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To the Editor: As we stated in our original paper [1], our
intention was to define the level of glycaemia at which
pancreatic insulin secretion begins to decline. We were
careful throughout to emphasise that we were concerned
not with causal relationships but with identifying the prin-
cipal accompaniments of deteriorating fasting plasma glu-
cose (FPG) levels in the sub-diabetic range. We agree with
Abdul-Ghani and DeFronzo that the decline in IVGTT
first-phase insulin secretion that accompanies the rise in
FPG does not necessarily indicate a causal relationship [2].
Nevertheless, in our study, the decline in first-phase pan-
creatic insulin secretion was by far the most striking feature
that accompanied increasing glucose levels. As Abdul-
Ghani and DeFronzo affirm, the important aspect of this
decline was that it occurred within ranges of glucose con-
centrations hitherto considered normal.

In drawing attention to glucotoxicity and the sensitivity
of pancreatic insulin secretion to rising glucose levels,
Abdul-Ghani and DeFronzo raise an important mechanistic
possibility. This does, however, pose a potential ‘chicken
and egg’ problem, since glucose concentrations would
have to rise for there to be deficient pancreatic insulin
secretion, but there might have to be deficient insulin se-
cretion for glucose concentrations to rise. Which comes
first? One possibility, which they allude to, is that it is not
decreasing insulin secretion that sets glucose levels rising

but decreasing insulin sensitivity. Our finding that there
was little change in insulin sensitivity with increasing FPG
appears contrary to the weight of evidence in this respect.

Abdul-Ghani and DeFronzo raise the possibility that our
IVGTT protocol was not sensitive enough to detect im-
paired insulin sensitivity [2]. That this is not the case is
illustrated by our previous publications, which attest to the
ability of our protocol to detect diminished insulin
sensitivity in a variety of circumstances and to detect sig-
nificant associations with metabolic correlates of insulin
sensitivity at a strength equivalent to that seen with other
protocols and methodologies (see [3–6] for examples).
Abdul-Ghani and DeFronzo also question the relevance of
conclusions regarding pancreatic insulin secretion based on
the non-physiological intravenous route of administration.
However, they point out that, consistent with our results
[1], in their own studies using the OGTT [7] there was a
decline in the OGTT plasma insulin response with in-
creasing FPG at levels >5.6 mmol/l. It is also noteworthy
that in the study of Ozaki et al. of 8,923 men and women in
Japan, in which OGTT insulin concentrations at 30 and
120 min provided indices of early- and late-phase insulin
secretion, relationships were noted between plasma insulin
concentrations and FPG levels in the range 4.4–8.3 mmol/l
that were similar to those we distinguished between pan-
creatic insulin secretion and FPG [8].

With regard to the apparent lack of association between
insulin sensitivity and FPG in our study, the critical point to
note is that, as stated in the table legend, the data we
reported in Table 2 was standardised for age and BMI. As
shown in Table 4 of our paper, we did, in fact, identify a
significant association between increasing FPG and de-
clining insulin sensitivity, but, in contrast to the various
insulin secretion measures, this association ceased to be
significant in multiple linear regression analysis when age
and BMI were taken into account. The key covariate in this
loss of significance appeared to be BMI.

Interestingly, the discrepancy between the effect of
standardisation for BMI on the associations of FPG with
both insulin sensitivity and insulin secretion might provide
a clue as to how the cycle of rising FPG concentrations and
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declining pancreatic insulin secretion becomes established.
Increasing adiposity is associated with increasing circulat-
ing levels of NEFAs and cytokines, which can adversely
affect both insulin sensitivity and pancreatic insulin se-
cretion [9]. As mentioned, insulin secretion is also ad-
versely affected by increasing glucose levels, but this may
not be the case for insulin sensitivity. Increasing adiposity
could, therefore, set in motion a self-sustaining cycle of
increasing plasma glucose levels and decreasing insulin
secretion, with declining insulin sensitivity as a second-
ary accompaniment. Consequently, standardisation for
BMI eliminates the association between increasing FPG
and decreasing insulin sensitivity, but not that between
increasing FPG and decreasing insulin secretion. This is,
of course, a hypothetical possibility that will need further
investigation. It could, however, explain how our stan-
dardisation for BMI could eliminate the significant as-
sociation between FPG and insulin sensitivity, but not
that between FPG and insulin secretion.
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