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ABSTRACT

Background

Diabetes mellitus (DM) is a leading cause of chronic kidney
disease (CKD). The antihyperglycemic treatment options for
patients with Type 2 DM are limited because of safety and
tolerability concerns.

Aims

To retrospectively assess the effect of using Alogliptin; a
inhibitor (DPP-4i)
conventional gliclazide: a sulphonylurea (SU) on renal

dipeptidyl peptidase-4 along with
outcomes and glycaemic control in T2DM patients with mild

CKD and hypertension.

Methods

A total of 76 patient records (38 males and 38 females) of
patient ages 40—60 were analysed from the kidney unit at
Punjab Care hospital, Lahore, Pakistan. All patients had a

confirmed history of T2DM with mild CKD and established
hypertension.

Eligible patients were divided into two groups of 38
individuals each. Group SU received gliclazide monotherapy
(SU) or Alogliptin (DPP-4i)+gliclazide (SU) add on therapy. All
patients were followed up for 12 months.

Results

The alogliptin (DPP-4i) plus gliclazide (SU) add on therapy
group, in comparison to the group only receiving gliclazide
(SU), showed a significant difference in eGFR values. The
meantSD GFR values post 12 months were 74.8+0.31
(95%Cl.74.8+0.09;74.7-74.9) and  76.1£0.25  (95%Cl:
76.1+0.08;76.0-76.2) for SU vs. SU+DPP-4i, respectively,
with mean calculated effect size of 1.6,. HbAlc, 1,5 AG and
ipid profile values have significantly changed (p<0.05) while
blood pressure values showed no change. The meanzSD
systolic blood pressure readings post 12 months for for SU
vs. SU+DPP-4i were 131.4+10.4 (95% Cl 131.443.3;128.1—
134.7), and 131.849.9 (95%Cl 131.8+3; 128.8-134.8),
respectively.

Conclusion

In the present study, patients using alogliptin in addition to
sulfonyl urea showed improved glycaemic control and lipid
profile without increased occurrence of hypoglycaemia. We
concluded that, DPP-4i inhibitors are safe treatment options
for patients with type 2 diabetes and mild degree of renal
impairment.
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What this study adds:

1. What is known about this subject?

Diabetes and hypertension are both listed as major causes
of renal complications. Many clinical studies have debated
that DPP-4i can offer some degree of nephroprotection.

2. What new information is offered in this study?

The Alogliptin plus gliclazide add on therapy group, showed
a significant difference in the renal outcomes values beyond
glucose-control.

3. What are the implications for research, policy, or
practice?

Further studies are needed so that these data can help
guide clinicians towards selecting appropriate antidiabetic
agents to treat T2DM with chronic renal disease.

Background

Type 2 diabetes mellitus (T2DM) individuals are more prone
to microvascular complications such as (CKD) that is
associated with increased morbidity, mortality and
progression to end-stage renal disease.” Diabetes and
hypertension are listed as major causes of CKD which is
particularly important in developing countries such as
Pakistan.” Up to 80 per cent of CKD patients have
which

progression of kidney disease toward end stage renal

hypertension significantly contributes to the
disease (ESRD). The National Kidney Foundation clinical
practice guidelines (NKF-KDOQI) recommended a blood
pressure goal of <130mmHg systolic and <80mmHg diastolic
for all CKD patients.’ Proteinuria is calculated by albumin-
to-creatinine ratio (ACR) and protein-to-creatinine ratio

(PCR) is used to predict renal disease progression.4

Anti-hyperglycemic treatment options for CKD patients with
T2DM are limited because of the safety and tolerability
concerns such as metformin being contraindicated in

patients with creatinine clearance <60mL/min.5’8

Dipeptidyl peptidase 4 inhibitors (DPP4i) are well-tolerated
treatment options for T2DM patients with any degree of
renal impairment.g"12 These agents lower blood glucose by
inhibiting the DPP-4 enzyme that controls GLP-1 and
(GIP)
degradation. These hormones improve the control of

glucose-dependent  insulinotropic  polypeptide

glucose-dependent secretion of insulin and suppress

glucagon secretion as shown in Figure 1.

Dipetidyl peptidase enzymes limit the action of these
chemicals and lead to rapid inactivation® Studies have

suggested some links between obesity and an increased
which highlights the

pathophysiological role which these enzymes can play in
14-15

expression of DPP-4 enzymes

diabetes. This is a desirable effect when insulin secretion
and glycaemic control is required16 This class of drugs
includes sitagliptin, vildagliptin, saxagliptin, linagliptin and
alogliptin.

Measuring glomerular filtration rate (GFR) is recommended
by the National
equations such as (CKD) Epidemiology Collaboration (CKD-

Kidney Foundation using prediction

EPI) equation and the Modification of Diet in Renal Disease
(MDRD) 17-19
decreased if GFR is <60ml.min".1.73m™ and considered

equation. Renal function is moderately
severely decreased if GFR is <30ml.min".1.73m?). Based on
the above classification, Grade 2 patients are those who
have mildly reduced GFR values that range between (60—-89

mI.min'1.1.73m'2).20

Clinical studies have suggested that DPP-4i can offer some

degree of nephroprotection. Previous studies using
saxagliptin and linagliptin suggested an involvement of
DPP4 in nephroprotection. This appears to be via a pathway
independent of glycaemic control, such as the improvement

. .21
of albuminuria.

Alogliptin is a DPP-4i that is used in T2DM treatment.”
There is a dearth of studies that specifically compare DPP-4i
usage in comparison to other anti-diabetic drugs for CKD
and hypertensive patients. CKD In patients with eGFR
>60mL/min there is no need for dose adjustment of
alogliptin but in patients with eGFR 30—60 and <30mL/min it

is reduced to 12.5mg and 6.25mg/daily respectively.B'24

Glycaemic control can be evaluated by analysing long term
markers such as HbA1lc and short term markers such as 1,5-
anhydroglucitol (1,5-AG).” In patients with kidney disease,
the levels of 1,5 AG are overall stable and is used in our
hospital as a short glycemic marker. Thus, 1,5 AG of

patients were recorded in this study.26

The aim of the present study was to retrospectively
evaluate T2DM with established mild CKD (eGFR 60—
89mL/min/l.73m2) and hypertension. Patient records were
divided into two treatment groups; Group SU who received
only SU (gliclazide) and Group SU+DPP-4i who received
alogliptin in combination with gliclazide. Eligible patients
were assessed for the levels of glycated hemoglobin
(HbA1c), fasting blood glucose (FBG), 1,5-AG, eGFR and post
prandial blood glucose (PPBG) for 12 months.
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Method

This was a retrospective observational exploratory study
performed in patients attending the Renal Unit at Punjab
Care hospital, Lahore, Pakistan from February 2014 till April
2015. The study protocol was approved by the Ethics
Committee of Punjab Care hospital, Lahore, Pakistan (IP-
45603). The study was performed in accordance with Good
Clinical Practice standards and the ethical principles that
have their origin in the Declaration of Helsinki.

The selection criteria for the study population were as
follows. All patients had a confirmed history ofT2DM which
was evident by blood glucose and HbA1c levels (6.5-8.0% at
screening). The meanSD estimated duration of diabetes in
group SU and SU+4DPPi4 is 10.117.6, and 11.9+2.6,
respectively. All patients had established CKD stage 1 (eGFR
60—89m|/min/1.73m2; using the Modification of Diet in
Renal Disease equation) and a history of established
hypertension as evident from patient medical reports were
included.

Patients who were on dialysis or likely to require dialysis
during the study duration were excluded. All patients had
been diagnosed with mild CKD based on the presence of
proteinuria evidenced by ACR >2.5/3.5mg/mmol and
PCR>15mg/mmol. Patients on insulin treatment or have
received insulin within 12 weeks prior to screening, and
patients with type 1 DM were excluded. In addition,
patients with a history of ketoacidosis, acute renal disease,
renal transplant, presence of liver disease, a cardiovascular
event within 12 weeks, pregnancy and those who had
received DPP-4i therapy within the previous 12 weeks =
were also excluded.

Besides, patients with triglcyerides >600mg/dL were also
excluded from the study.

The study population consisted of a total of 76 patients (38
males and 38 females) of age range 40-60 years who visited
the hospital from February 2014 till April 2015.

Patient records were examined in detail for information
such as any medical history, smoking habits, body mass
index and physical examinations. Laboratory test records for
the following parameters; fasting blood glucose (FBG),
HbA1c levels, lipid profile and eGFR were recorded.

Selected diabetic patients with CKD and hypertension were
divided into two groups. Each group had 38 individuals.
Each patient either received gliclazide monotherapy (Group
SU), or Alogliptin (DPP-4i) plus gliclazide (Group SU+DDP4i)

add on therapy. Outpatient visits were scheduled at 3, 6,
and 12 months during the first year of the study. All patients
were followed up for 12 months for any arising renal
complication.

Group SU received an oral dose of twice daily 60mg
gliclazide, a (SU) monotherapy (Diamicron® MR 60mg;
Servier, Pakistan) as prescribed by the patient’s physician.
According to the American Society’s recommendations
60mg gliclazide would adjust the level of HbAlc to <6.5%.
Group SU+DPP4i had received an add on therapy of a twice
daily dose of 60mg gliclazide (SU) (Diamicron® MR 60
tablets; Servier, Pakistan) plus an oral once daily 12.5 mg
a DPP-4i

dose of Alogliptin; (Nesina 25mg; Takeda,

Thailand).

During treatment and follow-up periods, patients had
received standard medications for CKD and anti-
hyperlipidemic drugs that are listed in Table 1. Replacement
or altered dosage of anti-hyperlipidemic drugs was not

observed.

During the first year of the observational study, outpatient
visit records at 3, 6, and 12 months were examined in detail.
All patients had been followed up for renal complications.
At each outpatient visit patients’ glycated hemoglobin
(HbA1c), fasting blood glucose (FBG), blood pressure, serum
creatinine, 1,5 AG levels, urea, electrolytes and eGFR were
obtained from the patients’ medical records.

Statistical analysis

Package for Social Science (SPSS) Version 21 (SPSS Inc.,
Chicago IL, USA) was used for statistical analysis. The two
treatment groups were compared using paired t-test and
the calculated p-value was considered to be significant if it
was £0.05. The effect size has been calculated for mean+SD
GFR values.

Results

A total of 76 patients (38 males and 38 females) of the age
range 40-65 were selected. Patient records were divided
into two treatment groups.

Group SU had 38 individuals (19 females and 19 males) with
meanzSD age (yr) and weight (kg) of 62.946.1, and 75.2+4.1,
respectively. Group SU+DPP-4i had 38 patients (19 females
and 19 males) with meanSD age and weight of 58.9+7 and
85.5+75.1 respectively. The baseline demographic and
clinical characteristics of both groups are provided in Table
1. No statistical significance was noted in all baseline
characteristics.
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Glycemic control

Initially, the diabetes profile of the patients in Group SU and
Group SU+DPP-4i showed no significant difference in HbAlc
and FBG levels prior to treatment administration as
represented in Figures 2 and 3, respectively.

There was a significant difference in HbAlc and FBG
between both groups after treatment administration as
presented in Table 2.

The levels of HbAlc, FBG and PPBG in Group SU+DPP-4i
were significantly lower (p<0.05) when compared to Group
SU (Figures 1-3). As shown in Figure 3 the decrease in FBG
was 57.1+16.8, 67.35+20.6mg/dl for Group SU and Group
SU+DPP4i respectively. As shown in Figure 2, the meantSD
decrease from baseline in HbAlc for Group SU and Group
SU+DPP-4i werel.0£0.48 and 2.06+0.19%., respectively. In
Figure 3 the decrease in PPBG was 5.1#3.6 and
16.3520.1mg/dl for Group SU and Group SU+DPP4i
respectively.

As shown in Figure 4, comparing 1,5 AG (ug/mL) values at
baseline and post 3, 6 and 12 months of treatment (n=76)
between Group SU and Group SU+DDP-4i approached a
significant difference at (p<0.001) 3 months and 12 months
post-treatment but not at 6 months. Overall, the level of 1,5
AG was significantly higher in the Group SU+DPP-4i
compared to SU group.

Lipid control

As shown in Table 2, comparing the lipid profile (LDL, HDL
and TG) of individuals in Group SU and Group SU+DDP-4i
showed significant difference (p<0.05) at baseline, 3 months
and 6 months. However it normalized 12 months post-
treatment.

Renal outcomes

The ACR and PCR values (mg/mmol) showed a mild non-
significant decrease in both Groups. The meantSD decrease
from baseline in ACR and PCR for Group SU and Group
SU+DPP-4i were 2.1+1.2 and 1.7£0.6mg/mmol, respectively.

As seen in Figure 5, the eGFR values in the Group SU+DPP-4i
compared to Group SU were significantly increased (p<0.05)
at 6 months, 9 months and 12 months post-treatment.

The meantSD decrease from baseline in ACR and PCR for
Group SU and Group SU+DPP-4i were respectively 0.1+0.13
and 0.8+0.3 ml.min™.1.73m™

Estimated mean+SD GFR values were 75.1+0.22, 74.9+0.12

74.8+0.31 and were 76.1+0.35, 76.5+0.25, 76.1+0.25 for SU
vs. SU+DPP-4i, with calculated effect size of 0.63, 0.77, and
1.6 post 6, 9 and 12 months respectively.

The mean SD data and statistical analysis values have been
summarized in Table 2. All values are in MeanSD. In terms
of hypoglycaemia, there were two hypoglycaemic events
reported in a total of two patients (one events in each
patient) (2.5%).

Discussion

T2DM patients are often plagued by microvascular
complications such as CKD and yet there is a lack of studies
about the effects of DPP-4i in such patients.

In the present study we assessed the effect of alogliptin
(DPP-4i) plus gliclazide (SU) in patients with T2DM, mild CKD
and hypertension compared to patients who only received
gliclazide (SU).

Glycaemic control and hypoglycaemic episodes

The present study showed that using alogliptin as add on
therapy to gliclazide caused a significant (p<0.05) reduction
in HbAlc and FBG levels when compared to Group SU
monotherapy. This is in line with other studies that have
shown better glycaemic control when adding DPP-4i
therapy to metformin, insulin or suh‘onylureas.27

In the present study the level of 1,5-AG was measured as a
short term marker for glycemic control since it has been
found to be a more sensitive tool to check day to day
glycemic control.”® The 1,5-AG values and postprandial
glucose levels showed an overall decrease and this tendency
the possibility that
alogliptin  might improve postprandial

toward improvement suggested
hyperglycaemia.
Speculation that DPP-4 inhibitors would improve blood
glucose variability by suppressing postprandial
hyperglycaemia requires more extensive studies to explore

this aspect.

In fact 1,5-AG levels have also been linked to renal damage
induced hyperglycaemia, where the increase in renal
damage in diabetes patients was found to be more strongly
related to 1,5-AG, than to FBG or HbA1C levels. In our study,
1,5-AG, appeared to be an attractive marker for not only
detecting glycaemia severity but also for detecting renal
damage induced hyperglycemia.29 In both treatment
groups, there were minor differences in hypoglycaemia
incidences. This difference was not significant in our results
but previous studies have shown that sulfonyl urea treated
patients can often experience significant hypoglycaemic
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episodes.30 Thus SU drugs should be used with caution at
the lowest effective dosage and ongoing glucose level
monitoring has been recommended for patients on this
therapy regimen. However, DPP-4i treatment regimens
have not been linked to significant hypoglycaemic episodes
and this could be due to its effect on glucagon suppression
during meal consumption and persistent glucagon
suppression during hypoglycemia.31 Thus, alogliption use
may offer a potential add on therapy for patients diagnosed
with other type of diabetes such as type 1 without

significantly increasing the risk of hypoglycaemic episodes.

Blood pressure, lipid profile and BMI

Our results showed a significant improvement in the lipid
profile (HDL, LDL and TG) when alogliptin was used in Group
SU+DPP-4i in time points three, six, nine and twelve
months. This suggests using alogliptin can improve the lipid
profile of T2DM patients. This is of particular importance
when considering an increased cardiovascular complication
risk in T2DM patients.32 Our results agree with a previous
study that showed improvement in lipid profile when using
aninptin.33 Mechanisms to explain this effect include GLP-1
induced myocardial protection, anti-inflammatory role by
reduction of C reactive protein levels and enhancing
endothelial function.* However, lipid profiles were not
significant at the 12 month time point which suggests that
other measures need to be added later on during the
treatment course of dyslipidaemia.

Our participants' blood pressure (BP) values were less than
125mmHg which is in line to the NKF guidelines for CKD. The
blood pressure values of patients in Group SU did not show
any significant difference  when compared to Group
SU+DDP4i although there was a trend for lower values in
patients receiving alogliptin. This is likely to be due to an
increase in sodium excretion which leads to a reduction in
blood volume. The latter suggests a renal protection
property associated with the use of alogliptin.35

Patients’ weight measurements were statistically significant
when Group SU and Group SU+DPP-4i were compared.
There was a significant increase in the weight of patients
belonging to the Group SU but not in the Group SU+DPP-4i.
Theories about how weight gain is prevented in DPP-4i
include explanations of enhanced postprandial lipid
mobilization and oxidation by alogliptin.36 This might be due
to an increase in the postprandial thermogenesis. In the
long term, the avoidance of weight gain can have indirect
effects on cardiovascular risks including blood pressure,
insulin resistance and cholesterol levels.

Renal function

A point of interest in the present study was to assess if using
DPP-4i had a deleterious effect on renal function by
estimating eGFR values in patients having mild renal
disease. There was a significant (p<0.05) difference between
the eGFR values in both groups with improved eGFR values
in Group SU+DPP-4i. Previous studies have shown similar
results.>’ Previous studies have shown a significant
reduction of ACR values after 24 weeks post treatment with
linagliptin. Nevertheless, HbA1l. values did not change and
this suggested that the effect was likely to be independent

. 37
of glycaemic control.

Although our study did not show a significant change in ACR
or PCR values post DPP4i treatment, however eGFR
improvement might suggest possible nephroprotective
effects. The DPP4i exact nephroprotective role is still
debated and has not been fully elucidated yet. However, a
possible mechanism may include an improvement in the
variability of blood glucose which is well known in inhibiting
the progress of diabetes complications.38

Studies on the effect of DDP4i, including animal studies,
have suggested improved eGFR values, modulation of
nephropathy and reduction of albumin levels independent
of glycaemic control.*®

Furthermore, it has been proposed by in vitro data that
glucagon-like peptide-1 (GLP-1) receptor expression in the
kidneys is high. This makes the kidney a feasible organ for
DPP-4 activity and a target in the extra-pancreatic effects of
incretins. It has also been shown that upregulation of DPP4
expression in the renal glomeruli during inflammation,
contributed to the development of diabetes-induced
glomerulosclerosis. Studies have shown that using DPP-4i
increased the local levels of GLP-1 in the kidneys which
promoted anti-inflammation and anti-oxidation.*’

Indeed, if future larger prospective clinical studies could
confirm DPP4i nephroprotective role and its ability to
reduce albumin levels especially, this would be an important
progress in clinical practice involving diabetic CKD patients.4

Conclusion

In summary, it can be concluded that DPP-4 inhibitors are
effective and safe treatment options for patients with type
2 diabetes and mild degree of renal impairment. Using
alogliptin in such patients as add on treatment to sulfonyl
urea, resulted in an improved glycaemic control, and lipid
profile that did not increase the chance of hypoglycaemic
inhibition of DPP-4 further

episodes. The requires
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exploration as a potential strategy in the treatment of
diabetic CKD patients. Our data have suggested a possible
nephroprotective role for DPP-4i drugs. Preliminary studies
have shown that lowering the degree of glycaemia can
contribute to other therapies that aim to preserve renal
function. In the future consideration can be given to the
DPP-4
nephroprotection although this is only suggested by

possibility that inhibitors can be used for
preliminary observations and requires further studies to
explore this strategy. Larger prospective clinical trials
designed primarily to test renal outcomes are currently
ongoing and could contribute to influence potential future
therapeutic choices. Further studies are needed so that
these data can help to guide clinicians to choose
appropriate anti-diabetic agents to treat T2DM with chronic
renal disease.
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Figure 1: Mechanism of action of Dipeptidyl peptidase-4 (DPP-4) inhibitors
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Figure 2: The effect of sulfonylurea (Group SU, blue line) and sulfonylurea+DDP4i (Group SU+DDPA4i, red line) on patients
over the 12 months observation period. Each point represents the meanSD glycated hemoglobin levels (HbAlc %) at
baseline and post 3, 6, 9 and 12 months of treatment, (n=76). *p<0.05 was taken as significant difference compared to the
baseline data
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Figure 3: The effect of sulfonylurea (Group SU, blue line) and sulfonylurea+DDP4i (Group SU+DDP4i, red line) on patients
over the 12 months observation period. Each point represents the meanzSD fasting blood glucose levels (mg/dL) at
baseline and post 3, 6, 9 and 12 months of treatment, (n=76). *p<0.05 was taken as significant difference compared to the
baseline data
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Figure 4: The effect of sulfonylurea (Group SU, blue line) and sulfonylurea+DDP4i (Group SU+DDP4i, red line) on patients

over the 12 months observation period. Each point represents the meanSD 1,5 AG (pg/mL) values at baseline and post 3,

6, 9 and 12 months of treatment (n=76). *p<0.05 was taken as significant difference compared to the baseline data
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Figure 5: The effect of sulfonylurea (Group SU, blue line) and sulfonylurea+DDP4i (Group SU+DDP4i, red line) on patients

over the 12 months observation period. Each point represents the Mean1SD eGFR (ml/min) values calculated at baseline

and post 3, 6, 9 and 12 months of treatment (n=76). *p<0.05 was taken as significant difference compared to the baseline
data. Group 1 (blue line): Group SU and Group 2 (red line): Group SU+DPP4i
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Table 1: Baseline Characteristics of the study Patients (n=76). Data presented in meanSD or n (%)

DPP-4i
Demographic details Group SU (n=38) Group SU+ !
(n=38)
Mean1SD or No (%) Gliclazide (SU) Gliclazide+Alogliptin | p values
Monotherapy (SU+DPP4i)
Add on therapy
Age (yr) 58.316.1 58.747.1 0.75
Males 19 (50) 19 (50) 0.65
Gender (no.)
Females 19 (50) 19 (50) 09
Male 75.214.2 85.515.1 0.99
Weight (kg)
Female 62.916.1 58.917.0 0.86
BMI (kg/m?) BMI 23.645.6 kg/m’ 25.445.2 0.8
Smokers 03+2.1 05+2.3 0.99
Smoking
Non-smoking 35+13.3 33+16.7 0.95
CKD status eGFR (ml.min™.1.73m™) 74.740.44 75.340.61 0.94

121



AMJ

Australasian Medical Journal

[AM] 2018;11(2):113-123]

Serum creatinine (mg/dL) 2.4+0.7 2.240.5 0.77
Serum urea (mmol/L) 8.5+1.2 8.7+1.0 0.55
ACR (mg/mmol) 1242.2 14+1.6 0.09
PCR (mg/mmol) 2443.2 21+1.2 0.91
Systolic (mmHg) 115421.9 122421.1 0.44
Blood pressure
Diastolic (mmHg) 80+18.1 78+19.8 0.3
Family history 4(11.8) 5(5.2) 0.55
Alcohol consumption 01(1.3) 2(2.6) 0.43
Diabetes retinopathy 06 (15.6) 8(21.5) 0.8
Diabetes complications
Diabetes neuropathy 12 (4.5) 10 (3.8) 0.9
tarctonfcorabrel naemonnage) | 129 2(52 05
Medical history Myocardial infarction 3(7.8) 1(2.6) 0.54
Angina 01(2.6) 02 (5.2) 0.44
Dyslipidemia 04 (10.5) 05 (13.5) 0.54
ARB 15 (41.3%) 18 (47.3%) 1
Ca antagonists 12 (31.5%) 10 (26.3%) 0.78
Diuretics 30 (78.9%) 32 (84.2%) 0.99
ACE inhibitors 28 (73.6%) 31 (81.5%) 0.65
Medication use
Renin inhibitors 27 (71.0%) 29 (76.3%) 0.96
o blockers 3(7.8%) 5(13.1%) 0.43
B blockers 2 (5.2%) 3(7.89%) 0.55
Aldosterone blockers 1(2.63%) 1(2.63%) 0.92
Estimated duration of diabetes (years) 10.1+7.6 11.9+2.6 0.91

Table 2: The MeantSD and statistical comparison values of different glycemic, and renal parameters measured at baseline
and post 3, 6, 9, and 12 months treatment of SU (n=38) and SU+DPP-4i (n=38) *P<0.050. **P<0.01 ***P<0.001 SD:
standard deviation; SE: standard error; NS: Non-significant

Clinical Parameter | Time point Group SU (n=38) Group SU+DPP-4i (n=38) P values
Mean+SD
Baseline 135.949.3 130.3+12.3 0:- NS
LDL 3 months 98.03+5.7 8215.6 3:0.0451*
6 months 88.2+5.8 84.7+5.8 6: 0.0003*
9 months 86.245.1 83.8+1.8 9:0.0263*
12 months 80.2+5.2 81.7+5.8 12:0.5926
HDL Baseline 35.2+4.1 39.843.3 0:-NS
3 months 43.1+1.2 47.942.5 3:0.0261%*
6 months 41.8+7.8 45.5+3.1 6:0.045*
9 months 40.2+1.5 43.247.1 9:0.0266*
12 months 39.817.4 41.5+3.4 12:0.789
TG Baseline 186.03+10.3 180.5+9.2 0:- NS
3 months 139.243.9 128.35.2 3:0.0341*
6 months 131.8+6 12945.0 6: 0.050*
9 months 129.1+2 123+4.6 9:0.048*
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12 months 128.8+4 11945.1 12:0.6712
HbAlc (%) Baseline 7.2+1.2 7.8+0.5 0:-NS
3 months 6.812.1 6.211.4 3:<0.0001***
6 months 6.4+1.6 5.5+0.85 6: < 0.0001***
9 months 6.312.1 5.410.25 9: < 0.0001***
12 months 6.210.72 5.24+0.31 12: <0.0001***
1,5-AG Baseline 5.11+0.56 6.81+£0.89 0: - NS
3 months 5.49+0.68 6.3910.62 3:0.005*
6 months 5.15+0.59 6.91+0.5 6: 0.006
9 months 5.46%1.3 7.2+1.1 9:0.051
12 months 5.5+0.87 7.31+0.5 12:0.005*
FBG (mg/dl) Baseline 174+32.7 172+15.1 0:-NS
3 months 135+44.1 124+12.8 3:0.0951
6 months 124+35.7 109+21.4 6: < 0.005**
9 months 120+31.7 107+16.7 9: 0.0091**
12 months 117+15.9 105+35.7 12:0.0095**
Post Prandial Blood Glucose | Baseline 125+12.1 128+12.8 0:- NS
(PPBG) (mg/dI) 3 months 135+10.9 115+16.7 3:0.0008***
6 months 128+14.2 110411.2 6: 0.0040**
9 months 121+12.2 111+10.3 9: 0.0050**
12 months 120+8.5 112+12.9 12:0.0048**
eGFR Baseline 74.7+0.44 75.310.61 0: - NS
3 months 75.1+£0.31 75.4+0.33 3:0.15
6 months 75.1+£0.22 76.1+0.35 6:0.04*
9 months 74.910.12 76.51£0.25 9: 0.05*
12 months 74.8+0.31 76.1+0.25 12:0.03*
ACR (mg/mmol) Baseline 12+2.3 14+1.8 0:-NS
3 months 15+1.2 11+3.2 3:0.1334
6 months 14£1.2 10£2.1 6:0.0623
9 months 1411.6 1043.4 9:0.0712
12 months 13£1.9 10£1.1 12:0.0719
PCR mg/mmol Baseline 24+3.2 26+1.2 0: - NS
3 months 24+2.3 2311.4 3:0.1571
6 months 23+2.1 21+1.2 6:0.1522
6 months 22+2.6 21+1.3 9:0.2501
12 months 19+1.8 18+4.1 12:0.0588
Systolic BP Baseline 133+19.2 132.4+11 0:-NS
3 months 133.6+7 131.5+8 3:0.0801
6 months 132.614 132.5+2 6:0.7811
9 months 131.9+15.4 132.149.5 9:0.0519
12 months 131.4+10.4 131.849.9 12:0.1091
Diastolic BP Baseline 83.1+10.3 80+12.3 0: - NS
3 months 81.7+3.9 80.416.8 3:0.2765
6 months 82.2+7.7 81.1+12.8 6:0.2611
9 months 80.6%3.2 79.918.7 9:0.4327
12 months 81.5+1.2 79.918.7 12:0.9827
Hypoglycemic episodes Baseline 0 (0%) 0 (0%) 0:- NS
3 months 1(3.3%) 1(3.3%) 3:0.345
6 months 2 (6.7%) 1(3.3%) 6: 0.456
9 months 1(3.3%) 1(3.3%) 9:0.299
12 months 1(3.3%) 0 (0%) 12:0.276
BMI (kg/m°) Baseline 25.145.2 25.645.6 0: - NS
3 months 25.612.5 25.3+1.6 3:0.0654
6 months 25.814.1 24.912.9 6: 0.0703
9 months 25.31+3.1 24.3+1.5 9:0.5828
12 months 25.2+1.2 24.5+£0.8 12:0.3490
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