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Reduced incretin effect in Type 2 (non-insulin-dependent) diabetes
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Summary. Integrated incremental immunoreactive insulin and
connecting peptide responses to an oral glucose load of 50 g
and an “isoglycaemic” intravenous glucose infusion, respec-
tively, were measured in 14 Type 2 (non-insulin-dependent)
diabetic patients and 8 age- and weight-matched metabolical-
ly healthy control subjects. Differences between responses to
oral and intravenous glucose administration are attributed to
factors other than glucose itself (incretin effect). Despite high-
er glucose increases, immunoreactive insulin and connecting
peptide responses after oral glucose were delayed in diabetic
patients. Integrated responses were not significantly different
between both groups. However, during “isoglycaemic” intra-
venous infusion, insulin and connecting peptide responses
were greater in diabetic patients than in control subjects as a
consequence of the higher glycaemic stimulus. The contribu-
tion of incretin factors to total insulin responses was 72.8 &
6.9% (100% = response to oral load) in control subjects and
36.0 = 8.8% in diabetic patients (p =0.05). The contribution to

connecting peptide responses was 58.4 £ 7.6% in control sub-
jects and 7.6 £ 14.5% (p =0.05) in diabetic patients. Ratios of
integrated insulin to connecting peptide responses suggest a
reduced (hepatic) insulin extraction in control subjects after
oral as compared to intravenous glucose. This was not the
case in diabetic patients. Immunoreactive gastric inhibitory
polypeptide responses were not different between control
subjects and diabetic patients. A reduced or lost incretin effect
in the face of normal gastric inhibitory polypeptide response
in Type2 diabetic patients may be explained by decreased
sensitivity of the B cells towards the insulinotropic effect of
gastric inhibitory polypeptide or to hyposecretion or reduced
effectiveness of as yet unidentified humoral or nervous gut
factors with incretin activity.

Key words: Insulin secretion, Type 2 (non-insulin-dependent)
diabetes, incretin effect, gastrointestinal hormones, gastric in-
hibitory polypeptide.

Insulin secretion after an oral glucose load is due to
stimulation of the pancreatic B cell by elevation of the
plasma glucose level and, in addition, by incretin fac-
tors (gastrointestinal hormones and possibly nerves)
which potentiate the secretory response to hypergly-
caemia alone [1, 2].

In Type 2 (non-insulin-dependent) diabetic patients,
insulin secretion to oral [3] and intravenous [4] glucose is
inadequately slow, and the insulin levels achieved are
not sufficient to maintain euglycaemia. A reduced re-
sponsiveness of the B cell to direct glycaemic stimu-
lation has been well established [5]. However, less is
known about the activity of the entero-insular axis in
Type 2 diabetic patients, which in healthy control sub-
jects contributes up to 62.9% of the total connecting (C-)
peptide response after oral glucose [6]. Due to possible
changes in (hepatic) insulin extraction induced by glu-
cose ingestion but not intravenous glucose infusion
[7-9], insulin secretion cannot be safely estimated from

peripheral venous insulin responses alone. C-peptide,
on the other hand, can be used to determine B cell se-
cretory responses. Thus the study of Perley and Kipnis
[10] from 1967 does not - in the absence of C-peptide
measurements - allow final conclusions about the in-
cretin effect in Type 2 diabetic patients.

Of the known hormones with incretin activity, gas-
tric inhibitory polypeptide (GIP) release after oral glu-
cose and test meals has been studied and found to be in-
creased [11-15] or unchanged [16, 17] in Type 2 diabetic
patients as compared to control subjects. Preliminary
studies have shown a decreased incretin effect in Type 2
diabetic patients but no correlation to the GIP response
to oral glucose [18].

In the present study, the incretin effect was quantifi-
ed in Type 2 diabetic patients and compared to meta-
bolically healthy control subjects. An attempt was made
to correlate the contribution of incretin factors to plas-
ma GIP responses after oral glucose.
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Table 1. Clinical characteristics of 14 Type 2 diabetic patients (D) and 8 metabolically healthy control (C) subjects

Patient Sex Age Body Known Glycaemic control with treatment before the study Diagnostic oral
number mass duration ; B glucose tolerance test
index of Fasting Postprandial Gl‘ucos- Treat- (50 g/400 ml)
: plasma plasma uria ment
diabetes
glucose glucose? Plasma glucose
at 120 min
M/F y kg/m? y mmol/1 mmol/1 +/— D,s* mmol/1

D1 F 62 23.8 6 4.6 10.2 — D,S 20.5

D 2 M 52 303 1 103 12.7 — D,S 144

D 3 M 7 21.8 25 101 9.3 + D,S 123

D 4 F 7 24.2 ND¢ 6.8 10.5 — D 14.4

D5 F ! 232 1 109 13.4 + D,S 162

D6 M 63 273 13 94 127 + D 14.6

D7 F 54 24.0 6 11.0 12.6 - D 18.4

D 38 F 72 25.0 6 5.8 6.7 - D 121

D 9 M 39 27.0 1 7.5 7.4 — D 141

D 10 F 46 214 13 12.4 14.1 + D 215

D11 M 51 219 1 5.8 7.8 — D 10.5

D12 M 64 258 1 6.1 72 — D 10.7

D 13 M 67 30.5 4 8.1 11.7 - D 151

D14 F 70 20.8 8 8.0 83 - D,S 16.6

X 61 252 7 83 103 151

SD 11 31 7 24 26 33

SEM 3 0.8 2 0.6 0.7 0.9

C1 M 77 234 - 54 7.4 - - 52

Cc2 M 52 231 - 4.8 7.4 - - 49

C3 F 45 214 - 4.8 52 - - 42

C4 F 68 20.7 - 4.6 7.7 - - 5.7

Cs M 52 287 - 5.3 7.5 - - 5.8

Ccé6 F 54 225 - 4.6 52 - - 2.8

Cc7 M 46 246 - 43 6.1 - - 3.0

C8 M 57 245 - 49 6.4 +4 - 4.9

X 56 23.6 4.3 6.6 4.6

SD 11 2.5 04 1.1 12

SEM 4 0.9 0.1 04 0.3

* 08.30 hours (1 h after breakfast); ® D=diet, S=sulfonyl urea compound; ° ND =newly diagnosed; ¢ nondiabetic glucosuria

Subjects and methods

Subjects

Fourteen Type 2 diabetic patients (D) and eight metabolically healthy
control subjects (C) were studied. All consumed their normal weight-
maintaining diet and performed unrestricted physical activities. The
diagnosis was based on the results of an oral glucose tolerance test us-
ing the WHO criteria [19] as modified for a 50 g oral glucose load [20].
The upper limit of normal for the 120-min venous plasma glucose val-
ue was 6.8 mmol/l (123 mg/dl); values of higher than 9.8 mmol/]
(176 mg/dl) were considered a diagnosis of diabetes. Subject charac-
teristics are shown in Table 1. Lean and moderately obese subjects
were studied. Nonproliferative diabetic retinopathy was present in
one patient (D 3). Mild diabetic polyneuropathy was present in two
patients (D 1, D 10). Macroangiopathy/atherosclerosis was present in
50% (7 out of 14) of the diabetic patients as well as in control subjects
(4 out of 8). There was no significant nephropathy as shown by the ab-
sence of proteinuria and normal plasma creatinine concentrations.
Transaminase levels were normal except in one diabetic patient (D 10)
in whom steatosis was diagnosed by biopsy. Oral hypoglycaemic
agents (taken by 5 patients) were discontinued at least 3 days before
the study and no other medication known to interfere with insulin se-
cretion or glucose tolerance [21] was taken except for diuretics. Care
was taken to exclude potassium depletion as a possible reason for an

impaired glucose tolerance [22]. Informed consent was obtained from
all participants after the nature and possible risks of the study had
been explained. The study protocol was approved by the local com-
mittee for ethics in human research.

Methods

All tests were performed in the morning after an overnight (=10 h)
fast. Indwelling cannulas were placed into antecubital veins. Glucose
infusions and blood sampling were performed on contralateral arms.

1. Oral glucose loads: glucose was ingested as a standard mixture
of glucose and low molecular weight oligomers (OGTT Boehringer,
Mannheim, FRG). The standard glucose load was 50 g dissolved in
400 ml. Blood was sampled into heparinized tubes at —10 (0,), —5
(0,), 15, 30, 45, 60, 75, 90, 105, 120, 150 and 180 min and stored on ice.
100 ! of blood were stored in NaF for subsequent glucose determina-
tions. Blood cells were sedimented by centrifugation and plasma sam-
ples were stored frozen at —20°C until hormone assays were per-
formed.

2. “Isoglycaemic” intravenous glucose infusions: intravenous in-
fusions of glucose (as a sterile 20% solution in water) were designed to
mimic glucose concentration profiles after glucose ingestion. Accura-
cy was assured by repeatedly estimating plasma glucose using a re-
flometric method (Reflocheck, Boehringer, Mannheim, FRG). A de-
lay of only 2.5 min between blood sampling and knowledge of the
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Table2. Glucose infusion during isoglycaemic intravenous glucose
infusion (over 180 min) and integrated incremental responses of glu-
cose and immunoreactive gastric inhibitory polypeptide (IR-GIP) to
oral glucose (50 g/400ml) and isoglycaemic intravenous glucose in
metabolically healthy control subjects and Type 2 diabetic patients

Control subjects Type 2 diabetic

(n=8) patients (n =14)

Glucose infusion (g) 236+ 29 446+ 22°
Glucose (mmol -1~ - min)

Oral 220 +28 1062 +73°

Intravenous 287 44 1092 +73°
IR-GIP (ng-ml~!-min)

Oral | 162.4+20.5 139.9+18.9

Intravenous —29.6+11.9* ~244+15.1*

Significant differences (Student’s t-test for unpaired data, p =0.05) to
2 the respective value after oral glucose, and ® the respective value in
control subjects

glucose concentration allowed frequent adjustments of the infusion
rate according to deviations from the profile that was to be copied.
Blood samples were drawn and treated as described for oral glucose
loads.

Laboratory analyses

Glucose was assayed immediately using a Beckman Glucose analyser
II (glucose oxidase method). Insulin immunoreactivity (IR-insulin)
was determined according to Melani et al. [23] using human insulin as
a standard. Interassay coefficients of variation for basal (6.3%
0.5mU/1) and glucose stimulated (45.0+ 1.8 mU/1) values were 23.3
and 13.4% (n=10). Immunoreactive (IR-) C-peptide was measured
using a commercial radicimmunoassay kit (Novo Research, Bags-
vaerd, Denmark) as described by Heding [24]. Interassay coefficients
of variation for basal (0.32+£0.02nmol/1) and glucose stimulated
(1.74£0.06 nmol/T) values were 17.7 and 11.1%. Gastric inhibitory
polypeptide (IR-GIP) was measured by the method of Kuzio et al. [25]

time ({(min)

using antibody Goe 5/76/9 and natural porcine GIP (purchased from
J.C.Brown) as a standard. Modifications and data on precision of this
assay have been described elsewhere [26].

Statistical analysis

All values are presented as mean = SEM for the number of determina-
tions shown unless otherwise stated. Values under the detection limits
for IR-insulin (3 mU/1 or 0.022 nmol/1) and GIP (31.5 pg/ml) were
calculated as 2 mU/1 or 0.014 nmol/1 and 20 pg/ml respectively.
Total responses were estimated as integrated incremental concen-
trations over a period of 180 min according to the trapezoidal rule.
Significances of difference were estimated by Student’s t-test for
unpaired data; p-values of 0.05 or less were considered significant.

Results

Fasting plasma glucose values and responses to glucose
(50 g) ingestion display the characteristic differences be-
tween normal and diabetic glucose tolerance in control
subjects and Type 2 diabetic patients (Fig.1). Glucose
profiles during the intravenous glucose infusion experi-
ments closely mimicked those after glucose ingestion.
They could therefore be termed “isoglycaemic”. The to-
tal amount of intravenous glucose necessary to achieve
“isoglycaemia” was considerably greater in diabetic
patients (44.6+2.2 g vs. 23.6+2.9 g in control subjects,
p=0.001). In diabetic subjects, it came remarkably
close to the oral load of 50 g (Table 2).

IR-insulin and IR-C-peptide concentrations in the
fasting state were higher in diabetic patients than in
control subjects (Fig.2, p =0.01). The B cell secretory
response to glucose ingestion, as judged from increases
in plasma IR-insulin and IR-C-peptide, was slower in
diabetic patients. Peak IR-insulin and IR-C-peptide
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Table 3. Integrated incremental B cell secretory (IR-insulin and IR-
C-peptide) responses (over 180 min) to oral glucose (50 g/400 mi) and
isoglycaemic intravenous glucose and quantified incretin effects (in %
of the B-cell secretory response after the ingestion of 50 g of oral glu-
cose) in healthy control subjects and Type 2 diabetic patients

Control subjects Type 2 diabetic
(n=8) patients
(n=14)
Integrated B cell secretory
responses
(nmol-I~1. min)
IR-insulin
Oral 389+ 4.2 347+ 6.0
Intravenous 113+ 3.3 23.54+ 5,080
IR-C-peptide
Oral 22241223 202.2+34.6
Intravenous 92.2+17.0° 181.1+£37.8°
Incretin effects (%)
IR-insulin 728+ 6.9 300+ 8.8
IR-C-peptide 584+ 7.6 7.6+£14.5b

Significant differences (Student’s t-test for unpaired data, p <0.05) to
2 the respective value after oral glucose, and ° the respective value in
control subjects

! This table is a detailed account of Figure 6 displayed in a review ar-
ticle published on the occasion of the 20th anniversary of this journal
[Creutzfeldt W and Ebert R: New developments in the incretin con-
cept (1985) Diabetologia 28: 565-573]

values were observed earlier in control subjects. During
the course of “isoglycaemic” intravenous glucose infu-
sion experiments, greater B cell secretory responses
were observed in diabetic patients (Fig.2, Table 3). Un-
der this condition, however, the glycaemic stimulus was
higher in diabetic patients than in control subjects due
to their glucose profiles (Fig. 1, Table 2). Whereas differ-
ences in B cell secretory responses to oral as compared

to “isoglycaemic” intravenous glucose administration
were obvious in control subjects, they appeared to be
reduced in Type 2 diabetic patients. No significant dif-
ferences in IR-C-peptide concentrations were noted be-
tween both ways of glucose administration in diabetic
patients (Fig.2). Likewise, there was no significant dif-
ference in integrated incremental IR-C-peptide re-
sponses (Table 3). The quantity of B cell secretory re-
sponse evoked by factors other than glucose itself
(incretin effect) is represented by the difference in inte-
grated incremental responses (over basal) of IR-insulin
(f IR-T) or IR-C-peptide (| IR-CP) between oral glu-
cose ingestion and the respective “isoglycaemic” glu-
cose infusion experiment. This difference in integrated
secretory responses ([SR) can be expressed as the per-
centage of the response to oral glucose by the formula:

Incretin effect = ( SR"”}I S_R{,SRM i.v) x 100%
ral

The participation of incretin factors in the B-cell secre-
tory response to glucose ingestion can thus be expressed
in quantitative terms. According to this formula, appar-
ent incretin effects were lower in Type 2 diabetic pat-
ients than in control subjects (Table 3), no matter wheth-
er calculations were based on insulin (p =0.002) or on
C-peptide (p =0.001) integrated incremental responses.
In line with previous studies, apparent incretin effects
(in % of the B cell secretory response after glucose in-
gestion) were lower when they were derived from C-
peptide as compared to insulin responses [6, 7). This
was significant in diabetic patients (p =0.005) but not in
control subjects (p = 0.088). In Type 2 diabetic patients,
the incretin effect (calculated from IR-CP responses)
was not significantly different from zero (p =0.306).
The ratio of [IR-I to [IR-CP responses was greater
after oral glucose than during intravenous glucose infu-
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Fig.3. The ratio of integrated incremental reponses of IR-insulin
(JTR-Insulin) and IR-C-peptide ([IR-C-Peptide) after an oral glucose
load (50 g/400 m!; hatched bars) and during “isoglycaemic” intrave-
nous glucose infusion (open bars) is shown for metabolically healthy
control subjects and for Type 2 diabetic patients. The asterisk denotes
a significant difference to the respective value after the oral glucose
load

sion in control subjects (Fig.3, p =0.04), but this differ-
ence was not significant in diabetic patients (p =0.116).

Mean basal GIP values and GIP responses to oral
glucose were similar in control subjects and in Type 2
diabetic patients (Fig.4, Table 2). No significant differ-
ence was observed throughout the period of observa-
tion. However, the range of GIP responses was much
larger in diabetic patients.

When apparent incretin effects based on insulin re-
sponses (Fig. 5, upper panel) were correlated to GIP re-
sponses after oral glucose, no significant positive corre-
lation was observed in Type2 diabetic patients
(r=0.174) or in control subjects (r = —0.653). Similarly,
incretin effects calculated from C-peptide (Fig. 5, lower
panel) responses did not correlate with GIP responses
(r = —0.378) in control subjects. The positive correla-
tion in Type 2 diabetic patients (r =0.503, p =0.05) rel-
ied on a single patient with an apparent incretin effect
of —142.7% (Fig.5, bottom) and was reduced to insig-
nificance (r=0.288) when this patient was eliminated
from the calculation.

Discussion

In Type 2 diabetic patients the incretin effect of 50 g of
glucose was quantified and found to be generally re-
duced or - in some patients - even absent.

Insulin secretion can be more reliably estimated
from peripheral C-peptide rather than insulin responses
[27]. This is due to a non-constant insulin extraction
from plasma [7-9]. Changes are induced, for example,
by portal hyperglycaemia [28, 29] or hyperinsulinaemia
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Fig.5. Apparent incretin effects calculated from peripheral venous
IR-insulin (incretin effecty,, upper panel) and IR-C-peptide (incretin
effectcp, lower panel) are plotted against IR-GIP-responses for indi-
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subjects (Q). Square symbols indicate mean = SEM for Type 2 diabet-
ic patients (closed symbols) and control subjects (open symbols).
Note an individual patient with an apparent incretin effect (based on
C-peptide responses) of —142.7%
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[30] and, possibly, by gastrointestinal factors released af-
ter glucose ingestion [6]. C-peptide elimination from
plasma, in contrast, seems not to be affected by the level
of glycaemia [31], C-peptide concentration (constant
metabolic clearance rate over a wide range of physio-
logical C-peptide concentrations {32]), and factors re-
leased by glucose ingestion [33]). This explains why the
numerical values for the apparent incretin effect de-
pend on whether they are calculated from insulin- or C-
peptide responses, although both polypeptides are sec-
reted into the portal circulation in equimolar amounts
[34]. No difference of metabolic clearance rates was
measured after the infusion of human C-peptide into
healthy and diabetic subjects [35].

The insignificantly reduced “alimentary stimulus”
in mild diabetes described by Perley and Kipnis [10]
was deduced solely from peripheral venous insulin re-
sponses. The numerical incretin effect (according to our
method of calculation) was 61% in lean, and 56% in
grossly obese mild diabetic subjects. As can be deduced
from the plasma glucose profiles, most of the individu-
als would have to be classified as “impaired glucose tol-
erance” according to current criteria [19, 21]. Further-
more, the oral glucose load was 100g; it cannot be
excluded from the present data that oral glucose loads
larger than 50 g would elicit a greater incretin effect in
Type2 diabetic patients. In healthy young subjects, a
clear dose-dependency of incretin effects after oral glu-
cose has been observed [6].

The markedly reduced incretin effect found in our
group with a more severe degree of Type 2 diabetes may
simply be an expression of their impaired capacity to
secrete insulin at an adequate rate [3, 4]. The glycaemic
stimulus with plasma glucose values of ~17 mmol/1
(300 mg/dl) may already have led to maximal B cell
stimulation. No further increase in the secretion rate
would then be possible if additional stimuli (like incret-
in factors) were superimposed. Arguing against this ex-
planation, intravenous isoproterenol [36] or glucagon
[37] enhanced, rather than diminished, additional B cell
secretory responses in Type2 diabetic patients when
plasma glucose levels had been elevated by glucose in-
fusion up to the range employed in our study.

The systematic discrepancy of apparent incretin ef-
fects based on insulin- versus C-peptide responses not-
ed previously [6-9] is also obvious from the present
study. This is demonstrable as a different ratio of insulin
and C-peptide integrated incremental responses when
oral glucose loads and isoglycaemic intravenous glu-
cose infusion experiments are compared (Fig.3). Al-
though this value does not represent a direct measure of
(hepatic) insulin extraction [33], it does indicate changes
in the elimination from plasma of either insulin or C-
peptide and can most probably be used as a rough esti-
mate of the amount of insulin present in the circulation
per unit of insulin (C-peptide) secreted [8].

In Type 2 diabetic patients, the characteristic differ-
ence between responses to glucose ingestion and intra-
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venous glucose infusion seen in healthy control subjects
(Fig.3) is lost; during intravenous glucose infusion,
leading to clearly hyperglycaemic values (Fig.1), the
Jinsulin: [C-peptide ratio is already elevated as com-
pared to control subjects (p =0.102). This may be attrib-
uted to hyperglycaemia [28] and the hepatic insulin re-
sistance characteristic of Type 2 diabetic patients [38],
since hepatic insulin extraction appears to correlate
with hepatic effects of insulin under certain conditions
[39]. This conclusion must, however, remain speculative
because of reservations regarding the “insulin to C-pep-
tide ratio method” for estimating changes in (hepatic)
insulin extraction [33].

GIP secretion in our group of Type 2 diabetic pat-
ients was not different from normal (Fig.4). Previously,
hypersecretion of GIP after oral glucose had been
found in some [11-14], but not all [16, 17], studies. In a
large series of Type 2 diabetic patients studied, a bimod-
al distribution of GIP secretion after oral glucose was
found, thus demonstrating hyper - as well as hypose-
cretion [15, 18]. In the present study, both secretory pat-
terns were represented (Fig. 5) without any overt corre-
lation to the incretin effect. Obviously changes in GIP
responses are not necessarily identical with changes in
the activity of the entero-insular axis [18)]. Two explana-
tions for this may be discussed. A reduced effect of ex-
ogenous GIP on insulin secretion in Type 2 diabetic pat-
ients has been described [40, 41], suggesting an impaired
responsiveness to incretin stimulation of the B cell. On
the other hand, additional incretin factors have been
postulated because GIP antiserum does not completely
eliminate incretin effects when applied intravenously
[42], and duodenal extracts freed from GIP still display
incretin activity [43]. Hyposecretion of such factors as a
cause of a reduced incretin effect in diabetic patients
cannot be ruled out until these factors are characterized.
The alternative explanation that a reduced secretion of
unknown incretin factors could be due to a desensitisa-
tion of the entero-insular axis as a consequence of long-
standing hyperglycaemia has then to be considered.

In conclusion, a reduced incretin effect in Type 2
diabetes has been demonstrated in the presence of nor-
mal GIP secretion. This suggests a possible loss of B cell
responsiveness to the actions of GIP or a loss of addi-
tional incretin factors.
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