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Abstract
Background

Metabolic abnormal conditions, such as diabetes and high triglycerides (TGs), are commonly associated with
nonalcoholic fatty liver disease (NAFLD). Currently, there is no approved pharmacotherapy for NAFLD.
Saroglitazar, the world’s first approved dual peroxisome proliferator-activated receptors (PPAR) α and γ
agonist, was approved in India for the treatment of diabetic dyslipidemia. The objective of this study was to
observe the safety and effectiveness of saroglitazar, 4 mg once daily, in reducing glycemic parameters and
liver fibrosis in type 2 diabetes mellitus (T2DM) patients with NAFLD. 

Method

In this prospective observational study, we enrolled 30 patients with T2DM and NAFLD (primarily detected
by ultrasonography (USG) of the abdomen) who were treated with saroglitazar, 4 mg once daily, and the
follow-up data were available for six months after saroglitazar treatment. During follow up, all patients were
on stable antidiabetic and statin therapy. Liver stiffness was measured by FibroScan® (Echosens™ North
America, Waltham, MA) elastography at baseline and at the six-month follow-up.

Results

At the six-month follow-up after saroglitazar treatment, significant improvement was observed in glycemic
parameters, liver stiffness on FibroScan, and serum transaminase levels. The serum TG levels were
significantly reduced with saroglitazar. No major adverse event was reported.

Conclusion

In this observational study of patients with T2DM and NAFLD, saroglitazar improved liver stiffness, as well
as the glycemic and lipid parameters. A long-term randomized controlled clinical trial is required to further
establish the safety and efficacy of saroglitazar in the treatment of T2DM and NAFLD.

Categories: Endocrinology/Diabetes/Metabolism, Gastroenterology
Keywords: saroglitazar, dyslipidemia, nonalcoholic fatty liver disease (nafld), peroxisome proliferator-activated
receptor (ppar), type 2 diabetes mellitus (t2dm)

Introduction
Dyslipidemia and type 2 diabetes mellitus (T2DM) are the most commonly associated comorbid conditions
seen in patients with metabolic disorders and cardiovascular diseases (CVD). As per the International
Diabetes Federation (IDF), India has almost 77 million diabetic patients and is further set to increase to
almost 134.2 million by the year 2045 [1]. Diabetes is associated with multiple comorbidities, such as chronic
hyperglycemia, dyslipidemia, and hypertension. It is also associated with a non-cardiovascular disease like
nonalcoholic fatty liver disease (NAFLD). NAFLD is a condition wherein symptoms do not appear at an early
stage. In the late-stage, it can cause cirrhosis of the liver which leads to liver transplantation [2]. Insulin
resistance has been considered as a core pathophysiological factor in T2DM and NAFLD [1, 3]. Insulin
resistance is a major connecting factor between NAFLD and T2DM, and one study has shown that more than
seven out of 10 patients of T2DM will have a comorbidity of NAFLD [4]. Early detection of NAFLD may be
useful but challenging to identify those with potentially silent progressive fatty liver disease. Currently, liver
biopsy remains the gold standard for NAFLD diagnosis, but it is an impractical and expensive tool to be
considered as a routine test [5]. Routine liver enzymes and advanced FibroScan® (Echosens™ North
America, Waltham, MA) test methods can help to evaluate progress in NAFLD management [4, 6]. Currently,
there is no Food and Drug Administration (FDA) approved drug available for the treatment of NAFLD.
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Saroglitazar is the first dual peroxisome proliferator-activated receptor (PPAR) α/γ agonist. It was approved
in India for the treatment of diabetic dyslipidemia in 2013 and has shown a reducing effect on elevated liver
enzymes in T2DM patients [7]. Herein, we have prospectively analyzed the data of 30 diabetic patients with
NAFLD who were treated with saroglitazar, 4 mg once daily, for a period of six months.

Materials And Methods
After obtaining institutional ethical committee clearance (RGH/KOL/EC/nonspon/06/11-2018) from Ruby
General Hospital, we prospectively enrolled 30 T2DM patients, aged 18 years and above, who were on
treatment with either injectable or oral anti-diabetic agents at the time of enrollment. The subjects were
enrolled from December 2018 to November 2019. The primary inclusion criteria were patients having
T2DM and NAFLD documented by ultrasonography (USG) of the abdomen. Exclusion criteria were type 1
diabetes mellitus, pregnancy, established chronic liver disease (including hepatitis B and C), chronic kidney
disease as evidenced by serum creatinine more than 1.5 mg/dL, and patients with alcoholic liver disease.

Once abdominal USG screening was done, all patients underwent evaluation for fibrosis grading and liver
stiffness measured by the FibroScan machine. Essentially, this technology measures the velocity of the
sound wave passing through the liver and then converts that measurement into a liver stiffness
measurement (measured as kilopascal (kPa)); the entire process is often referred to as liver ultrasonographic
elastography. Once the patient’s NAFLD condition was confirmed, then saroglitazar magnesium, 4 mg once
daily (OD), was prescribed for six months. In this study, saroglitazar was prescribed to these 30 subjects at
the discretion of the treating physician, as per prescribing information, without doing any specific
experimentations. All patients were followed up after six months, primarily to measure changes in blood
sugar, lipid profile, and liver fibrosis score using the FibroScan. The ongoing medications remained
unchanged throughout the study period of six months. Statistical analyses were done using GraphPad
InStat® (GraphPad Software, San Diego, CA), and results were analyzed applying paired t-test. A p-value of <
0.05 was considered statistically significant.

Results
A total of 30 T2DM patients (male:female ratio 7:3) having NAFLD were enrolled in this study. At baseline,
the mean age of patients was 51.5 years with the average duration of diabetes of 9.6 years (Table 1). All
patients were already receiving a stable dose of anti-diabetic medications. During the follow-up period of six
months, all patients were advised to continue with a similar dose of antidiabetic drugs, statins, along with
saroglitazar, 4 mg OD. All subjects were evaluated prospectively from baseline to six months with the
treatment of saroglitazar, 4 mg once daily. At the baseline, out of a total of 30 patients, 11 patients
had fibrosis F3 grade (9.5 - 12.4 kPa) and 19 patients had a fibrosis F4 grade (≥ 12.5 kPa). At the six-month
follow-up after saroglitazar therapy, the glycosylated hemoglobin (HbA1c) level was significantly reduced
from 8.14 ± 0.52% to 7.74 ± 0.53% (P < 0.0001). Other blood glucose parameters, like fasting blood sugar
(FBS) and postprandial blood sugar (PPBS), were also reduced significantly from baseline to the end of the
six-month period of follow-up (Table 2). Amongst lipid parameters, serum triglyceride (TG) was significantly
reduced from 179.4 ± 38.33 mg/dL to 112.33 ± 26.82 mg/dL (P < 0.0001) along with a significant reduction in
total cholesterol (TC) and low-density lipoprotein (LDL) at six-month follow-up (Table 2). The liver
enzymes, alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase
(GGT), and alkaline phosphatase (ALP), were also reduced significantly from baseline at the six-month
follow-up after saroglitazar treatment (Table 2). On the FibroScan evaluation, liver stiffness was
significantly reduced from 13.933 ± 2.87 kPa at baseline to 8.503 ± 1.86 kPa at the six-month follow-up (with
a mean difference of -5.43; p-value < 0.0001). At the six-month follow-up, seven patients had fibrosis grade
F1 (5.6 - 7.1 kPa), 13 patients had fibrosis grade F2 (7.2-9.4 kPa), eight patients had fibrosis F3 grade, and
two patients had fibrosis F4 grade (Table 3). 
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No. of patients (n) 30

Age (years); Mean ± SD 51.5 ± 9.1

Gender ratio (M: F) 7:3

Average duration of DM (years) 9.6

Other comorbid conditions n (%)

Hypertension 20 (67)

Dyslipidemia 18 (60)

Elevated triglyceride 7 (27)

CKD (eGFR < 60 mL/min/m2) 8 (27)

Hypothyroidism 1 (3)

Gout 1 (3)

Ongoing medications n (%)

Metformin 12 (40)

Sulfonylureas 12 (40)

DPP4 inhibitors 11 (37)

SGLT2 inhibitors 5 (16)

Insulin 10 (33)

Atorvastatin 3 (10)

Rosuvastatin 11 (37)

ARBs 9 (30)

CCBs 4 (13)

Others 3 (10)

TABLE 1: Patients Baseline Characteristics
ARBs: angiotensin receptor blockers; CCBs: calcium channel blockers; CKD: chronic kidney disease; DM: diabetes mellitus; DPP4: dipeptidyl
peptidase 4; eGFR: epidermal growth factor receptor; F: female; M: male; SD: standard deviation; SGLT2: sodium-glucose cotransporter-2
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Laboratory Parameters Baseline 6 months follow-up Mean Difference 95% CI P value

HbA1c (%) 8.14 ± 0.52 7.74 ± 0.53 -0.397 (-0.489 to -0.304) < 0.0001

FBS (mg/dL) 146.83 ± 23.3 124.17 ± 14.1 -22.67 (-30.79 to -14.55) < 0.0001

PPBS (mg/dL) 245.23 ± 32.71 213.73 ± 30.67 -31.5 (-39.33 to -23.67) < 0.0001

TC (mg/dL) 188.27 ± 22.90 177.16 ± 19.51 -11.10 (-13.13 to -9.07) < 0.0001

LDL (mg/dL) 122.43 ± 18.85 112.9 ± 15.9 -9.53 (-11.05 to -7.95) < 0.0001

HDL (mg/dL) 39.75 ± 7.2 39.77 ± 6.6 0.02 (-0.97 to 0.97) 1.0

TG (mg/dL) 179.4 ± 38.33 112.33 ± 26.82 -67.07 (-78.45 to -55.68) < 0.0001

ALT (mg/dL) 56.47 ± 15.17 42.3 ± 11.26 -14.17 (-17.87 to -10.46) < 0.0001

AST (mg/dL) 48.57 ± 13.15 36.63 ± 8.14 -11.93 (-15.25 to -8.62) < 0.0001

GGT (mg/dL) 54.97 ± 9.52 45.33 ± 5.94 -9.63 (-12.32 to -6.95) < 0.0001

Alkaline Phosphatase (mg/dL) 110.93 ± 19.99 91.83 ± 15.39 -19.1 (-24.07 to -14.13) < 0.0001

Liver stiffness (kPa) 13.93 ± 2.87 8.50 ± 1.86 -5.43 (-5.94 to -4.92) < 0.0001

eGFR (ml/min/kg2) 80.38 ± 19.58 81.07 ± 19.29 0.68 (0.25 to 1.11) 0.003

BMI (kg/m2) 28.607 28.307 -0.3 (-0.38 to -0.22) < 0.0001

TABLE 2: Change in Biochemical/Clinical Parameters and Liver Stiffness Values at Six-Month
Follow-up After Treatment With Saroglitazar, 4 mg Once Daily
ALT: alanine aminotransferase; AST: aspartate aminotransferase; EMI: body mass index; eGFR: epidermal growth factor receptor; FBS: fasting blood
sugar; GGT: gamma-glutamyl transferase; HbA1c: glycosylated hemoglobin; HDL: high-density lipoprotein; kPa: kilopascal; LDL: low-density
lipoprotein; PPBS: postprandial blood sugar; TC: total cholesterol; TG: triglycerides

Fibrosis Grade Baseline Six-month follow-up

F0 (< 5.5 kPa) 0 0

F1 (5.6 - 7.1 kPa) 0 7

F2 (7.2 - 9.4 kPa) 0 13

F3 (9.5 - 12.4 kPa) 11 8

F4 (≥ 12.5 kPa) 19 2

TABLE 3: Number of Patients With Fibrosis F0 to F4 Grade at Baseline and Six-Month Follow-up
kPa: kilopascal

The mean estimated glomerular filtration rate (eGFR) level was improved by 0.68 ml/min/kg 2 and the mean

body mass index (BMI) was reduced by 0.3 kg/m2 during the study (Table 2). No any major or serious adverse
events were reported during the six-month follow-up period.

Discussion
Insulin resistance is a pathological root cause factor for T2DM and is commonly associated with metabolic
conditions, such as dyslipidemia and elevated triglycerides (TG). Uncontrolled TG accumulates inside
hepatic tissue and leads to steatosis changes which are considered as nonalcoholic fatty liver disease
(NAFLD) [8]. Currently, in India, ~77 million people are suffering from T2DM, and data from India also
indicate that around 90% of Indian diabetics also suffer from associated lipid abnormalities [1]. The
dyslipidemia pattern in Indian adults is different, wherein the most common type is low HDL, followed by
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high TG, high cholesterol, and high LDL [9].

Many observational studies have shown that high TG is a cardiovascular disease (CVD) risk factor [10-11]. In
2015, a study analyzed the results of two trials, the Study of RO4607381 in Stable Coronary Heart
Disease Patients With Recent Acute Coronary Syndrome (dal-OUTCOMES) and Myocardial Ischemia
Reduction with Aggressive Cholesterol Lowering (MIRACL), which showed that high TG levels (> 175 mg/dL
on the long-term and > 195 mg/dL on short-term, respectively) in spite of statin therapy in post-acute
coronary syndrome (ACS) patients led to an increased CVD risk (60% and 50% higher on long- and short-
term, respectively) compared to those patients who had lower TG levels (≤ 80 mg/dL on long-term and ≤ 135
mg/dL on short-term) [12]. In a recently published study, increased residual CV risk in patients with diabetes
and high TG levels (200 - 499 mg/dL), despite statin-controlled LDL cholesterol (< 100 mg/dL), was observed
compared to normal TG levels (< 150 mg/dL) [13].

The Reduction of Cardiovascular Events with Icosapent Ethyl Intervention Trial (REDUCE-IT) study has
concluded that among patients with elevated triglyceride levels despite the use of statins, the risk of
ischemic events (including cardiovascular death) was significantly lower among those who received 2 g of
icosapent ethyl twice daily, which is considered a TG lowering agent [14]. The European Society of
Cardiology (ESC) 2019 recommended that in high-risk patients with TG levels between 135 - 499 mg/dL,
despite statin treatment, TG lowering drugs should be considered in combination with a statin [15].

Saroglitazar is a novel dual PPAR α/γ agonist with a predominant PPAR α agonistic activity that was
approved in 2013 by the Drug Controller General of India (DCGI) for management of diabetic dyslipidemia
and hypertriglyceridemia in T2DM patients not controlled by statins alone. Being a dual PPAR agonist, in
many clinical studies, a significant reduction of triglycerides (due to PPAR α agonist) and HbA1c reduction
(due to PPAR γ agonist) has been shown [16-17]. In a recently published study by Kaul et al., saroglitazar
showed a reduction in TG in the range from 45% - 62%, HbA1c from 0.7% - 1.6%, and small dense low-
density lipoprotein (sd-LDL) by 20.3% in ~5,800 diabetic dyslipidemia patients [7]. Recently, Jain et al.
published a first-ever human euglycemic clamp study of saroglitazar in T2DM patients with elevated
triglyceride levels [18]. At the end of four months, it was observed that saroglitazar had reduced TG, HbA1c,
and fasting plasma glucose (FPG) significantly from baseline. In addition, it also improved the insulin
sensitivity index from 2.9 to 6.1 (M/I) (p < 0.05) and glucose metabolism from 1.6 to 3.2 (M) (p < 0.05) [18]. In
this 30 patient observational study, saroglitazar showed similar results in mean TG reduction (-67 mg/dl)
and HbA1c reduction (-0.4%) without showing any effect on kidney function or any other adverse events
during six months of follow-up.

NAFLD is a condition that usually remains asymptomatic at initial stages and is characterized by the
accumulation of fat in the liver due to metabolic conditions. It has been associated with risk factors, such as
metabolic syndrome (MS), insulin resistance (IR), altered gut flora, and persistent inflammation. About 3% -
15% of cases of the obese, non-alcoholic steatohepatitis (NASH) patients progress to cirrhosis and about 4%
- 27% of NASH with cirrhosis cases transform to hepatocellular carcinoma (HCC) [19]. Amongst various risk
factors, obesity is most commonly diagnosed with NAFLD by ~70% and NASH by ~33%. The second most
common risk factor is T2DM with a 30% - 70% prevalence of NAFLD which is more prone to malignancies
[20-21]. A meta-analysis conducted in Europe, United States, and Asia depicted a 7% increase in relative risk
(RR) of developing HCC in overweight patients and further higher RR in obese patients by 85% [22].
Detection of NAFLD is a real challenge as, in the majority of cases, it remains asymptomatic. The European
or American Association of the Study of Liver (EASL/AASLD) laid down the non-invasive criteria for a
diagnosis like fibrosis 4 (FIB-4), NAFLD fibrosis score (NFS) [23]. At initial stages, the elevation of liver
enzymes, like AST, ALT, GGT, and its ratio, indicates the need for further evaluation (like USG) and is not
able to detect fibrosis. USG-based elastography techniques, such as transient elastography, acoustic
radiation force impulse, and shear wave elastography, have been used for the estimation of fat and fibrosis
with promising results. Biopsy is a gold standard method to differentiate between NASH and HCC [23].
Currently, there is no FDA-approved drug available for the treatment of NASH and NAFLD. Metformin,
vitamin E, pioglitazone, and glucagon-like peptide-1 (GLP-1) agonists are commonly used as off-label
medications. Saroglitazar magnesium in patients with nonalcoholic fatty liver disease and/or nonalcoholic
steatohepatitis (EVIDENCES IV), a phase II clinical study conducted in the USA (NCT03061721), showed that
saroglitazar, 4 mg, resulted in significant ALT reduction by 44% from baseline in NAFLD patients. The results
also showed a significant reduction in liver fat content on magnetic resonance imaging-derived proton
density fat fraction (MRI-PDFF) (Gawrieh S, Noureddin M, Loo NM, Mohseni R, Awasty VR, Cusi K, Kowdley
KV, Lai M, Schiff ER, Parmar DV, Patel PR, Chalasani NP: Abstract LO10: A phase 2, prospective,
multicenter, double-blind, randomized study of saroglitazar magnesium 1 mg, 2 mg or 4 mg versus placebo
in patients with nonalcoholic fatty liver disease and/or nonalcoholic steatohepatitis (EVIDENCES IV).
Presented at the American Assn. for the Study of Liver Diseases annual meeting, Nov. 8-12, 2019, Boston,
MA).

In our observation, saroglitazar, 4 mg once daily, showed a significant reduction in ALT, AST, and GGT levels
at the six-month follow-up compared to baseline. In this study, all patients underwent liver stiffness
measurement on fibrosis and the results showed a significant reduction from 13.9 kPa at baseline to 8.5 kPa
at the six-month follow-up (p < 0.0001). The drug was found to be safe, well-tolerated, and without any
major adverse event reported during the six-month follow-up.
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Limitations of this study
This was an observational study conducted at a single center with a small sample size.

Conclusions
In this observational study, treatment with saroglitazar, 4 mg once daily for six months, resulted in
significant improvement in liver biochemical parameters and liver stiffness measured by the FibroScan,
along with significant improvement seen in glycemic and lipid parameters in patients with T2DM and
NAFLD. Therefore, it is a very useful oral hypoglycemic agent that was studied in the Indian population and
needs further study among T2DM patients throughout the world.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Ethics Committee, Ruby General
Hospital issued approval RGH/KOL/EC/nonspon/06/11-2018. An observational single centered study of
reduction in glycemic parameters and liver stiffness by saroglitazar in patients with Type 2 DM and NAFLD.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. IDF Diabetes Atlas Regional Fact Sheet . (2020). Accessed: July 2, 2020:

http://diabetesatlas.org/upload/resources/2019/2019_regional_factsheet.pdf.
2. Wong RJ, Aguilar M, Cheung R, Perumpail RB, Harrison SA, Younassi SM, Ahmed A: Nonalcoholic

steatohepatitis is the second leading etiology of liver disease among adults awaiting liver transplantation in
the United States. Gastroenterology. 2015, 148:547-55. 10.1053/j.gastro.2014.11.039

3. Marchesini G, Brizi M, Morselli-Labate AM, et al.: Association of nonalcoholic fatty liver disease with
insulin resistance. Am J Med. 1999, 107:450-55. 10.1016/s0002-9343(99)00271-5

4. Williams CD, Stengel J, Asike MI, et al.: Prevalence of nonalcoholic fatty liver disease and nonalcoholic
steatohepatitis among a largely middle-aged population utilizing ultrasound and liver biopsy: a prospective
study. Gastroenterology. 2011, 140:124-31. 10.1053/j.gastro.2010.09.038

5. National Guideline Centre (UK): Non-Alcoholic Fatty Liver Disease: Assessment and Management (NICE
Guideline #49). National Institute for Health and Care Excellence (UK), London; 2016.

6. Eddowes PJ, Sasso M, Allison M, et al.: Accuracy of FibroScan controlled attenuation parameter and liver
stiffness measurement in assessing steatosis and fibrosis in patients with nonalcoholic fatty liver disease.
Gastroenterology. 2019, 156:1717-30. 10.1053/j.gastro.2019.01.042

7. Kaul U, Parmar D, Manjunath K, Shah M, Parmar K, Patil KP, Jaiswal A: New dual peroxisome proliferator
activated receptor agonist-Saroglitazar in diabetic dyslipidemia and non-alcoholic fatty liver disease:
integrated analysis of the real world evidence. Cardiovasc Diabetol. 2019, 18:80. 10.1186/s12933-019-0884-3

8. Kneeman JM, Misdraji J, Corey KE: Secondary causes of nonalcoholic fatty liver disease . Therap Adv
Gastroenterol. 2012, 5:199-207. 10.1177/1756283X11430859

9. Joshi SR, Anjana RM, Deepa M, et al.: Prevalence of dyslipidemia in urban and rural India: the ICMR-INDIAB
study. PLoS One. 2014, 9:e96808. 10.1371/journal.pone.0096808

10. Navar AM, Pagidipati N, Mulder H, Aberra T, Philip S, Granowitz C, Peterson E: Triglycerides as a risk factor
for coronary heart disease: what measure and what cutoff?. J Am Coll Cardiol. 2019, 73:1331-414.
10.1016/S0735-1097(19)32471-4

11. Iso H, Naito Y, Sato S, et al.: Serum triglycerides and risk of coronary heart disease among Japanese men and
women. Am J Epidemiol. 2001, 153:490-99. 10.1093/aje/153.5.490

12. Schwartz GG, Abt M, Bao W, et al.: Fasting triglycerides predict recurrent ischemic events in patients with
acute coronary syndrome treated with statins. J Am Coll Cardiol. 2015, 65:2267-75.
10.1016/j.jacc.2015.03.544

13. Nichols GA, Philip S, Reynolds K, Granowitz CB, Fazio S: Increased residual cardiovascular risk in patients
with diabetes and high versus normal triglycerides despite statin-controlled LDL cholesterol. Diabetes Obes
Metab. 2019, 21:366-71. 10.1111/dom.13537

14. Bhatt DL, Steg PG, Miller M, et al.: Cardiovascular risk reduction with icosapent ethyl for
hypertriglyceridemia. N Engl J Med. 2019, 380:11-22. 10.1056/NEJMoa1812792

15. Mach F, Baigent C, Catapano AL, et al.: 2019 ESC/EAS Guidelines for the management of dyslipidaemias:
lipid modification to reduce cardiovascular risk: The Task Force for the management of dyslipidaemias of
the European Society of Cardiology (ESC) and European Atherosclerosis Society (EAS). Eur Heart J. 2020,
41:111‐88. 10.1093/eurheartj/ehz455

16. Krishnappa M, Patil K, Parmar K, et al.: Effect of saroglitazar 2 mg and 4 mg on glycemic control, lipid profile
and cardiovascular disease risk in patients with type 2 diabetes mellitus: a 56-week, randomized, double
blind, phase 3 study (PRESS XII study). Cardiovasc Diabetol. 2020, 19:93. 10.1186/s12933-020-01073-w

17. Kaul U, Parmar D, Manjunath K, et al.: New dual peroxisome proliferator activated receptor agonist-
Saroglitazar in diabetic dyslipidemia and non-alcoholic fatty liver disease: integrated analysis of the real

2020 Mitra et al. Cureus 12(7): e9065. DOI 10.7759/cureus.9065 6 of 7

http://diabetesatlas.org/upload/resources/2019/2019_regional_factsheet.pdf
http://diabetesatlas.org/upload/resources/2019/2019_regional_factsheet.pdf
https://dx.doi.org/10.1053/j.gastro.2014.11.039
https://dx.doi.org/10.1053/j.gastro.2014.11.039
https://dx.doi.org/10.1016/s0002-9343(99)00271-5
https://dx.doi.org/10.1016/s0002-9343(99)00271-5
https://dx.doi.org/10.1053/j.gastro.2010.09.038
https://dx.doi.org/10.1053/j.gastro.2010.09.038
http://pubmed.ncbi.nlm.nih.gov/27441333/
https://dx.doi.org/10.1053/j.gastro.2019.01.042
https://dx.doi.org/10.1053/j.gastro.2019.01.042
https://dx.doi.org/10.1186/s12933-019-0884-3
https://dx.doi.org/10.1186/s12933-019-0884-3
https://dx.doi.org/10.1177/1756283X11430859
https://dx.doi.org/10.1177/1756283X11430859
https://dx.doi.org/10.1371/journal.pone.0096808
https://dx.doi.org/10.1371/journal.pone.0096808
https://dx.doi.org/10.1016/S0735-1097(19)32471-4
https://dx.doi.org/10.1016/S0735-1097(19)32471-4
https://dx.doi.org/10.1093/aje/153.5.490
https://dx.doi.org/10.1093/aje/153.5.490
https://dx.doi.org/10.1016/j.jacc.2015.03.544
https://dx.doi.org/10.1016/j.jacc.2015.03.544
https://dx.doi.org/10.1111/dom.13537
https://dx.doi.org/10.1111/dom.13537
https://dx.doi.org/10.1056/NEJMoa1812792
https://dx.doi.org/10.1056/NEJMoa1812792
https://dx.doi.org/10.1093/eurheartj/ehz455
https://dx.doi.org/10.1093/eurheartj/ehz455
https://dx.doi.org/10.1186/s12933-020-01073-w
https://dx.doi.org/10.1186/s12933-020-01073-w
https://dx.doi.org/10.1186/s12933-019-0884-3


world evidence. Cardiovasc Diabetol. 2019, 18:80. 10.1186/s12933-019-0884-3
18. Jain N, Bhansali S, Kurpad AV, et al.: Effect of a dual PPAR α/γ agonist on insulin sensitivity in patients of

type 2 diabetes with hypertriglyceridemia- randomized double-blind placebo-controlled trial. Sci Rep. 2019,
9:19017. 10.1038/s41598-019-55466-3

19. Dhamija E, Paul SB, Kedia S: Non-alcoholic fatty liver disease associated with hepatocellular carcinoma: an
increasing concern. Indian J Med Res. 2019, 149:9-17. 10.4103/ijmr.IJMR_1456_17

20. Liu CJ: Prevalence and risk factors for non-alcoholic fatty liver disease in Asian people who are not obese . J
Gastroenterol Hepatol. 2012, 27:1555-60. 10.1111/j.1440-1746.2012.07222.x

21. Ahmed MH, Husain NE, Almobarak AO: Nonalcoholic fatty liver disease and risk of diabetes and
cardiovascular disease: what is important for primary care physicians?. J Family Med Prim Care. 2015, 4:45-
52. 10.4103/2249-4863.152252

22. Larsson SC, Wolk A: Overweight, obesity and risk of liver cancer: a meta-analysis of cohort studies . Br J
Cancer. 2007, 97:1005‐1008 . 10.1038/sj.bjc.6603932

23. European Association for the Study of the Liver (EASL); European Association for the Study of Diabetes
(EASD); European Association for the Study of Obesity (EASO): EASL-EASD-EASO Clinical Practice
Guidelines for the management of non-alcoholic fatty liver disease. J Hepatol. 2016, 64:1388-402.
10.1016/j.jhep.2015.11.004

2020 Mitra et al. Cureus 12(7): e9065. DOI 10.7759/cureus.9065 7 of 7

https://dx.doi.org/10.1186/s12933-019-0884-3
https://dx.doi.org/10.1038/s41598-019-55466-3
https://dx.doi.org/10.1038/s41598-019-55466-3
https://dx.doi.org/10.4103/ijmr.IJMR_1456_17
https://dx.doi.org/10.4103/ijmr.IJMR_1456_17
https://dx.doi.org/10.1111/j.1440-1746.2012.07222.x
https://dx.doi.org/10.1111/j.1440-1746.2012.07222.x
https://dx.doi.org/10.4103/2249-4863.152252
https://dx.doi.org/10.4103/2249-4863.152252
https://dx.doi.org/10.1038/sj.bjc.6603932
https://dx.doi.org/10.1038/sj.bjc.6603932
https://dx.doi.org/10.1016/j.jhep.2015.11.004
https://dx.doi.org/10.1016/j.jhep.2015.11.004

	An Observational Study of Reduction in Glycemic Parameters and Liver Stiffness by Saroglitazar 4 mg in Patients With Type 2 Diabetes Mellitus and Nonalcoholic Fatty Liver Disease
	Abstract
	Introduction
	Materials And Methods
	Results
	TABLE 1: Patients Baseline Characteristics
	TABLE 2: Change in Biochemical/Clinical Parameters and Liver Stiffness Values at Six-Month Follow-up After Treatment With Saroglitazar, 4 mg Once Daily
	TABLE 3: Number of Patients With Fibrosis F0 to F4 Grade at Baseline and Six-Month Follow-up

	Discussion
	Limitations of this study

	Conclusions
	Additional Information
	Disclosures

	References


