mann-Whitney U test for non-parametric
data. Correlations were analysed by Spearman’s
rank sum correlation (r). Multiple regression
analysis was also carried out to determine
whether the correlation of a C-peptide with IRT
was independent of other factors like age, body
mass index and the duration of diabetes.

Results

IRT concentrations (Fig. 1) were lowest in TPDS
patients and were significantly lower than those in
IDDs. IRT concentrations in IDDs in turn were
significantly lower than those in NIDDs and
controls. IRTs in NIDDs were lower than those
in controls, but this difference was not significant
{see Fig. 1). Fourteen of 15 TPDS patients (93%)
had subnormal IRT, with the concentration
being less than 50 pgfL in 11 of these. Six of 16
IDDs (38%) had subnormal IRT concentrations,
of which only one was below 50 pg/L. Seven of 27
NIDDs had subnormal IRT concentrations,
none of which was less than 50 pg/L. Five of 27
NIDDs (19%) had supranormal IRT wvalues.
None of the IDDs or TPDS subjects had supra-
normal IRT concentrations. IRT concentrations
in paticnts with TPDS were similar to those in
patients with cystic fibrosis from the UK over the
age of 12 years. IRT concentrations in Indian
controls over the age of 40 years (n=6) were
similar 1o those in younger patients (n=8). IRT
values in Indian controls were similar 1o those in
controls in the UK.* Our previous data and those
contained in this paper show that in controls
there is no variation in IRT concentrations
between the ages of 10 and 65 years *4!! Only one
patient with NIDD in this series was more than 65
years old.

C-peptide concentrations in IDDs were signifi-
cantly lower than those in controls and NIDDs.
There was no significant difference between C-
peptide concentrations in NIDDs and controls;

those in TPDS paticnts were the lowest. C-
peptide concentrations in IDD and NIDD
patients were comparable to those found in
Caucasian patients in the UK. Thus, the clinical
diagnosis of IDD and NIDD in Indian patients
was validated by biochemical criteria.

There was a highly significant correlation
between C-peptide and IRT concentration when
all investigative groups were combined (r, =0-93;
P=0-0001; Fig. 2). The correlalion was also
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FiG. 2. The correlation of fasting C-peptide and IRT
concentrations in serum. There were highly significant
correlations between IRT and C-peptide in all patients
and controls (r=0-90; P<0-0001); all diabetic patients
(r=093; P=0-0001), TPDS and IDD (r=0-TE;
P < 0-001). There was no significant correlation between
IRT and C-peptide in TPDS (@ TPDS; o IDDy;
* NIDL, m controls).
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ob@mred when TPDSam;l IDD wmmmmed in
dsolation from the.other two! grnrupa (r,=0-78,
P<0-001), biat not whén TPDS was considered
_by itself. This was largely due to the fact that IRT
concentrations in TPDS were éxtremely.low.
Multiple linear regression analysis.revealed a
highly significant correlation betiween C-peptide
and IRT concentrations indepéndently of age,
body mass index, and lhc dm'almn Ind type of
diabetes. e
Gl : A
Discussion =~ " '
Our data show that both mdocnne reserve, as
reflected in C-péptidé concentrations, ‘and exo-
crine reserve, as reflected in IRT mutﬂuﬂqs
are markedly diminished in TPD,_S patients. IRT
concentrations in this group - are .the : lowest
amongst varigus groupsof diabetics mvmg;m:l
so far. Since 14-of 15 patients-with TPDS *had
subnormal IRTs, and 11 of 15 had markedly low
IRT concentrations (< 50 pg/L), the latter can be
used as a marker for this condition in young
diabetic patients: wha have pancreatic.caleifica-
tion.

Our observations are consistent with the fact
that patients with TPD have pancreatic calcifica-
tion, and that prior to the occurrence of clinical
diabetes these patients have probably had a
protracted period of pancreatic damage. The long
duration of symptoms in all these cases possibly
explains the absence of supranormal IRT concen-
trations, which is a marker of ongoing pancreati-
tis and is observed in the early stages (younger
patients) of cystic fibrosis. ™ Cystic fibrosis is not
likely to cause diagnostic confusion with TPDS,
since this condition is rare on the Indian subconti-
nent; nor has it been reported from Africa; it also
presents earlier in life. Neither the cause nor the
mechanism underlying pancreatic damage is
known. One suggested mechanism is through
cassava consumplion: cassava contains cyanide,
which may damage the pancreas.!” However,
none of our patients, like those of Mohan et al..?
had consumed cassava during their lifetime. This,
however, does not exclude some other dietary or
environmental ‘toxin', which could damage exo-
crine pancreas as well as f-cells. Childhood
malnutrition has also been considered-as heing an
important contributory factor in the pathogene-
sis of TPDS. It is relevant, therefore, that our
preliminary studies with IRT in patients with
malnutrition due to anorexia nervosa show
abnormal IRT concentrations (unpublished
observations).

We have previously demonstrated that in dia-

‘diate gmongst

betics in the UK, both endocrine and ex

reserve are the fowest amongst DDy, i

‘NIDDj congrolled with sulphb
lureas, and comparable to control valuegmdiet-
and biguanidecontrolled diabetics.’® Hosever,
such a ‘correlation was not evident in TPDS
patients; largely because of the extremely low IRT

‘and C-peptide Eoncentrations. ‘This™ féutum rso-

lated them from the rest of the diabetic p
{Fll. 2). Thus,.the degree of dunmubun m_.
exocrine pancreatic function in TPDS is greater

 than that in IDD and is similacto that obsemved.in - -~ - -

some patients with cystic fibrosis.” The Hi
significant correlation between' E‘.—pepude-' and
IRT concentrations mﬂms ouf pmrious data
on the existence of such a correlation in patients
with-diabetes mellitus® and suggests that the loss
of f-cell reserve and :xmne panclum I'unctlon
is concomitani.

WE were surpriséd by theprmdf:upmw-
mal IRT éoncentrations in some N[DD ﬁiﬁntl.
We have previously not found-elevated [RTs in
NIDDs. Singe wpﬂnomlal IRTs indicate active
pancreatic damage, it is possible thatithey reflect
an ongoing pancreatitis in some NIDD patients
in our series. If indeed exposure to an environ-
mental “toxin' is the cause of pancreatic damage
in TPDS, it is possible that this toxin may be
responsible for exocrine pancreatic damage in
NIDDs in the Indian setting. On the other hand,
it is possible that NIDD patients with increased
IRT concentrations represent a milder variant of
TPDS. The occurrence of supranormal IRT
concentrations in NIDDs also argues against the
exocrine depletion and the consequent loss of
‘trophic’ effect of insulin on exocrine pancreatic
tissue.

In conclusion, our data suggest that TPDS is
associated with a marked loss of f-cell and
pancreatic acinar cell reserve. IRT concentration
and other newer tests of exocrine pancreatic
function (e.g. bentorimide test) may be used as an
additional marker for this form of diabetes.
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