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The glucose dependent insulinotropic polypeptide response to oral glucose 
and mixed meals is increased in patients with Type 2 
(non-insulin-dependent) diabetes mellitus 
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Summary. Considerable disagreement exists regarding the 
levels of immunoreactive glucose dependent insulinotropic 
polypeptide in patients with Type 2 (non-insulin-dependent) 
diabetes mellitus. Glucose dependent insulinotropic polypep- 
tide levels were therefore studied during oral glucose and 
mixed meal tolerance tests in normal subjects (n=31) and 
newly presenting previously untreated patients with Type 2 
diabetes mellitus (n = 68). The tests were performed in random 
order after overnight fasts and blood samples were taken at 
30 min intervals for 4 h. During the oral glucose tolerance test 
plasma glucose dependent insulinotropic polypeptide levels 
increased in the normal subjects from a fasting value of 
20 + 3 pmol/1 to a peak of 68 • 5 pmol/1 at 30 min and in the 
Type2 diabetic patients from a similar fasting level of 
27+3pmol/1 to a higher peak value of I04+6pmol/1 at 
30 min (/)<0.001). Glucose dependent insulinotropic poly- 
peptide levels were significantly higher in the diabetic patients 
compared with the normal subjects from 30-90min 
(/7 < 0.01-0.001) following oral glucose. During the meal toler- 
ance test glucose dependent insulinotropic polypeptide levels 

increased in the normal subjects from a pre-prandial value of 
22 + 4 pmol/1 to a peak of 93_+_+ 6 pmol/l at 90 rain and in the 
Type2 diabetic patients from a similar basal level of 
25 + 2 pmol/l to a higher peak of 133 :+ 7 pmol/1 at 60 rain, 
Glucose dependent insulinotropic polypeptide concentra- 
tions were significantly higher in Type 2 diabetic patients 
compared with the normal subjects at 30rain (p<0.001), 
60 rain (p<0.01) and from 210-240 min (p<0.05) during the 
meal tolerance test. The groups were subdivided on the basis 
of degree of obesity and glucose dependent insulinotropic 
polypeptide concentrations were still higher in the diabetic 
subgroups compared with the normal subjects matched for 
weight. Type 2 diabetes mellitus is associated with an exagger- 
ated glucose dependent insulinotropic polypeptide response 
to oral glucose and mixed meals which is independent of any 
effect of obesity. 

Key words: Glucose dependent insulinotropic polypeptide, 
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Glucose dependent insulinotropic polypeptide (GIP) 
was discovered in 1970 by Brown and Pedersen while 
investigating the possible existence of a polypeptide of 
porcine duodenojejunal origin with the biological activ- 
ity of inhibiting motor activity and acid and pepsin se- 
cretion by the canine stomach [1]. In 1973 GIP was 
shown to stimulate insulin release in man [2], and this 
observation prompted investigations into a possible 
role for the hormone in the pathophysiology of diabetes 
mellitus. 

Several studies have investigated the plasma immu- 
noreactive GIP response to oral glucose and to a lesser 
extent meal tests in patients with diabetes mellitus 
[3-91. The results of the investigations are conflicting 

and there is considerable disagreement regarding both 
basal and stimulated plasma immunoreactive GIP re- 
sponses in diabetes mellitus. Several factors contribute 
to the confusion regarding GIP concentrations ob- 
served in both obesity and diabetes mellitus. Different 
populations have been studied and control subjects 
have not always been matched for obesity [4], the ef- 
fect of which remains contentious. The diabetic sub- 
jects studied have comprised heterogeneous groups, 
and patients with Type2 (non-insulin-dependent) 
diabetes mellitus have often been treated by diet or 
even oral hypoglycaemic agents before being studied 
[3-5]. Different methodologies have also been em- 
ployed with immunoreactive GIP responses being 
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Table 1. Composition of meal tolerance test (MTI). All figures taken from McCance and Widdowson's "The Composition of Foods" by 
A. A. Paul and D.A.T. Sonthgate, Fourth revised and extended edition [33] 

Food Energy Protein Fat Total Sugars Starch Diet 
kcal g g CHO g + fibre 

g dextrins 
g 

15 g Weetabix 51 1.71 0.51 10.55 0.92 9.98 1.9 
al0 gm skimmed milk powder 35.5 3.64 0.13 5.28 5.28 0 0 
250 ml pineapple juice 132.5 1.0 0.25 33.5 33.5 Tr 0 
50 g white meat chicken 71 13.25 2.0 0 0 0 0 
60 g Hovis bread 136.8 5.82 1.32 27.06 1.44 25.62 2.70 
9 gm butter 66.6 0.04 7.38 Tr Tr 0 0 
Totals 493.4 25.46 12.1 76.39 41.14 35.6 4.6 
Percentage calories 20% 20% 60% 

a made up to 200 ml volume with water 

measured following a variety of oral glucose loads 
[3-5] and markedly different test meals [6, 7, 9]. Fi- 
nally, and perhaps the most important reason for re- 
ported differences in GIP responses is that different 
GIP antisera have been used to measure immunoreac- 
tive GIP due primarily to differences in the cross reac- 
tivity of the various antisera with human GIP [10-14]. 
The antisera cross-react with a GIP [15-42] C-terminal 
fragment which is the region where amino acid dif- 
ferences between porcine and human GIP are found 
[15]. Another factor which contributes to the different 
values measured, is the different cross-reactivities of 
the antisera with the 5 kilo Dalton (Kd) and 8 Kd 
forms of immunoreactive GIP. The main increase in 
immunoreactive GIP following both oral glucose and 
fat is due to an increase in the 5 Kd form of GIP and 
only small and inconsistent changes in the 8 Kd form 
are found [14]. Although the 8 Kd component is of 
importance for the absolute immunoreactive GIP con- 
centration in plasma, it is probably not secreted in suf- 
ficient quantities to significantly influence in- 
cremental immunoreactive GIP levels following oral 
nutrients [14]. Another important difference in assay 
procedures concerns the detection of a high molecular 
weight component of immunoreactive GIP which 
elutes in the void-volume on gel filtration of human 
serum [3]. Void-volume immunoreactive GIP may rep- 
resent a complex formed by the non-specific binding 
of GIP to large molecular weight proteins. In some as- 
says void-volume immunoreactive GIP is removed by 
extraction of plasma before immunoreactive GIP is 
measured, whereas others use whole plasma [19]. The 
influence of void-volume immunoreactive GIP in as- 
says not using extraction of plasma is uncertain, but 
the amount of void-volume immunoreactive GIP 
varies considerably both within and between subjects 
[14] even when determined with the same antiserum 
and may therefore contribute to differences in total 
immunoreactive GIP measured by the different tech- 
niques. 

These differences in GIP antisera and assay tech- 
niques not only make comparisons between results 

from different laboratories impossible, but contribute 
to the confusion in the published data regarding plas- 
ma immunoreactive GIP concentrations and responses 
to different nutrients in patients with Type 2 diabetes 
mellitus. GIP is released not only during the absorp- 
tion of glucose [3, 5, 8] but also during the absorption 
of fat [3, 11, 16] and to a lesser extent amino acids [17]. 
We have previously shown that even in normal sub- 
jects glucose tolerance, B-cell secretory function and 
plasma immunoreactive GIP responses are quite dif- 
ferent following the ingestion of oral glucose com- 

�9 pared with mixed meals of equivalent carbohydrate 
content [18]. 

The aim of this study therefore was to describe the 
plasma immunoreactive GIP profiles to both oral glu- 
cose and standard mixe, d meals in both normal subjects 
and patients with Type 2 diabetes mellitus, using a GIP 
antiserum (R65) specific for the 5 Kd form of immu- 
noreactive GIP [19] which reacts with the extreme C ter- 
minal moiety of GIP [20]. 

Subjects and methods 

Thirty-one normal subjects and 68 newly diagnosed patients pre- 
viously untreated with Type 2 diabetes mellitus were studied. The 
normal subjects (20 males, 11 females) were aged 24-62 years (me- 
dian 38 years) weighed between 48 and 107 kg (median 76 kg) with 
body mass index (BMI) from 21 to 31 (median 27) and they had no 
family history of diabetes mellitus. The Type 2 diabetic patients 
comprised 51males and 17females. Their ages ranged from 
24-76 years (median 54 years), they weighed between 56 and 118 kg 
(median 82 kg) and their body mass index varied from 21 to 32 (me- 
dian 27). All subjects had normal plasma urea and creatinine 
concentrations and nonmal liver function tests. The study was ap- 
proved by the local ethical committee and informed consent was 
given by each subject. 

All subjects were studied on two consecutive days. They were 
given an oral glucose tolerance test (OGTT) (75 g) or meal tolerance 
test (MTr) (500 kcal-60% carbohydrate) in random order. The oral 
glucose challenge during the OGTT consisted of 75 g glucose dis- 
solved in 200 mls of water. The composition of the MT'f is shown in 
Table 1. It contained approximately 500 kcal made up of 20% protein, 
20% fat and 60% carbohydrate and therefore had a similar carbohy- 
drate content to the OGTI'. The subjects were allowed 10 rnin to con- 
sume the oral glucose or meals. 
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Fig.l,  Oral glucose tolerance test (OGTT: 75 g) in nor- 
mal subjects (- - -) (n= 31) and Type 2 (non-insulin-de- 
pendent) diabetic patients ( ) (n = 68). Mean + 
SEM concentrations of plasma glucose, insulin (IRI), 
C-peptide and glucose dependent insulinotropic poly- 
peptide (GIP). * p<0.05; ** p<0.001 

After a 10 h overnight fast the subjects were admitted to a meta- 
bolic unit, where they remained on bed-rest throughout the study; 
smoking was not permitted. An intravenous cannula (Venflon 19G) 
was inserted into an antecutibal fossa vein and connected with a 
threeway tap to a slow running infusion of NaC1 (0.154 mmol/1). At 
each sampling time point the NaC1 infusion was stopped and 2 ml of 
blood was withdrawn and discarded prior to obtaining the sample 
for analysis. Blood samples were taken at 8.30 h and immediately 
prior to the administration of the OGTT or MTT at 09.00 h and then 
at 30 min intervals for 4 h. At each time point plasma glucose, immu- 
noreactive insulin, C-peptide and GIP concentrations were 
measured. 

The blood was taken into fluoride tubes for plasma glucose deter- 
mination (glucose oxidase), and into lithium-heparin tubes containing 
1000 kallikrein inhibitory units of aprotinin (Novo A/S, Bagsvaerd, 
Denmark) for the determination of insulin [21], C-peptide [22] and im- 
munoreactive GIP levels [14]. All samples were collected on ice, cen- 
trifuged at 4~ and the supernatant stored at - 2 0 ~  until assay. The 
detection limit of immunoreactive insulin was 0.021 nmol/1 and the 
precision (SD within assay) was 0.009 nmol/1. The detection limit for 
C peptide was 0.035 nmol/1 and the precision 0.0115 nmol/1. Plasma 
immunoreactive GIP was measured using the R65 antiserum. Of all 
the antisera available this has one of the highest cross-reactivities with 
human GIP [13]. The GIP detection limit was 5 pmol/1 and the preci- 
sion 1.8 pmol/1. 

In order to exclude any effect of obesity, each group was sub- 
divided according to the BMI of the individual subjects. Those with a 
BMI of <25 were classified as lean and those >_25 as obese. 

Statistical analysis 

The results were expressed as means + SEM and the significance as- 
sessed using the Student's unpaired t-test. Apvalue of < 0.05 was con- 
sidered statistically significant. 

Results 

1. Oral Glucose Tolerance Test in normal subjets 
(n = 31) and Type 2 diabetic patients (n = 68) 

The mean+ SEM concentrations for plasma glucose,. 
insulin, C-peptide and immunoreactive GIP for both 
the normal subjects and diabetic patients are shown in 
Fig. l. 

In the normal subjects plasma glucose levels in- 
creased from a fasting value of 5.2+0.1 mmol/1 to a 
peak of 7.6 + 0.3 mmol/1 at 30 min. In contrast, the fast- 
ing plasma glucose value in the diabetic patients was 
significantly higher at 11.5 + 0.4 mmol/1 (p< 0.001) and 
increased to a higher peak concentration of 19.2+ 
0.6 mmol/1 at 90 min (p<O.O01). (31ucose levels were 
significantly higher in the diabetic patients compared 
with the normal subjects throughout the study 
(p<0.001). 

During the OGTT in the normal subjects insulin 
levels increased from a fasting value of 0.061_+ 
0.006 nmol/1 to a peak of 0.45 _+ 0.96 nmol/1 at 60 min. 
In the diabetic patients the fasting insulin level was 
significantly higher at 0.112 __ 0.009 nmol/1 (p< 0.001). 
Following the oral glucose load insulin levels 
increased to a lower and delayed peak value of 
only 0.281 _ 0.002 nmol/1 at 90 rain. The early insulin 
levels after the OGTT were significantly lower in the 
diabetic patients compared with the normal subjects at 
30 and 60min (p<0.001). The rise in insulin concen- 
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Fig.2. Meal tolerance test (MTI': 500 kcal, 60% 
CHO) in normal subjects (- - -) (n=31) and Type 2 
(non-insulin-dependent) diabetic patients ( ) 
(n = 68). Mean + SEM concentrations of plasma glu- 
cose, insulin (IRI), C-peptide and glucose dependent 
insulinotropic polypeptide (GIP). * p <  0.05; 
�9 * p<O.O1; *** p<O.O01_ 

tration in the diabetic patients was more prolonged 
with the values being significantly higher than those of 
the normal subjects from 150 to 240min 
(p< 0.05-0.001). 

C-peptide levels showed a similar pattern to the in- 
sulin response. In the normal subjects C-peptide 
values increased from a fasting level of 0.38-+ 
0.02 nmol/1 to a peak value of 1.61 -+ 0.13 nmol/1 at 
60 rain. In the diabetic patients the fasting C-peptide 
concentration was significantly higher at 0.59-+ 
0.04nmol/1 (p<0.01), and increased to a lower peak 
value of 1.26_+0.17 nmol/1 at 90 min. The C-peptide 
levels in the diabetic patients were significantly lower 
at 30min (p<0.01) and 60rain (p<0.001). Subse- 
quently the levels remained elevated longer in the 
diabetic patients the difference reaching significance 
towards the end of the study at 210 rain (t9< 0.05) and 
240 rain (p< 0.001). 

Fasting immunoreactive GIP levels were similar in 
the two groups. In the normal subjects plasma immu- 
noreactive GIP values increased from a fasting level of 
20.2_+ 3.3 pmol/1 to a peak of 68.5 _+ 5.2 pmol/1 at 
30 min. In the diabetic patients immunoreactive GIP 
values increased from 27.6_+2.8 pmol/1 to a higher 
peak concentration of 103.8_+6.3 pmol/1 at 30min 
(p<0.001). Immunoreactive GIP levels were signifi- 
cantly greater in the Type 2 diabetic patients compar- 
ed with the normal subjects from 30-90min 
(p< 0.01-0.001) during the OGTT. 

2. Meal tolerance test in normal subjects (n = 31) and 
Type 2 diabetic patients (n = 68) 

The mean_+ SEM plasma glucose, insulin, C-peptide 
and immunoreactive GIP concentration for the normal 
subjects and diabetic patients during the MTT are illus- 
trated in Fig. 2. 

During the Mq-T in the normal subjects the plasma 
glucose levels increased from a fasting value of 
5.0 _+ 0.1 mmol/1 to a peak level of 7.24_+ 0.2 mmol/1 at 
30 min. In the diabetic patients the fasting glucose con- 
centration was significantly higher at 11.2 _+ 0.2 mmol/1 
(p<0.001) and increased to a higher peak value of 

15.8_+0.48mmol/1 at 60min (p<0.001). Glucose 
values were significantly higher in the diabetic patients 
compared with the normal subjects throughout the 
study period (p< 0.001). 

During the MTI" insulin levels in the normal sub- 
jects increased from a pre-prandial value of 0.062_+ 
0.008 nmol/1 to a peak level of 0.509 _+ 0.04 nmol/1 at 
30min. In the diabetic patients the basal insulin 
concentration was significantly higher at 0.106_+ 
0.009 nmol/1 (p< 0.05). However, following the mixed 
meal and insulin levels it increased more slowly and 
was significantly lower in the diabetic patients after 
30min at only 0.22 -+ 0.016 nmol/1 (p<0.001) and 
reached a delayed peak of 0.439+_0.05 nmol/1 at 
120 min. Although t]he early insulin response was poor 
in the diabetic patients compared with the normal sub- 
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Fig. 3. Oral glucose tolerance test (OGTI': 75 g) in 
lean normal subjects (- - -) (n = 14), Body mass index 
(BMI) < 25) and lean Type 2 diabetic patients ( ) 
(n = 27, BMI >__ 25). Mean + SEM concentrations of 
plasma glucose, insulin (IRI), C-peptide and glucose 
dependent insulinotropic polypeptide (GIP). 
* p<0.05; ** p<0.01; *** p<0.001 

jects, the rise was more sustained in the diabetic patients 
and the plasma insulin levels were significantly higher 
from 120 to 240 min (t7< 0.05-0.001). 

C-peptide levels in the normal subjects increased 
during the MTT from 0.39_+ 0.03 nmol/1 to a peak 
value of 1.32• nmol/1 at 60min. In the diabetic 
patients the fasting C-peptide concentration increased 
more slowly to a delayed peak value of 1.39• 
0.13 nmol/l  at 150 min. The early C-peptide response 
was also lower in the diabetic patients compared with 
the normal subjects, but later reached higher values in 
the diabetic patients at 120min and from 180 to 
240 min (p< 0.05-0.00l). 

Pre-prandial plasma immunoreactive GIP levels 
were similar in the two groups. In the normal subjects 
immunoreactive GIP levels increased from a fasting 
level of 22.0 _+ 4.0 pmol/1 to a peak of 92.9 • 5.9 pmol/1 
at 90 mi'n. In the diabetic patients immunoreactive GIP 
values increased from 25.4• to a higher 
peak concentration of 113.4• at 60min 
(p<0.001). Immunoreactive GIP levels were signifi- 
cantly higher in the diabetic patients compared with the 
normal subjects in response to the MTT at 30 min 
(p<0.001), 60min (p<0.01) and from 210 to 240min 
(p<0.05). 

3. Oral glucose tolerance test in lean normal subjects 
(n = 14) and lean Type 2 diabetic patients (n = 27) 

The mean•  SEM plasma glucose, insulin C-peptide 
and immunoreactive GIP concentrations are shown in 
Fig. 3. As in the whole group, glucose values and fasting 

insulin concentrations were significantly higher in the 
lean diabetic patients. Insulin and C-peptide levels rose 
more slowly in the diabetic patients to delayed and 
lower peak values (p< 0.001), but the rise was more sus- 
tained becoming significantly higher from 180-240 min 
(p<0.001). 

Fasting immunoreactive-GIP levels were similar in 
each group. Immunoreactive GIP values increased in 
the lean normal subjects from a fasting level of 
19.4_5.6pmol/1 to a peak of 55.6• at 
30rain and in the lean diabetic patients from 
31.0 • 5.7 pmol/1 to a greater level of  93.6_+ 9.2 pmol/1 
at 60 min (p<0.01). Immunoreactive GIP levels were 
significantly higher in the lean diabetic patients from 
30-90 min (p< 0.05-0.01). 

4. Meal tolerance test in lean normal subjects (n = 14) 
and lean Type 2 diabetic patients (n=27) 

The mean_+ SEM plasma glucose, insulin, C-peptide 
and immunoreactive GIP concentrations are illustrated 
in Fig. 4. 

Glucose values and B-cell response showed a simi- 
lar pattern during the MTT as they had following the 
OGTT. Pre-prandial immunoreactive GIP levels were 
similar in both groups. In the lean normal subjects im- 
munoreactive GIP levels increased from a fasting value 
of 21.2+3.7 pmol/l  to a peak of 91.6+13.7 pmol/1 at 
90 min. In the lean diabetic patients immunoreac- 
tive GIP values increased from a pre-prandial concen- 
tration of 27.1+3.8pmol/1 to a higher peak of 



Jones et al.: Glucose dependent insulinotropic polypeptide in Type 2 diabetes, oral glucose and meal tolerance tests 

15,0 

I0.0 

5.0 

0 

: . . * *  . 

/ ' i - .  

~, L-. 

673 

0 4 8  

0 40 

032  

0.24 

0.16 

0.08 

I 120 
j 
! \ 1oo 

. t 

i , * 80 

! " ~ , 4 o  ; ~ 

20 
- 2 " - ' ~  " ~ ' - - " 2  

0 
i I I I I ! t ~ / 

- 3 0  0 60 120 180 240 m i n  
t 

MTT 

. I 

I I ! I I I I I I --30 0 60 120 180 240 r a i n  
I 

MTT 

Fig.4. Meal tolerance test (MTT: 500 kcal, 60% 
CHO) in lean normal subjects (- - -) (n= 14, Body 
mass index (BMI) < 25) and lean Type 2 (non-insulin- 
dependent) diabetic patients ( ) (n = 27, 
BMI >__ 25)./~[ean + SEM concentrations of plasma 
glucose, insulin (IRI), C peptide and glucose depen- 
dent insulinotropic polypeptide (GIP). * p<0.05; 
�9 * p<0.01; *** p<0.00l 

20.0 

150  

100 

5.0 

0 

0 64 

,11 

o . 2 - -  - 2 - .  

0.56 

0 4 8  

0.40 

0.32 

024  

0.16 

o.oe -l'"i 

0 
! i 

- 3 0  0 

OGTT 

~_ ,.2 F" 

~ 0.6 

0 

, ' \  

I 

I 120 I 

'~'! 100 

' L \, 
' ~ .  80 

, ~ 40 

it 2o 

I i I I f 1 I 

60 120 180 240 m i n  

/ ",,,[ 

I ! I I I I ! I ! , 

--30 0 60 120 100 240 r a i n  
1 

OGI-I" 

Fig.5. Oral glucose tolerance test (OGTT: 75 g) in obese 
normal subjects (- - -) (n = 17, Body mass index 
(BMI) < 25) and obese Type 2 (non-insulin-dependent) 
diabetic patients ( ) (n = 41, BMI >_ 25). Mean + 
SEM concentrations of plasma glucose, insulin (IRI), C- 
peptide and glucose dependent insulinotropic polypep- 
tide (GIP). * p<0.05; ** p<0.01; *** p<0.001 



674 

1 5 0  

100 

E 

o 513 

Jones et al.: Glucose dependent insulinotropic polypeptide in Type 2 diabetes, oral glucose and meal tolerance tests 

A , ' ,  �9 

. . . t . .  

1.2 
c 

0.6 

0 

c 

0.5fi - 

048 I 

4o I- 

0 3 2  

024  

0.16 

0 08 _t--- i 

120 

tO0 

8O 

~. 6 0  

0 
I . I  ~ I ~0 ! I A I  

~30 0 6 | lS0 240 rain 
t 

MTT 

A 
i 

4o l 

20  

0 
i I 

- 3 0  0 
1 

M T T  

k 

b 

,I 

t ", 

I I I I I I I 
6 0  120 180 2 4 0  rain 
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bohydrate) in obese normal subjects (- - -) (n= 17, 
Body mass index (BMI) < 25) and obese Type 2 
diabetic patients ( ) (n=41, BMI_> 25). Mean+ 
SEM concentrations of plasma glucose, insulin (IRI), 
C-peptide and glucose dependent insulinotropic 
polypeptide (GIP). * p<0.05; ** p<0.01; 
�9 ** p <  0.00t 

108.9 +pmol/1 at 90 min. Post-prandial immunoreac- 
tive GIP levels were significantly higher in the lean 
diabetic patients at 30 min (p< 0.05), 60 min (p< 0.01), 
120min (/7<0.05) and from 180-240min (p<0.05- 
0.001). 

5. Oral glucose tolerance test in obese normal subjects 
(n = 17) and obese Type 2 diabetic patients (n = 41) 

Mean_+ SEM plasma glucose, insulin, C-peptide and 
immunoreactive GIP concentrations are shown in 
Fig.5. 

Glucose, insulin and C-peptide concentrations 
showed a similar pattern in the obese group as previously 
described for lean subjects. Basal immunoreactive GIP 
levels were again similar in the two groups. Immunoreac- 
tive GIP levels increased in the obese normal subjects 
from a fasting value of 20.3 _+ 5.1 pmol/1 to a peak con- 
centration of 78.7_+ 6.2 pmol/1 at 30 min and in the obese 
diabetic patients from a fasting level of 25.4 + 2.6 pmol/1 
to a higher peak of 110.8 + 8.0 pmol/1 at 30 min (p < 0.05). 
The immunoreactive GIP concentration remained 
higher in the obese diabetic patients at 60 min (p< 0.005). 

6. Meal tolerance test in obese normal subjects (n = 17) 
and obese Type 2 diabetic patients (n =41) 

Mean _+ SEM plasma glucose, insulin, C-peptide immu- 
noreactive GIP concentrations are illustrated in Fig. 6. 

Differences in glucose values and B cell secretion 
were similar to those previously described for the other 
subgroups as were changes in immunoreactive GIP 
concentrations. Pre-prandial immunoreactive GIP lev- 
els were virtually identical in the obese normal and 
obese diabetic subjects. The peak post-prandial immu- 
noreactive GIP level was higher in the obese diabetic 
patients at 117.1+9.9pmol/1 compared with a peak 
97.2+11.8pmol/1 in the obese normal subjects 
(p< 0.05). The early rise in the immunoreactive GIP 
levels was greater in the diabetic patients and was signi- 
ficantly higher at 30 rain (p< 0.05). 

Discussion 

Fasting plasma immunoreactive GIP concentrations 
were similar in the normal subjects and Type 2 diabetic 
patients, whereas, endogenously stimulated immunore- 
active GIP levels were significantly greater in the 
diabetic patients following both oral glucose and mixed 
meals. The difference in plasma immunoreactive GIP 
response in the patients with Type 2 diabetes mellitus 
was maximal during the early part of the oral carbohy- 
drate tolerance tests being significantly greater from 30 
to 90 min during the OGTT and from 30-60 min during 
the MTF. Following the mixed meals immunoreactive- 
GIP levels were higher throughout the study in the 
diabetic patients and this difference remained at 210 
and 240 min. 
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The association between obesity and an increased 
immunoreactive GIP response is still controversial. 
Some studies have described normal levels in obesity 
[9, 23], but others have reported that excess nutrient in- 
gestion leads to an increased immunoreactive GIP re- 
sponse [24], and exaggerated immunoreactive GIP lev- 
els have been observed following mixed meals [25, 261. 
The group of patients with diabetes mellitus in this 
study were slightly more obese than the normal 
control subjects and therefore, to exclude any com- 
pounding effect of obesity, the two groups were sub- 
divided into lean and obese subjects depending 
on their body mass index. On comparing the lean 
diabetic patients with the lean normal subjects the 
exaggerated immunoreactive GIP response observed 
in the whole group was still present following both the 
oral glucose and mixed meals. The obese normal 
subjects have previously been found to have an 
exaggerated immunoreactive GIP response compared 
with lean normal subjects [27], but when compared 
with the obese diabetic patients the immunoreactive- 
GIP levels were increased even further in the diabetic 
group following both glucose and meals, confirming 
the association between the diabetes and the exagger- 
ated immunoreactive GIP response. Endogenously 
stimulated immunoreactive GIP concentrations are 
therefore increased in Type 2 diabetes mellitus per se 
and this is independent of any possible effect of 
obesity. 

Increased stimulated immunoreactive GIP respon- 
ses in diabetes mellitus have been previously described 
by some groups [3, 5, 8] while others have found in- 
creased fasting and stimulated concentrations of immu- 
noreactive GIP [4]. In complete contrast further studies 
have found normal or even decreased immunoreactive 
GIP responses in diabetic patients [6, 7, 9]. We believe 
that the main reasons for the conflicting immunoreac- 
tive GIP responses described concerns the use of differ- 
ent GIP antisera, assay methodologies and heteroge- 
neity of the population groups studied. 

GIP antisera all cross-react with the 15-42 C-termi- 
nal fragment of the GIP molecule, which is the region 
where structural differences between porcine and 
human GIP are found [15]. Various antisera have 
marked differences in cross-reactivity with human GIP 
[12-14], resulting in wide variation in plasma immu- 
noreactive GIP concentrations measured with differ- 
ent GIP antisera [10, 11]. GIP is present in plasma in 
5 Kd and 8 Kd forms and the various antisera cross- 
react differently with the two forms. Although the 
8 Kd component may influence the absolute immu- 
noreactive GIP concentration it probably does not sig- 
nificantly alter endogenously stimulated incremental 
immunoreactive GIP values, as changes in the 8 Kd 
form are small and inconsistent and the main increase 
in immunoreactive GIP following both oral glucose 
and fat is due to an increase in the 5 Kd form [14]. 
Plasma immunoreactive GIP levels in this study were 

all measured with an antiserum (R65) that of all the 
antisera available has one of the highest cross-reac- 
tivities with the 5 Kd form of GIP [13]. Antibodies that 
detect the 8 Kd form would clearly influence the total 
GIP mainly in the basal state and its contribution to 
total concentration measured would decrease in the 
post-prandial state. Increased fasting immunoreactive 
GIP concentrations in diabetes mellitus were demon- 
strated using an antiserum that also detects variable 
amounts of the 8 Kd form [4], the significance of 
which remains uncertain. Another factor contributing 
to the variability in results found, is the immunoreac- 
tive GIP detected in the void volume. This possibly 
represents a complex formed by the non-specific bind- 
ing of GIP to large molecular weight proteins. Void 
volume immunoreactive GIP has been shown to vary 
enormously both within and between subjects [14], and 
could contribute significantly to total immunoreactive 
GIP concentrations measured in assays using unex- 
tracted plasma. This would make differences in biol- 
ogically active GIP more difficult to demonstrate 
when comparing different groups, and may contribute 
to the failure of some studies to demonstrate a dif- 
ference between immunoreactive GIP response in nor- 
mal subjects and patients with diabetes mellitus. 

Other factors probably contributing to the var- 
iability of immunoreactive GIP responses observed 
are the heterogeneity of patient studies, and the use of 
a variety of oral glucose loads [3-5] and markedly 
different test meals [6, 7, 9] to stimulate GIP release. 
Patients with Type 2 diabetes mellitus are a hetero- 
geneous group anyway but this has often been further 
complicated previously by not matching for obesity [4] 
and studying patients that had been treated by 
diet and oral hypoglycaemic agents [3-5]. We there- 
fore only studied patients at the time of diagnosis 
before they were given any dietary advice or oral hy- 
poglycaemic therapy. In addition to having an ex- 
aggerated immunoreactive GIP response the Type 2 

-diabetic patients were characterized by basal hyperin- 
sulinaemia associated 'with a poor and delayed B-cell 
response to both oral glucose and meal tests when 
compared with the normal subjects. The rise in insulin 
and C-peptide concentrations in the diabetic patients 
was however more prolonged and resulted in signifi- 
cantly higher levels towards the end of the 4 h study 
periods. 

The mechanism for the increased immunoreactive 
GIP response in the diabetic patients is not clear. It is 
possible that the early increase in plasma immunore- 
active GIP to significantly higher levels in the diabetic 
patients results from a lack of negative feedback by in- 
sulin, the concentration of which is relatively low dur- 
ing the early post-prandial period. A negative feed- 
back by insulin in GIP release has, however, only been 
described following fat stimulated immunoreactive 
GIP release and not glucose stimulated immunoreac- 
rive GIP release [26]. The increased immunoreactive 
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GIP response in the diabetic patients was present not 
only during the meals which did contain a significant 
quantity of fat, but also following the oral glucose 
which makes a lack of negative feedback by insulin an 
unlikely explantation. It has been reported that C-pep- 
tide may not be biologically inactive and may have an 
inhibitory effect on GIP release [28]. The low early C- 
peptide concentrations in the diabetic patients would 
be consistent with this hypothesis, although, this re- 
ported role for C-peptide has never been confirmed. 
GIP release is also influenced by the autonomic ner- 
vous system [26, 29, 30]. The diabetic patients were all 
newly diagnosed and therefore a significant abnor- 
mality of the autonomic nervous system is an unlikely 
explantation for the increased immunoreactive GIP 
levels. A significant proportion of the diabetic patients, 
however, had background retinopathy (18%) indicat- 
ing that in many of them the disease had probably 
been present for some time prior to diagnosis. Auto- 
nomic function tests were not formally performed on 
these patients and although it is still unlikely, the 
possibility of autonomic dysfunction contributing to 
the exaggerated immunoreactive-GIP response cannot 
be totally discounted. 

Whatever the mechanism of the increased immu- 
noreactive GIP concentrations in Type 2 diabetes melli- 
tus its pathophysiological significance is even less clear. 
It is possible that the enhanced GIP response in Type 2 
diabetes is a compensatory mechanism attempting to 
improve the failing B-cell function particularly during 
the early post-prandial period. The overall effect of in- 
creased immunoreactive GIP levels on insulin secretion 
in Type 2 diabetes mellitus, however, is likely to be 
small as Type 2 diabetic patients have been shown to 
have a reduced incretin effect [34] and their B cells are 
less sensitive to the exogenous infusion of porcine GIP 
[351. 

In conclusion, Type 2 diabetes mellitus is associated 
with normal fasting immunoreactive GIP concentra- 
tions but an exaggerated immunoreactive GIP response 
to both oral glucose and mixed meals. 
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