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Abstract

BACKGROUND: Oral anti-diabetic drugs (OADs) are often advised for ini-
tial treatment for patients with Type 2 Diabetes Mellitus (T2DM). Their ef-
fects on glycemic control, lipid profile, insulin resistance and beta cell func-
tion has not been systematically studied in India. The objective of this study
was to evaluate the effect of lifestyle modification and OADs on metabolic
parameters in recently diagnosed uncomplicated T2DM patients. MATERIAL
METHODS: A total of consecutive sixty four (64) cases of recently diagnosed
uncomplicated T2DM in the age group of 30 - 60 years were studied. They
were evaluated for weight, body mass index (BMI), fasting plasma glucose
(FPG), 2hr post glucose plasma glucose (2hrPGPG), HbAc, lipid profile, se-
rum fasting insulin, c-peptide, HOMA-IR and HOMA-p. They were divided
into four groups according to increasing order of HbAlc values (6.5% - 6.9%,
7% - 7.5%, 7.6% - 8.5%, 8.6% - 8.9%). These four groups were subjected to
lifestyle modification (LSM), monotherapy with metformin (1 g) and LSM,
dual drug therapy ie metformin (1 g), glimepiride (1 mg) and LSM, triple
drug therapy ie. metformin (1 g), glimepiride 1 mg, sitagliptin 100 mg) and
LSM respectively. These patients were followed up after three months of
therapy. They were evaluated for the same metabolic parameters and com-
pared with their baseline value. Fourteen (14) patients were lost to follow up.
RESULTS: We found 91%, 92.8%, 53.3% and 60% of our patients from above
four different groups achieved target glycemic control (HbAlc < 6.5%). In all
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the four groups, significant improvement in glycemic status, lipid profile,
HOMA-IR and HOMA- S were observed (p value < 0.05). CONCLUSION: In
our study, early Initiation of LSM along with OADs either as monotherapy or
in combination therapy according to HbAlc value showed significant im-
provement in glycemic control, insulin resistance and beta cell function.

Keywords

Type 2 Diabetes Mellitus, Metformin, Glimepiride, Sitagliptin, HOMA-IR,
HOMA-p

1. Introduction

India has the second largest number of adults living with diabetes mellitus (DM)
worldwide. It has 72.9 million diabetes population with an adult diabetes preva-
lence rate of 10.4% [1]. Type 2 diabetes (T2DM) is the most common type of
diabetes, accounting for around 90% of all cases of diabetes [1]. In T2DM, insu-
lin resistance and relative insulin deficiency leads to increase lipolysis and free
fatty acid formation which undergo gluconeogenesis to increase the hepatic glu-
cose output leading to high plasma glucose [2] [3]. Beta cell dysfunction and in-
sulin resistance have complex interrelation for pathogenesis of T2DM. Beta cells
function begins to deteriorate well before the diagnosis of T2DM and continue
to decline with duration of DM [3] [4]. The evaluation of insulin resistance and
beta cells function are measures to assess the status of T2DM. All the microvas-
cular complications results from chronic hyperglycemia. Therefore optimal gly-
cemic control can reduce the risk of diabetic complications [3]. The current
American Diabetic Association guidelines [5] for the treatment of T2DM rec-
ommend timely stepwise intensification of therapy by adding one or two drug
subsequently. But the challenge here is “clinical inertia” defined as the delayed
intensification of treatment [6]. This can be solved by early initiation of combi-
nation therapy for intensive glycemic control in newly diagnosed T2DM pa-
tients. The current American College of endocrinology (ACE) guidelines sug-
gests initial combination therapy for patients with HbAlc = 7.5% [7]. In the
context of developing country like India where the majority of the population
belongs to low socio-economic status, life long adherence to the treatment is
unlikely [8]. In such situation it is very important to select the oral anti-diabetic
drugs which are efficacious as well as cost-effective. In our study we are trying to
evaluate the glycemic effectiveness of oral anti-diabetic drugs in a single hospital

based study.

2. Aim of the Study

This study was carried out to determine the effect of oral anti-diabetic drugs on
plasma glucose, lipid profile, insulin resistance and beta cell function in recently

diagnosed T2DM patients without any complications.
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3. Material and Methods

This study was carried out between the period of July 2017 to December 2017
and was approved by Institutional Ethical Committee, SCB Medical College,
Cuttack, Odisha, India. During the study period, sixty four (64) consecutive pa-
tients of age 30 - 60 years attended Medicine OPD and Endocrinology OPD of
SCB MCH, Cuttack who were recently diagnosed (newly detected or diagnosed
within six months) with uncomplicated T2DM and were enrolled for the study.
Exclusion criteria are shown in the Table 1.

Consent regarding the study was obtained from patients or their attendants in
regional language. Detailed history regarding patient’s bio-data, present illness,
past illness, personal history, family history was obtained. General and systemic
examination was performed. Height was measured by standard stadiometer and
weight by standard weighing machine. T2DM was diagnosed according to ADA
criteria. Plasma glucose level estimation was done by glucose oxidase method
using a standard kit supplied by Acutex Biochemical Pvt. Ltd. (Mumbai, India).
Glycosylated haemoglobin (HbA1C) was measured by ion-exchange chroma-
tography method. Lipid profile was done by auto analyser (TBA 120 FR,
TOSHIBA) wusing specific Kkits. Urine microalbumin was measured by
nephelometry. Serum fasting insulin and c-peptide estimation were done by
electrochemiluminescence immunoassay (Abbot2000SR analyser). Homeostasis
model assessment for insulin resistance (HOMA-IR) and beta cell function
(HOMA p) were calculated. HOMA-IR = {fasting serum insulin (uIU/ml) x
fasting plasma glucose (mg/dl)}/405. HOMA-S = 360 x fasting serum insulin
(ulU/ml)/fasting plasma glucose (mg/dl)-63. Direct and indirect funduscopy was
used to rule out retinopathy. Patients with microalbuminuria were ruled out as
nephropathy. Neuropathy was ruled out history of paresthesia, numbness and
tingling sensation and nerve conduction studies.

These sixty four (64) patients were divided into four groups according to
HbA1c values. Each group received different interventions as described in the
Table 2.

Table 1. Exclusion criteria in this study.

1 Type 1 diabetes mellitus
2 Gestational diabetes

Type-2 diabetes with microvascular complications and acute complications like

3 coronary artery disease, cerebro-vascular accidents

4 Secondary diabetes

5 Type-2 diabetes who are diagnosed more than six month prior to enrollment
6 Type-2 diabetes whose age < 30 yr & age > 60 yr

7 Type-2 diabetes with HbAlc > 9

8 Haemoglobinopathy
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Table 2. Different groups according to HbAlc and interventions given.

No. of patients No. Of patients

HbAlc Interventions

enrolled on follow up
Lifestyle modifications
Group 1 6.5% - 6.9% 14 11
(LSM) only
Group 2 7% - 7.5%. 17 LSM + metformin (1 g) 14
LSM + metformin 1 g,
Group 3 7.6% - 8.5% 21 15

glimepiride 1 mg)

LSM + metformin (1 g),
Group4  8.6% - 8.9% 12 glimepiride (1 mg) 10
sitagliptin (100 mg)

Total of 64 recently diagnosed uncomplicated Type 2 DM patients were enrolled and out of them, 50 pa-
tients came for follow up.

Group 1 included (fourteen) 14 patients with HbAlc value 6.5% - 6.9%. They
were subjected to lifestyle modifications (LSM) only. LSM include counselling
regarding T2DM and minimum physical activity goal of 150 minutes/week [5].
Group 2 was made of seventeen (17) patients with HbAlc value 7% - 7.5%. They
were treated with LSM + metformin (1 g) monotherapy. Group 3 included
twenty one (21) patients with HbAlc 7.6% - 8.5% and were treated with LSM+
double drug therapy i.e. metformin (1 g) plus glimepiride (1 mg). Group 4 con-
sisting of twelve (12) patients with HbAlc between 8.6% - 8.9% were subjected
to LSM and triple drug therapy ie. metformin (1 g), sulfonylurea (glimepiride
1mg) and DPP-4 inhibitor ie. sitagliptin (100 mg). Enrolled patients were edu-
cated to maintain a specific diet plan and lifestyle modification which was con-
stant throughout the study. Diet plan was individualised by a registered dietitian
using the Diabetes Plate Method. Out of sixty four patients fifty patients came
for follow up after 3 months and evaluated for whether they achieved the target
HbAlc £ 6.5%. Metabolic parameters were measured at baseline and after 3
month of treatment. Statistical analysis was done using SPSS statistical package
version 21.0. Quantitative variables were described as mean +/— standard devia-
tion (SD) unless otherwise indicated. Paired t-test was done between baseline
and follow up values. For all statistical tests, p value < 0.05 was considered sig-

nificant.

4. Results

Eleven (11), fourteen (14), fifteen (15) and ten (10) patients came for follow up
in group 1, 2, 3 and 4 respectively. Table 3 shows demographic characteristics of
each group. The mean age in these groups were found to be 41.27 + 7.721, 44.43
+9.565, 42.93 + 8.261, 51.7 £ 6.7.

In Group 1, 91% patients achieved glycemic control target of HbAlc < 6.5%.
As shown in the Table 4, significant reduction in weight, BMI, FPG, 2 hrPGPG,
HbAlc, total cholesterol (TC), triglyceride (TG), LDL, VLDL with mean differ-
ence of 2.6 kg, 0.96 kg/m?, 20.364 mg/dl, 44.27 mg/dl, 0.44%, 12 mg/dl, 17 mg/dl,
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Table 3. Demographic profile of study population.

Male  Female  Total Mean Age Mean Weight =~ Mean BMI
Group 1 9 2 11 4127 £7.721 66.91 +7.956 24.48 +2.260
Group 2 8 6 14 44.43 £ 9.565 61.64 +7.52 23.56 +1.43
Group 3 9 6 15 42.93 +8.261 66.13 +£9.203 25.76 +2.488
Group 4 7 3 10 51.7 £ 6.700 64.50 + 8.475 25.24 +2.382

Table 4. Comparison between baseline and follow up for Group 1 (HbAlc 6.5% - 6.9%

and therapy= LSM only).

BASELINE FOLLOW UP
n=11 n=11 p value
WEIGHT 6691 +7.956 643+ 6.63 0.001
BMI 24.48 +2.260 235+ 1.73 0.001
FPG 142.91 £ 11.335 122.55 +12.210 <0.001
2 hr PGPG 207.09 + 30.035 162.82 + 18.088 <0.001
HbAlc 6.77 £0.119 6.33 £0.205 <0.001
TOTAL CHOLESTEROL 190.45 + 27.627 178.45 + 21.290 0.010
TRIGLYCERIDE 173.73 + 69.102 156 + 53.529 0.009
HDL 39.82 6113 4091 + 4.888 0.307
LDL 115.27 £ 19.658 106 + 13.624 0.027
VLDL 3491 +13.561 31.55+11.219 0.004
SERUM FASTING INSULIN 9.17 £ 2.021 9.873 +£2.398 0.282
C-PEPTIDE 2.38 £ 0.370 2.268 +0.209 0.123
HOMA-IR 3.25 % 0.843 2.985 + 0.804 0.045
HOMA-B 41.86+9.138 61.809 + 17.307 0.001

This table shows significant improvement in all the parameters except HDL, serum fasting insulin and
c-peptide.

9.2 mg/dl and 3.3 mg/dl respectively. Mean HDL was increased but not signifi-
cant. Though Change in serum fasting insulin and c-peptide value were not sig-
nificant, reduction in insulin resistance (HOMA-IR) and improvement in beta
cell function(HOMA-p) were significant with mean difference of 0.2 (p value =
0.045) and 17 (p value = 0.001) respectively.

In group 2, 92.8% patients achieved the glycemic control target HbAlc < 6.5.
Table 5 shows change in weight, BMI, FPG, 2hrPGPG, HbAlc, total cholesterol
(TC), triglyceride(TG), LDL and VLDL which were significant with mean reduc-
tion of 1.14 kg, 0.41 kg/m?, 23.5 mg/dl, 46.07 mg/dl, 0.86%, 21.43 mg/dl, 19.36
mg/dl, 19.86 mg/dl and 5 mg/dl respectively. Mean HDL increase was 4.79 mg/dl
(p value = 0.007). There is no significant change seen in serum fasting insulin
and c-peptide level. But there was decrease in HOMA-IR (p value = 0.005) and
increase in HOMA- S (p value = 0.001) respectively.
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Table 5. Comparison between baseline and follow up for Group 2 (HbAlc 7% - 7.5% and

therapy = LSM + Metformin (1 g).

BASELINE FOLLOW UP
n=14 n=14 p value
WEIGHT 61.64 £7.52 60.5 + 6.58 0.023
BMI 23.56 + 1.43 2316 + 153 0.028
FPG 143.71 + 18.751 120.21 + 9.333 <0.001
2 hr PGPG 22993431139 183.86 + 20.403 <0.001
HbAlc 7.24 +0.122 6.379 £ 0.158 <0.001
TOTAL CHOLESTEROL 206.71 *+ 34.693 185.29 + 24.310 0.004
TRIGLYCERIDE 187.86 + 43.410 168.5 + 35.87 0.014
HDL 37.43 + 6.406 4221 + 6411 0.007
LDL 130.64 + 29.891 110.79 + 16.757 0.008
VLDL 38.64 + 8.205 33.64+7.11 0.002
SERUM FASTING INSULIN 9.91 £ 3.779 9.593 + 3.001 0.446
C-PEPTIDE 2.26 £0.336 2.268 +0.396 0.923
HOMA-IR 3.44 £ 1.255 2.832 +£0.891 0.005
HOMA-8 47.81 £22.527 62.125 + 20.643 0.001

This table shows significant improvement in all the parameters except fasting insulin and c-peptide.

In group 3, 53.33% patient achieved the target glycemic control of HbAlc <
6.5. As shown in the Table 6, there was no statistically significant change in
weight (p value = 0.238) and BMI (p value = 0.071). FPG, 2hrPGPG and HbA1lc
improved significantly with mean reduction of 39 mg/dl, 92.26 mg/dl and 1.41%
respectively. Significant Mean reduction of 23.6 mg/dl, 48.47 mg/dl, 16.73mg/dl,
10.13 mg/dl were seen in TC, TG, LDL, VLDL respectively. Mean increase in
HDL was 2.6 mg/dl which was not significant. Increase with C-peptide level was
significant with mean increase of 0.216 and beta cell function (HOMA-p) was
increased by 19.25% (p value = 0.001). Both fasting insulin level was decreased
(p value = 0.012) and Insulin resistance (HOMA-IR) was decreased (28.5%, p
value = 0.005).

In group 4, 60% patients achieved the target HbAlc < 6.5. Reduction in
weight and BMI were not significant. Table 7 shows mean reduction in FPG,
2hrPGPG and HbAlc was 31.7 mg/dl (p value < 0.001), 92.1mg/dl (p value <
0.001) and 2.12% (p value < 0.001) respectively. Significant mean reduction in
TC, TG, LDL, VLDL were 26.8 mg/dl, 28.5 mg/dl, 25.8 mg/dl, 8.5 mg/dl respec-
tively. Mean increase in HDL was 8.4 mg/dl. (p value = 0.003). There is
non-significant increase in c-peptide level. Decrease in fasting insulin level is
significant with mean difference of 1.24 (p value = 0.03). Insulin resistance
(HOMA-IR) was found to be decreased (p value < 0.001) and beta cell function
(HOMA-p) was improved significantly with mean difference of 9.14 (p value =
0.001) respectively.
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Table 6. Comparison between baseline and follow up for Group 3 (HbAlc 7.6% - 8.5%

and Therapy = LSM + Metformin (1 g) + Glimepiride (1 mg).

BASELINE

FOLLOW UP

n=15 n=15 p value
WEIGHT 66.13 +£9.203 65.3 £ 8.8 0.238
BMI 25.76 +2.488 25.4 +2.47 0.071
FPG 168.00 + 43.066 129 + 11.006 0.001
2 hr PGPG 282.47 + 47.334 190.2 +£17.905 <0.001
HbAlc 8.01 £ 0.264 6.6 £ 0.256 <0.001
TOTAL CHOLESTEROL 220.00 = 55.699 196.4 + 32.924 0.007
TRIGLYCERIDE 223.53 + 59.705 175.07 + 29.429 0.002
HDL 38.00 +£7.378 40.6 £ 5.422 0.063
LDL 137.40 + 47.596 120.67 + 26.478 0.040
VLDL 4527 £11.732 35.13 £5.902 0.001
SERUM FASTING INSULIN 10.43 +2.962 9.353 £2.164 0.012
C-PEPTIDE 1.98 + 0.445 2.186 £ 0.266 0.018
HOMA-IR 4.14 + .954 2.954 + 0.605 <0.001
HOMA-B 44.72 +£26.105 53.333 £ 18.149 0.017

This table shows significant improvement in all the parameters except weight, BMI and HDL.

Table 7. Comparison between baseline and follow up for Group 4(HbAlc 8.6% - 8.9%,

Therapy = LSM + Metformin (1 g) + Glimepiride (1 mg) + Sitagliptin (100 mg).

BASELINE FOLLOW UP
n=10 n=10 p value
WEIGHT 64.50 + 8.475 6377 0.066
BMI 2524 +2.382 25+2.04 0.482
FPG 166.90 + 18.965 1352 + 12.848 <0.001
2 hr PGPG 279.60 + 47.449 187.5 + 15.813 <0.001
HbAlc 8.75 +0.127 6.63 + 0.309 <0.001
TOTAL CHOLESTEROL 214.20 + 34.918 187.4 + 28.422 0.002
TRIGLYCERIDE 183.10 + 54.089 154.6 + 45.693 0.021
HDL 3620 +9.114 44.6 £ 8.085 0.003
LDL 137.70 + 30.346 111.9 + 18.741 0.001
VLDL 39.40 + 12.420 30.9 £ 9.597 0.006
SERUM FASTING INSULIN 10.02 + 10.02 8.78 + 1.417 0.030
C-PEPTIDE 2.08 +0.392 2.165 £ 0.23 0.423
HOMA-IR 4.02 + 656 2.914 % 0.427 <0.001
HOMA-B 36.27 +9.941 45.421 + 12.322 0.010

This table shows significant change in all the parameters except weight, BMI and c-peptide.
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5. Discussion

Lifestyle modification improved glycemic status, insulin resistance and beta cell
function in group 1 patients. Lipid profile was also improved but increase in
HDL was not significant. These findings are corroborative with previous studies
in Indian population by Deshmukh ef a/ and Sanghani et a/ [9] [10]. However it
differs from a study on Japanese population by Michishita et al where increase in
HDL was significant [11]. This is attributed to normal HDL value of our patients
at baseline. Ellsworth et al showed in their study that LSM and dietary modifica-
tion improve insulin resistance [12]. Ramachandran ef a/ in their study of dia-
betes prevention programme in India found decreased insulin resistance by life-
style modification [13].

Patients in the group 2 were observed to have significant improvement in all
the parameters. A review on metformin by Goley showed that effect of met-
formin on body weight in various randomized controlled trials was variable,
with about half of studies demonstrating significant reductions in body weight
with metformin, relative to baseline or comparator [14]. Our study results were
in corroboration with a Diabetes Progression Outcomes Trial by Kahn ef al,
which suggested significant weight loss in patients uncontrolled by lifestyle in-
tervention when subjected to monotherapy with metformin [15]. A meta-analysis
thirty five (35) trials by Hirst et al. suggested evidence in support of effectiveness
of metformin therapy in lowering of HbAlc when used as monotherapy or in
combination [16]. It is worth emphasizing that metformin is effective in Asian
Indian patients, in lower doses (250 - 1000 mg/day) than is being used in west-
ern countries. This could be due to the lower BMI of Asian Indians and/or due
to the better efficacy of the drug in this racial group perhaps related to insulin
resistance. Results from the study on diabetes population from Andhra Pradesh
by Garimella ef al. are in agreement with our results regarding metformin on
lipid profile [17]. Improvement in beta cell function (HOMA-p) and insulin re-
sistance (HOMA-IR) was significant suggesting the role of metformin as insulin
sensitizer.

Group-3 patients received lifestyle modification and dual therapy and showed
no statistically significant change in weight (p value = 0.238) and BMI (p value =
0.071). Charpentier et al and Gupta et al. showed patients on MF and GP dem-
onstrated no change in body weight and BMI at the end of 12 weeks [18] [19].
Improved glycemic parameters were observed similar to studies by Charpentier
et al, Ingle et al [18] [20]. This suggest extrapancreatic effects of glimepiride
made its combination with metformin more effective in improving glycemic
control by reducing glucose level. We differ from studies of Gupta et al, Ingle et
al on Indian population regarding HDL which suggested significant increase in
HDL [19] [20]. The difference is due to the baseline value of HDL which was
normal in our study population. Increase with C-peptide level was significant
with mean increase of 0.216 and beta cell function (HOMA-p) was increased by
19.25% (p value = 0.001). Both fasting insulin level was decreased (p value =
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0.012) and Insulin resistance (HOMA-IR) was decreased (28.5%, p value =
0.005).

In group-4 patients, reduction in weight and BMI were not significant. A
meta-analysis metformin + SU + DPP4i by Downes et al. showed significant
lowering of body weight [21]. Our results differ in this regard. This is attributed
to the higher baseline weight in this group and higher HbAlc patients enrolled
in this group. Glycemic control and improved lipid profile was observed similar
to studies of by Hermansen et al. [22] and M K Moon ef al [23] Insulin resis-
tance (HOMA-IR) was found to be decreased (p value < 0.001) and beta cell
function (HOMA-p) was improved significantly with mean difference of 9.14 (p
value = 0.001) respectively. Addition of sitagliptin to the combination of glime-
piride and metformin provided numerically greater improvement in HbAlc.Both
metformin and sitagliptin increased active GLP-1, metformin likely operated
through increased GLP-1 release and sitagliptin by inhibiting degradation.
Hence the combination provided additive effects on GLP-1. This complemen-
tary effect of sitagliptin and metformin on increasing GLP-1 levels could provide
a basis for explaining the enhanced efficacy observed.

In all the four groups, improvement in HOMA-IR and HOMA-S were sig-
nificant (p value < 0.05). Lifestyle modification and OADs, either as monother-
apy or in combination acts on various pathophysiological mechanism of T2DM
and reduces hyperglycemia. Metformin decreases hepatic glucose production
from pancreas and increases glucose uptake by peripheral tissue. Glimepiride
enhances insulin secretion. Sitagliptin increases insulin secretion and decreases
glucagon secretion. These effects of drugs translate into decreased insulin resis-

tance and increase in beta cell function.

6. Conclusion

Early intensive therapy with oral anti-diabetic drugs either alone or in combina-
tion as per HbAlc level results in significant control in glycemic status at three
(3) months. It improves beta cell function and insulin resistance. This improve-
ment will contribute to the legacy effect which subsequently decreases the mi-
crovascular complications in long run. However the present study has its own
limitation being a clinical study and conducted only in the eastern part of India
which may not represent whole of India. A multicentric study with large number

of patient from different parts of India is required to consolidate our findings.
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