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Abstract---Patients with prediabetes are not only at increased risk of
progression to type 2 diabetes, but they are also at high risk of
developing cardiovascular (CV) risk compared to normoglycemic
people. Further, prediabetes is also often associated with abnormal
lipid levels (dyslipidemia). We therefore aimed to evaluate the effect of
saroglitazar in patients with prediabetes and dyslipidemia. This was a
prospective, single centre, single arm study involving patients with
pre-diabetes and dyslipidemia. Subjects with baseline HbAlc 5.7-
6.4% and dyslipidemia were enrolled in this study. Subjects with on-
going medications affecting blood glucose or lipids were excluded from
the study. Saroglitazar 4mg once daily was administered for a period
of 24 weeks. The primary outcome was change in serum triglycerides
and secondary outcome parameters included changes in other lipid
parameters and HbAlc levels at 24 weeks follow-up. Forty patients
with prediabetes and dyslipidemia were enrolled in the study. At 24
weeks follow-up, serum triglycerides was significantly reduced from
348 mg/dl to 216 mg/dl (P <0.0001). HbAlc was significantly reduced
from 6.3% to 5.5% after 24 weeks of Saroglitazar therapy (P<0.0001).
There were significant improvements observed in other lipid
parameters at 24 weeks follow-up period. Saroglitazar was found to be
safe and well tolerated, no serious adverse event reported during
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entire study period. Saroglitazar is safe and effective in prediabetes
with dyslipidemia by exerting its dual lipid lowering and glycemic
actions.

Keywords---saroglitazar, prediabetes, dyslipidemia.

Introduction

Type 2 Diabetes Mellitus (DM) is on the rise with its many complications and high
cost to the society, and its prevention is of primordial concern. According to
International Diabetes Federation 2015 Diabetes Atlas (7t edition), in addition to
the 415 million adults who are estimated to currently have diabetes, there are
318 million adults with impaired glucose tolerance (IGT), which puts them at high
risk of developing the disease in the future. India is the second largest contributor
of diabetes in the World with 69.2 million and 2040 projection estimates of 123.5
million, second only to China. [1]

Prediabetes is the precursor stage to diabetes mellitus which is defined by
American Diabetes Association (ADA) as impaired fasting glucose (IFG) of 100-125
mg/dl (5.6-6.9 mmol/]l) or IGT of 140-199 mg/dl (7.8-11.0 mmol/l) after two
hours postprandial. ADA also recommends glycosylated hemoglobin (HbAlc)
prediabetic range of 5.7-6.4%.[2] Prediabetes is not only associated with
increased risk of progression to type-2 DM but also with increased cardiovascular
disease (CVD) risk. [3,4]

Current consensus definition of metabolic syndrome incorporates hyperglycemia,
obesity, hypertension, hypertriglyceridemia and reduced high density lipoprotein
cholesterol (HDL-C). [S] However, many researchers believe that insulin resistance
is the core pathophysiology which mediates metabolic syndrome. [l Hence, there
is an overlap between Prediabetes and metabolic syndrome and Prediabetes is
often associated with dyslipidemia. The risk of diabetes is 5-7 fold higher in
patients with IFG or IGT as compared to normoglycemic patients and for the
patients with metabolic syndrome, the risk of developing diabetes is 5 fold more
as compared to the patients who are not having metabolic syndrome. [7,8]
However, when pre-diabetes combines with metabolic syndrome, the risk is
increased even more.

Saroglitazar, a dual peroxisome proliferator activated receptor (PPAR) a/y agonist
is approved in India for the treatment of diabetic dyslipidemia which is not
controlled with statin alone. Pivotal phase III studies have shown triglyceride
reduction by 45-46.7%, Non HDL-C reduction by 32.5%, Apo B reduction by 32%
and HbAlc reduction by 0.3% from baseline at 12-24 week follow-up with
saroglitazar 4 mg once daily treatment.[9,10] The safety and efficacy of
Saroglitazar in prediabetes population with dyslipidemia had not been studied till
date. Hence, we strived to evaluate the safety and efficacy of saroglitazar in
patients with dyslipidemia and meeting the criteria of prediabetes.
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Materials and Methods

This is an interventional, prospective, single center, single arm trial conducted in
patients with pre-diabetes and dyslipidemia to evaluate the safety and efficacy of
Saroglitazar. The subjects were recruited at Tertiary care Teaching Hospital.
Subjects with baseline HbAlc 5.7-6.4% and dyslipidemia as per National
cholesterol education programme-adult treatment panel III (NCEP ATP III) criteria
were enrolled in this study.[lll Patient’s informed consent was taken prior to each
patient enrollment after proper explanation of the study details and interventions
to the patient in their own regional language

The inclusion criteria of the study were patients of either sex with age group of
20-60 years, patients with prediabetes (HbAlc 5.7-6.4%) and deranged lipids as
per NCEP ATP III criteria. Patients with Type 1 DM, Type II diabetes, secondary
hypertension, bronchial asthma, chronic obstructive pulmonary disease or any
other respiratory disorders and any hepatic or renal diseases were excluded from
the study. Also, subjects with on-going medications affecting blood glucose or
lipids were excluded from the study.

After fulfillment of inclusion criteria and informed written consent, subjects were
enrolled into study and Saroglitazar 4mg once daily was administered for a period
of 24 weeks. The primary outcome was change in serum triglycerides and
secondary outcome parameters included changes in HbAlc, Serum total
cholesterol, Serum low-density lipoproteins cholesterol (LDL-C), Serum HDL-C
and Non HDL cholesterol at 24 weeks follow-up. Serum urea and creatinine as
Kidney function test (KFT), Alanine aminotransferase (ALT) and Aspartate
aminotransferase (AST) as Liver function test (LFT) and electrocardiography (ECG)
were also assessed at baseline and at 24 weeks follow-up to evaluate the safety of
saroglitazar. The results were analyzed by using paired student “t-test” with SPSS
(statistical package for the social science) software (version 22). P value < 0.05%
was considered as significant.

Results

A total of 40 subjects were enrolled in the study. The mean age was 48.15 years
with 28 male participants out of the total 40 subjects. The mean baseline HbAlc
and triglycerides were 6.3% and 348 mg/dl respectively. All subjects were given
Saroglitazar 4mg once daily for 24 weeks. There was no loss to follow-up as all 40
enrolled subjects completed the study. All subjects were on stable
antihypertensive drug therapy at baseline. The change in lipid parameters,
HbAlc, liver enzymes, and kidney functions were evaluated at 24 weeks by using
paired t-test.

At 24 weeks, there were significant improvements in lipid parameters and HbAlc
level (table I). Serum triglycerides was significantly reduced from 348 mg/dl to
216 mg/dl (P <0.0001) with 38.7% change from baseline. Other lipid parameters
like total cholesterol, LDL-C and non HDL-C were also reduced significantly (P
<0.0001) by 17.1%, 15.7% and 19.9% respectively and HDL-C was increased by
9.6 % (P<0.0001). In addition to significant changes in lipid parameters, there was
significant improvement observed in glycemic parameter as well. Mean HbAlc
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reduced from 6.3% at baseline to 5.5% after 24 weeks of Saroglitazar therapy (P
<0.0001). These results signify the dual role of Saroglitazar in reducing both lipid
and glycemic parameters.

Table I: Change in laboratory parameters (lipids and HbA1c) after 24 weeks
treatment with saroglitazar. (All values are Mean + SD)

Laboratory Baseline 24 weeks | Absolute % change | P-value
parameters (n=40) follow-up change from | from

(n=40) baseline baseline
Total 324.7 +43.39 | 270.1 +43.61 | -54.6 + 2.38 -17.1+£2.48 | <.0001
Cholesterol
(mg/dl)
Triglycerides 348.0+ 86.98 | 216.4+ 72.34 | -131.5+48.64 | -38.7 £ 10.72 | <0.0001
(mg/dl)
LDL-C 209.8+ 47.67 | 177.9t47.56 | -31.9+ 14.22 | -15.7 £8.47 | <0.0001
(mg/dl)
HDL-C 44.8+5.71 49.0 £ 6.13 4.2 +2.39 9.6 £ 5.54 <0.0001
(mg/dl)
Non HDL-C | 278.6% 42.38 | 224.1£ 47.15 | -54.5+25.11 | -19.9 £ 10.35 | <0.0001
(mg/dl)
HbAlc (%) 6.3%0.16 5.5+ 0.30 -0.7 £ 0.25 - <0.0001

Apart from the above parameters, lipid and kidney function were also assessed in
the study. The results are depicted in Table II. After 24 weeks of Saroglitazar
therapy, ALT significantly reduced by 6.7% (P =0.024) and serum urea reduced by
2.5% though, not statistically significant. (P =0.2217)

Table II: Change in kidney and liver function after 24 weeks treatment with
Saroglitazar. (All values are Mean = SD)

Laboratory Baseline 24 weeks | Absolute % change | P-value
parameters (n=40) follow-up change from | from baseline

(n=40) baseline
Serum 22.0 £4.21 20.9 £ 4.74 -1.1+£5.73 -2.5+£26.17 0.2217
Urea(mg/dl)
Serum 1.0+ 0.17 1.0+ 0.14 0.0+£0.18 6.1 +£19.46 0.21
creatinine
(mg/dl)
Alanine 26.9+6.16 | 24.6+6.61 -2.3+£6.12 -6.7 £23.14 0.024
aminotransferas
e (U/L)
Aspartate 25.2 +#6.11 26.5 £ 6.39 1.4 +8.33 11.3 £ 38.81 0.311
aminotransferas
e (U/L)

There was no serious adverse event reported with saroglitazar during the entire
study period. The ECG reports of all subjects were within normal limits with no
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QT prolongation. One patient reported with an episode of diarrhea which was
resolved with antimicrobials without interrupting study medication. There was no
adverse effect on liver enzymes or kidney function at week 24. There was no
weight gain or edema reported.

Discussion

The incidence and prevalence of diabetes has been progressing rapidly worldwide
over the last few decades posing as a major public health problem. Moreover, the
disease manifestations start at an earlier stage, even before it gets established as
a full blown condition, the pre-stage to DM called prediabetes. South East Asia
has 42.2 million people with impaired glucose tolerance and is at increased risk of
developing type 2 diabetes in the future and projected 2040 estimates are 73.9
million people. India constitutes over 86% of adults amongst South East Asia
population.(!]

Much of the socioeconomic burden of diabetes is due to the complications of this
disease, notably from cardiovascular disease. This increased risk for
cardiovascular morbidity and mortality is mostly an indirect manifestation of
cardio-metabolic abnormalities, including lipid abnormalities. In general, people
with diabetes tend to have elevated concentrations of triglycerides and Apo-
lipoprotein B, low concentrations of HDL-C and an elevated number of small
dense LDL-C particles. 121 Findings from the National Health and Nutrition
Examination Survey 1988-1991 to 2005-2008 reveal that participants with
prediabetes had worse lipid profiles than those with diagnosed diabetes.[13] Hence,
prediabetes and dyslipidemia might be needed to be addressed and interventions
sought in order to prevent their progression to frank diabetes and its chronic
complications.

Asian Indians have a phenotype which is generally a combination of
characteristics that predisposes more to the development of insulin resistance,
type 2 diabetes and cardiovascular disease.l'¥l A study by the ICMR-INDIAB
(Indian Council of Medical Research-INdiaDIABetes) Collaborative Study Group
showed that the onset of type 2 diabetes is earlier and at lower levels of BMI in
Asian Indians compared with Caucasians. 15 In spite of a relatively lower rate of
obesity as defined by BMI cut points, Asian Indians tend to have larger waist
measurements and waist-to-hip ratios, indicating a greater degree of central body
obesity.[16l This is associated with a characteristic metabolic profile with a greater
degree of insulin resistance, a premature loss of beta cell function, metabolic
syndrome or prediabetes.

Diabetic dyslipidemia (DD) is condition where in there is increased triglycerides,
low HDL-C and increased proportion of small dense LDL-C. [17.18]
Hypertriglyceridemia has been reported as an important risk factor for CVD.[19]
Hypertriglyceridemia may be as prevalent as 50% in type 2 DM and is often
unresponsive to statin treatment.20211 In an article by Anders Berg Jorgensen et
al, using data from 75,725 participants in two general-population studies, it was
ascertained that participants with non-fasting TG <90 mg/dl had 60% lesser risk
of CV event compared to participants with non-fasting TG >350 mg/dl.[22] Hence,
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Triglyceride management becomes important along with reduction of other lipid
parameters not only in diabetes but in prediabetes as well.

Phase III trials of Saroglitazar have shown significant reductions in triglycerides
and other lipid parameters along with effective reductions in glycemic parameters
in diabetes patients suffering from dyslipidemia.l9,10] Similar efficacy and safety
results were further reiterated in a post marketing study where at 3 months
follow-up, use of saroglitazar 4 mg in patients with diabetic dyslipidemia led to
significant reduction in TG (35.8%), LDL-C (16.4%), total cholesterol (19%) and
non-HDL-C (23.4%). Addition of saroglitazar to baseline antidiabetic medications
showed a significant 0.9% absolute reduction in HbAlc with significant
improvement in fasting and post prandial plasma glucose.[23]

All studies till date on Saroglitazar has been on diabetes patients with
dyslipidemia. This is the first study which was solely conducted on subjects with
prediabetes and dyslipidemia. The results are encouraging and in lines with the
previous studies on Saroglitazar with significant reduction in TG (38.7%), LDL-C
(15.7%), total cholesterol (17.1%) and non-HDL-C (19.9%) as well as 0.7%
reduction in HbAlc levels. In a recent study data on Pioglitazone, a PPAR vy
agonist, it was found to almost half the progression to Type 2 DM in people with
insulin resistance and CVD.[24] It was hypothesized that its metabolic actions
mediated through PPAR- y in adipocytes, skeletal muscle, and the liver might
have led to such impressive results. In this study, Saroglitazar having agonistic
action on PPAR vy, following a similar trend might have resulted in 0.7% reduction
in HbA1C levels from baseline 6.3 to 5.5% thus halting the progression of
diabetes. However, to establish the efficacy of saroglitazar in the prevention of
diabetes, evidences based on larger randomized controlled trials are warranted. In
addition to above, there were no major adverse events reported. The one reported
adverse event of diarrhea was also unrelated to the drug and easily managed with
medication. Liver, kidney parameters and ECG were within normal limits and not
adversely affected by Saroglitazar.

Strength and limitation

This is the first study to examine the effect of first approved dual PPAR a/y
agonist, saroglitazar in patients with prediabetes and dyslipidemia. The study was
however limited by its sample size and other limitations such as single centre
study and absence of comparator group. Also, blood glucose levels were not
included as part of trial which could have added more dimension over and above
HbAlc.

Conclusion

This study concluded that Saroglitazar is safe and effective in prediabetes with
dyslipidemia by exerting its dual lipid and glycemic lowering benefits.
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