Diabetes & Metabolism 45 (2019) 197-200

b Dieles

Available online at Elsevier Masson France

ScienceDirect EM

www.sciencedirect.com

www.em-consulte.com

Short report

Effect of short-term intensive insulin therapy on the incretin response @ M)

Check for

in early type 2 diabetes

H. Choi?, C.K. Kramer®, B. Zinman "¢, P.W. Connelly >, R. Retnakaran *><*

2 Leadership Sinai center for diabetes, Mount Sinai hospital, Toronto, Canada

b Division of endocrinology, university of Toronto, Toronto, Canada

¢ Lunenfeld-Tanenbaum research institute, Mount Sinai hospital, Toronto, Canada

d Keenan research center for biomedical science of St. Michael’s hospital, Toronto, Canada

¢ Department of laboratory medicine and pathobiology, university of Toronto, Toronto, Canada

ARTICLE INFO

Article history:

Received 10 October 2017
Accepted 3 January 2018
Available online 11 January 2018

Keywords:

GIP

GLP-1

Glucagon-like peptide-1
Glucose-dependent insulinotropic
polypeptide

Intensive insulin therapy

1. Abbreviations

AUC area-under-the-curve

GIP glucose-dependent insulinotropic polypeptide

GLP-1 glucagon-like peptide-1

HOMA-IR Homeostasis Model Assessment of insulin resistance

ABSTRACT

Aims. - Short-term intensive insulin therapy (IIT) and gastric bypass surgery are both interventions that
can improve beta-cell function, reduce insulin resistance and induce remission of type 2 diabetes.
Whereas gastric bypass yields an enhanced glucagon-like peptide-1 (GLP-1) response that may
contribute to its metabolic benefits, the effect of short-term IIT on the incretin response is unclear. Thus,
we sought to evaluate the impact of IIT on GLP-1 and glucose-dependent insulinotropic polypeptide
(GIP) secretion in early type 2 diabetes.
Methods. - In this study, 63 patients (age 59 + 8.3 years, baseline Alc 6.8 + 0.7%, diabetes duration
3.0 + 2.1 years) underwent 4 weeks of IIT (basal insulin detemir and pre-meal insulin aspart). GLP-1, GIP and
glucagon responses were assessed by the area-under-the-curve (AUC) of these hormones on oral glucose
tolerance tests at baseline and 1-day after the completion of therapy. Beta-cell function was assessed by
Insulin Secretion-Sensitivity Index-2 (ISSI-2), with insulin resistance measured by Homeostasis Model
Assessment (HOMA-IR).
Results. — As expected, comparing the post-therapy oral glucose tolerance test to that at baseline, IIT
increased ISSI-2 (P = 0.02), decreased HOMA-IR (P < 0.001), and reduced AUCgjycagon (P < 0.001). Of note,
however, IIT had no significant impact on AUCgp.1 (P = 0.24) and reduced AUCgp (P = 0.02).
Conclusion. - Despite improving beta-cell function, insulin resistance and glucagonemia, short-term IIT
does not change GLP-1 secretion and decreases the GIP response to an oral glucose challenge in early
type 2 diabetes. Thus, the beneficial impact of this therapy on glucose homeostasis is not attributable to
its effects on incretin secretion.

© 2018 Elsevier Masson SAS. All rights reserved.

2. Introduction

In patients with type 2 diabetes (T2DM), gastric bypass
surgery can improve beta-cell function, reduce insulin resistance
and induce remission of diabetes [1-3]. One notable feature of the
altered metabolic physiology following gastric bypass is a marked

1T inten_sive insu_lin thera_P}’ ) enhancement of the secretion of glucagon-like peptide-1 (GLP-1)
ISSI-2 Insulin Secretion-Sensitivity Index-2 in response to a nutrient challenge [2-5]. It has been suggested
OGTT oral glucose tolerance test that the enhanced GLP-1 response may contribute to the

T2DM type 2 diabetes

sustained metabolic benefits achieved with gastric bypass
[2,3], although its potential causal role in this regard remains
under debate [4,5].

When administered early in the course of T2DM, short-term
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intensive insulin therapy (IIT) for 2-4 weeks is a non-surgical
intervention that can also improve beta-cell function, reduce
insulin resistance and induce subsequent remission of diabetes
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[6-8]. However, the mechanistic basis of these effects (whether
alleviation of glucotoxicity or the anti-lipolytic, anti-inflammatory,
anti-apoptotic or other effects of insulin) remains unclear
[7]. Similarly, the effect of short-term IIT on the incretin response
is unclear [9,10]. In this context, we sought to evaluate the impact
of IIT on GLP-1 and glucose-dependent insulinotropic polypeptide
(GIP) secretion in early T2DM.

3. Methods

The study population consisted of adults with T2DM who
underwent a short course of IIT to determine eligibility for a
clinical trial (NCT01270789). The protocol for this IIT phase has
been previously described in detail [8,11]. In brief, inclusion
criteria were age 30-75 years; T2DM of < 7-year duration;
treatment with 0-2 oral anti-diabetic medications and serum
negativity for anti-glutamic acid decarboxylase antibodies. Exclu-
sion criteria included current insulin or GLP-1 agonist therapy,
renal/hepatic dysfunction, malignancy, and chronic infection. The
protocol was approved by the Mount Sinai Hospital Research
Ethics Board and all participants provided written informed
consent.

3.1. Study design

At the start, participants stopped anti-diabetic medications
(metformin or sulfonylurea) the day before and fasted overnight
prior to undergoing a baseline 2-hour, 75 g oral glucose tolerance
test (OGTT) the next morning. After this OGTT, they began a 4-
week course of multiple daily insulin injection therapy (basal
insulin detemir and pre-meal insulin aspart). The initial total daily
dose of insulin was 0.2-0.4 U/kg, consisting of 40% basal insulin
and 60% bolus insulin. While receiving IIT, participants were asked
to perform self-monitoring of capillary blood glucose at least
4 times/day (at fasting, before meals, 2-hours after meals, and at
bedtime). These measurements enabled insulin dose titration to
target fasting glucose between 4.0-6.0 mmol/L and 2-hr postpran-
dial glucose < 8 mmol/L. On the final day of IIT, the last insulin
dose was the pre-dinner aspart, with no bedtime basal detemir. An
OGTT was performed the day after cessation of IIT, using the same
protocol as at baseline.

3.2. Laboratory measurements

On each OGTT, venous blood samples were drawn for the
measurement of glucose, insulin, glucagon, GLP-1, and GIP at
fasting and at 30,60,90 and 120 minutes following ingestion of the
75 g glucose load. Specific insulin was measured with the Roche-
Elecsys-1010 immunoassay analyzer and electrochemilumines-
cence immunoassay kit (Roche Diagnostics, Laval, QC). Samples for
glucagon/incretin measurement were collected in chilled tubes
with aprotinin and kept on ice before immediate storage at —80 C.
Glucagon was measured by ELISA assay 10-1271-01 from
Mercodia (Uppsala, Sweden). Total GLP-1 was measured using
ELISA assay EZGLP1T-36K (EMD Millipore, St. Charles, MO). The
assay has a detection limit of 1.5 pM. Total GIP was measured with
ELISA assay EZHGIP-54K (EMD Millipore, St. Charles, MO). The
assay has a detection limit of 4.2 pg/mL.

GLP-1, GIP and glucagon responses were assessed by the
respective area-under-the-curve (AUC), calculated by trapezoidal
rule. Beta-cell function was assessed with the Insulin Secretion-
Sensitivity Index-2 (ISSI-2) and insulin resistance was assessed by
Homeostatic Model Assessment (HOMA-IR), as previously de-
scribed [8,11].
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Fig. 1. Glucagon and incretin responses to 75 g oral glucose tolerance test before
(solid line) and after (dashed line) short-term intensive insulin therapy: A.
Glucagon. B. GLP-1. C. GIP. Pvalue is the comparison of area-under-the-curve before
and after IIT.

3.3. Statistical analysis

All analyses were conducted using SPSS 18.0 (Chicago, IL).
Metabolic characteristics of participants before and after IIT were
compared using Student t-test for paired-samples. Normally-
distributed continuous variables were presented as mean + SD and
skewed variables were presented as median and interquartile range.
The glucagon and incretin response profiles on the OGTT before and
after IIT were plotted, with the respective AUC compared between the
tests (Fig. 1). Spearman correlation analysis was performed to assess
the univariate correlations of metabolic measures before and after [IT
with the change in AUCgp and change in AUCgp.q (Table S1; see
supplementary materials associated with this article on line).

4. Results

The study population consisted of 63 adults (40 male) with
(mean 4 SD) age 59 + 8.3 years and T2DM of mean 3.0 + 2.1years
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duration. As compared to that at baseline, the post-therapy OGTT
confirmed that IIT improved glycaemic control (fasting glucose
(6.7+1.3 vs 6.2+ 1.1 mmol/L, P=0.002) and Alc (6.8 +0.7% vs
6.3 + 0.5%, P<0.001)), reduced body mass index (29.9 +6.2 vs
29.5 + 6.1 kg/m?, P < 0.001) and improved beta-cell function (ISSI-2:
median [interquartile range] 179 [120-225] vs 189 [141-290],
P=0.02) and insulin resistance (HOMA-IR: 4.0 [2.5-5.7] vs 2.9 [1.7-
4.8],P < 0.001). Fig. 1 shows the glucagon, GLP-1 and GIP responses to
the OGTT before and after therapy. Of note, IIT reduced AUCgjycagon
(mean 24.0 +12.6 vs 18.7 + 9.6, P < 0.001). However, the therapy
had no impact on AUCg;p_; (median [interquartile range]: 22 [12-37]
vs 18 [12-37], P=0.24) and reduced AUCgp (859 [631-1039] vs
718 [632-1037], P =0.02), with no change in fasting GIP. Sensitivity
analyses excluding (i) participants who had been on metformin or (ii)
those who had been on any oral anti-diabetic medication prior to the
study showed no significant differences in AUCgip.; and AUCgp
between the baseline and post-1IT OGTTs, although it should be noted
that these restrictions yielded very modest sample sizes (data not
shown).

On Spearman correlation analysis, baseline BMI (r=-0,34,
P=0.007) and AUCglucagon (r=-0.31, P=0.02) were inversely
associated with the change in AUCgp.;, while the changes in
fasting glucose (r=0.27, P=0.03) and AUCgycagon (r=0.39,
P = 0.004) were positively associated (Table S1; see supplementary
materials associated with this article on line). The change in AUCgp
was inversely associated with the change in ISSI-2 (r=-0.29,
P=0.03) and positively correlated with the change in HOMA-IR
(r=0.31, P=0.02).

5. Discussion

In this study, we demonstrate that, when administered in early
T2DM, short-term IIT does not change GLP-1 secretion and
decreases the GIP response to an oral glucose challenge. At the
same time, this therapy improved beta-cell function, reduced
glucagonemia and lowered insulin resistance. It thus, emerges that
the impact of short-term IIT on incretin secretion does not
contribute to the beneficial metabolic effects of this therapy in
early T2DM.

Amongst non-surgical therapeutic options early in the course of
T2DM, an intriguing feature of short-term IIT is its capacity to
induce a subsequent sustained remission of diabetes [6,7]. Indeed,
a meta-analysis has shown that, after IIT for 2-5 weeks, 59% of
patients can maintain drug-free normo-glycaemia for 6 months,
with remission persisting for 1 year in 46% of patients [7]. Although
this effect is not permanent and ultimately wanes over time, there
is interest in its presumed underlying mechanism of initial
amelioration of the reversible beta-cell dysfunction that may
predominate in early T2DM [11]. In this context, there exist
parallels to gastric bypass, which yields many of the same
metabolic benefits and can also induce long-term remission, the
likelihood of which is greater with shorter duration of diabetes
[12]. Notably, gastric bypass induces a marked enhancement of
GLP-1 secretion, which has been implicated as a key determinant
of its metabolic benefits, although its centrality in this regard is
under debate [2-5]. Taken together, these data raise the question
of whether effects on GLP-1 secretion could be relevant to the
metabolic benefits of short-term IIT.

The few previous studies relevant to this question have been
limited by very modest sample sizes and have yielded conflicting
findings. In 9 Caucasian patients with T2DM, 4 weeks of IIT had no
effect on postprandial GLP-1 and GIP secretion [9]. Conversely, in a
study of 26 hospitalized Japanese patients with longstanding
T2DM of mean 13.5-year duration, treatment with IIT for 10-14
days increased GLP-1 secretion but did not improve beta-cell

function or insulin resistance [10]. The applicability of the latter
study to the current research question (i.e. the relevance of GLP-1
to the established metabolic benefits of IIT in early T2DM) is
limited by the long duration of diabetes in its study population, in
whom the anticipated beneficial metabolic impact of IIT was not
achieved. In contrast, in 63 ambulatory patients with T2DM of
mean 3.0-year duration, we show that IIT clearly did not increase
the GLP-1 response to oral glucose, despite improving beta-cell
function, glucagonemia and insulin resistance.

In contrast to its effect on GLP-1, the impact of gastric bypass
surgery on GIP secretion is unclear, with previous studies reporting
both increased and decreased responses [13,14]. While we
demonstrate a reduction in the GIP response to an oral glucose
challenge following IIT (possibly reflecting its insulinotropic
activity), the physiologic implications of this finding are unclear.
At present, the most prudent interpretation of these data is that its
effect on GIP is not a key determinant of the metabolic benefits of
IIT.

A limitation of this study is that these data show the incretin
response to an oral glucose challenge, rather than to mixed meals
across the day, as would happen in daily living. Previous studies
have shown varying levels of incretin responses to the OGTT that
are likely partly attributable to differences in assays. However, this
caveat regarding assays notwithstanding, the incretin responses
observed in the current report are comparable to those seen in
other studies in the literature. Another limitation is that diet while
on IIT was not measured. We also cannot exclude the possibility
that IIT may affect beta-cell responsiveness to GLP-1, as has been
suggested in the earlier study of 9 patients who received this
therapy [15]. In addition, the sample size is relatively modest and
participants had good metabolic control at baseline (mean Alc
6.8%) such that the benefits of IIT on incretin secretion could have
been muted. However, the study population is more than 2 times
larger than that of previous studies [9,10] and was sufficient to
demonstrate the beneficial effects of IIT on beta-cell function,
insulin resistance and glucagonemia.

6. Conclusion

In summary, despite improving beta-cell function, insulin
resistance and glucagonemia, 4-weeks of [IT does not change GLP-1
secretion and decreases the GIP response to an oral glucose
challenge in early T2DM. We thus, conclude that when imple-
mented early in the course of T2DM, the beneficial impact of short-
term IIT on glucose homeostasis is not attributable to its effects on
incretin secretion.
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