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A B S T R A C T   

Aim: Semaglutide is a long-acting glucagon-like peptide-1 receptor agonist (GLP-1 RA) indicated for glycaemic 
management in adults with type 2 diabetes (T2D). Oral semaglutide administration can help decrease glycated 
haemoglobin (HbA1c) and body weight in people with uncontrolled T2D. We evaluated the efficacy and safety of 
oral semaglutide compared to that of subcutaneous semaglutide, placebo, and other GLP-1 RAs in the treatment 
of T2D. 
Methods: Randomised controlled trials of subcutaneous and oral semaglutide for glycaemic control in adults with 
T2D were selected from the Cochrane Central Register of Controlled Trials and PubMed. Mean differences (MDs) 
and risk ratios with 95% confidence intervals (CIs) were used to synthesise the results, and oral and subcutaneous 
semaglutide formulations were indirectly compared using mixed treatment comparisons. 
Results: Twelve studies were included in this review (6840 participants). Oral semaglutide (14.0 mg) significantly 
reduced HbA1c (MD, − 1.30% [95%CI: -1.44, − 1.16], P < 0.05) and body weight (MD, − 3.17 kg [95%CI: -3.89, 
− 2.45], P < 0.05) compared to placebo (MD, HbA1c: -0.32% [95%CI: -0.49, − 0.15], P < 0.05; MD body weight: 
-2.56 kg [95%CI: -3.41, − 1.71], P < 0.05), liraglutide (1.2 mg), exenatide ER (2.0 mg), and dulaglutide (1.5 mg). 
Oral semaglutide was slightly less effective than subcutaneous semaglutide in reducing HbA1c levels (MD: 
-0.26% [95%CI: -0.44, − 0.07], P < 0.05) and body weight (MD: -1.08 kg [95%CI: -2.04, − 0.12], P < 0.05). Oral 
semaglutide increased the incidence of adverse events (nausea, diarrhoea, dyspepsia, and vomiting) compared to 
placebo, liraglutide (1.2 mg), exenatide (ER, 2.0 mg), and dulaglutide 1.5 mg but not compared to subcutaneous 
semaglutide. 
Conclusion: Oral semaglutide was non-inferior to subcutaneous semaglutide and superior to placebo and another 
GLP-1 RA in reducing HbA1c and body weight. It was superior to subcutaneous semaglutide and inferior to other 
GLP-1 RA comparators and placebo in terms of the incidence of adverse events. Thus, oral semaglutide provides a 
convenient administration route for patients who prefer oral treatments over injectable therapies.   

1. Introduction 

The prevalence of type 2 diabetes (T2D) is increasing worldwide in 
correspondence to rising obesity and a sedentary lifestyle [1,2]. How
ever, in most cases, diet and exercise fail to achieve long-term glycaemic 
control in people with T2D [3], thus necessitating individualised treat
ment approaches, such as pharmacotherapy [4,5]. A wide variety of 
therapies are currently available for the management of T2D, including 

oral (e.g. metformin and sulphonylurea) and injectable (e.g. insulin) 
drugs. However, many patients still struggle to achieve optimal gly
caemic control [5]. A new therapy that can reduce the risk of both 
hypoglycaemia and weight gain is necessary [4]. 

Studies suggest that in addition to glycaemic control, the optimal 
treatment approach for T2D should include preventing weight gain and 
hypoglycaemic episodes and minimising the risk of cardiovascular dis
ease events [6]. Patients with T2D should avoid weight gain and pref
erably lose weight, as weight loss has a beneficial effect on glycaemic 
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control. Even moderate weight loss (5%–7% of body weight) is known to 
improve the control of blood glucose and reduce the risk of developing 
cardiovascular disease [7]. However, weight loss is particularly chal
lenging for people with T2D treated with insulin or sulphonylurea [8]. 

Unlike many other medications for the management of T2D, 
glucagon-like peptide-1 receptor agonists (GLP-1 RAs) are recom
mended for adults with T2D because of their beneficial effects, including 
enhanced glucose-dependent insulin secretion, inhibition of gastric 
emptying, and decreased appetite and calorie consumption [9–11]. 
However, they also increase the probability of gastrointestinal adverse 
events (AEs) such as nausea, vomiting, diarrhoea, and abdominal pain. 
Notwithstanding, GLP-1 RAs carry a low risk of hypoglycaemia with 
significant improvement in cardiovascular outcomes [12] and the po
tential to reduce glycated haemoglobin (HbA1c) and body weight [13]. 
GLP-1 RAs are recommended by the American Diabetes Association 
(ADA) and the European Association for the Study of Diabetes as the 
first-line injectable therapy for adults with T2D with cardiovascular 
disease because of their effectiveness in HbA1c reduction and their 
cardiovascular benefits; they are not recommended in the presence of 
extreme and symptomatic hyperglycaemia [6]. 

Semaglutide (Novo Nordisk A/S, Bagsværd, Denmark) is a long- 
acting GLP-1 RA for the treatment of T2D in subcutaneous (SC) form, 
used once weekly. The efficiency and safety of SC semaglutide (0.5 mg 
and 1.0 mg) have been investigated in the Semaglutide Unabated Sus
tainability (SUSTAIN) trials, which showed significant reductions in 
HbA1c and body weight compared to placebo and a variety of active 
comparators, including other GLP-1 RAs (liraglutide, exenatide, exena
tide release [ER], and dulaglutide) [14–23]. Furthermore, SC semaglu
tide significantly reduced the risk of adverse cardiovascular events 
compared to placebo in adults with T2D [22]. 

Once-daily administration of liraglutide has been shown to be more 
effective than that of dulaglutide and albiglutide in promoting weight 
loss [24,25]. However, the next-generation GLP-1 RAs are mainly 
designed for once-weekly use [26]. Semaglutide was developed from a 
modified liraglutide profile by attaching long chain fatty acids to pep
tides to increase the half-life from 13 to 15 h (liraglutide) to 165 h to 
increase the effectiveness and suitability of semaglutide when used once 
weekly [26,27]. GLP-1 RAs are generally administered subcutaneously 
because of their extremely low bioavailability when administered orally, 
which leads to inadequate absorption through the gastrointestinal mu
cosa. An oral semaglutide form was developed and formulated with the 
absorption enhancer sodium N-(8-[2-hydroxylbenzoyl] amino) capry
late to enhance the passage of semaglutide through the gastric epithelial 
tissue and protect semaglutide from degradation [28]. Recently, a 
number of randomised controlled trials (RCTs) have examined the effi
ciency and safety of oral semaglutide in terms of reducing HbA1c and 
body weight in individuals with T2D as reported by the Peptide Inno
vation for Early Diabetes Treatment (PIONEER) studies [29,35]. How
ever, there is lack of a comprehensive comparison between SC 
semaglutide and oral semaglutide. Therefore, we conducted a systematic 

review and meta-analysis including subgroup analysis of all RCTs that 
met our inclusion criteria to investigate the efficacy and safety of oral 
semaglutide compared to those of SC semaglutide, placebo, and other 
GLP-1 RA comparators (liraglutide (1.2 mg), exenatide ER (2.0 mg), and 
dulaglutide (1.5 mg)) for glycaemic control in adults with T2D. 

2. Methodology 

We performed a systematic review to identify RCTs of SC semaglu
tide and oral semaglutide for glycaemic control in adults with T2D using 
the Cochrane Central Register of Controlled Trials and the PubMed 
database from 2010 to February 2021. The following keywords were 
applied in the PubMed search ((‘semaglutide’ [Supplementary Concept] 
OR ‘oral semaglutide’[tw] OR ‘PIONEER’[tw]) AND (‘semaglutide’ 
[Supplementary Concept] OR ‘subcutaneous semaglutide’[tw] OR 
‘SUSTAIN’[tw])) AND (‘Diabetes Mellitus, Type 2’[Mesh] OR ‘Diabetes 
Mellitus, Noninsulin-Dependent’[tw] OR ‘Diabetes Mellitus, Type 
II’[tw] OR ‘NIDDM’[tw] OR ‘Type 2 Diabetes’[tw]). The keywords 
(‘semaglutide PIONEER’ OR ‘semaglutide SUSTAIN’ AND ‘type 2 dia
betes’) were used to search the Cochrane Central Register of Controlled 
Trials. The primary researcher undertook the initial search. The second 
researcher reviewed the selected papers following the title and abstract 
screen to determine whether they met the inclusion criteria. Any 
disagreement was resolved following discussion. The primary researcher 
led on the data extraction but with discussions with the second 
researcher. 

The inclusion criteria were: 1) RCTs written in English that evaluated 
the use of once-weekly SC semaglutide or oral semaglutide compared to 
placebo or another GLP-1 RA comparator; 2) recruited adults with T2D 
(>18 years old); 3) RCTs with a duration of ≥20 weeks reporting one or 
more of the following outcomes: change from baseline HbA1c, body 
weight, AEs, and hypoglycaemic episodes. No restriction was applied to 
the background therapy, and no sex, race, or socioeconomic status re
striction was placed. Given the lack of head-to-head trials comparing the 
efficacy of SC semaglutide versus oral semaglutide, we selected studies 
that used a placebo group or another GLP-1 RA comparator. Therefore, 
indirect comparison methods were used, such as direct comparison 
against a naïve state and adjusted indirect comparison with a common 
comparator. The rationale for the duration restriction of 20 weeks was 
the time required for the antidiabetic medication to have its full effect on 
HbA1c [33]. 

The exclusion criteria were: 1) RCTs that used a daily SC semaglutide 
intervention, 2) RCTs that compared semaglutide with another non- 
GLP-1 RA comparator without a pure control group (placebo group), 
3) studies <20 weeks in duration, 4) studies that used unapproved doses 
of semaglutide, i.e. only 3, 7, and 14 mg for oral semaglutide and 0.5 and 
1.0 mg for SC semaglutide. 

2.1. Data extraction, quality assessment, and quality of evidence 

The following data were recorded: study name, year of publication, 
intervention in each arm, study duration, background therapy, number 
of participants, mean age, mean diabetes duration, AEs, and the baseline 
mean HbA1c and body weight. 

The primary outcomes were:  

⁃ DCCT Unit (%) of change in HbA1c 

The secondary outcomes were:  

⁃ Change in weight (kg)  
⁃ AEs 

Quality assessment: The Cochrane Collaboration tool [34] was used 
to assess the quality of the included studies. Risk of bias was assessed in 
terms of random sequence generation and allocation concealment 

Nomenclature 

AEs adverse events 
CI confidence interval 
GLP-1 RA glucagon-like peptide-1 receptor agonist 
GRADE Grading of Recommendations, Assessment, 

Development, and Evaluation 
MD mean difference 
PRISMA Preferred Reporting Items for Systematic Reviews and 

Meta-analyses 
SC subcutaneous 
T2D type 2 diabetes.  
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(selection bias), blinding of participants and personnel (performance 
bias), blinding of outcome assessment (detection bias), incomplete 
outcome data (attrition bias), selective reporting (reporting bias), and 
other biases. Every possible source of bias was rated as having a high, 
low, or unclear risk of bias. The domain was graded as involving unclear 
risk of bias if it could not be identified because of insufficient 
information. 

Quality of evidence: To evaluate the quality of evidence, the Grading 
of Recommendations, Assessment, Development, and Evaluation 
(GRADE) approach was used [35]. The RCTs started with high quality of 
evidence, and, in this review, the quality of evidence was downgraded 
based on the risk of bias and high heterogeneity across studies in some of 
the outcomes (Table 1) (Appendix). 

2.2. Statistical analysis 

Statistical analysis was performed using the Review Manager soft
ware (RevMan v.5.4.1, Cochrane Collaboration, Oxford, UK), and data 
were pooled using mean differences (MDs) for continuous outcome 
variables and risk ratios (RRs) for dichotomous data with 95% confi
dence intervals (95% CIs) for standard meta-analysis and subgroup 
meta-analysis. A random-effect model was used to pool the data. Het
erogeneity was measured using the I2 test and considered low if I2 was 

≤25%, moderate if I2 > 25 to <75%, or high if I2 ≥ 75%. Because of 
different doses of semaglutide in both forms (SC and oral) in the 
experimental groups, subgroup analysis was performed only with pla
cebo. Only the maximum dose was compared to the GLP-1 RA 
comparator because of the lack of data in some studies. A network meta- 
analysis was performed to indirectly compare oral semaglutide and SC 
semaglutide using the Stata SE 16.1 software (StataCorp LLC. 2019. 
Stata Statistical Software: Release 16. College Station, TX, USA) with 
mvmeta, a frequentist setting, using multivariate meta-analysis as 
described by White et al. [36] and White [37]. 

3. Results 

Twelve RCTs met the inclusion criteria and were included in this 
review (6840 participants; 3854 men, 2986 women). After applying the 
keywords in the databases, 346 articles were retrieved (179 from 
PubMed and 167 from Cochrane). After removing duplicates, 286 
studies remained. After screening the title and applying filters, 21 re
cords were screened for eligibility, and 9 articles were excluded, as the 
inclusion criteria were not met (4), assessed undesired outcomes (3), or 
used SC semaglutide once daily (2). The details of the PRISMA flowchart 
are presented in Fig. 1. 

Of the included studies, six were judged to have a low risk of bias 

Fig. 1. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA statement [62].  
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[14,20,29,30,32,38] and six were judged as having a high risk of bias 
due to issues in allocation concealment [18,23,39] and blinding of 
participants and personnel [16,19,23,31]. Other sources of bias were 
gauged as high in all included studies because all trials were funded by 
the drug manufacturer. Fig. 2 shows the risk of bias summary, and Fig. 3 
shows the risk of bias graph. 

Six studies compared SC semaglutide to placebo [14,18,20] or to 
another GLP-1 RA comparator [16,19,23] and six compared oral sem
aglutide with placebo [29,30,32,38,39] or another GLP-1 RA compar
ator [30,31,38]. Across the studies, the mean body mass index ranged 
from 26.2 to 33.8 kg/m2, the mean weight from 77.1 to 96.9 kg, and 
mean diabetes duration, from 3.5 to 15 years. The studies differed in 
terms of background medication, namely no glucose-lowering medica
tion, metformin alone, sulfonylurea with or without metformin, basal 
insulin with or without metformin, and SGLT2 inhibitor with or without 
sulphonylurea or metformin. A summary of the included studies is 
presented in Table 1. 

3.1. Change in HbA1c 

3.1.1. The SUSTAIN programme 
Three studies reported a difference in the % change in HbA1c be

tween SC semaglutide and placebo [14,18,20] and three studies re
ported a difference between SC semaglutide and GLP-1 RA comparators 
[16,19,23]. The results for each study are presented in Table 2 (Ap
pendix). Pooled data from these studies showed that 0.5 mg and 1.0 mg 
SC semaglutide led to a greater reduction in HbA1c (MD: -1.39 [95% CI: 
-1.57, − 1.20], I2=0%, P < 0.00001; MD: -1.55% [95% CI: -1.75, − 1.36], 
I2 = 50%, P < 0.00001, respectively) compared to placebo. SC sem
aglutide (1.0 mg) also significantly reduced HbA1c compared to another 
GLP-1 RA comparator (liraglutide [1.2 mg], exenatide ER [2.0 mg], and 
dulaglutide [1.5 mg]) (MD: -0.58% [95% CI: -0.75, − 0.41], I2 = 71%, P 

< 0.00001) (Fig. 1A) (Appendix). 

3.1.2. The PIONEER programme 
Five studies reported changes in HbA1c caused by oral semaglutide 

vs placebo [29,30,32,38,39] and three reported changes in HbA1c 
caused by oral semaglutide vs GLP-1 RA comparators [30,31,38]. The 
data for each study are presented in Table 3 (Appendix). The pooled 
analysis suggested that 3.0 mg, 7.0 mg, and 14.0 mg oral semaglutide 
led to greater reductions in HbA1c (MD: -0.68% [95% CI: -0.82, − 0.53], 
I2 = 0%, P < 0.00001; MD: -1.13% [95% CI: -1.41, − 0.84], I2 = 70%, P 
< 0.00001; MD: -1.29% [95% CI: -1.46, − 1.12], I2 = 63%, P < 0.00001, 
respectively) compared to placebo. Moreover, 14.0 mg oral semaglutide 
was superior to another GLP-1 RA comparator (liraglutide [1.8 mg] and 
dulaglutide [0.75 mg]) in terms of reducing HbA1c (MD: -0.31% [95% 
CI: -0.44, − 0.17], I2 = 10%, P < 0.0001) (Fig. 2A) (Appendix). 

3.2. Bodyweight 

3.2.1. The SUSTAIN programme 
Information regarding body weight change was reported in six 

studies as shown in Table 2 (Appendix). Three studies compared SC 
semaglutide with placebo [14,18,20] and three studies compared SC 
semaglutide to another GLP-1 RA comparator [16,19,23]. Treatment 
with 0.5 mg and 1.0 mg SC semaglutide reduced bodyweight (MD: -2.50 
kg [95% CI: -3.27, − 1.74], I2 = 0%, P < 0.00001; MD: -4.15 kg [95% CI: 
-5.05, − 3.26], I2 = 65%, P < 0.00001, respectively) compared to pla
cebo as well as another GLP-1 RA comparator (MD: -3.72 kg [95% CI: 
-4.17, − 3.28], I2 = 0%, P < 0.00001) (Fig. 2B) (Appendix). 

3.2.2. The PIONEER programme 
Six studies reported body weight changes from baseline as shown in 

Table 3 (Appendix). Five studies reported change in body weight be
tween oral semaglutide and placebo [29,30,32,38,39] and three re
ported the difference compared to GLP-1 RA [30,31,38]. Oral 
semaglutide 3.0 mg, 7.0 mg, and 14.0 mg reduced bodyweight (MD: 
-0.53 kg [95% CI: -1.65, 0.59], I2 = 76%, P < 0.35; MD: -1.59 kg [95% 
CI: -3.56, 0.38], I2 = 92%, P < 0.1; MD: -3.18 kg [95% CI: -4.16, − 2.20], 
I2 = 82%, P < 0.00001, respectively) compared to placebo. Moreover, 
14.0 mg oral semaglutide was superior to another GLP-1 RA comparator 
in reducing body weight (MD: -2.42 kg [95% CI: -3.19, − 1.65], I2 =

47%, P < 0.00001) (Fig. 2B) (Appendix). 

3.3. Adverse events 

Whilst total AEs reported are compared in this study, gastrointestinal 
side effects including nausea, diarrhoea, dyspepsia, and vomiting, were 
the most common AEs observed for both forms of semaglutide. 

3.3.1. The SUSTAIN programme 
In terms of AEs, three studies compared SC semaglutide with placebo 

[14,18,20] and three studies compared SC semaglutide to another GLP-1 
RA comparator [16,19,23]. The incidence of AEs was significantly 
higher for SC semaglutide than for placebo (RR: 1.14 [95% CI: 1.03. 
1.26], I2 = 0%, P = 0.01) and another GLP-1 RA comparator (RR: 1.01 
[95% CI: 0.96, 1.06], I2 = 0%, P = 0.76) (Fig. 3) (Appendix). 

3.3.2. The PIONEER programme 
Six studies reported information on AEs. Five studies reported AE 

data for oral semaglutide compared to placebo [29,30,32,38,39] and 
three reported AEs for oral semaglutide compared to GLP-1 RA [30,31, 
38]. The incidence of AEs was not higher for oral semaglutide than for 
placebo (RR: 1.07 [95% CI: 0.99, 1.16], I2 = 41%, P = 0.11) or another 
GLP-1 RA comparator (RR: 1.06 [95% CI: 0.99, 1.14], I2 = 0%, P = 0.08) 
(Fig. 4) (Appendix). Fig. 2. Risk of bias summary of included studies.  
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3.4. Network meta-analysis 

The network meta-analysis results for HbA1c, body weight, and AEs, 
using placebo as a reference, are presented in Tables 2 and 3. Fig. 4 
shows the network of included trials used in the meta-analysis for 
HbA1c, body weight, and AEs. SC semaglutide was the most efficacious 
in lowering HbA1c and body weight (MD vs placebo, HbA1c: -1.56% 
[95% CI: -1.71, − 1.40], P < 0.05; MD vs placebo, body weight: -4.25 kg 
[95% CI: -5.06, − 3.43], P < 0.05). However, SC semaglutide was 
associated with an increase in AEs (RR vs placebo: 0.15 [95% CI: -0.20, 
0.50], P > 0.05). SC semaglutide was superior to oral semaglutide in 
terms of reducing HbA1c and bodyweight (MD vs oral semaglutide, 
HbA1c: -0.26% [95% CI: -0.44, − 0.07], P < 0.05; MD vs oral semaglu
tide, body weight: -1.08 kg [95% CI: -2.04, − 0.12], P < 0.05). However, 
SC semaglutide was inferior to oral semaglutide with respect to the in
crease in AEs (RR vs placebo: 0.12 [95% CI: -0.30, 0.54], P > 0.05) 
(Fig. 5 A, B). 

4. Discussion 

This systematic review and network meta-analysis summarised the 
evidence from 12 studies (6840 participants) that applied at least 26 
weeks of intervention to test the efficacy and safety of SC and oral 
semaglutide for the control of HbA1c in adults with T2D. The results 
showed a low quality of evidence (according to the GRADE approach, 
Table 1) for the contribution of SC semaglutide (1.0 mg) in reducing 
HbA1c by 1.5% and body weight by 4.2 kg compared to placebo. 
Furthermore, there was low quality of evidence for the efficacy of SC 
semaglutide in reducing HbA1c and body weight compared to liraglu
tide (1.2 mg), exenatide ER (2.0 mg), and dulaglutide (1.5 mg) (− 0.98%, 
− 3.64 kg). However, there was moderate quality of evidence linking SC 
semaglutide with increased gastrointestinal AEs without increase in the 
incidence of hypoglycaemia compared to placebo, liraglutide (1.2 mg), 
exenatide ER (2.0 mg), and dulaglutide (1.5 mg). 

These findings are consistent with those of Andreadis et al. [40] who 
reported that when compared to placebo, SC semaglutide (1.0 mg) was 
associated with a reduction in body weight (− 4.11 kg) and HbA1c 
(1.5%) with no increase in the incidence of hypoglycaemic episodes. 
However, the researchers found that when SC semaglutide was tested 
against other diabetic agents, HbA1c was only reduced by 0.37% and 
body weight by − 2.79 kg. This difference in the findings might be 
attributable to the inclusion of sitagliptin and insulin glargine as active 
comparators. 

This review also showed low-quality evidence that oral semaglutide 
(14 mg) was associated with reduction in HbA1c and body weight 
compared to placebo (− 1.3% and − 3.2 kg, respectively) and another 
GLP-1 RA comparator (− 0.31% and − 2.4 kg, respectively), including 
liraglutide (1.2 mg), exenatide ER (2.0 mg), and dulaglutide (1.5 mg). 

The indirect comparison between SC semaglutide and oral semaglutide 
demonstrated that the former appears to have a slightly greater effect on 
HbA1c and body weight with increase in the incidence of gastrointes
tinal AEs. Nonetheless, clinically significant reductions in HbA1c and 
body weight were observed with semaglutide, regardless of the method 
of administration. 

Early glycaemic control has significant health benefits for people 
with T2D [41]. Notably, there is growing evidence to support that 
inadequate glycaemic regulation in the early years following diagnosis 
increases the risk of developing complications associated with diabetes 
later in life [42]. Of these complications, microvascular events, mor
tality, and diabetic neuropathy may affect 50% of people with T2D [42]. 
Patients may also develop gastroparesis after they are diagnosed with 
autonomic neuropathy, which affects the vagus nerves [43]. Therefore, 
avoidance of clinical inertia and achieving glycaemic control as soon as 
possible after the diagnosis is highly recommended to avoid complica
tions [44]. Across the included studies from the PIONEER programme, 
oral semaglutide was found to be superior to placebo and other GLP-1 
RAs in terms of reducing HbA1c levels, regardless of diabetes dura
tion. Furthermore, at least 50% of patients who were treated with oral 
semaglutide achieved an HbA1c < 7.0%, which is the optimal target set 
by the ADA [6]. Consequently, earlier initiation of GLP-1 RA medica
tion, such as oral semaglutide, may be an effective treatment option. 
However, it is important to note that the use of oral semaglutide is 
generally not recommended or requires special consideration for women 
who are pregnant or breastfeeding and for children with T2D. In addi
tion, oral semaglutide is not indicated for people with type 1 diabetes or 
patients with diabetic ketoacidosis [45]. 

Oral semaglutide should be considered in the context of providing a 
variety of treatment options for adults with T2D to potentially improve 
treatment adherence, especially by offering an alternative for patients 
with a preference for oral versus injectable therapy [46]. For those 
dissatisfied with their current treatment and/or outcomes, once weekly 
medication such as SC semaglutide is a more attractive option and could 
lead to better adherence, as such patients are usually highly motivated 
and interested in trying a new approach [47]. A recent review by Weiss 
et al. [48] reported a lower level of adherence among patients using 
daily doses of GLP-1 RAs than among those using GLP-1 RAs once a 
week. In contrast, when considering dosing frequency, discontinuation 
of the GLP-1 RA therapy was comparable for weekly and daily dose users 
at 12 months and higher among weekly dose users at 24 months [48]. 
Several retrospective studies from Italy, Germany, and the UK have re
ported higher rates of adherence with weekly dosing than with once- or 
twice-daily dosing [49,50]. However, Polonsky et al. [47] showed that 
when compared to patients who used injectable medications, a high 
percentage of those who had a preference for oral medication considered 
once-weekly injectable medication to be less favourable. Therefore, an 
oral formulation of semaglutide could be a superior option for patients 

Fig. 3. Risk of bias graph of included studies, presented as percentages across all included studies.  
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Table 1 
Summary of study characteristics.  

Study ID Study 
duration 
(weeks) 

Background therapy Study arms Number of 
participants (n) 

Mean 
HbA1c 
(%) 

Mean diabetes 
duration (years) 

Mean age 
(years) 

Ahmann et al., 2018 
(SUSTAIN 3) [16] 

56 Metformin and/or thiazolidinediones, 
and/or sulphonylureas 

Semaglutide 1.0 mg 
(n = 404) 
Exenatide ER 2.0 
mg (n = 405) 

809 8.3 ± 1.3 9.2 ± 5.5 56.6 ±
12.6 

Aroda et al., 2019 
(PIONEER 1) [29] 

26 Diet and exercise Oral semaglutide 3 
mg (n = 175) 
Oral semaglutide 7 
mg (n = 175) 
Oral semaglutide 
14 mg (n = 175) 
Placebo (n = 178) 

703 8.0 ± 0.7 3.5 ± 4.9 55 ± 11 

Capehorn et al., 
2020 (SUSTAIN 
10) [23] 

30 SGLT-2 inhibitor as monotherapy or with 
sulphonylurea or metformin 

Semaglutide 1.0 mg 
(n = 290) 
Liraglutide 1.2 mg 
(n = 287) 

577 8.2 ± 1.0 9.3 ± 5.9 59.5 ±
10.2 

Mosenzon et al., 
2019 (PIONEER 5) 
[32] 

26 Metformin, or sulphonylurea, or both, or 
basal insulin with or without metformin 

Oral semaglutide 
14 mg (n = 163) 
Placebo (n = 161) 

324 8.0 ± 0.7 14 ± 8 70 ± 8 

Pratley et al., 2018 
(SUSTAIN 7) [19] 

40 Metformin monotherapy Semaglutide 0.5 mg 
(n = 301) 
Dulaglutide 0.75 
mg (n = 299) 
Semaglutide 1.0 mg 
(n = 300) 
Dulaglutide 1.5 mg 
(n = 299) 

1199 8.2 ± 0.9 7.3 ± 5.6 55.6 ±
10.6 

Pratley et al., 2019 
(PIONEER 4) [38] 

52 Metformin with or without SGLT2 Oral semaglutide 
14 mg (n = 285) 
Liraglutide 1.8 mg 
(n = 284) 
Placebo (n = 142) 

711 8.0 ± 0.7 7.6 ± 5.5 56 ± 10 

Rodbard et al., 2018 
(SUSTAIN 5) [18] 

30 Basal insulin with or without metformin Semaglutide 0.5 mg 
(n = 132) 
Semaglutide 1.0 mg 
(n = 131) 
Placebo (n = 133) 

396 8.4 ± 1.02 13.3 ± 7.6 58.8 ±
13.1 

Sorli et al., 2017 
(SUSTAIN 1) [14] 

30 diet and exercise 0.5 mg semaglutide 
(n = 128) 
1.0 mg semaglutide 
(n = 130) 
Placebo (n = 129) 

387 8.05 ±
0.85 

4.18 ± 5.52 53.7 ±
11.3 

Yabe et al., 2020 
(PIONEER 10) 
[31] 

52 Sulphonylurea, glinide, thiazolidinedione, 
alpha-glucosidase inhibitor, or SGLT2 
inhibitor 

Oral semaglutide 3 
mg (n = 131) 
Oral semaglutide 7 
mg (n = 132) 
Oral semaglutide 
14 mg (n = 130) 
Dulaglutide 0.75 
mg (n = 65) 

458 8.3 ± 0.9 9.4 ± 6.3 58 ± 10 

Yamada et al., 2020 
(PIONEER 9) [30] 

52 Diet, exercise, or oral glucose-lowering 
drug monotherapy 

Oral semaglutide 3 
mg (n = 49) 
Oral semaglutide 7 
mg (n = 49) 
Oral semaglutide 
14 mg (n = 48) 
Placebo (n = 49) 
Liraglutide 0.9 mg 
(n = 48) 

243 8.3 ± 0.8 7.5 ± 5.6 59.4 ±
9.4 

Zinman et al., 2019a 
(PIONEER 8) [39] 

52 Insulin with or without metformin Oral semaglutide 3 
mg (n = 184) 
Oral semaglutide 7 
mg (n = 182) 
Oral semaglutide 
14 mg (n = 181) 
Placebo (n = 184) 

731 8.2 ± 0.7 15.0 ± 8.1 61 ± 10 

Zinman et al., 2019b 
(SUSTAIN 9) [20] 

30 SGLT-2 inhibitor as monotherapy or with 
sulphonylurea or metformin 

Semaglutide 1.0 mg 
(n = 151) 
Placebo (n = 151) 

302 8.0 ± 0.8 9.7 ± 6.1 57.0 ±
9.5  
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who are hesitant to start injectable medication. 
Gastrointestinal AEs were the most cited reason for the discontinu

ation of both forms of semaglutide and were reported by most of the 
included studies of the SUSTAIN and PIONEER programmes. In practice, 
many recommendations are available to manage these AEs. Gradual 
dose escalation of an oral semaglutide regimen is recommended, starting 
at 3 mg once daily for 1 month, followed by increase to 7 mg daily for the 
next month, and—in cases where additional glycaemic control is 
required—increase to 14 mg per day [9,29]. 

Gastroparesis or delayed gastric emptying may develop in people 
with T2D with poor blood glucose control [34] and can also be caused by 
GLP-1 RAs contributing to gastrointestinal AEs [52,53]. Patients should 
be aware of the dietary patterns that could contribute to such AEs and 

adopt dietary strategies to improve symptoms of delayed gastric 
emptying. This can be achieved primarily by providing the patient with 
the information needed to raise their awareness of food consistency, 
composition, and volume [54]. Liquid food usually has higher gastric 
mobility than solid food [55] with small particle size; for example, 
gastric emptying is faster with blended carrots than with chopped car
rots [56]. Thus, adequate chewing may be sufficient to reduce food 
particles in mild cases [54]. Additionally, foods high in fat and fibre can 
cause prolonged gastric emptying, even in healthy individuals. There
fore, modification of these food groups is recommended in the popula
tion with T2D, alongside maintenance of normoglycaemia, which can 
also impair gastric emptying [57,58]. Finally, adjustment of meal size 
could be beneficial, as large meals require more time than small meals to 
exit the stomach [55]. Therefore, eating small frequent meals while 
avoiding large, high fat, and high fibre meals is recommended for pa
tients who develop gastrointestinal AEs. In addition, the importance of 
drinking fluids and avoidance of alcoholic drinks should be emphasised 
to minimise the risk of dehydration that can develop because of 
gastrointestinal AEs [45]. When all dietary strategies fail to improve 
gastrointestinal symptoms, short-term use of antiemetics may be 
considered [59,60]. 

In the present review, the primary advantage of using mixed treat
ment comparisons is that they can include both direct and indirect in
formation regarding drug treatment effects. Additionally, using these 
methods to compare drugs preserves the original randomisation and 
reduction of confounding factors and bias that may occur as a result of 
systematic differences between or among the trials being compared 
[61]. However, this statistical method is mainly limited by the use of 
two-stage techniques that depend on a normal approximation of the 
distribution of the estimated treatment effects. This limitation could lead 
to issues with count data, especially with small counts [37]. Another 
limitation of this review is that the results of the PIONEER and SUSTAIN 
programmes should be evaluated with caution because of the study 
designs and differences in baseline and background medications. How
ever, these differences were taken into consideration in this review, and 
network meta-analysis was conducted by adjusting for specific inclusion 
criteria in terms of duration, comparators, and age of the participants, 
but without the restriction of background medications. Finally, search
ing only two databases could lead to publication bias; therefore, any 
conclusions from this review and network meta-analysis should be 
drawn carefully. 

5. Conclusion 

In summary, oral semaglutide was compared to SC semaglutide, 
placebo, and other GLP-1 RA comparators (liraglutide [1.2 mg], exe
natide [ER, 2.0 mg], and dulaglutide [1.5 mg]) to assess their efficacy 
and safety in reducing the level of HbA1c and body weight in adults with 
T2D. Oral semaglutide was non-inferior to SC semaglutide and superior 
to placebo and another GLP-1 RA in reducing HbA1c and body weight. 
Moreover, oral semaglutide was superior to SC semaglutide and inferior 
to other GLP-1 RA comparators and placebo in terms of the incidence of 
AEs. However, oral semaglutide was well-tolerated in most studies, and 
the major AEs were gastrointestinal and included nausea, vomiting, and 
diarrhoea. 

Oral semaglutide provides a new choice for the management of T2D 
and a convenient administration route for patients who prefer oral 
treatments over injectable therapies. By reducing the administrative 
burden on patients, oral semaglutide may enable more patients to 
improve their glycaemic control and reduce their body weight and 
encourage adherence to the medication. However, oral semaglutide 
should be carefully considered in pregnant or breastfeeding women and 

Table 2 
Network meta-analysis results of the mean difference in HbA1c (left lower half) 
and body weight (right upper half) in patients with the following interventions: 
ORS=Oral semaglutide, SUS=Subcutaneous semaglutide, GLP = GLP-1 RA 
comparator, and PLC=Placebo.  

Network comparison, HbA1c and body weight 

SUS − 1.08 (− 2.04, 
− 0.12) 

− 3.64 (− 4.42, 
− 2.86) 

− 4.25 (− 5.06, 
− 3.43) 

− 0.26 (− 0.44, 
− 0.07) 

ORS − 2.56 (− 3.41, 
− 1.71) 

− 3.17 (− 3.89, 
− 2.45) 

− 0.57 (− 0.72, 
− 0.43) 

− 0.32 (− 0.49, 
− 0.15) 

GLP − 0.61 (− 1.43, 
0.21) 

− 1.56 (− 1.71, 
− 1.40) 

− 1.30 (− 1.44, 
− 1.16) 

− 0.98 (− 1.15, 
− 0.82) 

PLC  

Table 3 
Network meta-analysis results of the risk ratio of adverse events in patients with 
the following interventions: ORS=Oral semaglutide, SUS=Subcutaneous sem
aglutide, GLP = GLP-1 RA comparator, and PLC=Placebo.  

Network comparison, adverse events 

SUSrowhead 
0.12 (− 0.30, 0.54) ORS   
0.20 (− 0.13, 0.53) 0.08 (− 0.32, 0.48) GLP  
0.15 (− 0.20, 0.50) 0.03 (− 0.29, 0.36) − 0.05 (− 0.42, 0.33) PLC  

Fig. 4. Interventions are presented in blue nodes. The size of the nodes is 
proportional to the number of studies included and the black lines show direct 
comparisons in the randomised control trials. The line thickness is directly 
proportional to the number of comparisons. Abbreviations: ORS = oral sem
aglutide, SUS = subcutaneous semaglutide, GLP = GLP-1 RA comparators, PLC 
= placebo. 
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children with T2D. Dose escalation and dietary management could 
reduce AEs, which are the most common reason for discontinuation of 
GLP-1 RA medication. Further studies are required to confirm the 
findings of the PIONEER programme to enable their introduction to 
clinical practice. Additionally, future research should examine whether 
the availability of oral semaglutide will encourage earlier initiation and 
increased frequency of GLP-1 RA medication usage. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper.  

Fig. 5. Network meta-analysis of treatment effect on HbA1c (A) and body weight (B) using placebo as a reference. Data are presented as mean difference ±standard 
error, p < 0.05. Abbreviations: _ORS = oral semaglutide, _SUS = subcutaneous semaglutide, _GLP = GLP-1 RA comparator, _y = placebo. 
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Appendix

Fig. 1. The effect of subcutaneous semaglutide compared to placebo or GLP-1 RA comparator on HbA1c (A) and body weight (B). Data are presented as effect size 
with 95% CI, P < 0.05 

Fig. 2. The effect of oral semaglutide compared to placebo or GLP-1 RA comparator on HbA1c (A) and body weight (B). Data are presented as effect size with 95% CI, 
P < 0.05 
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Fig. 3. Risk ratio of adverse events between the subcutaneous semaglutide and control arms.  

Fig. 4. Risk ratio of adverse events between the oral semaglutide and control arms.   

Table 1 
Quality of evidence for the outcomes.  

SC semaglutide and oral semaglutide compared to placebo or GLP-1 RA comparator for HbA1c, body weight, and AEs 

Patient or population: HbA1c, body weight, and AEs 
Setting: 
Intervention: SC semaglutide and oral semaglutide 
Comparison: Placebo or GLP-1 RA comparator 

Outcomes No. of 
participants 
(studies) 
Follow up 

Certainty of evidence 
(GRADE) 

Relative effect 
(95% CI) 

Anticipated absolute effects 

Risk with placebo or GLP-1 RA comparator Risk difference with SC 
semaglutide and oral 
semaglutide 

Semaglutide vs placebo - semaglutide 
1.0 mg vs placebo 

825 (3 RCTs) – Mean semaglutide vs placebo - semaglutide 
1.0 mg vs placebo was 8.07% 

MD 1.55% lower (1.75 
lower to 1.36 lower) 

Semaglutide vs placebo - semaglutide 
1.0 mg vs comparator 

1985 (3 RCTs) – Mean semaglutide vs placebo - semaglutide 
1.0 mg vs GLP-1 RA comparator was 7.13% 

MD 0.58% lower (0.75 
lower to 0.41 lower) 

(continued on next page) 
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Table 1 (continued ) 

SC semaglutide and oral semaglutide compared to placebo or GLP-1 RA comparator for HbA1c, body weight, and AEs 

Patient or population: HbA1c, body weight, and AEs 
Setting: 
Intervention: SC semaglutide and oral semaglutide 
Comparison: Placebo or GLP-1 RA comparator 

Outcomes No. of 
participants 
(studies) 
Follow up 

Certainty of evidence 
(GRADE) 

Relative effect 
(95% CI) 

Anticipated absolute effects 

Risk with placebo or GLP-1 RA comparator Risk difference with SC 
semaglutide and oral 
semaglutide 

Oral semaglutide vs placebo - oral 
semaglutide 14 mg 

1566 (5 RCTs) – Mean oral semaglutide vs placebo - oral 
semaglutide 14 mg was 8.06% 

MD 1.29% lower (1.47 
lower to 1.11 lower) 

Oral semaglutide vs placebo - oral 
semaglutide 14 mg vs GLP-1 
comparator 

860 (3 RCTs) – Mean oral semaglutide vs placebo - oral 
semaglutide 14 mg vs GLP-1 RA comparator 
was 7.03% 

MD 0.31% lower (0.44 
lower to 0.17 lower) 

Body weight semaglutide vs placebo - 
semaglutide 1.0 mg vs placebo 

824 (3 RCTs) – Mean body weight semaglutide vs placebo - 
semaglutide 1.0 mg vs placebo was 90.57 kg 

MD 4.16 kg lower (5.05 
lower to 3.26 lower) 

Body weight semaglutide vs placebo - 
semaglutide 1.0 mg vs GLP-1 RA 
comparator 

1985 (3 RCTs) – Mean body weight semaglutide vs placebo - 
semaglutide 1.0 mg vs GLP-1 RA 
comparator was 93.7 kg 

MD 3.72 kg lower (4.17 
lower to 3.28 lower) 

Body weight oral semaglutide vs 
placebo or GLP-1 RA comparator - 
semaglutide 14 mg vs placebo 

1793 (5 RCTs) – Mean body weight oral semaglutide vs 
placebo or GLP-1 RA comparator - 
semaglutide 14 mg vs placebo was 85.22 kg 

MD 3.18 kg lower (4.12 
lower to 2.24 lower) 

Body weight oral semaglutide vs 
placebo or GLP-1 RA comparator - 
semaglutide 14 mg vs GLP-1 RA 
comparator 

860 (3 RCTs) – Mean body weight oral semaglutide vs 
placebo or GLP-1 RA comparator - 
semaglutide 14 mg vs GLP-1 RA comparator 
was 78.38 kg 

MD 2.42 kg lower (3.18 
lower to 1.66 lower) 

AEs, semaglutide vs placebo or GLP-1 
RA comparator - semaglutide vs 
placebo 

1084 (3 RCTs) RR 1.14 
(1.03–1.26) 

574 per 1,000 80 more per 1,000 (17 
more to 149 more) 

AEs, semaglutide vs placebo or GLP-1 
RA comparator - semaglutide vs GLP- 
1 RA comparator 

2584 (3 RCTs) RR 1.01 
(0.96–1.06) 

702 per 1,000 7 more per 1,000 (28 
fewer to 42 more) 

AEs oral semaglutide vs placebo or 
GLP-1 RA comparator - oral 
semaglutide vs placebo 

1971 (5 RCTs) RR 1.07 
(0.99–1.16) 

674 per 1,000 47 more per 1,000 (7 
fewer to 108 more) 

AEs oral semaglutide vs placebo or 
GLP-1 RA comparator - oral 
semaglutide vs GLP-1 RA comparator 

1042 (3 RCTs) RR 1.06 
(0.99–1.14) 

744 per 1,000 45 more per 1,000 (7 
fewer to 104 more) 

*The risk in the intervention group (and its 95% confidence interval [95% CI]) is based on the assumed risk in the comparison group and the relative effect of the intervention (and 
its 95% CI). CI: confidence interval; MD: mean difference; RR: risk ratio; SC: subcutaneous, AE: adverse events. 

GRADE Working Group grades of evidence 
High certainty: We are very confident that the true effect lies close to that of the estimated effect. 
Moderate certainty: We are moderately confident in the effect estimate; the true effect is likely to be close to the estimated effect, but there is a possibility that it is substantially 
different. 
Low certainty: Our confidence in the effect estimate is limited; the true effect may be substantially different from the estimated effect. 
Very low certainty: We have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimated effect. 

Explanations. 
a. The quality was downgraded because some studies were not blinded. 
b. The quality was downgraded because of high heterogeneity across studies.  
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Table 2 
The effect of subcutaneous semaglutide compared to that of placebo or GLP-1 RA comparator on HbA1c and body weight. Data are presented as mean difference and 
95% CI.  

Study ID HbA1c difference (%) [95% CI] P value Weight difference (kg) [95% CI] P value 

Ahmann et al., 2018 (SUSTAIN 3) [16] GLP = -0.62 [-0.80, − 0.44] P < 0.0001 GLP = -3.78 [-4.58, − 2.98] P < 0.0001 
Capehorn et al., 2020 (SUSTAIN 10) [23] GLP = -0.69 [-0.82, − 0.56] P < 0.0001 GLP = -3.83 [-4.57, − 3.09] P < 0.0001 
Pratley et al., 2018 (SUSTAIN 7) [19] GLP = -0.41 [-0.57, − 0.25] P < 0.0001 GLP = -3.55 [-4.32, − 2.78] P < 0.0001 
Rodbard et al., 2018 (SUSTAIN 5) [18] 0.5 mg = -1.35 [-1.60, − 1.10] 

1.0 mg = -1.75 [-2.01, − 1.49] 
P < 0.0001 0.5 mg = -2.31 [-3.30, − 1.32] 

1.0 mg = -5.06 [-6.08, − 4.04] 
P < 0.0001 

Sorli et al., 2017 (SUSTAIN 1) [14] 0.5 mg = -1.43 [-1.71, − 1.15] 
1.0 mg = -1.53 [-1.81, − 1.25] 

P < 0.0001 0.5 mg = -2.75 [-3.92, − 1.58] 
1.0 mg = -3.56 [-4.74, − 2.38] 

P < 0.0001 

Zinman et al., 2019b (SUSTAIN 9) [20] 1.0 mg = -1.42 [-1.61, − 1.23] P < 0.0001 1.0 mg = -3.81 [-4.70, − 2.92] P < 0.0001   

Table 3 
The effect of oral semaglutide compared to that of placebo or GLP-1 RA comparator on HbA1c. Data are presented as mean difference and 95% CI.  

Study ID HbA1c difference (%) [95% CI] P value Weight difference (kg) [95% CI] P value 

Aroda et al., 2019 (PIONEER 1) [29] 3.0 mg = -0.70 [-0.90, − 0.50] 
7.0 mg = -1.25 [-1.50, − 1.00] 
14.0 mg = -1.45 [-1.70, − 1.20] 

P < 0.001 3.0 mg = -0.20 [-1.00, 0.60] 
7.0 mg = -1.00 [-1.80, − 0.20] 
14.0 mg = -2.60 [-3.40, − 1.80] 

3.0 mg = P ¼ 0.71 
7.0 mg = P = 0.01 
14.0 mg = P < 0.001 

Mosenzon et al., 2019 (PIONEER 5) [32] 14.0 mg = -1.00 [-1.20, − 0.80] P < 0.0001 14.0 mg =
− 2.70 [-3.50, − 1.90] 

P < 0.0001 

Pratley et al., 2019 (PIONEER 4) [38] 14.0 mg = -1.40 [-1.60, − 1.20] 
GLP = -0.30 [-0.40, − 0.10] 

14.0 mg = P = 0.0012 
GLP = P < 0.0001 

14.0 mg = -3.8 [-4.80, − 2.70] 
GLP = -1.80 [-2.60, − 1.00] 

P < 0.0001 

Yabe et al., 2020 (PIONEER 10) [31] GLP = -0.50 [-0.80, − 0.20] P = 0.0007 GLP = -3.00 [-4.00, − 2.00] P < 0.0001 
Yamada et al., 2020 (PIONEER 9) [30] 3.0 mg = -0.85 [-1.20, − 0.50] 

7.0 mg = -1.30 [-1.60, − 1.00] 
14.0 mg = -1.40 [-1.70, − 1.10] 
GLP = -0.30 [-0.70, 0.10] 

P < 0.0001 
GLP = P ¼ 0.1005 

3.0 mg = 0.30 [-0.80, 1.40] 
7.0 mg = -0.20 [-1.30, 0.90] 
14.0 mg = -2.00 [-3.10, − 0.90] 
GLP = -2.65 [-3.80, − 1.50] 

3.0 mg = P ¼ 0.5918 
7.0 mg = P ¼ 0.7021 
14.0 mg = P = 0.0003 
GLP = P < 0.0001 

Zinman et al., 2019a (PIONEER 8) [39] 3.0 mg = -0.55 [-0.80, − 0.30] 
7.0 mg = -0.90 [-1.10, − 0.60] 
14.0 mg = -1.30 [-1.50, − 1.00] 

P < 0.0001 3.0 mg = -1.65 [-2.60, − 0.70] 
7.0 mg = -3.55 [-4.50, − 2.60] 
14.0 mg = -4.90 [-5.90, − 3.90] 

P < 0.001  
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