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We hypothesized that the relative contribution of fasting plasma glucose (FPG) versus postprandial plasma glucose (PPG) to
glycated haemoglobin (HbA1c) could be calculated using an algorithm developed by the A1c-Derived Average Glucose (ADAG)
study group to make HbA1c values more clinically relevant to patients. The algorithm estimates average glucose (eAG) exposure,
which can be used to calculate apparent PPG (aPPG) by subtracting FPG.The hypothesis was tested in a large dataset (comprising
17 studies) from the vildagliptin clinical trial programme. We found that 24 weeks of treatment with vildagliptin monotherapy
(𝑛 = 2523) reduced the relative contribution of aPPG to eAG from8.12% to 2.95% (by 64%,𝑝 < 0.001). In contrast, when vildagliptin
was added to metformin (𝑛 = 2752), the relative contribution of aPPG to eAG insignificantly increased from 1.59% to 2.56%. In
conclusion, glucose peaks, which are often prominent in patients with type 2 diabetes, provide a small contribution to the total
glucose exposure assessed by HbA1c, and the ADAG algorithm is not robust enough to assess this small relative contribution in
patients receiving combination therapy.

1. Introduction

Glycated haemoglobin (HbA1c) levels reflect the average
blood glucose levels over the past 12 weeks including both
fasting plasma glucose (FPG) and postprandial plasma glu-
cose (PPG) levels [1]. This “Gold Standard” to assess average
glycaemic exposure in the diagnosis and treatment of type 2
diabetes, in individual patients as well as in population stud-
ies, is well established. “The independent contribution of PPG
excursions to the overall glucose exposure and its role in the
development of both micro- and macrovascular complica-
tions of diabetes remain subject to continuing debate in type 2
diabetes” [2].

There has not been universal agreement regarding nature
of these excursions. In addition to exposure per se there is also
the concept that high peak glucose levels per se are patho-
logical, leading to increased cardiovascular (CV) risk. How-
ever, the associations between CV risk and PPG are based

on 2-hour oral glucose tolerance test (OGTT) values [3]. It
is not possible to determine whether these values are due to
the peak values at 2 hours or a reflection of the PPG exposure
on top of the underlying FPG exposure (peak value versus
area under the curve). They have generally been assumed to
be a reflection of the peak glucose values and this concept
has expanded to include the notion of glucose variability
which includes not only the hyperglycaemic amplitude but
also the hypoglycaemic amplitude. More recently 24-hour
continuous glucose monitoring (CGM) has been utilized to
assess glucose variability. In order to summarize variability
from the vast amount of data collected by CGM, a variety
of parameters such as the mean amplitude of glucose excur-
sions (MAGE) and coefficient of variation (SD) have been
calculated [4]. Calculating MAGE or SD from CGM mea-
surements is not feasible for routine clinical practice, but a
number of approaches that could be amenable to routine clin-
ical practice have been suggested to assess glucose variability
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such as a one-hour OGTT [5] and four-point preprandial
self-monitoring of blood glucose [6]. The focus of this paper
however is restricted to the contribution of the PPG on the
total glucose exposure rather than on these assessments of
glucose variability.

The data from Monnier et al. indicate that the relative
PPG exposure is larger at lower HbA1c levels than at high
HbA1c levels, but that the overall contribution to the total
exposure is still rather small [2]. In contrast, a recent meta-
analysis of 11 studies found that there was a better correlation
between PPG and HbA1c than between FPG and HbA1c [7]
suggesting that PPG exposure is more closely reflecting the
HbA1c than is the FPG exposure. This makes it difficult to
reconcile with the data fromMonnier et al. indicating that the
PPG exposure is a much smaller percent of the total exposure
relative to the FPG exposure. Closer examination of the data
however leads to a different conclusion. In this meta-analysis
of 11 studies the PPG is assessed by 2-hour values after non-
standardized breakfast meal tests. These 2-hour values likely
are a reflection of the PPG exposure on top of the underlying
FPG exposure. Thus it follows that the sum of FPG and PPG
exposure would be a better reflection of the total exposure as
assessed by HbA1c than would be the FPG alone. However,
the 2-hour values after nonstandardized breakfast meal tests
are a rather indirect and not a very quantitative approach to
assessing the PPG exposure; thus we asked the question of
whether one can get a more quantitative direct assessment
of the PPG exposure. It occurred to us that if the HbA1c
exposure could be expressed in the same units as the FPG,
then the apparent PPG exposure could be calculated from the
difference.

HbA1c levels have traditionally been reported in terms of
percentage (%) values; however, recently HbA1c values have
also been reported in units of mmol/mol in an effort to make
the HbA1c values more clinically relevant to patients. This
is possible after the A1c-Derived Average Glucose (ADAG)
study group developed an algorithm to calculate the esti-
mated average glucose (eAG) exposure (in mmol/mol) based
on HbA1c, by combining the weighted results from at least
two days of CGM performed four times with seven-point
daily self-monitoring of capillary glucose performed at least
three days/week in a large number of patients. These values
were then integrated and related to % HbA1c using a linear
regression analysis (𝑟2 = 0.84, 𝑝 < 0.0001) [8]. Based on this
calculation, eAG can also be determined in units of mmol/L
using standardized linear regression: eAGmmol/L = ([{28.7 ×
HbA1c%} − 46.7] ÷ 18) [8].

Using this algorithm, it would be possible to calculate the
eAG in units of mmoles/L, which can be used to calculate
the apparent postprandial glucose (aPPG), further allowing
an estimation of its contribution to HbA1c. We have analysed
this possibility by calculating the ADAG eAG and aPPG
values by subtracting FPG from eAG. The aim of this
analysis was to evaluate whether the approach of calculating
aPPG from eAG could be used to determine the relative
contributions of FPG versus aPPG exposure relative to eAG
exposure.

2. Methods

For the current analysis, datasets from 17 studies using
vildagliptin monotherapy (50mg once daily [qd] or twice
daily [bid]) or vildagliptin plus metformin combination
therapy in the vildagliptin clinical trial programme were
pooled (Supplementary Table S1, available online at
http://dx.doi.org/10.1155/2016/3452898). The eAG (in mmol/
L) was calculated from HbA1c values using standardized
linear regression (eAGmmol/L = [{28.7×HbA1c%}−46.7]÷18)
[8], and aPPG values were derived by subtracting FPG from
eAG (aPPG = eAG−FPG).The relative contributions of FPG
and aPPG to eAG were compared before and after 24 weeks
of treatment with vildagliptin 50mg qd/bid in drug-näıve
patients and in those previously treated with metformin.

2.1. Statistical Analysis. Patient demographic and baseline
characteristics and mean changes in HbA1c, eAG, and FPG
were summarized descriptively. Individual linear regression
analyses were performed to assess the effects of various
factors (age, duration of disease, bodymass index [BMI], and
eAG) on changes in aPPG after 24 weeks of treatment. The
differences between means were evaluated using Student’s 𝑡-
test.

3. Results

Data from 5275 patients were analysed: 2523 in the
vildagliptin monotherapy group and 2752 in the vildagliptin
plus metformin group. Baseline patient characteristics
are summarized in Table 1. As expected patients in the
vildagliptin monotherapy group were several years younger
and had diabetes for a shorter duration compared with those
in the vildagliptin plus metformin group. Interestingly, the
monotherapy group had higher HbA1c levels but similar
FPG values compared with those in the vildagliptin plus
metformin group.

Concerning vildagliptin monotherapy, after 24 weeks
of treatment, vildagliptin monotherapy reduced (mean ±
standard error [SE]) HbA1c by −1.11 ± 0.03% (𝑝 < 0.001)
and FPG by −1.12 ± 0.05mmol/L (𝑝 < 0.001). The corre-
sponding changes in eAG were −1.77 ± 0.04mmol/L (𝑝 <
0.001); subtracting FPG from the eAG resulted in a 0.64 ±
0.04mmol/L reduction in the aPPG (𝑝 < 0.001). At baseline,
the relative contribution of aPPG to eAG was 8.12%. After
treatment, the relative contribution of aPPG to eAG was
2.95%, corresponding to an observed decrease of almost 64%
(𝑝 < 0.001). The changes in aPPG correlated weakly with age
(𝑟2 = 0.0055, 𝑝 = 0.0002), duration of diabetes (𝑟2 = 0.0021,
𝑝 = 0.0204), and baseline eAG (𝑟2 = 0.0111, 𝑝 < 0.0001) but
not with BMI (𝑟2 = 0.0002, 𝑝 = 0.4843).

Concerning vildagliptin plus metformin combination
therapy, after 24 weeks of treatment, vildagliptin plus met-
formin combination therapy reduced (mean ± SE) HbA1c by
−0.88 ± 0.02% (𝑝 < 0.001) and FPG by −1.46 ± 0.04mmol/L
(𝑝 < 0.001).The corresponding changes in eAGwere −1.40±
0.03mmol/L (𝑝 < 0.001); subtracting FPG from the eAG
resulted in only a 0.05 ± 0.04mmol/L reduction (𝑝 < 0.001).
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Table 1: Patient demographics and baseline characteristics.

Vildagliptin monotherapy
(𝑛 = 2523)

Vildagliptin/metformin combination therapy
(𝑛 = 2752)

Age (years) 54.7 ± 0.2 56.8 ± 0.2
Gender: male, 𝑛 (%) 1435 (48) 1497 (52)
BMI (kg/m2) 30.8 ± 0.1 31.5 ± 0.1
Diabetes duration (years) 2.3 ± 0.1 5.2 ± 0.1
HbA1c (%) 8.4 ± 0.02 7.9 ± 0.02
eAG (mmol/L) 10.8 ± 0.03 10.0 ± 0.03
FPG (mmol/L) 9.9 ± 0.1 9.8 ± 0.1
aPPG (mmol/L) 0.9 ± 0.04 0.2 ± 0.04
Data are presented as mean ± SE unless otherwise stated.
aPPG, apparent postprandial glucose; BMI, body mass index; eAG, estimated average glucose; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; SE,
standard error.

At baseline, the relative contribution of aPPG to eAGwas only
1.59%.Thus when patients were on stable dose of metformin,
unexpectedly and in contrast to the monotherapy group,
there was essentially no difference between eAG and FPG.
Furthermore, there was an insignificant mean increase as
opposed to an expect decrease in the relative contribution of
aPPG to eAG (2.56%) after 24 weeks of treatment.

4. Discussion

In this paper we have utilized A1c-Derived Average Glucose
(ADAG) study group algorithm to calculate the estimated
average glucose (eAG) exposure in units of mmol/L. We
then subtracted the FPG from eAG in order to calculate the
apparent postprandial glucose (aPPG) exposure.This allowed
us then to estimate the PPG exposure contribution to total
glucose exposure.

Initially we carried this analysis out on large pool of
monotherapy patients. We found that the contributions of
aPPG relative to eAG at baseline (∼8%) and after 24 weeks of
treatment with vildagliptin monotherapy (∼3%) were similar
to those that can be estimated from our meal assessments of
PPG; we calculated the above baseline glucose areas under
curve values performed during standard breakfast meals
(SBM) in a representative study [9] and then tripled these
areas under the curves to estimate the daily PPG exposure.
This suggested to us that, in this study population, the ADAG
algorithm for estimation of aPPG and eAG could provide a
quantitative estimate of the 24-hour PPG exposure.

We then applied this approach to our large pool of
patients who had been stable but inadequately controlled
on metformin. In contrast, the contributions of aPPG to
eAG at baseline (<2%) and after 24 weeks of treatment
with vildagliptin plus metformin combination therapy (∼
0%) were markedly below the estimated PPG exposure
obtained from glucose values recorded during SBM in a rep-
resentative study [10], suggesting that the glucose exposure
algorithm is not robust enough to provide an estimate of
the 24-hour PPG exposure when vildagliptin was added to

metformin. We believe that in light of the large sample size
the difference between the two groups is not by chance.
There were differences between the two treatment groups;
the monotherapy patients were not always stable on diet
and exercise when vildagliptin monotherapy was initiated,
whereas the metformin patients were on a stable dose of
metformin when vildagliptin was initiated; and although the
monotherapy group started from a higher HbA1c level (8.4%
versus 7.9%), there was no difference in the FPG between the
two groups. We cannot rule out that the FPG is less reliable
in the presumably less stable monotherapy group, but with
such a large sample size it is difficult to conceive of how this
would explain the way the ADAG eAG algorithm predicts
PPG exposure in vildagliptin monotherapy group but not
in patients receiving combination therapy with metformin.
The apparent lower contribution of PPG exposure in the
metformin treated patients is unexpected since one would
normally expect to see the PPG exposure relative to the total
exposure greatest at lower levels of glycaemia [2]. Once again
with such a large sample size this cannot be a chance finding.
The data suggest that metformin is having a greater effect on
PPG exposure relative to FPG than previously appreciated.
This could be secondary to improvement of hepatic insulin
signalling which may reduce postprandial hepatic glucose
delivery [11] or metformin’s effect to reduce food consump-
tion [12].

Recently the applicability of the ADAG eAG was eval-
uated in older adults with diabetes. The authors calculated
mean glucose values from the CGM data from 90 patients
with mean age of 76 years and with mean HbA1c values
of 7.9% and calculated the ADAG eAG from the HbA1c
values; the relationship between HbA1c and mean glucose
values from the CGMdata was different from the relationship
between HbA1c and eAG indicating that A1c-Derived Aver-
age Glucose (ADAG) study group algorithm to calculate eAG
may not accurately reflect average glucose in older adults [13].
This previous report of older adults coupled with the current
unexpected findings in patients on metformin treatment
suggests that the care should be taken not to overrate the
robustness of the eAG.
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5. Conclusion

The results of this analysis in no way challenge the use of the
ADAG glucose exposure algorithm for its intended purpose
to provide a more meaningful expression of the total 24-hour
glucose exposure [8].This analysis does support, however, the
notion that although glucose peaks are often very prominent
in patients with type 2 diabetes, their contribution to the
total glucose exposure assessed by HbA1c is rather small. We
conclude that the ADAG glucose exposure algorithm is not
robust enough across all patient subgroups to assess the small
relative contribution of PPG exposure to the total glucose
exposure.

Abbreviations

HbA1: Glycated haemoglobin
FPG: Fasting plasma glucose
PPG: Postprandial plasma glucose
CV: Cardiovascular
OGTT: Oral glucose tolerance test
CGM: Continuous glucose monitoring
MAGE: Mean amplitude of glucose excursions
SD: Coefficient of variation
ADAG: A1c-Derived Average Glucose
eAG: Estimated average glucose
aPPG: Apparent postprandial glucose
SE: Standard error.

Competing Interests

This study was funded by Novartis. Bo Ahrén has consulted
forNovartis, GlaxoSmithKline,Merck, Sanofi,NovoNordisk,
Boehringer Ingelheim, and Takeda and has received speaker
honoraria fromNovartis, Merck, Novo Nordisk, Sanofi, Bris-
tol Myers Squibb, AstraZeneca, and GlaxoSmithKline. James
E. Foley is an employee and shareholder of Novartis Pharma-
ceuticals Corporation.

Authors’ Contributions

All authors participated in study design, data review, and data
interpretation. All authors were involved in paper outline
and revisions and are responsible for intellectual content. All
authors had full access to all the data in the study and had
final responsibility for the decision to submit for publication.

Acknowledgments

The authors thank Sashi Kiran Goteti and Vaishali Bhosekar,
Novartis Healthcare Pvt. Ltd., Hyderabad, India, for editorial
assistance and statistical analysis, respectively.

References

[1] D. M. Nathan, D. E. Singer, K. Hurxthal, and J. D. Goodson,
“The clinical information value of the glycosylated hemoglobin
assay,”The New England Journal of Medicine, vol. 310, no. 6, pp.
341–346, 1984.

[2] L. Monnier, C. Colette, and D. R. Owens, “Postprandial and
basal glucose in type 2 diabetes: assessment and respective
impacts,” Diabetes Technology &Therapeutics, vol. 13, no. 2, pp.
S25–S32, 2011.

[3] E. Bonora, “Postprandial peaks as a risk factor for cardiovascu-
lar disease: epidemiological perspectives,” International Journal
of Clinical Practice, Supplement, vol. 129, pp. 5–11, 2002.

[4] J. H. DeVries, “Glucose variability: where it is important and
how to measure it,” Diabetes, vol. 62, no. 5, pp. 1405–1408, 2013.

[5] A. Ghio, G. Seghieri, C. Lencioni et al., “1-Hour OGTT plasma
glucose as amarker of progressive deterioration of insulin secre-
tion and action in pregnant women,” International Journal of
Endocrinology, vol. 2012, Article ID 460509, 5 pages, 2012.

[6] A. Tura, J. Farngren, A. Schweizer, J. E. Foley, G. Pacini, and
B. Ahrén, “Four-point preprandial self-monitoring of blood
glucose for the assessment of glycemic control and variability
in patients with type 2 diabetes treated with insulin and
vildagliptin,” International Journal of Endocrinology, vol. 2015,
Article ID 484231, 7 pages, 2015.

[7] E. B. Ketema and K. T. Kibret, “Correlation of fasting and
postprandial plasma glucose with HbA1c in assessing glycemic
control; systematic review andmeta-analysis,”Archives of Public
Health, vol. 73, article 43, 2015.

[8] D.M. Nathan, J. Kuenen, R. Borg, H. Zheng, D. Schoenfeld, and
R. J. Heine, “Translating the A1C assay into estimated average
glucose values,”Diabetes Care, vol. 31, no. 8, pp. 1473–1478, 2008.

[9] B. Ahrén, M. Landin-Olsson, P.-A. Jansson, M. Svensson, D.
Holmes, andA. Schweizer, “Inhibition of dipeptidyl peptidase-4
reduces glycemia, sustains insulin levels, and reduces glucagon
levels in type 2 diabetes,” The Journal of Clinical Endocrinology
and Metabolism, vol. 89, no. 5, pp. 2078–2084, 2004.

[10] E. Bosi, R. P. Camisasca, C. Collober, E. Rochotte, and A. J. Gar-
ber, “Effects of vildagliptin on glucose control over 24 weeks in
patients with type 2 diabetes inadequately controlled with
metformin,” Diabetes Care, vol. 30, no. 4, pp. 890–895, 2007.

[11] H. An and L. He, “Current understanding of metformin effect
on the control of hyperglycemia in diabetes,” Journal of Endo-
crinology, vol. 228, pp. R97–R106, 2016.

[12] A. Lee and J. E. Morley, “Metformin decreases food consump-
tion and induces weight loss in subjects with obesity with type
II non-insulin-dependent diabetes,”Obesity Research, vol. 6, no.
1, pp. 47–53, 1998.

[13] M. N. Munshi, A. R. Segal, C. Slyne, A. A. Samur, K. M. Brooks,
and E. S. Horton, “Shortfalls of the use of HbA1C-derived eAG
in older adults with diabetes,” Diabetes Research and Clinical
Practice, vol. 110, pp. 60–65, 2015.


