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Summary

Exocrine pancreatic function was studied in 14 inpatients
with newly diagnosed maturity onset diabetes mellitus.
Five patients had clinical and biochemical evidence of
pancreatic disease (two carcinoma, three pancreatitis).
The other nine patients had no clinical pancreatic disease
but all except one had at least one abnormal result of
pancreatic function tests. None of this group with idio-
pathic diabetes mellitus developed any clinical evidence
of exocrine pancreatic disease over the next five years.
Mild abnormalities of exocrine pancreatic function in
newly diagnosed patients with diabetes but without
clinical evidence of pancreatic disease do not usually
develop into overt pancreatic disease, and are therefore
probably clinically unimportant.

Introduction

Occasionally patients with newly diagnosed diabetes mellitus
are found to have clinical evidence of primary disease of the
exocrine pancreas, such as pancreatitis or carcinoma. Most have
idiopathic diabetes mellitus but may have abnormal results of
exocrine pancreatic function tests. The reported incidence of
abnormal results in different series varies from nil to two-thirds
(table I).
We were concerned that a small proportion of patients with

maturity onset diabetes but no family history might have
carcinoma of the pancreas. To try to detect such disease before
jaundice develops we screened a consecutive series of patients
admitted to hospital with non-familial maturity onset diabetes
mellitus for the presence of overt or subclinical pancreatic
disease.

Patients and Methods

A series of 14 patients with newly discovered diabetes mellitus
of late onset (over 40) were studied (tables II and III). They
were investigated in hospital because of the absence of a family
history, appreciable loss of weight, and a suspicion that there
might be an underlying pancreatic carcinoma. Two patients
were jaundiced (cases 1 and 7). A positive family history was
obtained in two cases subsequently. Patients were excluded from
the study if they were too ill to co-operate. None of the nine
patients diagnosed as idiopathic diabetes mellitus developed any
clinical evidence of pancreatic disease during a five-year follow-
up period. In each of the five patients whose diabetes mellitus
was thought to be secondary to primary pancreatic disease, the
diagnosis listed in the table was confirmed at laparotomy.
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SECRETIN-LUNDH TEST

After an overnight fast the subject swallowed a double lumen
Dreiling tube which was positioned under fluoroscopic control
with its tip in the fourth part of the duodenum. The gastric and
duodenal contents were aspirated continually with separate
suction pumps. Basal collections were made for 20 minutes
before stimulation. After a single intravenous injection of
secretin (Boots), 1 U/kg, the aspirates were collected for one
hour in periods of 10, 10, 10, 10, and 20 minutes. At the end of
this secretin hour the gastric tube was spigotted and the patient
drank a standard fluid meal similar to that of Lundh (1962) and
containing corn oil 18 g, Casilan 16 g, glucose 40 g, flavouring
syrup 15 g, and water to 300 ml. Duodenal aspiration was con-
tinued for a further two hours in four half-hour fractions, after
which the tube was removed. All duodenal aspirates were kept
ice-cold until analysed chemically and examined cytologically.
Aliquots of the four aspirates after the meal were deep frozen and
kept at -20°C until their tryptic activity was measured.
Volume was measured to the nearest 0 5 ml and the total

duodenal aspirate during the 60 minutes after the injection of
secretin was expressed as ml/hr, and also as ml/kg-hr. Bicar-
bonate concentration was determined by a van Slyke method
(Peters and van Slyke, 1932). One U/kg Boots secretin is a sub-
maximal stimulus of pancreatic bicarbonate secretion, and
evoked only a half of the bicarbonate secretion elicited by the
near-maximal stimulus of 1 U/kg pure Gastrointestinal Hormone
Laboratory secretin (Gutierrez and Baron, 1972).
The peak bicarbonate output was expressed in mEq/hr by

multiplying by 3 the sum of the two highest consecutive 10-
minute outputs (Gutierrez and Baron, 1972). The tryptic activity
of 0 5 ml of duodenal juice was measured by the method of
Haverback et al. (1963), as modified by Wiggins (1967), using a

Radiometer pH stat automatic recording titrator, and N-
benzoyl-L-arginine ethyl ester hydrochloride as substrate.
Tryptic activity was expressed as units; 1 unit= 1 FzEq/min
per ml = 1 ml 0-1 N NaOH per 2 min required to maintain
constant pH of 8-25 at 25°C. Enzyme concentration was ex-

pressed as the mean two-hour tryptic activity (Cook et al., 1967),
with a lower limit of normal of 6 U/ml (Waller et al., 1971).

OTHER TESTS

In nine patients glucose and starch tolerance tests were done on

separate days, using 50 g glucose and 50 g starch with collections
of venous blood samples every half hour for two hours. Blood
sugar was measured by an AutoAnalyzer ferricyanide method.
The values presented in table II are the fasting and peak blood
sugar concentrations, together with the % index of Althausen
and Uyeyama (1954) (ZJBSg -,ZBSs)/(ZIBSg) x 100, in which
the maximal rise of blood sugar after starch (zIBS8) is subtracted
from the maximal rise after glucose (ZJBSg) and expressed as a

percentage of the rise after glucose.
Random serum amylase estimations were made in eight

patients. Faecal fats were collected for three days in nine
patients, and fatty acids were measured by Van der Kamer's
method. In three patients the pancreas was scanned after intra-
venous injection of 200 UCi 75Se-methionine (Radiochemicals,
Amersham).
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TABLE i-Incidence of Abnormal Exocrine Pancreatic Function Tests in Patients with Diabetes Mellitus

Idiopathic
Source Teat All New Long-term juvenile Pancreatic Disease

Abnormal () Abnormal (% Abnormal (C) Abnormal (0) Abnormal (%11)
Jones et at. (1925) . . Cream meal 33/68 (49) 11/20 (55) 17/26 (65) 9/13 (69)
Agren et al. (1936) . . Secretin 1/3 (33) 1/1 (100)
Diamond and Siegal (1940) Secretin 2/3 (67)
Pollard et al. (1943) . . Secretin 9/13 (69) 1/5 (20) 8/8 (100)
Dreiling (1951) . . Secretin 2/35 (6) 25/27 (93)
Aktan and Klotz (1958) Secretin 0/8 (0) 1/1 (100)
Sun and Shay (1961) Starch tolerance 0/30 (0)
Chey et al. (1963) . . Secretin-pancreozymin 18/48 (38) 10/13 (77) 12/14 (86)
Vacca et al. (1964) . . Secretin 26/55 (47) 13/27 (48) 11/21 (52)
Lahdevirta (1967) . . Secretin 5/10 (50)
Drewes (1969) .. Lundh meal 15/24 (63) 8/17 (47) 7/7 (100)
Gulzow (1969) .. Secretin 11/40 (28)
Yamagata et al. (1969) Secretin 14/50 (28) 1/18 (6) 6/l13 (46) 5/12 (42)
Anderson et al. (1970) tSecretin-pancreozymin 0/11 (0)
Present series .. Secretmn-Lundh 8/9 (88) 8/9 (88) 5/5 (100)

Total 144/407 (35) 42/96 (44) 49/75 (65) 24/38 (63) 44/48 (92)

TABLE ii-Pancreatic Function Tests in 14 Patients with Newly Diagnosed Maturity Onset Diabetes Mellitus. Abnormal Results are Shown in Italics

I ~~~~~~Duodenal Aspirate Blood Sugar (mg/100 ml)

I ~~~~~~~~~~~~~~~ToleranceTolerance
I ~~~~~~~~~~~~~~~~~~~Testsafter Teats after

I ~~~~~~~Maximum Peak Mean Glucose Starch

No. andF.H. Diabetes 755~~ Volume Bicarbon- Bicarbonate Tryptic (g) (a)Case Sex Aetiology of
"'e Vlmat

Output Activity Cyt- (Faating/ (Fasting/ Ag-ALs Serum FaecalNo.andF.H Dibets iScan Concen- (U/ml) ology Peak) Peak) ~ ~x100 Amylase Fats
_____ _________ ____ _____ ______ (mEq/1.) _ _ _ _ _ _ __ _ _ __ _ _ _ _ _ _ _ _

1 F.6 acnm Cold*__ __ _ _

ampulla area 157 2-9 60 7-7 142 3-4 + 155/266 124/140 594 <160 31.5

2 M. 62 - Chronic
relapsing No
pancreatitis uptake 139 2-2 35 4-1 64 0.6 - 199/369 171/195 608 <160 23-0

3 M. 75 - Idiopathic 79 1.9 72 10-7 264 6-4 - 155/270 84/218 14 230 2-3
4 M. 41 - Idiopathic 172 2-9 75 13-8 236 6-2 - - - - - -

5 F. 56 - Chronic
pancreatitis 125 2-6 16 2-2 45 1-2 - 138/318 126/236 64 <160 2-1

6 M. 49 - Idiopathic 62 0-8 75 5-3 72 0-7 - 258/387 198/275 68 - 2-3
7 M. 61 - Carcinoma

of neck of
pancreas 38 0-5 0 0 0 0-7 - - I - - - -

8 F. 57 - Idiopathic 27 0-6 32 0-6 124 3 - 167/321 t72/206 15 270 -

9 M. 60 - Idiopathic 100 1-4 82 15-8 218 21 138/278 157/261 35 - 0.1
10 M. 54 + Idiopathic No

6uptake 232 4-3 38 9-3 173 58 - 224/328 142/209 55<10 8
11I M. 59 - Chronic

calcific
pancreatitis 183 2-6 37 5-3 75 1-6 - - - - <160 8-4

12 M. 44 - Idiopathic 100 1.1 90 9-7 104 8-3 - 105/187 104/147 91 <160 3-0
13 F. 56 -Idiopathic 127 3-2 56 11-3 284 2-7 - - - - - -

14 F. 54 - Idiopathic 150 2-9 47 617 127 1.1 - - - . - - -

6__ _t_ _<__

Normal range ~ >87* >1.4* >72* >10.5* >186* >6 t60 <70 <16

*Gutierrz and Baron, 1972.
tWaller et al., 1971.
tAlthausen and Uyeyama, 1954.
F.H. = Family History.

TABLE Iii-Statistical Results of Findings in Table II

Duodenal Aspirate ____

Maximum Peak Bicarbonate Mean
volumeConcentrnatio AcpuTytivit A-Ax S100 umy FatcaVolume BiCocanrboateo OupucTyticiy Ag-As mylseru Fatca

____________________________ ml/hr mi/kg-hr (mEq/l.) mEq/hr gsEq/hr-kg (U/mi) As (U/100 Ml) (g/day)
Mean value of normal subjects 143* 2.2* 98* 15.8* 237* 16-8t 14+
Mean value ofall14 patients .. 121 2-14 51.1 7-3 138 3*15 172 183 8-3

Significance of difference from
normal.>0-2 >0.9 <0001 <0-00l <0-01 <001 <0-1

Mean value of nine patients with
id.opathic diabetes . 116 2*1 63-0 9-24 178 4-07 422 205 1.9
Significance of difference from~
normal ... >0-2 >0-9 <001 <0-0l <0.1 <0.001 <0-05

Mean value of five patients with pan-
creatic disease anid diabetes .. 128 2-16 39.6 3-86 65 1-50 46 160 16-3
Significance of difference from
normal.>0-5 >0-9 <0001 <0001 <0.001 <0001 <002

Sinipuficance of difference between
sdiopathic and pancreatitis groups of
diabetics.>0-7 >0-9 <002 <0-04 <0-02 <007 <0-02 <0.1 <005

Normal range >87* >1.4* >72* >10.5* >186* >6t >70t <160 <5-0

Proportion abnormal:
All 14 patients 4/14 4/14 9/14 10/14 10/14 11/14 3/9 .2/8 3/9
Nine patients with idiopathic

diabetes mellitus .3/9 3/9 4/9 5/9 5/9 6/9 1/6 2/4 0/5
Fiv;e patients with pancreatic disease

and diabetes.1/5 1/5 5/5 5/5 5/5 5/5 2/3 0/4 3/4

*Gutierrez and Baron, 1972.
tWaller et al., 1971.
tAlthausen and Uyeyama, 1954.
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Results

DIABETES SECONDARY TO EXOCRINE PANCREATIC DISEASE

Five patients were found to have clinical evidence of disease of
the exocrine pancreas, two with carcinoma and three with
pancreatitis (table II). Bicarbonate concentration and output
and tryptic activity were abnormally low in each patient (see
chart), whereas four of the five had a normal volume of duodenal
aspirate, and serum amylase was normal in each of the four
patients tested. The starch tolerance was abnormal in two of
three tested, and faecal fats in three of the four tested.
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Peak bicarbonate output (mEq/h) after secretin

Mean tryptic activity after a Lundh meal and peak bicarbonate output after
secretin 1 U/kg in 14 patients with newly diagnosed maturity onset diabetes
meffitus, classified as secondary to exocrmne pancreatic disease 40 or idiopathic
0. Dotted lines indicate lower limits of normal.

IDIOPATHIC DIABETES (NINE PATIENTS)

AU but one patient had at least one abnormally low result in the
six measurements of duodenal aspirate. Four of the nine had low
bicarbonate output and low tryptic activity, two had low tryptic
activity but normal bicarbonate output, and one had low
bicarbonate output with normal tryptic activity (see chart). One
patient had an abnormally low volume of aspirate. Serum amy-
lase was abnormal in only two of the four patients tested, starch
tolerance was abnormal in one of the six, and no patients were
found to have steatorrhoea.

Discussion

In both groups of patients with diabetes, measurements of sub-
mxmlbicarbonate output or tryptic activity were equally

sensitive indices of abnormial pancreatic function, and more

sensitive than other measurements of the duodenal aspirate
(volume, bicarbonate concentration), blood (amylase, starch
tolerance), or the faecal fats. Expression of measurements of
volume or bicarbonate output of the duodenal aspirate in terms
of body weight (Gutierrez and Baron, 1972) did not alter the
proportion of abnormal results.

Thirteen of these 14 patients with newly discovered diabetes
mellitus were found to have at least one abnormal result of
pancreatic function tests. Five had clinical evidence of pan-
creatitis or carcinoma, and each of these patients had an ab-
normal bicarbonate output and enzyme concentration in their
duodenal aspirate. All but one of the other nine patients had at
least one abnormal result, yet none of them developed any
clinical evidence of pancreatic disease over the next five years.
Some patients presenting with maturity onset diabetes mellitus

have primary disease of the exocrine pancreas. The mild exo-
crine abnormality found in other newly diagnosed diabetic
patients may be related to the endocrine disease but such pan-
creatic exocrine disease, secondary to endocrine disease, remains
mild, symptomless, and clinically unimportant.

We wish to thank the Courtauld Institute of Biochemistry for the
measurements of faecal fats, blood sugar, amylase, and duodenal
bicarbonate; the Bland-Sutton Department of Pathology for the
cytological tests; and the Institute of Nuclear Medicine for the pan-
creatic scans.

Requests for reprints should be addressed to: Dr. J. D. N. Nabarro,
Institute of Clinical Research, Middlesex Hospital Medical School,
London WlP 7DE.
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