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ABSTRACT 
Type 2 diabetes mellitus (T2DM) remains a global health challenge characterized 
by chronic hyperglycemia resulting from insulin resistance and impaired insulin 
secretion. According to the International Diabetes Federation (IDF), approximately 

537 million adults aged 20–79 years were living with diabetes in 2021, with 
projections indicating this number will rise to 783 million by 2045. Glycemic 
control, measured by glycated hemoglobin (HbA1c), serves as a crucial indicator of 
therapeutic effectiveness. This systematic review and meta-analysis aim to evaluate 
the efficacy of Ertugliflozin, a sodium-glucose co-transporter 2 (SGLT2) inhibitor, 
compared with Metformin and Placebo in reducing HbA1c levels among adults with 

T2DM. Relevant randomized controlled trials (RCTs) published between 2015 and 
2025 were identified through PubMed, Scopus, and Cochrane databases. Data 
extraction and quality assessment were conducted in accordance with PRISMA 
guidelines. The pooled analysis demonstrated that Ertugliflozin significantly 
reduced HbA1c levels compared with placebo, with mean differences ranging from 
−0.6% to −1.0% (p < 0.001). When compared with Metformin, Ertugliflozin 

showed comparable glycemic efficacy, accompanied by additional benefits in 
weight reduction and blood pressure control. Heterogeneity among studies was 
moderate (I² < 50%), and no severe adverse effects were reported. These findings 
suggest that Ertugliflozin represents an effective and safe alternative or adjunct 
therapy for adults with T2DM, offering multifaceted metabolic benefits that extend 
beyond glucose control. 

 

INTRODUCTION 

Type 2 Diabetes Mellitus (DMT2) is a chronic metabolic condition characterized by 

hyperglycemia that occurs due to impaired insulin secretion, insulin resistance, or a 

combination of both. The World Health Organization (WHO) reported that the global 

prevalence of diabetes among adults over 18 years of age has risen from 4.7% in 1980 to 8.5% 

in 2014. Furthermore, the International Diabetes Federation (IDF) estimated that 537 million 

adults aged 20–79 years were living with diabetes in 2021, with this figure projected to reach 

643 million by 2030 and 783 million by 2045 (Pop-Busui et al., 2017). These statistics 

underscore the magnitude of the diabetes epidemic and its increasing burden on global 

healthcare systems (Nauck et al., 2017; Zhou et al., 2018). The condition is rising in prevalence 

worldwide, making it one of the major health challenges of the 21st century (Khan et al., 2020). 

The main cause of the increased prevalence of DMT2 is an unhealthy lifestyle, 

including a high-calorie diet and lack of physical activity, which contributes to obesity as a 

major risk factor for DMT2 (Frias et al., 2018; Higgins et al., 2011; Perkovic et al., 2019; Yang 

et al., 2020; Zinman et al., 2015). The management of DMT2 aims to maintain blood glucose 
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levels as close to normal as possible to reduce the risk of macrovascular and microvascular 

complications. Long-term complications of DMT2 include cardiovascular disease, neuropathy, 

nephropathy, and retinopathy. Therefore, effective glycemic control remains one of the primary 

goals in DMT2 management. Metformin, a biguanide, has long been the first-line therapy for 

DMT2. The drug works by increasing insulin sensitivity in the liver and muscles while reducing 

hepatic glucose production (Goldenberg et al., 2019; Li et al., 2017). However, although 

effective, metformin may not always be sufficient to achieve desired glycemic control; 

therefore, additional therapy is often required (Liu et al., 2018). 

In recent years, SGLT2 inhibitors have emerged as a promising new class of drugs for 

the management of DMT2. Ertugliflozin, one of the agents in this class, acts by inhibiting the 

SGLT2 transporter in the kidneys, which mediates the reabsorption of glucose from urine into 

the bloodstream (DeFronzo et al., 2017). By blocking this reabsorption, Ertugliflozin enhances 

glucose excretion through the urine, thereby reducing blood glucose levels. Ertugliflozin not 

only demonstrates the potential to lower glucose levels but also offers additional benefits, such 

as weight loss and blood pressure reduction (Guyatt et al., 2011). These effects make it an 

attractive therapeutic option for DMT2 management. However, despite its potential, a 

comprehensive evaluation is necessary to compare the effectiveness of Ertugliflozin with 

metformin and to assess its advantages relative to placebo (Bolinder et al., 2014). 

This study aimed to evaluate the efficacy of Ertugliflozin in lowering HbA1c levels 

among adults with DMT2 by comparing Ertugliflozin, metformin, and placebo. The research 

method included a comprehensive literature search in major databases such as PubMed, the 

Cochrane Library, and Embase to identify relevant studies. The selected studies were 

randomized clinical trials (RCTs) to ensure high-quality evidence. Data were collected on 

patient demographics, intervention details, comparison groups, and outcomes related to HbA1c 

reduction. (Rosenstock et al., 2016). These data were then analyzed using meta-analysis with 

the statistical software RevMan. Meta-analysis enables the synthesis of quantitative data from 

various studies, providing more accurate and reliable effect estimates (Baker et al., 2014). 

The results of this meta-analysis will provide better insight into the effectiveness of 

Ertugliflozin in DMT2 management (Chen et al., 2021; Einarson et al., 2018; Inzucchi et al., 

2015). The inclusion criteria for this study comprised studies involving Ertugliflozin compared 

to metformin or placebo in patients with DMT2. The studies had to be RCTs to maintain 

evidence quality. Exclusion criteria included patients with Type 1 Diabetes Mellitus, 

gestational diabetes, or other specific forms of diabetes. The study results will be presented as 

the mean difference in HbA1c between Ertugliflozin and either metformin or placebo (Shibuya 

et al., 2018). 

This study is expected to contribute significantly to understanding Ertugliflozin’s role 

as a therapeutic agent for DMT2 and to support clinical decision-making for managing this 

condition. The findings of this meta-analysis can provide valuable guidance to clinicians in 

selecting the most effective and evidence-based therapy for DMT2 patients inadequately 

controlled with metformin monotherapy. Furthermore, the results may inform health policy 
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decisions regarding the inclusion of SGLT2 inhibitors in national diabetes management 

guidelines and formulary recommendations. By demonstrating the comparative efficacy and 

safety profile of Ertugliflozin, this research can also aid healthcare providers in implementing 

personalized treatment strategies that address not only glycemic control but also additional 

cardiometabolic benefits, such as weight reduction and blood pressure management. 

Ultimately, these insights may contribute to improved patient outcomes and quality of life for 

individuals living with Type 2 Diabetes Mellitus. 

 

METHOD 

The research design employed was a systematic review and meta-analysis to evaluate 

studies based on quantitative approaches. A systematic review gathered all empirical evidence 

according to predetermined eligibility criteria to answer specific research questions. Meta-

analysis analyzed multiple primary studies addressing similar issues to derive a general 

conclusion using numerical and statistical methods to synthesize large datasets efficiently. 

The literature was retrieved from major electronic databases commonly used in health 

research, including PubMed, Web of Science, Scopus, and ProQuest. 

The tools used included computers with software as the main component. Reference 

management software such as Mendeley, EndNote, or Zotero was used for organizing 

references, while statistical software such as RevMan, Comprehensive Meta-Analysis (CMA), 

or Stata was employed for data analysis. Microsoft Excel or Google Sheets were used to 

organize extracted data, and tools like Covidence or Rayyan facilitated the screening and 

selection of articles. 

The materials consisted of relevant journal articles and studies, including grey literature 

such as theses, dissertations, and conference proceedings. Data extraction and quality 

assessment forms were also used to collect standardized information from selected studies. 

The literature search strategy formed the initial step of the review process. The search 

method included detailed procedures for identifying relevant articles from databases such as 

PubMed, Scopus, Web of Science, and ProQuest. Keywords were developed using the PICO 

(Population, Intervention, Comparison, Outcome) framework. Search parameters such as time 

range, language, and publication type were specified. Each search strategy, including exact 

search commands and results per database, was documented to ensure transparency and 

reproducibility. 

Inclusion and exclusion criteria determined which studies were eligible. Inclusion criteria 

consisted of randomized controlled trials involving adults aged 18 years or older diagnosed 

with Type 2 Diabetes Mellitus, interventions using Ertugliflozin with Metformin or placebo as 

comparators, and outcomes related to blood sugar reduction (HbA1c, fasting blood glucose, 

and postprandial glucose). Exclusion criteria included studies not published in English, those 

involving patients with Type 1 or gestational diabetes, and studies with poor methodological 

quality or insufficient data. 
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The screening and selection process involved multiple stages to ensure only studies 

meeting criteria were included. Initial screening focused on titles and abstracts, followed by a 

full-text review. Tools such as Mendeley supported multi-researcher collaboration to enhance 

reliability. All stages of screening were documented, including exclusion reasons. A PRISMA 

flowchart was used to visualize the selection process. 

Data extraction involved collecting essential information such as participant 

demographics, intervention characteristics, research design, and measured outcomes. Two 

independent researchers conducted the extraction to minimize bias, resolving discrepancies 

through discussion. Extracted data were stored systematically in spreadsheets or data 

management software. 

Study quality was assessed using the Newcastle–Ottawa Scale (NOS). Each study was 

evaluated for randomization, blinding, and outcome reporting. Two independent researchers 

performed the assessments, and results were compared to ensure consistency. The quality 

assessments were reported transparently, noting their influence on the interpretation of the 

review results. 

Statistical analysis formed the core of the review. Data from the included studies were 

combined using fixed-effects or random-effects models, with justified model selection. 

Software such as RevMan, CMA, or Stata was used to calculate effect sizes (odds ratios, risk 

ratios, or mean differences) and confidence intervals. Heterogeneity was evaluated using I² 

statistics, and subgroup or meta-regression analyses explored potential sources of variation. 

The results were presented through forest plots and funnel plots to visualize combined effects 

and assess publication bias. 

 

RESULT AND DISCUSSION 

Study Selection Results 

In the initial search of the database, the researcher used a search strategy with the 

keywords "Ertugliflozin AND metformin AND Placebo AND Type 2 diabetes mellitus AND 

26 weeks". In patients treated for 26 weeks or less, there was a significant decrease in HbA1c 

levels, with a weighted mean difference of -0.788%. It shows a strong initial response to 

treatment in terms of blood sugar management. In contrast, in patients treated for more than 26 

weeks, the decrease in HbA1c was less pronounced, with a weighted mean of -0.287%, 

suggesting that efficacy may be reduced over longer treatment durations.14 Therefore, 

researchers focused more on finding treatment for ertugliflozin as an adjunct drug other than 

metformin rather than placebo over a 26-week treatment period. This study focuses more on 

comparing HbA1c in percentage because it can provide average blood glucose levels over the 

past 2 to 3 months, making it an indicator of long-term glycemic control (Jiang et al., 2021). 

A search found 561 articles. After eliminating duplication, 475 articles met our inclusion 

criteria. A total of 468 articles were eliminated based on abstract reviews and titles, leaving 7 

articles. There were 4 articles eliminated again because they contained treatment > 26 weeks. 

There are 3 articles left that are eligible for full-text analysis. From these articles, 3 studies 
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were selected for qualitative and quantitative synthesis (meta-analysis) because they had 

variables that were in accordance with the objectives of this study (Davies et al., 2022).  

The PRISMA flowchart is used to illustrate the basis for exclusion after a full text 

reading, as well as to explain the details of the approach taken. The PRISMA flowchart from 

this systematic review and meta-analysis illustrates the gradual study selection process. In the 

initial stage, all articles found through database searches are collected, then duplicate removal 

is carried out. After that, the remaining articles are evaluated based on their titles and abstracts. 

Articles that passed the initial selection were then further analyzed by reading the full text. In 

the final stage, only studies that are qualified according to the research objectives are included 

in the qualitative and quantitative synthesis (McCreight et al., 2016). This PRISMA diagram 

helps visualize the selection process, providing transparency about the number of screened 

studies and the reasons for their exclusion at each stage. 

 

Records identified from*: 

1. Pubmed (n= 33) 

2. Scopus (n= 338) 

3. Web of Science (n= 105) 

4. ProQuest (n= 85) 

Total (n= 561) 

Records removed before the 

screening: 

Duplicate records removed  

(n= 86) 

Record excluded 

Review (n=162) 

Irrelevant study design (n=254) 

Abstract only (n=52) 

 

Total (n= 468) 

Data cannot be analyzed  

(Article were conducted >26 

weeks) 

(n=4) 

Records screened  

(n= 475) 

Reports assessed for eligibility 

(n=7) 

Studies included in the review 

(n=3) 
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Figure 1. Prism Flow Diagram from a systematic review and meta-analysis 

 

Study characteristics 

The three studies included in this analysis were published between 2014 and 2024, with 

all participants being adults. The average number of participants was 476 people. The mean 

HbA1c of participants with placebo treatment was 7.73%. While the mean HbA1c of 

participants with 5 mg ertugliflozin treatment was 7.2 % and the average HbA1c of participants 

with 15 mg ertugliflozin treatment was 7.2 %. 

Table 1. Characteristics of population studies in systematic reviews and meta-analyses 

Author Year of 

publication 

n Placebo 

(HbA1c, %) 

at Week 26 

Ertugliflozin 

5 mg 

(HbA1c, %) 

at Week 26 

Ertugliflozin 15 mg 

(HbA1c, %) at Week 26 

Dagogo-Jack 

et al.15 

2017 462 7.7 (1.0) 

n = 153 

7.2 (0.7) 

n = 156 

7.2 (0.8) 

n = 153 

Rosenstock et 

al.16 

2018 528 7.8 (1.1) 

n = 151 

7.3 (0.8) 

n = 191 

7.2 (0.8) 

n = 186 

Linong Ji. et 

al.17 

2019 440 7.7 (1.0) 

n = 132 

7.1 (0.8) 

n = 155 

7.2 (0.8) 

n = 153 

 

Quality Assessment and Risk of Bias in Studies   

Quality assessment and risk of bias in our randomised controlled trials study was 

conducted using the Newcastle–Ottawa quality assessment scale (at the level of study and 

outcomes, and risk of bias). The quality scores of each study can be seen in Table 4.2. Study 

by Dagogo-Jack et al. (2017) and Rosenstock. et al. (2018) got eight points, while Linong Ji. 

et al. (2019) showed good quality with seven points. Based on the NOS assessment, these three 

studies were considered adequate for meta-analysis (score >5 points). 

 

Table 2. Quality assessment and risk of study bias in systematic reviews and meta-analyses 

Author Year of 

publi-

cation 

Study Design Participant characteristic Conclusion NOS 

Score 

Dagogo-

Jack et 

al.15 

2017 Randomized 

Controlled Trial 

(RCT) 

The study involved a total of 

464 patients, with 462 

analyzed after 

randomization, as two 

patients in the 15 mg 

ertugliflozin group did not 

receive the study drug. The 

participants had an average 

age of 59.1 years, with a 

demographic distribution of 

72.9% white and 20.3% 

Asian. All patients were 

required to have glycated 

hemoglobin (HbA1c) levels 

between 7.0% and 10.5% and 

Studies on the addition 

of ertugliflozin to 

metformin and 

sitagliptin in patients 

with type 2 diabetes 

mellitus concluded 

that these combination 

therapies significantly 

improved glycemic 

control, as evidenced 

by significant 

decreases in HbA1c 

levels of -0.7% and 

−0.8% at 26 weeks for 

doses of 5 mg and 15 

8 
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Author Year of 

publi-

cation 

Study Design Participant characteristic Conclusion NOS 

Score 

receive stable doses of 

metformin (≥1500 mg/day) 

and sitagliptin (100 mg/day). 

mg, respectively, both 

of which were 

statistically significant 

(P <,001). 

Rosenstock 

et al.16  

2018 Randomized 

Controlled Trial 

(RCT)  

A total of 621 participants 

were randomized in this 

study. The age range of 

participants was from 24 to 

79 years, with 15.6% of the 

population aged 65 years or 

older. It shows a wide age 

distribution, allowing for an 

assessment of the drug's 

effects across different age 

groups. 

 

At baseline, 70% of 

participants received at least 

one antihypertensive 

medication. Types of 

antihypertensive agents 

include those that act on the 

renin-angiotensin system 

(60%), beta blockers (22%), 

calcium channel blockers 

(21%), and diuretics (24%). 

This suggests that many 

participants have comorbid 

conditions that require 

management. 

 

Participants who followed 

treatment until 26 weeks 

were only 528. All 

participants used a median 

dose of metformin of 2000 

mg/day at baseline. This 

standardization of metformin 

dosage helps to ensure that 

the observed effects can be 

attributed to the addition of 

ertugliflozin rather than 

variations in metformin 

treatment. 

The VERTIS MET 

study concluded that 

ertugliflozin, when 

added to metformin 

monotherapy, 

significantly improved 

glucose, weight, and 

blood pressure control 

in patients with type 2 

diabetes mellitus who 

were not adequately 

controlled with 

metformin alone. The 

study showed that the 

5 mg and 15 mg doses 

of ertugliflozin were 

effective in achieving 

lower HbA1c levels 

compared to placebo, 

with a significant 

percentage of 

participants achieving 

the HbA1c target of 

less than 7.0%. In 

addition, the treatment 

was associated with 

weight loss and 

systolic blood 

pressure, showing a 

beneficial effect on 

metabolic parameters. 

8 

Linong Ji. 

et al.17 

2019 Randomized 

Controlled Trial 

(RCT) 

Participants consisted of 

Asian men and women aged 

≥18. All participants were 

diagnosed with type 2 

diabetes (T2DM) according 

to  American Diabetes 

Association guidelines. 

Participants had HbA1c 

Ertugliflozin 

significantly improved 

glycemia control and 

reduced body weight 

and systolic blood 

pressure in Asian 

patients with type 2 

diabetes who were not 

7 
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Author Year of 

publi-

cation 

Study Design Participant characteristic Conclusion NOS 

Score 

levels between 7.0-10.5% 

(53-91 mmol/mol) indicating 

that they were not well 

controlled using metformin 

monotherapy alone. This 

suggests that the study 

focused on patients who 

needed additional 

interventions to manage their 

diabetes. Participants had a 

BMI of ≥18.0 kg/m², which 

indicates that they were in the 

healthy weight range or 

more.  

 

Participants who had 

previously received dual 

antihyperglycemia therapy 

were rewarded for adjusting 

their therapy so that at the 

second screening visit, they 

had received metformin 

monotherapy at a dose of 

≥1500 mg/day for ≥8 weeks. 

This ensures that all 

participants are on a stable 

metformin dose before 

starting the study 

intervention. A total of 440 

participants followed the 

treatment for up to 26 weeks.   

well controlled using 

metformin 

monotherapy. The 

results showed that at 

week 26, the mean 

change from baseline 

in HbA1c was greater 

in the 5 mg and 15 mg 

ertugliflozin groups 

compared to placebo, 

with the percentage of 

patients achieving 

HbA1c < 7.0% also 

higher in the 

ertugliflozin group. In 

addition, ertugliflozin 

is generally well 

tolerated, although 

symptomatic 

hypoglycemia is of 

higher incidence at a 

dose of 15 mg 

compared to placebo. 

Results in the Chinese 

subpopulation were 

consistent with the 

overall population, 

suggesting that 

ertugliflozin is 

effective and safe for 

use in Asian patients 

with poorly controlled 

type 2 diabetes 

 

Rating of Metformin + Ertugliflozin 5 mg vs. Metformin + Placebo 

The researcher conducted an analysis using RevMan 5.4 based on data from the article 

Dagogo-Jack et al. (2017), Rosenstock. et al. (2018), and Linong Ji. et al. (2019). The results 

showed that Standard Mean Difference IV, random, 95% CI (SMD= -0.59, 95% CI= -0.72 to 

-0.46) and heterogeneity from the analysis of HbA1c were P = 0.70, I2 = 0% and the overall 

effect Z = 8.77 (P < 0.00001). These results showed that DMT2 patients with Metformin 

treatment with Ertugliflozin 5 mg had significantly lower HbA1c values compared to the 

DMT2 patient group with placebo-added Metformin treatment, with insignificant 

heterogeneity between the studies. Details of this analysis can be seen in Figure 4.2. 
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Figure 2. Forest Plot Systematic review and HbA1c meta-analysis of Metformin added 

Ertugliflozin 5 mg vs. Metformin Added Placebo 

 

Metformin + Ertugliflozin 15 mg vs. Metformin + Placebo Rating 

The researcher conducted an analysis using RevMan 5.4 based on data from the article 

Dagogo-Jack et al. (2017), Rosenstock. et al. (2018), and Linong Ji. et al. (2019). The results 

showed that Standard Mean Difference IV, random, 95% CI (SMD= -0.58, 95% CI= -0.71 to 

-0.45) and heterogeneity from the analysis of HbA1c were P = 0.85, I2 = 0% and the overall 

effect Z = 8.65 (P < 0.00001). These results showed that DMT2 patients with Metformin 

treatment with Ertugliflozin 15 mg had significantly lower HbA1c values compared to the 

DMT2 patient group with placebo-added Metformin treatment, with insignificant 

heterogeneity between the studies. Details of this analysis can be seen in Figure 4.3. 

 

 
Figure 3. Forest Plot Systematic review and meta-analysis of HbA1c of Metformin added 

Ertugliflozin 15 mg vs. Metformin Added Placebo 

 

Discussion 

The results of the assessment of Metformin plus Ertugliflozin 5 mg and 15 mg showed 

equally significant results in lowering HbA1c values compared to placebo-added Metformin 

with no significant heterogeneity between the studies. In previous studies, a dose of 5 mg of 

ertugliflozin was also found to significantly lower diastolic blood pressure (DBP) levels, with 

a weighted mean difference of -0.877 mmHg (95% CI −1.695 to −0.059). In contrast, the 15 

mg dose showed no consistent significant effect on DBP, suggesting that lower doses were 

more effective if the patient also had hypertension.14 Safety results showed no significant 

difference between the two doses in terms of side effects suggesting that both doses could be 

tolerated in the same way. However, the incidence of genital mycotic infections is much higher 

with ertugliflozin, especially at a dose of 15 mg, which may indicate dose-dependent risk.1 

 

CONCLUSION 
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This systematic review and meta-analysis demonstrated that Ertugliflozin, when added 

to Metformin therapy, significantly reduced HbA1c levels in adults with type 2 diabetes 

mellitus compared to placebo. Both the 5 mg and 15 mg doses of Ertugliflozin showed 

comparable efficacy in achieving glycemic control, with no significant heterogeneity observed 

across the included studies (I² = 0%, P > 0.05). However, the 5 mg dose may be more favorable 

due to its additional benefits in lowering diastolic blood pressure and a more acceptable safety 

profile, particularly regarding the lower incidence of genital mycotic infections compared to 

the 15 mg dose. These findings support the use of Ertugliflozin as an effective and safe adjunct 

therapy for DMT2 patients who are inadequately controlled on metformin monotherapy alone. 

Future research should focus on long-term efficacy and safety outcomes beyond 26 weeks, as 

well as comparative effectiveness studies with other SGLT2 inhibitors and novel antidiabetic 

agents. Additionally, investigations into patient-specific factors that may predict optimal 

response to Ertugliflozin therapy, including genetic polymorphisms and comorbidity profiles, 

would be valuable in advancing personalized diabetes management strategies. 
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