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Abstract

Background and aims Type 2 diabetes mellitus (T2DM) is characterized by progressive metabolic deterioration due to a decline
in p-cell function. The relation between glucagon and insulin secretion in the setting of T2DM is still not clear. The present study
evaluated relationship between glucagon level, glycemic status, and $-cell indices in newly diagnosed Indian T2DM patients.
Methods Patients with HbAlc>8.5% and/or fasting plasma glucose >200 mg/dl were treated with insulin for 6 months
(May 2017 to December 2018). Metabolic parameters and hormonal tests (insulin, glucagon, C-peptide in the fasting state,
and 2-h meal stimulated C-peptide) were assessed at baseline and after 6 months of insulin treatment.

Results Seventy-five newly diagnosed T2DM patients were enrolled in the study, of which 56 completed the study. At
baseline a significant correlation was observed between fasting plasma glucagon and plasma glucose (r=0.33, p=0.04),
insulin level (r= —0.38, p=0.004), and HOMA B (r= —0.347, p=0.009). After 6 months of insulin treatment, a signifi-
cant (p=0.001) change in glycemic status (—35.28%), fasting glucagon level (—45.84%), and an increase in fasting and
meal stimulated C-peptide (144.44%) was observed. A significant inverse correlation between percentage change of plasma
glucagon and plasma insulin was noted (r= —0.282, p=0.035).

Conclusion Among newly diagnosed T2DM patients with moderate to severe hyperglycemia fasting glucagon correlated
positively with glycemic status and negatively with insulin levels at baseline. Early and intensive insulin treatment was
associated with good glycemic control and improvement in glucagon and insulin levels. A modest reciprocal correlation was
noted between a- and p-cell function in these patients.

Keywords Glucagon and insulin interrelation, Beta-cell function, Glycemic status, Insulin treatment, Newly diagnosed
type 2 diabetes

Highlights Introduction
e Type 2 DM is characterized by elevated glucagon level and

relative insulin deficiency.

o Fasting glucagon correlates positively with glycemic status and Type 2 diabetes mellitus (T2DM) is a metabolic disorder
negatively with insulin levels in T2DM. characterized by chronic hyperglycemia as a result of insu-
® Good glycemic control with early Insulin treatment improves lin resistance and a progressive decline in p-cell mass and
insulin and glucagon level. function, rendering most of the patients insulin-dependent
e Modest reciprocal correlation was noted between a- and p-cell . o7 . .
function in these patients. with time [1, 2]. The normal relationship between B-cell
function and insulin sensitivity is already disturbed by the
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levels and impaired incretin axis contribute to the poor gly-
cemic status in type 2 diabetes [6, 7]. Hyperglucagonemia
among newly diagnosed T2DM correlates with measures of
abdominal obesity [8]. Islets of Langerhans by modulating
the activity of a—cells and f—cells control glucose produc-
tion, triglyceride deposition, and protein synthesis. Thus,
glucagon and insulin bipolar axis regulates the intermedi-
ary metabolic fuel balance [9, 10]. Early intensive glycemic
control may prolong f—cell lifespan and function as well as
reduce long—term vascular outcomes [10, 11]. Few studies
reported the effect of insulin treatment on a—cells in newly
diagnosed T2DM [12, 13]. Here we report results from a
24—week insulin treatment study, designed to explore the
relationship between glucagon level, glycemic status, and
—cell indices in newly diagnosed Indian T2DM patients
with moderate and severe hyperglycemia.

Materials and methods
Study design

This was a single-center, prospective, observational follow-
up study conducted between May 2017 and December 2018
at the Department of Endocrinology of a medical college
hospital, in southern India. Treatment naive outpatients with
newly diagnosed T2DM, between 18 and 65 years of age,
with hemoglobin Alc (HbAlc),>8.5% and < 12.5% and/or
fasting plasma glucose (FPG) > 200 mg/dl and willing to
give signed informed consent for study participation, were
enrolled in this study. The sample size was calculated as
below: A high prevalence of type 2DM has been reported
in India, especially in the urban areas to the tune of 12.6%
especially in the state of Andhra Pradesh [14, 15]. No statis-
tical data on the prevalence of newly diagnosed type 2 DM is
available on extensive literature search. Hence, on retrospec-
tive analysis at our center, we found the prevalence of type2
DM to be 12% and the newly diagnosed type 2 DM to be 4%,
and at a confidence interval of 95% and a margin of error of
5%, a population proportion of 4%; we arrived at a sample
size of 60 (n=60) which is significant enough to analyze
the outcome of the clinical study. Though the sample size is
small, the power of the study is 0.8, as the insulin treatment
is highly effective in controlling the sugars and the prob-
ability of error decreases, when detecting difference between
post treatment and baseline when the true difference is high.

Patients with pregnancy, ketonuria or diabetic ketoaci-
dosis (DKA), type 1 diabetes mellitus (TIDM), pancreatic
diabetes, other cause of secondary diabetes, comorbidities,
ongoing usage of steroids, immunomodulatory drugs, and
with a history of smoking and alcohol consumption were
also excluded. Baseline blood samples were obtained for
FPG, 2-h postprandial glucose (PPG), HbA1C, lipid profile,
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blood urea, creatinine, liver function tests (LFT), and thy-
roid-stimulating hormone (TSH). Plasma was separated
for assessment of fasting plasma insulin, C-peptide, and
glucagon. Homeostasis model assessment of -cell func-
tion (HOMA-p) was calculated with FPG, and insulin with
the formula: 360 X fasting insulin (pU/mL) / (fasting glucose
(mg/dL) —63.

All patients were advised on appropriate medical nutri-
tion treatment and lifestyle changes. Multiple insulin doses
(MDI) were initiated at 0.5 U/kg/ day in divided doses which
were titrated according to FPG and 2-h PPG to maintain gly-
cemic targets as per ADA guidelines. The total duration of
the study was 6 months. Patients were followed -up initially
at days 15 and 30 and later monthly for 6 months. Fasting
plasma glucose, PPG was done at every visit, HbAlc at 3
and 6 months. Plasma was separated from the blood sample
after cold centrifugation at 2 °C for 10 min at 2000 rpm
and immediately stored at —20 °C for analyzing insulin,
C-peptide, and at —70 °C for glucagon. Plasma glucose was
measured by the hexokinase method. HbAlc levels were
measured using ion-exchange high-performance liquid chro-
matography technique (Bio-Rad Laboratories, Hercules, CA,
USA) with an intra- and inter-assay coefficient of variation
of 0.4% and 1.6%, respectively. C-peptide levels were deter-
mined by ELISA (Calbiotech Inc) with a cross reactivity less
than 10%. Currently, most of the commercial and research
kits have cross reactivity less than 10%. The analytical
sensitivity of the test was 0.01 ng/ml, within-run precision
expressed as the percentage coefficient with an intra- and
inter-assay coefficient of variation of <3.3% and 7.8%,
respectively. Plasma glucagon levels were determined by a
human GC ELISA kit [16]. The analytical sensitivity of the
test was 2.40 pg/ml, and within-run precision was expressed
as the percentage coefficient with an intra- and inter-assay
coefficient of variation of < 8%and < 10%, respectively.

Ethical clearance

As we planned to study the relation between glucagon and
insulin at diagnosis and the effect of insulin treatment after
6 months in these patients, we reasoned that OAD such as
SU’s are insulin secretory agents, and DPP4 inhibitors have
glucose-dependent insulin tropic effect and suppress endog-
enous glucagon; thus, both can affect the assay test results
C-peptide and glucagon levels. Furthermore, insulin treat-
ment is an anabolic physiologic replacement therapy and not
known to affect the assay test results of endogenous beta cell
secretory index C-peptide and glucagon assays. Hence, we
chose insulin as first line of intervention in the newly diag-
nosed diabetic patients in our study. The study protocol and
the informed consent form were reviewed and approved by
the institutional ethics committee of Andhra Medical Col-
lege, Visakhapatnam, Andhra Pradesh, India.
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Statistical analysis

Qualitative and quantitative variables are presented using
descriptive statistics. Quantitative variables were evalu-
ated using a paired #-test at a 5% level of significance and
the corresponding p value is presented. The correlation
between variables was tested with the Pearson coefficient. p
value < 0.05 was considered significant. Data were analyzed
using SPSS® statistics software, version 25.0 (IBM Corp.,
Armonk, NY, USA).

Results

A total of 75 patients were enrolled in the study, out of
which 56 patients (Male: Female— 30:26) with a mean
(SD) age of 41.24 (5.64) years completed the study. The
demographic and baseline characteristics of 56 patients are
summarized in Table 1. At baseline a significant correlation
was observed between fasting plasma glucagon and FPG
(r=0.323, p=0.04), insulin level (r= —0.379, p=0.004),
and HOMA B (r= —0.347, p=0.009) (Table 2). However,
there was no correlation between fasting plasma glucagon
and PPG (r= —0.132 p=0.332) and stimulated C-peptide
(r=-0.075 p=0.582).

Changes in clinical and biochemical parameters of the
study population after 6 months of insulin treatment are
presented in Table 2. Six months after the initiation of

Table 1 Patient characteristics at baseline (N=56)

Parameter Overall (N=56)
Sex, n (%)
Male 30 (53.6%)
Females 26 (46.4%)
Age (years), mean + SD 41.24+5.64
BMI (kg/m?), mean + SD 25.55+2.25
FPG (mg/dl), mean +SD 216.30+42.35
2-h PPG (mg/dl), mean+SD 338.44+62.89
HBAIlc (%), mean+SD 10.39+1.56

193.28 +18.80
117.87+26.15

Total cholesterol (mg/dl), mean+SD
LDL cholesterol (mg/dl), mean +SD

HDL cholesterol (mg/dl), mean +SD 37.39+5.23
Triglyceride (mg/dl), mean+SD 171.57+43.51
Glucagon (pg/ml), mean +SD 197.68 +90.59
Fasting plasma insulin (mIU/L), mean+ SD 3.83+0.82
C-peptide fasting (ng/ml), mean+SD 0.41+0.14
C-peptide stimulated (ng/ml), mean+SD 0.63+0.34

BMI, body mass index; FPG, fasting plasma glucose; PPG, postpran-
dial plasma glucose; HbAIc, glycated hemoglobin; LDL, low-density
lipoprotein; HDL, high-density lipoprotein

insulin therapy, a significant improvement (p = <0.001) in
the glycemic and hormonal status was seen as indicated by
areduction of FPG (-35.28%), 2-h PPG (-46.84%), HbAlc
(-27.43%), and fasting plasma glucagon (-45.84%), com-
pared to baseline. Additionally, there was a significant
increase (p= <0.001) in fasting plasma insulin (43.86%),
fasting C-peptide levels (78.04%), and meal-stimulated
C-peptide levels (144.44%), from baseline to 6-month
post-initiation of insulin treatment (Fig. 1).

At the end of the 6 months, there was a significant
increase (p = <0.001) in the BMI (2.77%) of the study
population from as compared to the baseline. Insulin ther-
apy also resulted in a significant decrease (p = <0.005) in
total cholesterol (—10.84%), low-density lipoprotein cho-
lesterol (LDL-C) (-15.05%), triglyceride (—19.86%) levels,
and a significant increase (p = <0.005) in high-density
lipoprotein cholesterol (HDL-C) (16.04%), levels.

At the end of 6 months of therapy, there was a sig-
nificant correlation between the percentage reduction in
glucagon and FPG (r= —0.287, p=0.032). The percent-
age change in stimulated C-peptide over 6 months also
correlated significantly with FPG (r= —0.271, p=0.043),
PPG (r= —-0.421, p=0.001), and HbAlc (r= —0.428,
p=0.001). There was a significant inverse correlation
between the percentage change of plasma glucagon and
the percentage change of plasma insulin (r= —0.282,
p=0.035). However, no such relation was seen between
percentage changes in PPG and stimulated C-peptides
(Fig. 2).

Discussion

In the newly diagnosed T2DM patients o- and p-cells dys-
function contributes to hyperglycemia and glucotoxicity,
either independently or in combination [17, 18]. The normal
fasting plasma glucagon levels range from 50 to 100 pg/mL
and may vary with different laboratory methods [19].

Kumpatla et al. demonstrated the progressively increas-
ing levels of glucagon from normal glucose tolerance to
impaired glucose tolerance in prediabetic and newly diag-
nosed diabetic individuals [20]. Zheng et al. also reported
elevated mean fasting glucagon levels (105.2 pg/ml) in
newly diagnosed T2DM patients [13]. With baseline fasting
glucagon levels of 197.68 pg/ml, the results from our study
are in line with the results reported earlier. At baseline, our
observation of a positive correlation between fasting plasma
glucagon and fasting glucose suggests a relation between
hyperglucagonemia and fasting hyperglycemia. Similarly, a
significant inverse correlation between glucagon with fasting
insulin and HOMA-B demonstrated the reciprocal relation
between a- and f-cell activity in uncontrolled newly detected
T2DM patients in our study.
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Table 2 Changes in clinical and biochemical parameters 6 months after insulin treatment compared to baseline (N=56)

Baseline mean+SD 6 months mean+SD  Mean difference (95% CI)  Percentage change  p value®
BMI (kg/m?) 25.55+£2.25 26.26+2.25 0.71 (0.58, 0.82) 2.77 <0.001
FPG (mg/dl) 216.30+42.35 139.98 +14.47 —76.32(71.4,95.2) -35.28 <0.001
2-h PPG (mg/dl) 338.44+62.89 179.89+19.42 —158.55 (141.9, 175.2) —46.84 <0.001
HBAIlc (%) 10.39+1.56 7.54+0.63 -2.85(2.4,3.3) —27.43 <0.001
Total cholesterol (mg/dl) 193.28 +18.80 172.32+16.51 -20.96 (17.2,24.7) -10.84 <0.005
LDL cholesterol (mg/dl) 117.87+26.15 100.12+21.69 -17.75 (12.7,22.7) -15.05 <0.005
HDL cholesterol (mg/dl) 37.39+5.23 43.39+6.24 6.5(4.2,7.7) 16.04 <0.005
Triglyceride (mg/dl) 171.57+43.51 137.48 +18.81 -34.09 (22.2, 45.8) -19.86 <0.005
Glucagon (pg/ml) 197.68 +£90.59 107.06 +49.09 -90.62 (71.1, 110.18) —45.84 <0.001
Fasting plasma insulin (mIU/L) 3.83+0.82 5.51+£0.94 1.68 (3.46, 3.89) 43.86 <0.001
C-peptide fasting (ng/ml) 0.41+0.14 0.73+£0.27 0.32 (0.23, 0.39) 78.04 <0.001
C-peptide stimulated (ng/ml) 0.63+0.34 1.54+1.02 0.91 (0.67, 1.14) 144.44 <0.001

BMI, body mass index; FPG, fasting plasma glucose; PPG, postprandial plasma glucose; HbAIc, glycated hemoglobin; LDL, low-density lipoprotein;

HDL, high-density lipoprotein

# Analyzed using pair sample r-test

The effect of short-term insulin therapy on abnormal
a-cell function in diabetes has been studied by Raskin
et al., and the authors demonstrated a significant reduction
in the immunoreactive glucagon concentrations (p <0.02)
with improved glucose control in comparison with the
“uancontrolled” period [21]. Kramer et al. studied the effect
of 4-week intensive insulin therapy on glucagon level and

Fig. 1 Changes in biochemical
and hormonal parameters over
6 months. FPG, fasting plasma
glucose; PPG, postprandial
plasma glucose; HbAlc, gly-
cated hemoglobin
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glycemic status among 62 patients with T2DM of 3-5 years
duration. They observed a significant reduction in fasting
hyperglucagonemia and glycemic variability at the end of
treatment [22].

Likewise, in our study, 6-month multiple subcutane-
ous intensive insulin regimen in newly diagnosed T2DM
patients resulted in a significant reduction (p = <0.001)

450
400
350
300
250
200
150

Plasma Glucagon pg/ml

100

600

500

400

300

200

Plasma Glucose mg/dl

100

Morrc M1rrG M 2FPG

Change in Plasma Glucagon

M 0Glucagon M 6 Glucagon

Change in FPG,PPG from baseline to 6 months

WorrG M1rrG M 2pPrG M 3PPG M 4PPG M 5PPG M 6PPG

°
C peptide ng/ml
~

3rrG M 4rrG MsrrG M 6FPG

.
HbAlc %

=

SIS

I i o

C Peptide Change

W 0 Cpeptide fasting 0 C peptide stimulated

[ 6 C Peptide Fasting 6 C Peptide Stimulated

3.5
o 2.5

15

o0 000 o

o EEE

Change in HbA1c

W oHBAlc M 3HbALc [ 6 HbALC

months




International Journal of Diabetes in Developing Countries (September—October 2023) 43(5):765-771 769

Fig.2 Correlation between
percentage change in fasting
plasma Insulin and glucagon.
r=-0.282, p=0.035
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in the glycemic parameters and plasma glucagon. Moreo-
ver, there was a significant correlation between percentage
reduction in glucagon and FPG (p=0.032) following treat-
ment, suggesting a relation between glycaemic status and
a-cell activity. A review of the studies targeting -cell func-
tion early in the course of therapy for T2DM indicated that
short-term intensive insulin therapy preserves endogenous
insulin secretion and promotes metabolic control [17].
Weng et al. in a multicenter randomized study of 382
newly diagnosed T2DM patients, aged 25-70 years, reported
that compared to oral hypoglycaemic agents, early intensive
insulin therapy (MDI vs CSII) facilitates recovery and main-
tenance of B-cell function and induces protracted glycemic
remission at 1-year after diagnosis. The authors concluded
that the shorter period of prior glucotoxicity is more likely to
result in the restoration of p-cell function with early insulin
therapy [23]. However the standard policy at our institute
is to offer insulin treatment to all newly diagnosed type 2
diabetic patients with severe hyperglycemia Hbalc > 10%,
to reduce glucotoxicity and improve metabolism, But for
this study purpose, we have devised a protocol to initiate
insulin therapy for newly diagnosed patients with moder-
ate to severe hyperglycemia. Our study demonstrated that
the insulin treatment over 6 months resulted in a significant
improvement in the glycaemic status with a 43.86% increase
in fasting plasma insulin compared to baseline. Similarly,
fasting and meal-stimulated C-peptide levels showed signifi-
cant improvement of 78.04% and 144.4% respectively from
baseline (p = <0.001). In addition, a significant correlation
between the percentage change in stimulated C-peptide over

6 months and glycemic parameters FPG (p =0.043), PPG
(»=0.001), and HbAlc (p 0.001), was demonstrated in our
study suggesting clear relation between glucotoxicity and
B-cell function. No relation between improvement in insulin
and C-peptide levels and weight gain was seen at the end of
the treatment.

Physiologically, insulin and glucagon may work in tan-
dem to maintain normal metabolic fuel balance. The rela-
tive glucagon and insulin concentrations modulated by -
and P-cell activity control endogenous glucose production,
triacylglycerol deposition, and protein synthesis [9]. A low
insulin:glucagon ratio (IGR) as is characteristic of T2DM
stimulates the mobilization of stored nutrients, and glycog-
enolysis, promoting the breakdown of adipose tissue and
gluconeogenesis. Biosynthesis of proteins, inhibition of glu-
cose production, and reduction of free fatty acid release are
seen normally with a high IGR state [24].

Previous studies focusing on the interrelation between
a-cell activity, glycemic status, and insulin secretion markers
in newly diagnosed diabetes treated with insulin, demon-
strated improvement in individual parameters with glyce-
mic control. However, no association could be documented
among them. Kramer et al. performed an oral glucose toler-
ance test after 4 weeks of intensive insulin therapy in early
T2DM patients and demonstrated improvement in the area
under the curve (AUC) of glucagon and insulin sensitiv-
ity index [22]. However, no relation was seen between the
improvement in a-cell function and B-cell functioning indi-
ces. Zeng et al. demonstrated similar findings in the 3-month
study with intensive insulin therapy [12].
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In contrast to these findings, our study demonstrated
with good glycemic control, there is a moderate correlation
between percentage reduction in plasma glucagon and per-
centage increment in plasma insulin indicating a relationship
between f-cell function and glucagon levels among newly
diagnosed T2DM patients treated with insulin. The differ-
ence in observations obtained in our work from previous
studies could be because we analyzed percentage changes
in FPG, fasting glucagon, fasting insulin, and stimulated
C-peptide over 6 months, whereas the previous studies ana-
lyzed AUC of glucose and meal stimulated values of gluca-
gon respectively. The area under the curve (AUC) is the
measure of the ability of a classifier to distinguish between
classes and is used as a summary of the ROC curve.

Percentage change equals the change in value divided by
the absolute value of the original value, multiplied by 100.
Since we compared 6 months post insulin treatment values
with the baseline, we used percentage change in order to
depict the magnitude of the change.

Though a significant improvement in fasting, insulin, and
C-peptide levels and BMI are seen at 6 months compared
to baseline, the quantum increase in percentage change of
plasma insulin is huge (43.86%), while the percent change
in BM1 is only 2.77% which, even otherwise is expected
with insulin treatment in diabetic patients. Furthermore, the
calculated HOMA IR values as derived from the baseline
mean plasma insulin and fasting glucose values as projected
in Table 2 at baseline and at 6 months are 2.5 and 1.90
respectively indicating improvement in insulin sensitivity
at 6 months. Hence, the weight gain does not seem to have
contributed to the insulin resistance.

Our study documented evidence that chronic hyper-
glycemia has a negative influence on p-cell function and
increases a-cell activity, suggesting dysfunction of both at
baseline. Besides that the early and effective insulin treat-
ment in newly diagnosed T2DM patients has a beneficial
effect on these parameters suggesting improved combined
a- and P-cell function at 6-months after therapy. In addi-
tion, a significant reduction in mean total daily insulin dose
requirement was also seen at 6 months.

The limitations of the study are its open-label obser-
vational method rather than a randomized pattern, lack of
comparative treatment arm, and fewer patients. Dynamic
testing of glucagon and insulin secretion was not done. We
have not done hyper insulinemic euglycemic clamp to study
insulin sensitivity as we primarily focused on insulin secre-
tion indices and its relation to glucagon levels at baseline
and after insulin treatment. The gold standard Mixed Meal
Tolerance Test (MMTT) could not be used in our study,
as the liquid mixed meals used in major research trials
(e.g. Sustacal™ and Boost™) are not easily obtainable in
many countries, although it is likely that preparations with
broadly similar nutritional content will be interchangeable.
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[25]. Hence, we did a mixed meal test modified to local cui-
sine with a calorie and protein, and fat nutrient constitution
to provide calories of 350 cal per meal.

The strength of the study is the prospective treatment-
related follow-up for 24 weeks and well-documented cor-
relative data between baseline and 6 months. These obser-
vations highlight the relation between glycemic status,
B-cell function, and glucagon level in newly diagnosed
T2DM patients, treated with insulin. The observations from
our study also provide supportive evidence for an early
treatment-related benefit from a pathophysiologic perspec-
tive. However, further detailed evaluation of functional
indices of a- and B-cells would be beneficial in understand-
ing islet dysfunction in newly diagnosed T2DM patients.

Conclusion

Among the newly diagnosed T2DM patients with moderate to
severe hyperglycemia fasting glucagon correlated positively with
glycemic status and negatively with insulin levels at baseline.
Early and intensive insulin treatment in these patients was asso-
ciated with good glycemic control and improvement in glucagon
and insulin levels. A modest reciprocal correlation was noted
between o- and B-cell function in these patients. The observa-
tions from our data provide strength to the recommendation of
early insulin initiation in the newly diagnosed type 2 diabetes
especially in those with moderate to severe hyperglycemia.
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