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evidence
Upendra Kaul1, Deven Parmar2, K. Manjunath3, Mitesh Shah3, Krupi Parmar3, Kishor P. Patil3 and Ashok Jaiswal4*

Abstract 

Background:  Saroglitazar, a novel dual peroxisome proliferator activated receptor (PPAR) agonist, in clinical trials, has 
shown an improvement in lipid and glycemic parameters through the PPAR-α and γ agonist actions, respectively. It 
was granted marketing authorization in India in 2013 for diabetic dyslipidemia. This review was conducted to sum-
marize the effects of Saroglitazar in patients with diabetic dyslipidemia in real world clinical studies conducted after 
marketing authorization in India.

Methods:  In this review, we selected real world clinical studies of Saroglitazar published as manuscripts and abstracts 
presented at scientific conferences. In all these studies, patients with diabetic dyslipidemia were treated with Saro-
glitazar 4 mg once daily for at least 12 weeks and different lipid and glycemic parameters were measured at the 
baseline and end of the study.

Results:  In 18 selected studies (5 published manuscripts and 13 abstracts), a total of 5824 patients with diabetic dys-
lipidemia were prescribed Saroglitazar 4 mg for a duration ranging from 12 to 58 weeks. Across all the studies, mean 
age of patients ranged from 49.6 to 59.1 years and the proportion of female patients ranged from 22% to 42%. Across 
all the studies, there was a consistent mean reduction in triglyceride levels (~ 45% to 62%), total cholesterol levels 
(~ 17% to 26%), non-high-density lipoprotein cholesterol levels (~ 21% to 36%), low-density lipoprotein cholesterol 
levels (~ 11% to 27%), and glycosylated hemoglobin levels (~ 0.7% to 1.6%) with an increase in mean high-density 
lipoprotein cholesterol levels (up to 9%) from baseline to end of the study. Saroglitazar also improved alanine ami-
notransferase levels and fatty liver (evaluated by FibroScan™) in non-alcoholic fatty liver disease patients with diabetic 
dyslipidemia. Body weight remained unchanged and no significant adverse events (AEs) were reported in the studies.

Conclusion:  Saroglitazar effectively improved lipid and glycemic parameters without significant AEs in patients with 
diabetic dyslipidemia in real-world clinical studies of up to 58 weeks duration.
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Background
Cardiovascular diseases (CVDs) have emerged as the 
leading cause of morbidity and mortality worldwide with 
80% of the disease burden occurring in low and middle-
income countries [1]. Type 2 diabetes mellitus (T2DM) 
and dyslipidemia are now established risk factors of 
CVDs [1, 2]. With the rising prevalence of T2DM and 
dyslipidemia, CVDs have emerged as major public health 
threats worldwide [3–5]. Dyslipidemia in T2DM, also 
known as diabetic dyslipidemia, is characterised by high 
levels of triglyceride (TG) and small-dense low-density 
lipoprotein cholesterol (sd-LDL-C), low levels of high-
density lipoprotein cholesterol (HDL-C), and increased 
insulin resistance, all of which increase the risk of CVDs 
[6]. Despite the success of statins in achieving the guide-
line recommended LDL-C goals, patients with dyslipi-
demia remain at a high residual risk of developing CVDs 
and this risk is further increased in T2DM patients [7–9]. 
Therefore, treatments targeting high TG, high non-HDL-
C, and low HDL-C could be more effective in reducing 
the residual risk for future CVDs [7–9].

In recent years, dual peroxisome proliferator acti-
vated receptor (PPAR) α/γ agonists have attracted global 
attention as promising new treatment options for dia-
betic dyslipidemia due to a unique mechanism of action 
in improving lipid and glucose profile simultaneously 
[9, 10]. PPAR-α agonist action improves lipid profile, 
whereas PPAR-γ agonist action improves glucose pro-
file in patients with diabetic dyslipidemia [9, 10]. Many 
dual PPAR α/γ agonists were developed but failed during 
preclinical stage or the clinical development stage due to 
lack of efficacy or safety issues [9, 10]. Saroglitazar, devel-
oped by Zydus Cadila, is a novel dual PPAR α/γ agonist 
(predominant PPAR-α and moderate PPAR-γ actions), 
aiming to improve lipid and glucose profiles without sig-
nificant weight gain and edema (common in PPAR-γ ago-
nists such as thiazolidinediones) [9].

Preclinical studies and Phase-1 & Phase-2 clinical tri-
als demonstrated favourable effects of Saroglitazar on 
lipid and glycemic parameters [9, 11, 12]. In a Phase-3 
clinical trial (PRESS V) in patients with diabetic dyslipi-
demia, Saroglitazar 2 mg and 4 mg significantly reduced 
TG from baseline to week-24 by 26% and 45%, respec-
tively [11]. In another Phase-3 clinical trial (PRESS VI) in 
patients with diabetic dyslipidemia not controlled with 
Atorvastatin 10 mg, Saroglitazar 2 mg and 4 mg signifi-
cantly reduced TG from baseline to week-12 by 45%. [12]. 
In both Phase-3 clinical trials, Saroglitazar also improved 
other lipid parameters and glucose parameters [9, 11, 12].

Following successful clinical trials, Saroglitazar was 
granted marketing authorization in India in 2013 and is 
indicated for the management of diabetic dyslipidemia 
and hypertriglyceridemia in T2DM not controlled by 

statin alone [9]. Since 2013, clinicians/clinical researchers 
have studied the effects of Saroglitazar in real world clini-
cal settings in India. This review was done to summarize 
the effects of Saroglitazar in patients with diabetic dys-
lipidemia in real world clinical studies conducted in India 
after marketing authorization.

Methods
Study selection criteria
The studies included were observational studies based 
on real world clinical settings conducted after market-
ing approval of Saroglitazar in India. These studies were 
published as manuscripts or abstracts presented at the 
scientific conferences. In all these studies, patients with 
diabetic dyslipidemia were treated with Saroglitazar 
4 mg once daily for at least 12 weeks and different lipid 
and glycemic parameters were measured at the baseline 
and end of the study. A few studies where adult patients 
with diabetic dyslipidemia were also diagnosed with 
non-alcoholic fatty liver disease (NAFLD) have also been 
included. Excluded studies were those that could not be 
categorised as real world clinical setting studies, such 
as bioanalytical studies, preclinical studies, randomized 
controlled trials (RCTs), review articles, and editorials.

Search methods
We conducted a literature search for Saroglitazar stud-
ies in the PubMed in the National Center for Biotechnol-
ogy Information (NCBI) databases (https​://www.ncbi.
nlm.nih.gov/) using the terms ‘Saroglitazar AND Obser-
vational Study’. Moreover, we also conducted a manual 
search for Saroglitazar studies in other electronic search 
engines (example, google scholar, google). In addition to 
published articles of Saroglitazar, we also conducted a 
manual search for abstracts of Saroglitazar studies pre-
sented at the global annual scientific congress.

Study selection, data extraction, and analysis
Selection of studies
Two independent reviewers conducted the study eligibil-
ity assessment.

Data extraction
Two independent reviewers extracted data on relevant 
population characteristics, treatments, and outcomes 
from the studies. Data were extracted for the following 
variables: total number of patients; study duration; age; 
sex; body weight; patients on statins, patients on anti-dia-
betics, TG and other lipid parameters (LDL-C, HDL-C, 
total cholesterol (TC), non-HDL-C), glycemic parameter 
(glycosylated hemoglobin [HbA1c]), and liver parameter 
(alanine aminotransferase [ALT]). Data on adverse events 

https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/


Page 3 of 11Kaul et al. Cardiovasc Diabetol           (2019) 18:80 

(AEs) were also extracted. Each reviewer performed the 
quality check of data extracted by the other reviewer.

Statistical analysis
Demographics and baseline characteristics were pre-
sented as mean ± standard deviation (or mean) or num-
ber (percentage). Graphical representation was prepared 
for following variables: TG, non-HDL-C, TC, HDL-C, 
LDL-C, HbA1c, ALT, and body weight. For better graphi-
cal representation, all the included studies were grouped 
according to study duration (Table  1). Baseline mean 
value and end of the study assessment mean value were 
plotted for these study groups in the graphs (example, for 
36  weeks study, baseline mean TG value and mean TG 
value at week-36 were plotted in the graph). The weighted 
mean was estimated for groups having more than one 
study in any of the groups as mentioned in Table 1.

Results
Selection of studies
We identified a total of 57 articles after initial lit-
erature search (Fig.  1). Among 57 articles, 18 articles 
were included in this review after the verification of 
the study eligibility criteria: 5 published full text arti-
cles and 13 abstracts. Figure 1 shows the flowchart of 
selecting eligible articles.

Study population
Table  2 shows demographics and baseline characteris-
tics from all the selected studies. A total of 5824 adult 
patients were prescribed Saroglitazar 4  mg once daily 
for durations ranging from 12 to 58  weeks across all 
the selected studies. Mean age of patients ranged from 
49.6 to 59.1 years and the proportion of female patients 
ranged from 22 to 42% across all the studies. At baseline, 
patients on anti-diabetics ranged from 89 to 100% and on 
statins ranged from 39 to 100% across the studies.

Lipid parameters
Across all the selected studies, there was a consistent 
mean reduction in TG levels (~ 45% to 62%), non-HDL-C 
levels (~ 21% to 36%), TC levels (~ 17% to 26%), LDL-C 
levels (~ 11% to 27%) with an increase in mean HDL-C 
levels (up to 9%) from baseline to week 12–58 (end of the 
study of the respective study groups) (Figs. 2 and 3).

Glycemic parameter
Across all the selected studies, there was a consistent 
mean reduction in HbA1c levels (~ 0.7% to 1.6%) from 
baseline to week 12–58 (end of the study of the respective 
study groups) (Fig. 4).

Liver parameter
Across all the selected studies, there was a consistent 
mean reduction in ALT levels (~ 28% to 67%) from base-
line to week 12–58 (end of the study of the respective 
study groups) (Fig. 4).

Safety profile
Across all the selected studies, there was no change in 
mean body weight from baseline to week 12–58 (end of 
the study of the respective study groups) (Fig. 4). Chhaya 
et  al. [19] reported knee joint pain in 2 patients. Kaul 
et  al. [21] reported occasional chest discomfort/chest 
pain in 2 patients, burning sole in 1 patient, hypoglyce-
mia after first dosing in 1 patient, and occasional suffo-
cation in 1 patient. Kaul et  al. [21] found hypoglycemia 
after first dosing to be Saroglitazar related AE.

Discussion
Fibrates have been prescribed as lipid modifying agents 
for more than four decades; however, they have low 
potency and limited selectivity for PPAR-α [31–33]. 
Moreover, Fibrates have been associated with increased 
risk of myopathy, cholelithiasis, venous thrombosis, 
decline in renal function, and elevated transaminase 
concentrations [33]. Pemafibrate, a new novel selective 
PPAR-α modulator with high potency, could emerge as 

Table 1  Selected real world clinical studies of Saroglitazar

Group Study duration Number of studies Selected studies

Group 1 12 weeks 4 Shetty et al. [13], Thacker et al. [14], Joshi et al. [15], Bhattacharyya et al. [16]

Group 2 24 weeks 6 Saboo et al. [17], Joshi et al. [18], Chhaya et al. [19], Mohit et al. [20], Kaul 
et al. [21], Goyal et al. [22]

Group 3 27 weeks 1 Chatterjee et al. [23]

Group 4 36 weeks 1 Joshi et al. [24]

Group 5 40 weeks 1 Chatterjee et al. [25]

Group 6 52 weeks 4 Joshi et al. [26], Aneja et al. [27], Maheshwari et al. [28], Chatterjee et al. [29]

Group 7 58 weeks 1 Chatterjee et al. [30]
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a more effective and safe alternative to Fibrates for man-
agement of dyslipidemia [34].

Thiazolidinediones, structural analogs of Fibrates, 
reduce insulin resistance and improve blood glucose 
levels through PPAR-γ agonist action [31–33]. However, 
thiazolidinediones have been associated with weight gain 

and peripheral edema [32, 33]. Moreover, Rosiglitazone 
was also associated with increased risk of myocardial 
infarction and has been withdrawn from Europe [33]. 
There has been a global concern over Pioglitazone use 
due to possibility of increased risk of heart failure and 
bladder cancer [33, 35].
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Clinical evidences from Bezafibrate (a pan—PPAR 
[α, β/δ, γ] activator) studies supported the concept of 
a pan-PPAR/dual-PPAR therapeutic approach for dia-
betic dyslipidemia [31, 32]. In the past two decades, 
Glitazars, dual PPAR α/γ agonists, have attracted 
global attention due to unique lipid and glycemic 
modifying actions [9, 33, 36]. Many Glitazars such as 
Muraglitazar, Ragaglitazar, Tesaglitazar, Naveglitazar, 
Farglitazar, Aleglitazar were developed but failed dur-
ing preclinical stage or the clinical development stage 
due to lack of efficacy or safety issues [9, 36–38]. Clini-
cal development of Muraglitazar was discontinued due 
to cardiovascular AEs such as myocardial infarction, 
stroke, heart failure [9]. Clinical development of Alegli-
tazar was discontinued due to AEs such as heart failure, 
gastrointestinal bleeding, and renal dysfunction [9, 38].

Saroglitazar is the first and only dual PPAR α/γ ago-
nist (Glitazars) to be approved as well as prescribed 
in clinical practice, anywhere in the world [9, 33]. Fol-
lowing marketing authorization in India (2013), Saro-
glitazar was also granted marketing authorization in 
Mexico (2017). This is the first review to summarize the 
effects of Saroglitazar in patients with diabetic dyslipi-
demia in real world clinical studies conducted after its 
marketing approval in India in 2013. In this review, we 
reviewed 18 articles including 5 published manuscripts 
and 13 abstracts. In total, 5824 patients with diabetic 
dyslipidemia received Saroglitazar 4  mg for durations 
ranging from 12  weeks to 58  weeks in the selected 
studies.

Kaul et al. [21] was the first study to examine the effects 
of Saroglitazar on non-HDL-C as the primary endpoint 
and sd-LDL-C as a secondary endpoint in 104 patients 
with diabetic dyslipidemia. The authors observed signifi-
cant decrease in non-HDL-C (baseline: 142.3 ± 59.3 mg/
dL to week-24: 109.9 ± 45.5  mg/dL), sd-LDL-C (base-
line: 32.5 ± 11.3  mg/dL to week-24: 25.9 ± 11.8  mg/
dL), HbA1c (baseline: 8.1 ± 1.7 (%) to week-24: 6.9 ± 0.7 
(%)), and significant increase in HDL-C (baseline: 
37.3 ± 18.4  mg/dL to week-24: 43.4 ± 15.6  mg/dL) in 
the per-protocol population [21]. Shetty et  al. [13] was 
the largest observational study of Saroglitazar in 2804 
patients with diabetic dyslipidemia. The authors observed 
significant decrease in TG (baseline: 312.3 ± 122.7  mg/
dL to week-12: 188.7 ± 61.4  mg/dL), non-HDL-C (base-
line: 201.8 ± 64.1  mg/dL to week-12: 149.4 ± 41.0  mg/
dL), HbA1c (baseline: 8.3 ± 1.3 (%) to week-12: 7.4 ± 0.9 
(%)), and significant increase in HDL-C (baseline: 
38.8 ± 8.7 mg/dL to week-12: 41.0 ± 7.1 mg/dL) [13].

Joshi et al. [15] conducted a postmarketing surveillance 
study of Saroglitazar in 18 T2DM patients with severe 
hypertriglyceridemia (baseline TG ≥ 1000  mg/dL). The 
authors observed significant decrease in TG (baseline: 
1265.9 ± 394.3 mg/dL to week-12: 402.0 ± 221.8 mg/dL), 
non-HDL-C (baseline: 320.8 ± 172.8  mg/dL to week-
12: 176.4 ± 62.9  mg/dL), and HbA1c (baseline: 8.9 ± 1.7 
(%) to week-12: 7.8 ± 0.9 (%)) [15]. Chatterjee et  al. [30] 
conducted a 58  weeks observation study of Sarogl-
itazar in 158 patients with diabetic dyslipidemia (base-
line TG ≥ 150  mg/dL). The authors found significant 

Fig. 2  Mean change from baseline in triglyceride (a) and non-HDL-C (b). Non-HDL-C: Non-high-density lipoprotein cholesterol. Studies included 
[13–30]: Group 1 (12 weeks): Shetty et al. [13], Thacker et al. [14], Joshi et al. [15], Bhattacharyya et al. [16]; Group 2 (24 weeks): Saboo et al. [17], Joshi 
et al. [18], Chhaya et al. [19], Mohit et al. [20], Kaul et al. [21], Goyal et al. [22]; Group 3 (27 weeks): Chatterjee et al. [23]; Group 4 (36 weeks): Joshi 
et al. [24]; Group 5 (40 weeks): Chatterjee et al. [25]; Group 6 (52 weeks): Joshi et al. [26], Aneja et al. [27], Maheshwari et al. [28], Chatterjee et al. [29]; 
Group 7 (58 weeks): Chatterjee et al. [30]. Mean non-HDL-C calculation: data not available for Thacker et al. [14], Saboo et al. [17], Joshi et al. [18], 
Chhaya et al. [19], Mohit et al. [20], Goyal et al. [22]
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reduction in TG (baseline: 319.9 ± 178.8  mg/dL to 
week-58: 174.0 ± 113.6  mg/dL), non-HDL-C (baseline: 
140.1 ± 55.4 mg/dL to week-58: 104.5 ± 49.7 mg/dL), and 
HbA1c (baseline: 7.9 ± 1.5 (%) to week-58: 7.3 ± 1.4 (%)) 
[30].

Three studies included NAFLD patients with diabetic 
dyslipidemia [17, 18, 22]. Joshi et  al. [18] conducted a 
single centre, single arm, prospective, open label study 
in 221 patients with diabetic dyslipidemia also diagnosed 
for NAFLD by transient elastography (FibroScan™). The 
authors found that Saroglitazar significantly reduced 
TG (baseline: 321.0  mg/dL to week-24: 129.0  mg/dL) 
and ALT (baseline: 89.0 IU/L to week-24: 21.0 IU/L) and 
improved fatty liver (evaluated by transient elastography 

(FibroScan™)) in 39% (86/221) patients [18]. Similarly, 
Saboo et al. [17] observed that Saroglitazar significantly 
decreased TG (baseline: 259.3 ± 37.9 mg/dL to week-24: 
151.5 ± 53.6  mg/dL) and ALT (baseline: 64.1 ± 6.2  IU/L 
to week-24: 28.7 ± 3.2  IU/L) in 31 NAFLD patients 
with diabetic dyslipidemia. Goyal et  al. [22] also found 
that Saroglitazar significantly decreased TG (base-
line: 334.7 ± 74.0  mg/dL to week-24: 158.5 ± 46.0  mg/
dL) and ALT (baseline: 98.0 ± 32.0  IU/L to week-24: 
34.0 ± 14.0  IU/L) in 84 patients with diabetic dyslipi-
demia (78.5% of these 84 patients were diagnosed for 
NAFLD by transient elastography (FibroScan™)).

One excluded study, STOP-D, was a prospective, 
single centre, single arm study in 40 patients with 

Fig. 3  Mean change from baseline in total cholesterol (a), HDL-C (b), and LDL-C (c). HDL-C: High-density lipoprotein cholesterol; LDL-C: low-density 
lipoprotein cholesterol. Studies included [13–30]: Group 1 (12 weeks): Shetty et al. [13], Thacker et al. [14], Joshi et al. [15], Bhattacharyya et al. 
[16]; Group 2 (24 weeks): Saboo et al. [17], Joshi et al. [18], Chhaya et al. [19], Mohit et al. [20], Kaul et al. [21], Goyal et al. [22]; Group 3 (27 weeks): 
Chatterjee et al. [23]; Group 4 (36 weeks): Joshi et al. [24]; Group 5 (40 weeks): Chatterjee et al. [25]; Group 6 (52 weeks): Joshi et al. [26], Aneja et al. 
[27], Maheshwari et al. [28], Chatterjee et al. [29]; Group 7 (58 weeks): Chatterjee et al. [30]. Mean total cholesterol calculation: data not available 
for Joshi et al. [15], Saboo et al. [17], Joshi et al. [18], Goyal et al. [22], Joshi et al. [24]. Mean HDL-C calculation: data not available for Joshi et al. [15], 
Saboo et al. [17], Joshi et al. [18], Chhaya et al. [19], Goyal et al. [22], Maheshwari et al. [28], Chatterjee et al. [29]. Mean LDL-C calculation: data not 
available for Joshi et al. [15], Saboo et al. [17], Joshi et al. [18], Goyal et al. [22], Aneja et al. [27]
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pre-diabetes (baseline HbA1c: 5.7-6.4%) and dyslipi-
demia (TG > 150  mg/dL, total cholesterol > 200  mg/
dL, LDL-C > 130  mg/dL and HDL-C < 40  mg/dL) 
[39]. The authors found that Saroglitazar significantly 
reduced TG (baseline: 348.0 ± 86.9  mg/dL to week-24: 
216.4 ± 72.3  mg/dL) and HbA1c (baseline: 6.3 ± 0.2% to 
week-24: 5.5 ± 0.3%) [39].

In Phase-3 clinical trials, most frequently reported AEs 
(≥ 2% of patients) with Saroglitazar 4 mg use were asthe-
nia, gastritis, dizziness, tremors in the PRESS V study 
and were gastritis and pain in the PRESS VI study [11, 
12]. In real world clinical studies, Kaul et al. [21] reported 
hypoglycemia after first dosing to be Saroglitazar related 
AE.

In all included studies, Saroglitazar favourably modu-
lates lipid and glycemic parameters without significant 
AEs in patients with diabetic dyslipidemia [13–30]. 
Saroglitazar 4  mg effectively reduced lipid param-
eters—TG, TC, LDL-C and non-HDL-C, glycemic 
parameter—HbA1c, and effectively increased lipid 
parameter—HDL-C in patients with diabetic dyslipi-
demia [13–30]. Saroglitazar has a potential to address 
the residual cardiovascular risk associated with high 
non-HDL-C, high TG, and low HDL-C in patients with 
diabetic dyslipidemia [7, 8]. The Emerging Risk Factors 
Collaboration, in a study of more than 300,000 peo-
ple without initial vascular disease from 68 long-term 
prospective studies, found that non HDL-C was the 

Fig. 4  Mean change from baseline in HbA1c (a), ALT (b), and body weight (c). HbA1c: Glycosylated hemoglobin; ALT: alanine aminotransferase. 
Studies included [13–30]: Group 1 (12 weeks): Shetty et al. [13], Thacker et al. [14], Joshi et al. [15], Bhattacharyya et al. [16]; Group 2 (24 weeks): 
Saboo et al. [17], Joshi et al. [18], Chhaya et al. [19], Mohit et al. [20], Kaul et al. [21], Goyal et al. [22]; Group 3 (27 weeks): Chatterjee et al. [23]; Group 
4 (36 weeks): Joshi et al. [24]; Group 5 (40 weeks): Chatterjee et al. [25]; Group 6 (52 weeks): Joshi et al. [26], Aneja et al. [27], Maheshwari et al. [28], 
Chatterjee et al. [29]; Group 7 (58 weeks): Chatterjee et al. [30]. Mean ALT calculation: data available for Thacker et al. [14], Saboo et al. [17], Joshi et al. 
[18], Goyal et al. [22], Chatterjee et al. [23]; Chatterjee et al. [25]; Chatterjee et al. [30]. Mean body weight calculation: data available for Shetty et al. 
[13], Bhattacharyya et al. [16], Chhaya et al. [19], Mohit et al. [20], Kaul et al. [21], Chatterjee et al. [23], Joshi et al. [24], Chatterjee et al. [25], Chatterjee 
et al. [29], Chatterjee et al. [30]
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strong predictor for coronary heart disease (CHD) (50% 
increased risk) and ischemic stroke (12% increased risk) 
[2]. Toth et al. conducted an observational administrative 
claims analyses of statin-treated patients aged ≥ 45 years 
with high residual cardiovascular risk [40]. In a mul-
tivariate analysis, patients with TG (200-499  mg/dL) 
(n = 13,411), compared to patients with TG (< 150  mg/
dL) and HDL-C (> 40 mg/dL) (n = 32,506), was associated 
with 35% increased risk of composite major cardiovas-
cular events, 35% increased risk of nonfatal myocardial 
infarction, and 27% increased risk of nonfatal stroke [40]. 
The Emerging Risk Factors Collaboration also found that 
HDL-C was associated with 22% decreased risk of CHD 
[2].

Saroglitazar was also found effective in lowering ALT 
[17, 18, 22] and improving fatty liver (evaluated by sono-
graphic (FibroScan™) investigation) in NAFLD patients 
with diabetic dyslipidemia [18]. These results are also 
supported by a preclinical study conducted by Jain 
et  al. [41]. In experimental non-alcoholic steatohepati-
tis (NASH) model (animal model of mice with choline-
deficient high-fat diet-induced NASH), the authors found 
that Saroglitazar reduced ALT, hepatic steatosis, inflam-
mation, ballooning, and prevented fibrosis development 
[41]. At present, there are no medications approved 
for NAFLD/NASH [42]. Saroglitazar could become a 
promising treatment option for NAFLD/NASH [17, 
18, 22]. However, the efficacy and safety of Saroglitazar 
in patients with NAFLD/NASH must be examined in 
RCTs. At present, several RCTs are going on in the USA 
(ClinicalTrials.gov Identifier: NCT03061721) and India 
(CTRI/2015/10/006236) to study the effects of Sarogl-
itazar in patients with NAFLD/NASH.

There are strength and weakness of all selected stud-
ies in this review. There is a possibility of under-report-
ing of AEs due to lost to follow-up in studies based on 
real-world clinical settings [21, 30]. Moreover, there are 
13 abstracts out of 18 selected studies and we cannot 
critically review these studies due to limited informa-
tion available in the abstracts. However, these abstracts 
were presented at the top global annual scientific con-
gress such as the scientific sessions of the American 
Diabetes Association, the annual scientific congress 
of the American Association of Clinical Endocrinolo-
gists, and the Annual Conference of Asian Pacific Asso-
ciation for the Study of the Liver. Moreover, all the 
selected studies included patients from the real-world 
clinical settings that certainly improves the generaliza-
bility of the study results of all selected studies [21, 30]. 
Additionally, the study results from Chatterjee et  al.
dyslipidemia [30] supports long-term effectiveness and 
safety of 58 weeks for Saroglitazar in patients with dia-
betic dyslipidemia.

Conclusion
In summary, Saroglitazar effectively improved lipid and 
glycemic parameters without significant AEs in patients 
with diabetic dyslipidemia in real-world clinical studies 
of up to 58 weeks duration.

Abbreviations
CVDs: cardiovascular diseases; T2DM: type 2 diabetes mellitus; TG: triglyceride; 
sd-LDL-C: small-dense low-density lipoprotein cholesterol; LDL-C: low-
density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; 
non-HDL-C: non high-density lipoprotein cholesterol; PPAR: peroxisome 
proliferator activated receptor; NAFLD: non-alcoholic fatty liver disease; NCBI: 
National Center for Biotechnology Information; TC: total cholesterol; RCTs: 
randomized controlled trials; HbA1c: glycosylated hemoglobin; ALT: alanine 
aminotransferase; AEs: adverse events; NASH: non-alcoholic steatohepatitis; 
CHD: coronary heart disease.

Acknowledgements
We sincerely thank all the following investigators for their research to deter-
mine the effects of Saroglitazar in patients with diabetic dyslipidemia in real 
world clinical settings in India: Shetty et al. [13], Thacker et al. [14], Joshi et al. 
[15], Bhattacharyya et al. [16], Saboo et al. [17], Joshi et al. [18], Chhaya et al. 
[19], Mohit et al. [20], Kaul et al. [21], Goyal et al. [22], Chatterjee et al. [23], Joshi 
et al. [24], Chatterjee et al. [25], Joshi et al. [26], Aneja et al. [27], Maheshwari 
et al. [28], Chatterjee et al. [29], Chatterjee et al. [30].

Authors’ contributions
All authors of this review contributed to study design, statistical analysis, 
interpretation of the study results, and manuscript writing. MS and KPP were 
two independent reviewers to assess the study eligibility and to extract data 
from the selected studies. MK was the third reviewer to resolve any disagree-
ment between the two independent reviewers. MS wrote the first draft of the 
manuscript and updated this manuscript according to comments/sugges-
tions from the remaining authors. MS revised this manuscript according to the 
reviewers’ comments. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Our study is a review article. All data reviewed or analysed in this review article 
were extracted from 18 selected studies (5 published manuscripts and 13 
abstracts) available in the public domain as mentioned in ‘References’ section 
of the manuscript.

Ethics approval and consent to participate
As this manuscript is a review article and all data reviewed or analysed in 
this review article were extracted from 18 selected studies (5 published 
manuscripts and 13 abstracts) available in the public domain as mentioned 
in ‘References’ section of the manuscript, this review article does not require 
ethics approval and consent to participate.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests with respect to the 
research, authorship, and/or publication of this review. DP is an employee of 
Zydus Discovery DMCC, Dubai, UAE. AJ is an employee of Zydus Healthcare 
Limited, Mumbai, India. MK, MS, KP, and KPP are employees of Zydus Research 
Centre, Cadila Healthcare Limited, Ahmedabad, India.

Author details
1 Batra Hospital and Medical Research Centre, New Delhi, India. 2 Zydus Dis-
covery DMCC, Dubai, UAE. 3 Zydus Research Centre, Cadila Healthcare Limited, 
Ahmedabad, India. 4 Zydus Healthcare Limited, Zydus Tower, CTS No‑460/6 of 
Village Pahadi, Off I. B. Patel Road, Goregaon (East), Mumbai 400 063, India. 



Page 10 of 11Kaul et al. Cardiovasc Diabetol           (2019) 18:80 

Received: 16 May 2019   Accepted: 8 June 2019

References
	1.	 Yusuf S, Hawken S, Ôunpuu S, Dans T, Avezum A, Lanas F, McQueen M, 

Budaj A, Pais P, Varigos J, Lisheng L. Effect of potentially modifiable risk 
factors associated with myocardial infarction in 52 countries (the INTER-
HEART study): case-control study. Lancet. 2004;364(9438):937–52. https​://
doi.org/10.1016/S0140​-6736(04)17018​-9.

	2.	 The Emerging Risk Factors Collaboration. Major lipids, apolipoproteins, 
and risk of vascular disease. JAMA. 2009;302(18):1993–2000. https​://doi.
org/10.1001/jama.2009.1619.

	3.	 Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: 
estimates for the year 2000 and projections for 2030. Diabetes Care. 
2004;27(5):1047–53. https​://doi.org/10.2337/diaca​re.27.5.1047.

	4.	 Brown CD, Higgins M, Donato KA, Rohde FC, Garrison R, Obarzanek E, 
Ernst ND, Horan M. Body mass index and the prevalence of hypertension 
and dyslipidemia. Obes Res. 2000;8(9):605–19. https​://doi.org/10.1038/
oby.2000.79.

	5.	 Joshi SR, Anjana RM, Deepa M, Pradeepa R, Bhansali A, Dhandania VK, 
Joshi PP, Unnikrishnan R, Nirmal E, Subashini R, Madhu SV. Prevalence of 
dyslipidemia in urban and rural India: the ICMR–INDIAB study. PLoS ONE. 
2014;9(5):e96808. https​://doi.org/10.1371/journ​al.pone.00968​08.

	6.	 Mooradian AD. Dyslipidemia in type 2 diabetes mellitus. Nat Rev Endo-
crinol. 2009;5(3):150. https​://doi.org/10.1038/ncpen​dmet1​066.

	7.	 Reiner Ž. Managing the residual cardiovascular disease risk associated 
with HDL-cholesterol and triglycerides in statin-treated patients: a clinical 
update. Nutr Metab Cardiovasc Dis. 2013;23(9):799–807. https​://doi.
org/10.1016/j.numec​d.2013.05.002.

	8.	 Virani SS. Non-HDL cholesterol as a metric of good quality of care: oppor-
tunities and challenges. Texas Heart Inst J. 2011;38(2):160–2.

	9.	 Sosale A, Saboo B, Sosale B. Saroglitazar for the treatment of hypertrig-
lyceridemia in patients with type 2 diabetes: current evidence. Diabetes 
Metab Syndr Obes. 2015;8:189. https​://doi.org/10.2147/DMSO.S4959​2.

	10.	 Balakumar P, Rose M, Ganti SS, Krishan P, Singh M. PPAR dual agonists: are 
they opening Pandora’s Box? Pharmacol Res. 2007;56(2):91–8. https​://doi.
org/10.1016/j.phrs.2007.03.002.

	11.	 Pai V, Paneerselvam A, Mukhopadhyay S, Bhansali A, Kamath D, Shankar 
V, Gambhire D, Jani RH, Joshi S, Patel P. A multicenter, prospective, 
randomized, double-blind study to evaluate the safety and efficacy of 
Saroglitazar 2 and 4 mg compared to pioglitazone 45 mg in diabetic 
dyslipidemia (PRESS V). J Diabetes Sci Technol. 2014;8(1):132–41. https​://
doi.org/10.1177/19322​96813​51868​0.

	12.	 Jani RH, Pai V, Jha P, Jariwala G, Mukhopadhyay S, Bhansali A, Joshi S. A 
multicenter, prospective, randomized, double-blind study to evaluate the 
safety and efficacy of Saroglitazar 2 and 4 mg compared with placebo 
in type 2 diabetes mellitus patients having hypertriglyceridemia not 
controlled with atorvastatin therapy (PRESS VI). Diabetes Technol Ther. 
2014;16(2):63–71. https​://doi.org/10.1089/dia.2013.0253.

	13.	 Shetty SR, Kumar S, Mathur RP, Sharma KH, Jaiswal AD. Observational 
study to evaluate the safety and efficacy of Saroglitazar in Indian diabetic 
dyslipidemia patients. Indian Heart J. 2015;67(1):23–6. https​://doi.
org/10.1016/j.ihj.2015.02.007.

	14.	 Thacker H, Shrimanker R, Tulle R. Novel action of Saroglitazar in patients 
with diabetic dyslipidemia—an observational study. The American 
Association of Clinical Endocrinologists Annual Meeting Abstracts; 2016, 
p. 183. https​://www.aace.com/files​/abstr​acts-2016.PDF. Accessed 10 May 
2019.

	15.	 Joshi S, Vadgama J, Mody P, Sound R, Jaiswal A. Saroglitazar in the treat-
ment of severe hypertriglyceridemia in patients with type 2 diabetes. 
The American Association of Clinical Endocrinologists Annual Meeting 
Abstracts. Late Breaking Abstracts; 2018, p. 304. https​://www.aace.com/
files​/lateb​reaki​ng_2018.pdf. Accessed 10 May 2019.

	16.	 Bhattacharyya S, Bhattacharyya S, Bhattacharyya K. Saroglitazar and its 
impact on diabetic dyslipidemia: a real life observational study from east-
ern India. Indian J Basic Appl Med Res. 2018;7(2):298–303. http://ijbam​
r.com/pdf/March​%20201​8%20298​-303%20%20ZZ.pdf. Accessed 10 May 
2019.

	17.	 Saboo B, Prajapati A, Joshi S, Bhandari S, Shah A, Jaiswal A, Hasnani D. To 
assess the effect of 4 mg Saroglitazar on patients of diabetes dyslipi-
demia with nonalcoholic fatty liver disease for 24 weeks at Diabetes 
Care Centre. The American Diabetes Association 75th Scientific Sessions 
Abstracts; 2015. https​://www.abstr​actso​nline​.com/pp8/#!/3699/prese​
ntati​on/9937. Accessed 10 May 2019.

	18.	 Joshi S, Ruby S, Saboo B, Chawla R, Bhandari S. Saroglitazar in non-alco-
holic fatty liver disease. The American Association of Clinical Endocrinolo-
gists Annual Meeting Abstracts. Late breaking abstracts; 2016, p. 331. 
https​://www.aace.com/files​/late-break​ing-abstr​acts-2016.pdf. Accessed 
10 May 2019.

	19.	 Chhaya G, Patel N. Antihyperglycemic action of Saroglitazar in patients 
with type 2 diabetes mellitus and dyslipidemia. The American Diabetes 
Association 77th Scientific Sessions Abstracts; 2017. https​://www.abstr​
actso​nline​.com/pp8/#!/4297/prese​ntati​on/44460​. Accessed 10 May 2019.

	20.	 Mohit M, Panda JK, Sharma JK. Observational study to evaluate the safety 
and efficacy of saroglitazar in diabeticdyslipidemia patients with and 
without Coronary Artery Disease (CAD). JIMI. 2017;11(6):7–11. http://
upcha​ptera​pi.com/uploa​ded/journ​alPdf​/journ​al_pdf_3_4466.pdf. 
Accessed 16 May 2019.

	21.	 Kaul U, Arambam P, Kachru R, Bhatia V, Diana Y, Nungshijungla, Shah M, 
Parmar K, Jaiswal A, Jain P. A prospective, multicentre, single arm clinical 
study to evaluate the effect of Saroglitazar on non high-density lipo-
protein cholesterol in patients with diabetic dyslipidemia inadequately 
controlled with diet, exercise, and statin—the GLIDDER Study. J Diabetes 
Metab. 2019;10:819. https​://doi.org/10.4172/2155-6156.10008​19. https​
://www.omics​onlin​e.org/open-acces​s/a-prosp​ectiv​e-multi​centr​e-singl​
e-arm-clini​cal-study​-to-evalu​ate-the-effec​t-of-sarog​litaz​ar-on-non-highd​
ensit​y-lipop​rotei​.pdf. Accessed 16 May 2019.

	22.	 Goyal O, Goyal P, Chinna RS. Effect of Saroglitazar on non-alcoholic fatty 
liver disease in patients with diabetic dyslipidemia: a prospective obser-
vational study. The 28th Annual Conference of Asian Pacific Association 
for the Study of the Liver Conference Abstracts. Hepatol Int (2019) 13 
(Suppl 1):S1–S266. Abstract#373–S204. https​://doi.org/10.1007/s1207​
2-019-09936​-5.

	23.	 Chatterjee S, Majumder A, Jaiswal A. Effect of Saroglitazar, a dual PPAR-
α/γ agonist, on lipid and glycemic parameters in Indian patients with 
diabetic dyslipidemia: a 27-week, retrospective analysis. The American 
Diabetes Association 75th Scientific Sessions Abstracts; 2015. https​://
www.abstr​actso​nline​.com/pp8/#!/3699/prese​ntati​on/9929. Accessed 10 
May 2019.

	24.	 Joshi S, Kesavadev J, Bhandari S, Saboo B, Jaiswal A, Patel P. 9-Month 
safety and efficacy of saro-glitazar in diabetic dyslipidemia. The American 
Association of Clinical Endocrinologists Annual Meeting Abstracts. Late 
breaking abstracts; 2015, p. 291. https​://www.aace.com/files​/late-break​
ing-abstr​acts-2015.pdf. Accessed 10 May 2019.

	25.	 Chatterjee S, Majumder A, Ray S. Effect of Saroglitazar on metabolic 
parameters in Indian patients with diabetic dyslipidemia: a 40-week, 
retrospective analysis. The American Diabetes Association 76th Scientific 
Sessions Abstracts; 2016. https​://www.abstr​actso​nline​.com/pp8/#!/4008/
prese​ntati​on/41813​. Accessed 10 May 2019.

	26.	 Joshi S, Ghosh S, Shah P, Jaiswal A, Patel P. Saroglitazar in diabetic dyslipi-
demia: 1-year data. The American Diabetes Association 75th Scientific 
Sessions Abstracts—Late breaking abstracts; 2015. https​://www.abstr​
actso​nline​.com/pp8/#!/3699/prese​ntati​on/12818​. Accessed 10 May 2019.

	27.	 Aneja P. Effect of Saroglitazar on non-HDL-C in diabetic dyslipidemia. The 
American Diabetes Association 76th Scientific Sessions Abstracts; 2016. 
https​://www.abstr​actso​nline​.com/pp8/#!/4008/prese​ntati​on/41899​. 
Accessed 10 May 2019.

	28.	 Maheshwari A, Saboo B, Verma N. One-year post-marketing surveillance 
study of Saroglitazar in patients with diabetic dyslipidemia. The American 
Diabetes Association 76th Scientific Sessions Abstracts; 2016. https​://
www.abstr​actso​nline​.com/pp8/#!/4008/prese​ntati​on/44440​. Accessed 10 
May 2019.

	29.	 Chatterjee A, Mohit M, Jaiswal A. One-year real-time clinical safety and 
effectiveness of Saroglitazar in patients with diabetic dyslipidemia. The 
American Diabetes Association 77th Scientific Sessions Abstracts; 2017. 
https​://www.abstr​actso​nline​.com/pp8/#!/4297/prese​ntati​on/43100​. 
Accessed 10 May 2019.

	30.	 Chatterjee S, Majumder A, Ray S, Bhattacharjee K. Observational study 
of Saroglitazar on metabolic parameters in Indian patients with diabetic 

https://doi.org/10.1016/S0140-6736(04)17018-9
https://doi.org/10.1016/S0140-6736(04)17018-9
https://doi.org/10.1001/jama.2009.1619
https://doi.org/10.1001/jama.2009.1619
https://doi.org/10.2337/diacare.27.5.1047
https://doi.org/10.1038/oby.2000.79
https://doi.org/10.1038/oby.2000.79
https://doi.org/10.1371/journal.pone.0096808
https://doi.org/10.1038/ncpendmet1066
https://doi.org/10.1016/j.numecd.2013.05.002
https://doi.org/10.1016/j.numecd.2013.05.002
https://doi.org/10.2147/DMSO.S49592
https://doi.org/10.1016/j.phrs.2007.03.002
https://doi.org/10.1016/j.phrs.2007.03.002
https://doi.org/10.1177/1932296813518680
https://doi.org/10.1177/1932296813518680
https://doi.org/10.1089/dia.2013.0253
https://doi.org/10.1016/j.ihj.2015.02.007
https://doi.org/10.1016/j.ihj.2015.02.007
https://www.aace.com/files/abstracts-2016.PDF
https://www.aace.com/files/latebreaking_2018.pdf
https://www.aace.com/files/latebreaking_2018.pdf
http://ijbamr.com/pdf/March%202018%20298-303%20%20ZZ.pdf
http://ijbamr.com/pdf/March%202018%20298-303%20%20ZZ.pdf
https://www.abstractsonline.com/pp8/#!/3699/presentation/9937
https://www.abstractsonline.com/pp8/#!/3699/presentation/9937
https://www.aace.com/files/late-breaking-abstracts-2016.pdf
https://www.abstractsonline.com/pp8/#!/4297/presentation/44460
https://www.abstractsonline.com/pp8/#!/4297/presentation/44460
http://upchapterapi.com/uploaded/journalPdf/journal_pdf_3_4466.pdf
http://upchapterapi.com/uploaded/journalPdf/journal_pdf_3_4466.pdf
https://doi.org/10.4172/2155-6156.1000819
https://www.omicsonline.org/open-access/a-prospective-multicentre-single-arm-clinical-study-to-evaluate-the-effect-of-saroglitazar-on-non-highdensity-lipoprotei.pdf
https://www.omicsonline.org/open-access/a-prospective-multicentre-single-arm-clinical-study-to-evaluate-the-effect-of-saroglitazar-on-non-highdensity-lipoprotei.pdf
https://www.omicsonline.org/open-access/a-prospective-multicentre-single-arm-clinical-study-to-evaluate-the-effect-of-saroglitazar-on-non-highdensity-lipoprotei.pdf
https://www.omicsonline.org/open-access/a-prospective-multicentre-single-arm-clinical-study-to-evaluate-the-effect-of-saroglitazar-on-non-highdensity-lipoprotei.pdf
https://doi.org/10.1007/s12072-019-09936-5
https://doi.org/10.1007/s12072-019-09936-5
https://www.abstractsonline.com/pp8/#!/3699/presentation/9929
https://www.abstractsonline.com/pp8/#!/3699/presentation/9929
https://www.aace.com/files/late-breaking-abstracts-2015.pdf
https://www.aace.com/files/late-breaking-abstracts-2015.pdf
https://www.abstractsonline.com/pp8/#!/4008/presentation/41813
https://www.abstractsonline.com/pp8/#!/4008/presentation/41813
https://www.abstractsonline.com/pp8/#!/3699/presentation/12818
https://www.abstractsonline.com/pp8/#!/3699/presentation/12818
https://www.abstractsonline.com/pp8/#!/4008/presentation/41899
https://www.abstractsonline.com/pp8/#!/4008/presentation/44440
https://www.abstractsonline.com/pp8/#!/4008/presentation/44440
https://www.abstractsonline.com/pp8/#!/4297/presentation/43100


Page 11 of 11Kaul et al. Cardiovasc Diabetol           (2019) 18:80 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

dyslipidaemia—a fifty eight weeks of clinical experience. Diabetes Obes 
Int J 2018;3(2):000180. https​://medwi​npubl​isher​s.com/DOIJ/DOIJ1​60001​
80.pdf. Accessed 16 May 2019.

	31.	 Staels B, Fruchart JC. Therapeutic roles of peroxisome proliferator–acti-
vated receptor agonists. Diabetes. 2005;54(8):2460–70.

	32.	 Tenenbaum A, Motro M, Fisman EZ. Dual and pan-peroxisome prolif-
erator-activated receptors (PPAR) co-agonism: the bezafibrate lessons. 
Cardiovasc Diabetol. 2005;4(1):14.

	33.	 Joshi SR. Saroglitazar for the treatment of dyslipidemia in diabetic 
patients. Expert Opin Pharmacother. 2015;16(4):597–606.

	34.	 Fruchart JC. Pemafibrate (K-877), a novel selective peroxisome prolifera-
tor-activated receptor alpha modulator for management of atherogenic 
dyslipidaemia. Cardiovasc Diabetol. 2017;16(1):124.

	35.	 de Jong M, van der Worp HB, van der Graaf Y, Visseren FL, Westerink J. 
Pioglitazone and the secondary prevention of cardiovascular disease. 
A meta-analysis of randomized-controlled trials. Cardiovasc Diabetol. 
2017;16(1):134.

	36.	 Balakumar P, Mahadevan N, Sambathkumar R. A contemporary overview 
of PPARα/γ dual agonists for the management of diabetic dyslipidemia. 
Curr Mol Pharmacol. 2019. https​://doi.org/10.2174/18744​67212​66619​
01111​65015​.

	37.	 Stirban AO, Andjelkovic M, Heise T, Nosek L, Fischer A, Gastaldelli A, Herz 
M. Aleglitazar, a dual peroxisome proliferator-activated receptor-α/γ 
agonist, improves insulin sensitivity, glucose control and lipid levels in 
people with type 2 diabetes: findings from a randomized, double-blind 
trial. Diabetes Obes Metab. 2016;18(7):711–5.

	38.	 Lincoff AM, Tardif JC, Schwartz GG, Nicholls SJ, Rydén L, Neal B, Malm-
berg K, Wedel H, Buse JB, Henry RR, Weichert A. Effect of aleglitazar on 

cardiovascular outcomes after acute coronary syndrome in patients with 
type 2 diabetes mellitus: the AleCardio randomized clinical trial. JAMA. 
2014;311(15):1515–25.

	39.	 Bhosle D, Bhosle V, Bobde J, Bhagat A, Shaikh H, Kadam R. Study of Saro-
glitazar in Treatment Of Pre-diabetes with Dyslipidemia: STOP-D. J Assoc 
Physicians India. 2018;66(3):14–7.

	40.	 Toth PP, Granowitz C, Hull M, Liassou D, Anderson A, Philip S. High 
triglycerides are associated with increased cardiovascular events, medical 
costs, and resource use: a real-world administrative claims analysis of 
statin-treated patients with high residual cardiovascular risk. J Am Heart 
Assoc. 2018;7(15):e008740. https​://doi.org/10.1161/JAHA.118.00874​0.

	41.	 Jain MR, Giri SR, Bhoi B, Trivedi C, Rath A, Rathod R, Ranvir R, Kadam S, 
Patel H, Swain P, Roy SS. Dual PPAR α/γ agonist Saroglitazar improves liver 
histopathology and biochemistry in experimental NASH models. Liver Int. 
2018;38(6):1084–94. https​://doi.org/10.1111/liv.13634​.

	42.	 Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, Harrison 
SA, Brunt EM, Sanyal AJ. The diagnosis and management of nonalcoholic 
fatty liver disease: practice guidance from the American Association for 
the Study of Liver Diseases. Hepatology. 2018;67(1):328–57. https​://doi.
org/10.1002/hep.29367​.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://medwinpublishers.com/DOIJ/DOIJ16000180.pdf
https://medwinpublishers.com/DOIJ/DOIJ16000180.pdf
https://doi.org/10.2174/1874467212666190111165015
https://doi.org/10.2174/1874467212666190111165015
https://doi.org/10.1161/JAHA.118.008740
https://doi.org/10.1111/liv.13634
https://doi.org/10.1002/hep.29367
https://doi.org/10.1002/hep.29367

	New dual peroxisome proliferator activated receptor agonist—Saroglitazar in diabetic dyslipidemia and non-alcoholic fatty liver disease: integrated analysis of the real world evidence
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study selection criteria
	Search methods
	Study selection, data extraction, and analysis
	Selection of studies
	Data extraction
	Statistical analysis


	Results
	Selection of studies
	Study population
	Lipid parameters
	Glycemic parameter
	Liver parameter
	Safety profile

	Discussion
	Conclusion
	Acknowledgements
	References




