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Introduction
The reporting in literature of the syndrome of fasting 
hyperglycaemia with post pranidal euglycaemia is sparse. The 
true prevalence / incidence is not known. Late detection, at 
the stage of established DM2 might be one reason to miss it 
and uncertainty of significance may be the reason for under 
reporting. This syndrome is distinct from the Dawn phenomena 
and Somogyi phenomena, on one hand as having the element 
of elevated Fasting blood sugar level and on the other hand the 
idiopathic /reactive post pranidal hypoglycaemias which are 
though captioned as entities with low post pranidal blood sugar 
(PPBS); they are Infact conditions in which the blood sugar levels 
are at hypoglycaemic level. Whereas in the present reported 
syndrome the PPBS is in euglycaemic level. The very existence 
of this syndrome questions the accepted conclusions of some of 
the studies alluded to below like UK Prospective diet study and 
Belfast study. Though appearing as naive, the solution to the 
problem offered, if proved on verification to be correct, not only 
vindicates the stand taken by the new hypothesis proposed vide 
infra, but also is simple and keeps medication at bay for at least 
time being!
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Discussion
The established cases of DM2 are characterised by both fasting 
and post pranidal hyperglycaemia. First to appear is the Fasting 
Hyperglycaemia (FHG), followed by post pranidal hyperglycaemia. 
There is a stage of impaired glucose tolerance or ‘pre-diabetic’ 
stage before the established. Conventionally the blood sugar (BS) 
range between 110 to 125 mg/dl is considered as indicative of 
pre- diabetes, while FBS above 126 mg/dl is taken as established 
DM2. Few cases are seen with increased FBS but normal PPBS. 
This perhaps represents a transitional state before the onset 
of established DM2. It is also possible to miss this stage due to 
late presentation of cases of DM2 by which time both FBS and 
PPBS levels are raised beyond normal range. In any case it also 
indicates that the pathogenesis of increased FBS and PPBS are 
different and established diabetes mellitus II evolves sequentially 
in two stages mainly.

Traditionally the raised FBS is explained by increased endogenous 
glucose production (EGP) and decreased tissue uptake of glucose. 
The former results from increased gluconeogenesis (GN) mainly 
and the later is attributed to the insulin resistance (IR) of the 
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to GLUT 2 failure and resistance to the secreted insulin is 
debatable. Insulin resistance may be interpreted as that, insulin 
is secreted in response to increased FBS, but is ineffective. 
This interpretation testifies the observed phenomena in DM 
2, i.e., ‘the hyperinsulinemia’ which is explained as pancreatic 
B cell’s effort to overcome the increase in insulin resistance as 
evidenced by higher and higher levels of FBS, in compensate 
by producing more and more insulin, ultimately resulting in 
the observed hyperinsulinemia in DM2. But how the B-cells 
actually do this increased production is not explained. On the 
other hand, if GLUT 2 is inhibited how could B cells achieve this 
increased production? This leads one to doubt whether the 
increased production or decreased clearance is responsible for 
persistent hyperinsulinemia. The degradation rates of insulin 
in diabetics and non-diabetics are said to be not different. It 
must be remembered that the insulin is degraded not only by 
the IDE, but also by the internalised functional insulin receptor 
with subsequent degradation in lysosomes of the target cells. It is 
perhaps reasonable to suggest that since insulin receptor is non-
functional in DM2 due to insulin resistance, the part of insulin that 
is normally degrade by above said internalised receptor is left out 
and may contribute to the hyperinsulinemia. This perhaps is the 
original concept of this author as no reference to it is found in the 
literature. However this unutised fraction is responsible for the 
observed hyperinsulinemia is not known. It must be accepted that 
the actual mechanism of hyperinsulinemia is far from being clear 
as the mechanism of the agreed increase in insulin production is 
not ever questioned nor evidence to that extent is adduced so 
far. So the last word on the cause of hyperinsulinemia in DM 2 is 
yet to be said.

The common ground to failure of glucose sensing mechanism 
due to GLUT 2 failure and hyperinsulinemia is the accepted 
B cell dysfunction in DM2. The dysfunction may decrease or 
increase the insulin secretion till the ultimate stage of B cell 
exhaustion is reached when they no longer secrete insulin. The 
B cell dysfunction brings us face to face with two associated and 
accepted phenomena in the pathogenesis of DM2. They are loss 
of first phase insulin secretion and loss of pulsatile nature of 
the insulin secretion. The relevance of these two to the present 
context of increased FBS and normal PPBS remains to be explored. 
This is so because the PPBS whose pathogenesis is conceded to 
be different from that of FB, has something to do with it.

It is believed that both the above phenomena occur in the 
pathogenesis of DM 2 sometime when the position changes from 
IGT to established DM2 i.e., in the transitory stage in between.  
Hence already the first part of increased FBS is explained and 
what remains to be explained is how still the PPBS is normal with 
FBS raised.

Role of k ATP channels vs. impaired glycolysis in 
B-cells
Failure of GLUT 2 to transfer glucose into the B- cells and 
consequent impaired glucokinase sensor mechanism is expected 
to impair glycolysis in the B- cells. Inhibition of the glycolytic 
enzymes i.e., the PFK and PDH were suggested by Randle in his 

target organs mainly the liver and skeletal muscle. It is interesting 
to note that in normal physiological conditions, any addition 
of sugar to the blood is promptly followed by an appropriate 
secretion of insulin by pancreas so that the BS level is normalised. 
This seems to be lost in DM2 as evidenced by persisting raise 
in FBS due to a defect in early events in insulin secretion. 
If any increase in BS in normally elicits a surge of insulin, why 
increase in fasting blood sugar (FBS) due to increased EGP 
doesn’t elicit matching insulin secretion? A close look at the 
normal physiology of insulin secretion is needed to answer this 
question. The following events occur whenever there is raise in 
physiological limits of blood glucose. Glucose is transported into 
B-cell by GLUT 2. The glucose sensor-the glucokinase, by 
coupling of glucose to phosphate forms G-6P, which is the first 
rate limiting step of glycolysis. The glycolysis and oxidative 
phosphorylation results in production of adenosine triphosphate 
(ATP). This energy causes membrane depolarisation which 
causes the closure of voltage gated potassium (K) channels. As 
a consequence the increased influx of ca into the cell occurs, 
leading to Exocytosis of insulin. Before this final step, proinsulin 
is converted into preinsulin, which is cleaved into insulin and c 
peptide both of which are secreted by an autocrine mechanism. 
Dysregulation can occur :

1) At the level of GLUT 2;

2) Glucose sensing by glucokinase; 

3) At the level of glycolysis;

4) At the level of closure of voltage gated K channels; 

5) Modulations of intracellular calcium; 

6) Defective first phase insulin secretion; 

7) Loss of pulsatile insulin secretion is believed to be involved 
in the pathogenesis of DM2.

The failure of glucose sensor mechanism by 
glukokinase vs. GLUT 2 failure 
The glucokinase is found to be normal in DM2 glucose flux 
through glucokinase at basal insulin level is impaired in DM2 [1]. 
The glucose from the blood is transported by GLUT 2, failure of 
which is responsible for the non- functional glucokinase sensor 
mechanism. GLUT 2 is inhibited by increased FFA in blood [2]. 
The later is a known consequence of increased lipolysis under the 
influence of glucogon which shifts the energy metabolism from 
carbohydrate based (glycolysis) to fats (B oxidation). Incidentally 
the same shift in energy metabolism also explains the increased 
GN that is responsible for increased FBS as seen in DM2. So, it is 
reasonable to think to think that the cause and failure to control 
increased FBS are due to a single cause, i.e., increased FFA/B- 
oxidation of fats. It is also known that chronic exposure of B- cells 
to increased FFA will inhibit the insulin secretion of insulin due 
to lipotoxicity and also insulin action leading to insulin resistance 
which is seen to be the advocated cause of persistence of high 
FBS due to failure of the peripheral utilisation of insulin. 

The relative contribution of the failure to secrete insulin due 
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Randle cycle, [3] as early as 1963. This inhibited PFK function lead 
to the proposal of DOM hypothesis, which trace these defects 
subsequent events.

The DOM (dual oscillatory mode) hypothesis
Dual Oscillator Model (DOM), consists of a slow metabolic 
oscillator based on the glycolytic enzyme phosphofructokinase 
(PFK), and an electrical or ionic oscillator, which is mediated 
by negative feedback of intracellular free Ca on K-Ca channels 
and changes in ATP/ADP acting on the ATP-sensitive potassium 
channels of the beta cell (K ATP channels) [4,5] According to this 
hypothesis, the cyclic activity of PFK leads to slow oscillations in 
ATP/ADP, which cyclically regulate KATP channel activity in the 
beta cell plasma oscillators and action potentials, resulting in 
the increase in Ca that triggers insulin granule exocytosis. The 
inhibited PFK in DM2 may explain the closure of K ATP channels 
and the loss of pulsatile insulin secretion (see below) as per this 
hypothesis.

The role of intracellular calcium ion oscillations
This pulsatile β-cell secretion pattern is controlled by an intrinsic 
rhythm of intracellular Ca2+ oscillations [6].

First phase insulin secretion
The earliest detectable defect in β-cell function is commonly 
thought to be a reduction in first-phase insulin release [7] Studies 
found that first-phase insulin was reduced in individuals with 
plasma glucose in upper ranges of normal and was essentially 
absent in people with fasting hyperglycemia [8,9] People with 
IGT had reduced plasma insulin levels at 30 min after glucose 
ingestion (first phase insulin secretion) and “normal or increased” 
plasma insulin levels at 120 min (2nd phase insulin) release [10]. It 
is not intended to go into the details of these 2 phases of insulin 
secretion and the readers are advised to consult appropriate 
sources. The concept that insulin resistance precedes β-cell failure 
in the progression to type 2-diabetes became widely believed 
[11] and was considered a hindrance to accepting the loss of first 
phase insulin secretion as the initiating event. The normal PPBS 
are considered as an index of intact ‘first phase release of the 
insulin’. Needless to say that when this is lost the PPBS is no longer 
normal and the second criteria DM2 i.e., the increased PPBS are 
fulfilled. It is a known fact that insulin response to intravenously 
administered is lower than that induced via enteric route either 
as glucose (oral GTT) or food- the so called ‘incretin effect’. Also it 
is seen that even though the EPG induced secretion is resistant to 
insulin action, the incretin effect still effective. So the first phase 
insulin action is with respect to food or (oral GTT) is still intact. 
There is unanimity that first phase insulin is reduced in those with 
IGT as well as their first degree relatives. In addition they had 
insulin resistance also. Normal persons with first degree relatives 
had B cell dysfunction but no insulin resistance. There is debate 
(as referred to above) as to whether insulin resistance or the B 
cell dysfunction is the earliest change to appear in DM2. Also out 
of the two which the genetic determinant first to be manifested 
in the course of development of DM2. 

There are two issues in the literature to be resolved in this 

context:

1) It is opined that B cell dysfunction compensates and balances 
the insulin resistance and when the compensation fails, 
DM2 develops.

The compensation the B cells are known to offer is 
hyperinsulinemia to get over the insulin resistance. This is a futile 
attempt and only worsens the situation as hyperinsulinemia is 
known to increase IR.

2) The evidence in literature favours that B cell dysfunction has 
genetic basis and appears earlier than insulin resistance. 
findings of the U.K. Prospective Diabetes Study [12] and 
Belfast Diet Study [13] demonstrating an ∼50% reduction 
in β-cell function at diagnosis of type 2 diabetes and 
subsequent further deterioration without an associated 
change in insulin sensitivity.

Under the circumstances of the above said facts, this syndrome 
under reference, assumes special importance. If the first phase 
insulin secretion is lost earlier than insulin resistance, the 
increased FBS of this syndrome which is explained by IR need to be 
changed to be due to loss of first phase insulin secretion. If that is 
the case how the preserved function of normal PPBS is explained 
as is seen in the syndrome under consideration? Increased FBS 
with normal GTT is a known phenomenon especially in early 
detected diabetes 2 cases. 

Loss of pulsatile nature of insulin secretion
Pulsatility occurs in healthy human subjects [14] and found 
disturbed pulsatility in subjects with [15] early stages of type 2 
diabetes development. β-Cell mass is reduced by approximately 
40-65% when patients present with type 2 diabetes. To 
compensate for decreased β-cell mass, the remaining β-cells 
produce high levels of insulin, but the pulsatile secretion pattern 
is modified in that the insulin pulses are markedly attenuated. 
This altered insulin secretion has several consequences, including 
effects on the autocrine regulation of insulin secretion, higher 
plasma levels of uncleaved proinsulin and development of hepatic 
insulin resistance in both animals and humans. In addition, more 
insulin seems to escape hepatic retention, leading to elevated 
peripheral insulin levels. Insulin resistance has partly been 
ascribed to decreased number and down regulation of insulin 
receptors with subsequent effects on the intracellular signalling 
system, including insulin receptor substrate 1 (IRS-1), ISR-2, 
Aki and Foxo 1 end with the pulsatile infusion. These findings 
provide the first direct evidence that the loss of pulsatile insulin 
secretion leads to intrahepatic molecular changes and altered 
gene expression consistent with the development of hepatic 
insulin resistance. Moreover, pulsatile insulin administration was 
accompanied by a modest decrease in plasma glucose levels, 
whereas both the constant infusion and the type 2 diabetes–
mimicking infusion resulted in increased plasma glucose.

Insulin pulsations vs. insulin clearance
Studies of the effects of insulin pulses on hepatic insulin clearance 
as large amplitude insulin pulses, whether they are experimentally 
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imposed [16] or secreted endogenously result in more extensive 
insulin clearance than smaller pulses as demonstrated in dogs 
rats and humans [16], as discussed below. Recent data [17] have 
revealed that glucagon can directly contribute to the loss of 
insulin secretion by stimulating secretion from the liver of kiss 
peptin, a peptide that inhibits insulin secretion beta-cell electrical 
activity is dependent on the influx of Ca2+ ions [18,19] that its 
oscillations increase in duty cycle or plateau fraction as glucose 
increases [20], and that it leads to the rise in beta cell intracellular 
free Ca2+ that drives the periodic exocytosis of insulin from the 
beta cells [21]. Same objection to one raised in the case of loss of 
first phase insulin secretion holds good here also. If increased FBS 
is caused by the loss of pulsatile nature of insulin secretion, how 
euglycaemia part of the syndrome is explained? In other words, 
If the damage occurred at increased FBS level itself how can 
normalcy (euglycaemia) can be expected at a later or subsequent 
time? Thus the existence of this syndrome is a stumbling block to 
the either to unquestioned concepts.

Therapeutic application
The proof of pudding is in its eating. The hypothesis advanced 
indirectly links the increased FBS in DM2 to overnight fasting 
itself! This is because eating normalises the BS (PPBS). This is 
attributed to the food stimulated increasing effect which persists 
even when insulin resistance has began, as evidenced by raised 
FBS. So, though a fanciful idea, will a snack or two at midnight 
help prevent the fasting hyperglycemia as seen in this syndrome? 
A trial costs nothing except the cost  of a snack !It must be noted 
that this solution is suggested on rational already explained, to 
this particular syndrome under consideration, but not to the fully 
established DM2 where both FBS and PPBS are both elevated 
implying the loss already of the first phase insulin action.

Conclusion
The syndrome of fasting hyperglycemia with post pranidal 
euglycaemia is interpreted as an intermediate stage in the final 
evolution of fully developed DM2 - the guidelines of diagnosis of 
which are unambiguous. A lid is placed on the controversies of 
earlier contentions that whether the loss of first phase insulin 

secretion or loss of the pulsatile nature of insulin secretion on 
one hand and Beta cell dysfunction / the insulin resistance is 
the earlier and primary event [22,23]. It is hypothesised that the 
earliest change in the chain of events finally leading to insulin 
secretion, is failure of GLUT 2 sensor mechanism and that the first 
phase insulin secretion is still effective due to preserved incretin 
effect following ingestion of food as evidenced by normalisation 
of PPBS even though FBS is raised. Further both the high FBS and 
GLUT 2 defect are noth explained by single pathology ie high FFA 
levels/ B-oxidation [24-35].

Further it is reiterated that this syndrome negates the conclusion 
of UK prospective diet study and Belfast studies as referred to 
in the on-going discussion above, which put loss of Beta cell 
dysfunction as occur in earlier to the development of insulin 
resistance. Intact, preservation of the first phase insulin action 
in post pranidal state, is brought to fore and basing on this a 
tentative non-drug therapy of offering a snack at midnight as a 
solution to the fasting hyperglycemia part of this syndrome, is 
suggested, though fanciple as the idea may appear. It is cautioned 
that the same might not work when PPBS is also raised, as 
obviously, first phase insulin action is already lost by that time 
[24-35].
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