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Abstract
Background: Semaglutide, a glucagon-like peptide-1 receptor agonist (GLP-1 RA), has demonstrated beneficial effects when incorporated into basal insulin 
therapy. Despite mounting evidence from diverse geographical regions supporting its efficacy in more intricate insulin regimens for patients with type 2 
diabetes (T2DM), there remains a scarcity of real-world data from our region. This study aims to assess the impact of adding Semaglutide to the basal-bolus 
or mixed insulin therapy over a 12-month period on glycated hemoglobin (HbA1c), weight, and total daily dose (TDD) of insulin. Methods: A retrospective 
chart review was conducted at a military medical center in Riyadh from January 2021 to September 2022. The study included all adult patients with T2DM 
who experienced clinical benefit from the addition of Semaglutide to basal-bolus or mixed insulin therapy during this timeframe. Measurements of HbA1c, 
weight, and TDD were obtained at baseline, 3, 6, and 9 months. Descriptive statistics and one-way ANOVA tests were utilized for statistical analysis. Results: 
The study cohort comprised 152 patients, of whom 105 (69.1%) were female, with a mean age of 57.7+11.4 years. There was a significant reduction in 
mean HbA1c levels from 9.32 at baseline to 8.62, 8.28, and 8.36 at three, six, and nine months, respectively (p-value <0.001). Moreover, mean weight in 
kilograms (kg) decreased from 94.8 kg at baseline to 93.54, 92.46, and 91.94 kg at three, six, and nine months, respectively (p-value > 0.005). Conclusion: 
This study demonstrates that the addition of Semaglutide to the current treatment regimen of patients with T2DM leads to improvements in HbA1c 
levels, accompanied by observed reductions in weight over nine months in individuals utilizing basal-bolus or mixed insulin therapy. Further studies with 
extended follow-up periods are warranted to validate these findings.
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INTRODUCTION
Type 2 diabetes mellitus (T2DM), a complex metabolic disorder, 
is characterized by a progressive decline in pancreatic beta cell 
function and insulin resistance, resulting in hyperglycemia 1,2. 
As the disease advances, patients usually transition from oral 
antidiabetic drugs to injectable therapies, such as insulin, to 
meet their increasing insulin requirements 2,3. Insulin treatment, 
however, may fail to maintain glycemic targets due to potential 
adverse effects such as hypoglycemia and weight gain 2,4,5.

To mitigate these challenges, newer injectable therapies, 
including glucagon-like peptide 1 receptor agonists (GLP-1 RA), 
have been developed, offering several advantages, such as 
weight loss, cardiovascular protection, and improved glycemic 
control 5-7. Current diabetes guidelines even recommend a GLP-
1 agonist as a second-line therapy option after metformin for 
patients with T2DM 4-6.

Semaglutide, a GLP-1 RA, stands out due to its unique 
properties 7. It shares a 94% amino acid sequence homology 
with native GLP-1 RA and has been structurally engineered to 
enhance resistance to degradation by dipeptidyl peptidase-4 
and improve binding to albumin 7,8. These modifications result 
in a half-life of approximately a week, making once-weekly 
subcutaneous administration possible 7,8.
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Clinical trials have demonstrated the beneficial effects of 
Semaglutide, including significant reductions in glycated 
hemoglobin (HbA1c) and body weight when added to basal 
insulin therapy 9,10. A meta-analysis has found that integrating a 
GLP-1 RA into various pre-existing insulin regimens decreased 
HbA1c levels by 0.47%, a weight reduction, and similar rates 
of hypoglycemic events 11. Another study in 2019 assessed the 
effects of adding GLP-1 RA to three distinct insulin therapies: 
basal insulin alone, basal-bolus combinations, and U-500 
insulin 12. 

However, there is limited real-world evidence in Saudi Arabia 
on its use in conjunction with more complex insulin regimens 
like basal-bolus or mixed insulin. Therefore, this study aims to 
explore the impacts of adding Semaglutide to different insulin 
regimens (basal-bolus and mixed insulin) in a population of 
patients with T2DM, focusing on variables such as HbA1c and 
weight loss.  

METHODS
Study Design and Settings, and Population

A single-center retrospective cohort study was conducted at a 
military medical city, in the central region of Saudi Arabia, from 
January 1, 2021, to September 30, 2022. The study included 
patients over 18 years of age with T2DM managed by a primary 
care physician or endocrinologist/diabetologist. All patients 
had Semaglutide added to their existing basal-bolus insulin 
regimen. Exclusion criteria were those who had received 
Semaglutide for less than 3 months, individuals with type 1 
diabetes, contraindications to GLP-1 agonists, those utilizing an 
insulin pump, or women who were pregnant or had gestational 
diabetes.

Data Collection

For data collection, a list of patients diagnosed with type 2 
DM and treated with Semaglutide was obtained from the 
patient’s electronic medical records. Patient baseline data for 
HbA1c, weight, and TDD of insulin were reviewed at 3, 6, and 
9 months. Outcomes were collected from patients’ medical 
electronic profiles using an Excel sheet v. 2022.

Study Variables

The outcome variables assessed in this study were changes 
in HbA1c, body weight, and TDD after initiating treatment 
with Semaglutide. Specifically, HbA1c levels were evaluated 
at baseline before starting Semaglutide and subsequently at 
three months, six months, and nine months after Semaglutide 
initiation. Body weight in kilograms (kg) was measured at the 
same time intervals. Additionally, TDD of insulin in units per day 
(units/day) was documented at baseline before Semaglutide 
and after adding Semaglutide.

Statistical Analysis

Data were analyzed using SPSS version 25 after variables were 
cleaned and coded in an Excel sheet. Descriptive statistics, 
including means, standard deviations, percentages, and 
frequencies, were calculated. A repeated measures ANOVA 

was conducted to compare changes in HbA1c from baseline to 
3 months, six months, and nine months. P-value < 0.05 was 
considered statistically significant.

Ethical Approval

The study protocol was reviewed and approved by the Prince 
Sultan Military Medical City Scientific Research Center HP-
01-R079 with number 1659, dated December 1, 2022, before 
the study was conducted.

RESULTS
Patients who were primarily screened to be enrolled in the 
study were 3814. Only 152 patients met the inclusion criteria. 
Of those, 47 (30.9%) patients were males and 105 (69.1%) 
were females. The mean age of the participants was 57.5 ± 
11.4 (Table 1).

The data showed that the majority of patients 101(32.9%), 
69 (22.5%), 40 (13%), 16 (5.2%) 15 (4.9%) and 12 (3.9) were 
suffering from hypertension, dyslipidemia, obesity, ischemic 
heart disease thyroid disorder, and renal disease respectively. 
Whereas, less frequent comorbidities included bronchial 
asthma (2.3%) heart failure (1.6%), liver disease (1.3%), 
and multiple strokes (1.0%). Further, rare comorbidities 
that affected 0.3% of patients included Hodgkin lymphoma, 
bronchial asthma, hysterectomy, erectile dysfunction, atrial 
fibrillation, neuroendocrine tumors, gout, osteoarthritis, 
benign prostatic hyperplasia, obstructive sleep apnea, 
fibromyalgia, inflammatory bowel disease, cholecystectomy, 
major depressive disorder, old ischemic stroke, post-stroke 
epilepsy, depression, and epilepsy. Only 2.6% of patients had 
no comorbidities. Overall, hypertension, dyslipidemia, and 
obesity were the most prevalent comorbid conditions among 
the studied sample of 152 patients (Table 2).

The data show that patients on basal-bolus therapy were 103 of 
the total sample. Of those, 87 patients were on insulin Aspart 
plus insulin glargine and only 14 patients were on insulin Lispro 
plus insulin glargine.  On the other hand, 49 (32.2%) patients 
were on mixed insulin therapy (Aspart + Protamine). Patients’ 
data showed that the majority of patients (84.8%) were using 
additional non-insulin diabetes medications, most commonly 
metformin (78.3%). Other non-insulin medications included 
empagliflozin (9.9%), metformin plus empagliflozin (5.9%), 
linagliptin (4.6%), and vildagliptin (1.3%). Basal-bolus insulin 
regimens were most common, with insulin aspart plus glargine 
being the predominant combination. (Table 3).

Table 1: Sociodemographic characteristics of patients (n = 152)

Sociodemographic characteristics N %

Gender
Male 47 30.9

Female 105 69.1

  Mean SD

Age 57.5 11.4

SD: Standard deviation
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The data in Table 4 show the effect of adding semaglutide 
to insulin on glycemic control, TDD, and weight over a nine-
month period. At baseline, the mean HbA1c was 9.32 ± 1.61, 
the mean TDD was 87 units ± 41.99, and the mean weight was 
94.8 ± 19.48 kg.  After three-month, significant reductions were 
observed in mean HbA1c, (8.62% ± 1.553), however, the mean 
weight showed a reduction but not significant (93.54 ± 17.59 
kg), while mean TDD remained stable at 85.08 ± 39.33 units. 
After six months, improvements were seen in mean HbA1c 
reaching 8.28 ± 1.626 and weight reduction to 92.46 ± 17.71 
kg, although TDD did not change with a mean of 87.26 ± 43.25 
units. At nine months, mean HbA1c, weight, and TDD were 8.36 
± 1.511, 91.94 ± 18.16 kg, and 86.68 ± 42.68 units, respectively. 
Overall, glycemic control and weight improved over the 
9-month follow-up, with the most significant reductions 
occurring in glycemic control by the first 3–6 months. TDD 
remained relatively unchanged over time.

A one-way ANOVA test assessed differences in HbA1c, weight, 
and TDD over time in patients on basal-bolus insulin regimens 
in Table 5. HbA1c value was changed significantly from baseline 
to 3, 6, and 9 months (F = 7.556, P < 0.001). Mean HbA1c 
decreased from 9.31% at baseline to 8.65%, 8.35%, and 8.45 
at 3, 6, 9 months respectively. No significant differences were 
found in weight or TDD over time. Weight remained stable 
from baseline (mean 93.7 kg) to 9 months (mean 90.9 kg) (F 
= 0.534, p = 0.660). TDD also did not significantly change from 
baseline (mean 86.9 units) to 9 months (mean 85.2 units) (F = 
0.046, p = 0.987).

A one-way ANOVA test was conducted to assess differences in 
HbA1c, weight, and TDD over time for patients on Semaglutide 
added to mixed insulin regimens as seen in Table 6. There 
was a significant difference in HbA1c from baseline to 3, 6, 
and 9 months (F = 8.453, p<0.001). Mean HbA1c decreased 
from 9.3% at baseline to 8.1% at six months and 8.2% at nine 

months. No significant differences were found in weight or 
TDD over time. Weight remained stable from baseline (mean 
97.0 kg) to 9 months (mean 94.2 kg) (F = 0.234, p = 0.873). 
TDD also did not significantly change from baseline (mean 87.1 
units) to 9 months (mean 89.8 units) (F = 0.360, p = 0.782). 
In summary, patients on Semaglutide added to mixed insulin 
regimens significantly reduced HbA1c over time, while weight 
and insulin dose remained unchanged.

DISCUSSION
DM is a major global health concern 13. This issue has garnered 
significant attention, especially in Gulf countries including 
Saudi Arabia (SA), which is among the top 10 countries with the 
highest prevalence of diabetes 13. In 2019, SA had 4.3 million 
diabetic patients, ranking fourth among Middle Eastern and 
North African (MENA) nations 14,15. Achieving targeted glycemic 
control levels, particularly HbA1c, is the most effective way 
to prevent and mitigate the effects of type 2 diabetes 15. 
Therefore, this retrospective study aimed to report on the 
effects and practical use of Semaglutide in Saudi patients with 
T2DM who received Semaglutide in addition to either mixed 
insulin therapy or basal-bolus therapy.

The data analysis for this study involving T2DM patients 
on insulin therapy revealed that adding a once-weekly 
Semaglutide injection to their current regimen resulted in 

Table 2: Comorbidities of patients (n = 152).

Comorbidities N %

HTN 101 32.9

RENAL DISEASE 12 3.9

IHD 16 5.2

HF 5 1.6

Liver Disease 4 1.3

Thyroid disorder 15 4.9

DLP 69 22.5

Obesity 40 13

Osteoporosis 2 0.7

BA 7 2.3

Multiple strokes 3 1

Other Comorbidities 22 7.1

No Comorbidities 11 3.6

HTN: Hypertension. IHD: Ischemic heart disease. HF: Heart failure. DLP: 
Dyslipidemia. BA: Bronchial Asthma. AF: Atrial fibrillation.

Table 3: Medications type among patients

Medication Type N %

Type of insulin

Basal + bolus 103 67.8

Mixed Insulin 49 32.2

Basal + bolus

Aspart + Glargine 87 84.5

Aspart + Detemeir 0 0

Lispro + Glargine 14 13.6

Lispro + Detemeir 0 0

No determine 2 1.9

Mixed Insulin

Aspart + Protamine 49 100

Other 0 0

Other diabetic medication

Yes 129 84.8

No 23 15.2

Type of other diabetic medication

Metformin 119 78.3

Empafliglozin 15 9.9

Metformin + 
Empafliglozin 9 5.9

Linagliptin 7 4.6

Vildagliptin 2 1.3
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Table 4: Changes in HbA1c, weight, and TDD of insulin over nine months

Measurement N Mean SD F p-value

HbA1c baseline 152 9.32 1.613

13.575 0.000*
HbA1c 3 months 152 8.62 1.553

HbA1c 6 months 152 8.28 1.626

HbA1c 9 months 152 8.36 1.511

Weight baseline 152 94.8 19.48

0.727 0.536
Weight 3 months 152 93.54 17.586

Weight 6 months 152 92.46 17.711

Weight 9 months 152 91.94 18.158

TDD of insulin 
baseline 152 87.013 41.9918

0.084 0.969

TDD of insulin 3 
months 152 85.079 39.3343

TDD of insulin 6 
months 152 87.2582 43.24915

TDD of insulin 9 
month 152 86.684 42.6828

SD: Standard deviation. TDD: Total daily insulin dose.

* P-value < 0.05 (significant)

Table 5: One-way ANOVA test for differences between patients who had basal + bolus.

Measurement Mean SD F p-value

HbA1c

HbA1c baseline 9.31 1.5

7.556 0.000*
HbA1c 3 months 8.65 1.6

HbA1c 6 months 8.35 1.6

HbA1c 9 months 8.45 1.6

Weight

Weight baseline 93.7 18.9

0.534 0.66
Weight 3 months 92.8 16.3

Weight 6 months 91.8 16.4

Weight 9 months 90.9 16.6

TDD

TDD of insulin (baseline) 86.9 43.4

0.046 0.987
TDD of insulin (3 months) 85.3 40.5

TDD of insulin (6 months) 84.9 45.2

TDD of insulin (9 month) 85.2 44.4

SD: Standard deviation. TDD: Total daily insulin dose.

* P-value < 0.05 (significant).
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Table 6: One-way ANOVA test for differences between patients who mixed insulin.

Measurement Mean SD F p-value

HbA1c.

HbA1c baseline 9.3 1.8

8.453 0.000*
HbA1c 3 months 9.3 1.8

HbA1c 6 months 8.1 1.6

HbA1c 9 months 8.2 1.4

Weight

Weight baseline 97 20.6

0.234 0.873
Weight 3 months 95.2 20

Weight 6 months 93.9 20.5

Weight 9 months 94.2 20.9

TDD

TDD of insulin (baseline) 87.1 39.2

0.36 0.782
TDD of insulin (3 months) 84.5 37.2

TDD of insulin (6 months) 92.2 38.8

TDD of insulin (9 months) 89.8 39.1

SD: Standard deviation. TDD: Total daily insulin dose.

* P-value < 0.05 (significant).

in T2DM patients on premixed insulin over 12 months showed 
an average weight change of -2.2 kg 25. This variable degree 
of weight loss could be attributed to several factors, including 
proper GLP-RA dose instruction and titration, dietary factors, 
and lifestyle among diabetic patients in the Saudi Arabian 
population 26. Additionally, insulin-induced weight gains due 
to its anabolic physiological effects, decreased metabolic 
rate, and reduced glycosuria after glycemic control are other 
determinant factors 27. Overall, our study showed that the 
addition of GLP-1 RA therapy to MDI therapy appears to cause 
weight loss and prevent additional weight gain while being on 
intensified insulin therapy.

The improvements in HbA1c and body weight observed in our 
study are comparable to those reported in the SUSTAIN 5 trial, 
which showed a mean reduction in HbA1c levels between 1.4-
1.85% and weight loss of 3.7-6.4 kg after 30 weeks of treatment 
when Semaglutide was added to basal insulin in patients with 
uncontrolled T2DM 17. Notably, the maximum reductions in 
HbA1c and apparent weight loss in our study were achieved 
within the first 3–6 months of initiating Semaglutide, mirroring 
the rapid time-to-effect observed in clinical trials 21. This rapid 
onset of benefits can be particularly advantageous for patients 
requiring immediate improvements in glycemic control, 
potentially enhancing patient motivation and adherence to 
treatment, which is vital in chronic disease management 
28. Furthermore, Semaglutide may provide an advantage by 
improving insulin sensitivity and reducing insulin requirements, 
thereby minimizing adverse effects like hypoglycemia and 
weight gain associated with high insulin doses 21,28.

As in clinical practice, it is recommended to reduce the total 
daily dose (TDD) of insulin initially or throughout the treatment 

significant improvements. There was a notable decrease in 
mean HbA1c, total body weight, and TDD of insulin over nine 
months. GLP-1 RAs are now a standard feature in management 
guidelines for T2DM, with their effects on HbA1c levels, body 
weight, and insulin dose being extensively studied 7-10,12,15. In 
our study, the mean reduction in HbA1c was 0.96%, which is 
clinically significant considering that every 1% drop in HbA1c 
is associated with reductions in diabetes complications 16. 
Additionally, higher baseline HbA1c levels were associated 
with greater overall reductions in HbA1c values 17. The HbA1c 
improvement observed is consistent with previous randomized 
controlled trials showing 0.7–1.9% HbA1c reductions when 
Semaglutide is added to multiple daily injections (MDI) or 
premixed insulin therapy 18.

The observed weight loss in our study (-2.86 kg at nine months) 
aligns with findings from RCTs reporting average reductions 
of 2.5–6.5 kg 19-21. The combination of basal insulin and GLP-
1RA offers potent glucose-lowering effects and results in 
less weight gain compared to intensified insulin regimens 
22. Various studies have shown similar benefits when GLP-
RA is added to MDI, with data indicating variable degrees 
of weight loss 18. Linda et al. reported that body weight was 
significantly reduced in participants on MDI in the liraglutide 
group compared to the placebo group by an average of -3.8 
kg 23. Although Gyorffy’s study found that the weight drop 
was not statistically significant, the overall trend indicated a 
decrease in weight that plateaued at the 12-month endpoint 
across various insulin regimens with the addition of a GLP-1 RA 
12. Exenatide, in combination with basal/MDI insulin in patients 
with T2DM, was associated with a mean weight loss of -5.2 kg 
(P-value<0.001), with 72% of evaluable patients losing weight 
over 12 months 24. Another study exploring the use of GLP-1RA 
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in patients with controlled blood glucose 29, as studies have 
shown significant TDD reductions in patients on MDI with GLP-
1 RAs 22, 25. This study observed fluctuating insulin dose levels 
over the study period. However, in the study by Sassenrath 
et al., where a total of 8 studies evaluated the addition of 
a GLP-1 RA to MDI injections, only 3 studies that allowed 
insulin adjustment after the addition of GLP-1 RA showed 
an average TDD reduction 18. Although our analysis did not 
reveal the anticipated decline in TDD and significant weight 
loss documented in previous studies, it aligns with Gyorffy et 
al., who reported no significant reduction in TDD and weight 
with the addition of a GLP-1 RA in specific insulin groups12. The 
characteristics of the studied population could account for the 
fluctuation in TDD, and the insignificant weight loss achieved. 
This suggests that the study population’s inadequate control 
with suboptimal insulin doses or high insulin requirements was 
based on baseline demographics. Given that the effectiveness 
of GLP-1 RAs relies on multiple factors, including incretin effect 
and insulin production, it is conceivable that the advanced 
T2DM patients had impaired beta cell activity and thus were 
unable to sustain a response to the GLP-1 RA 21. 

This study’s strengths lie in its real-world setting and its focus 
on combining Semaglutide with more intensive and complex 
insulin regimens. However, the retrospective design and the 
use of a single center, along with our sample size, introduce 
certain limitations. These include potential selection bias, 
a lack of randomization, and the presence of confounding 
factors, which could impact the generalizability of the findings. 
Larger, multicenter randomized studies are needed to support 
these findings and fully understand the long-term implications 
of adding Semaglutide to complex insulin regimens. Further 
research is necessary to investigate the clinical outcomes and 

treatment approaches of combining a GLP-1 RA with different 
insulin regimens, especially in patients whose diabetes is poorly 
controlled and who require more intensive treatment plans.

CONCLUSION
Overall, adding once-weekly Semaglutide to basal-bolus or 
mixed insulin therapy led to significant improvements in 
HbA1c over 3, 6, and 9 interval periods in T2DM patients with 
fluctuating TDD of insulin and an overall trend down in body 
weight. The results of Semaglutide among the GLP-1 RA group 
further support its beneficial option for optimizing glycemic 
control when insulin fails to maintain diabetes treatment 
targets. It further indicates the potential of semaglutide 
as an adjunct therapy in T2DM, particularly for patients 
struggling with both uncontrolled glycemic control and obesity, 
highlighting the need for individualized treatment approaches 
and further research in this area.
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