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Abstract
BACKGROUND 
Gestational diabetes mellitus (GDM) refers to hyperglycemia caused by insulin 
resistance or insufficient insulin secretion during pregnancy. Patients with GDM 
have a high risk of pregnancy complications, which can adversely affect both 
maternal and fetal health. Therefore, early diagnosis, treatment and monitoring of 
GDM are essential. In recent years, a new treatment scheme represented by 
insulin aspart combined with metformin has received increasing attention.

AIM 
To explore the effects of insulin aspart combined with metformin on patients with 
GDM and inflammatory markers.

METHODS 
From April 2020 to September 2022, 124 patients with GDM in Sanya Women and 
Children’s Hospital Managed by Shanghai Children’s Medical Center were 
collected and analyzed retrospectively. The control group (CG) comprised 62 
patients treated with insulin aspart alone, and 62 patients treated with insulin 
aspart and metformin formed the observation group (OG). Before and after 
treatment, improvement of blood-glucose-related indexes [fasting blood glucose 
(FBG), 2-h postprandial glucose (2h PG) and hemoglobin A1c (HbA1c)], serum 
related factor [serum homocysteine (Hcy)], serum inflammatory cytokines [tumor 
necrosis factor (TNF)-α, interleukin (IL)-6 and C-reactive protein (CRP)] were 
compared between the two groups. The clinical efficacy, adverse pregnancy 
outcomes and incidence of pregnancy complications were compared between the 
two groups.

RESULTS 
After treatment, the levels of FBG, 2h PG, HbA1c, Hcy, TNF-α, IL-6 and CRP in 
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both groups were significantly decreased (P < 0.05), and the levels of FBG, 2h PG, HbA1c, Hcy, TNF-α, IL-6 and 
CRP in the OG were lower than in the CG (P < 0.05). The total clinical effectiveness in the OG was higher than that 
in the CG (P < 0.05). The total incidence of adverse pregnancy outcomes and complications in the OG was 
significantly lower than in the CG (P < 0.05).

CONCLUSION 
Insulin aspart combined with metformin are effective for treatment of GDM, which can reduce blood-glucose-
related indexes, Hcy and serum inflammatory cytokines, and risk of adverse pregnancy outcomes and complic-
ations.

Key Words: Insulin aspart; Metformin; Gestational diabetes mellitus; Efficacy; Homocysteine; Tumor necrosis factor-α; 
Interleukin-6; C-reactive protein
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Core Tip: This study investigated the clinical effect of insulin aspart combined with metformin on gestational diabetes 
mellitus and serum homocysteine (Hcy), tumor necrosis factor-α, interleukin-6 and C-reactive protein, which represents a 
novel aspect in the field. The combination of drugs significantly improved the condition of patients, reduced adverse 
pregnancy outcomes and incidence of adverse reactions, decreased blood-glucose-related indicators, Hcy, and serum inflam-
matory cytokine levels, and exhibited a high level of safety. These findings provide an important basis for the clinical 
application and popularization of this combination therapy.
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INTRODUCTION
Gestational diabetes mellitus (GDM) refers to different degrees of abnormal glucose metabolism that develops or is first 
found during pregnancy[1,2]. In recent years, with the change of life style and the fertility policy, the disease has shown a 
significant increasing trend[3]. It is reported that the incidence of GDM is 1%-14% globally and 1%-5% in China[4,5]. 
Although most parturients can return to normal after delivery, the risk of type II diabetes greatly increases[6]. If the 
patient is not treated in time, the disease can lead to various adverse pregnancy outcomes, such as fetal distress, fetal 
macrosomia, premature delivery, and abortion, and even endanger the life of the mother and baby. Therefore, the harm 
of GDM to the mother and newborn cannot be underestimated[7]. At present, the patients with GDM are treated with 
drugs, nutritional therapy, exercise therapy and blood sugar monitoring to keep their blood sugar in the normal range, 
thus reducing the complications to parturients and newborns, decreasing the perinatal mortality and improving adverse 
pregnancy outcome[8].

Insulin aspart is an analog of rapid-acting human insulin, and its activity is close to that of natural insulin. After 
subcutaneous injection, it can quickly help the body to ingest and utilize glucose in the blood, thus effectively 
maintaining the blood sugar level[9]. Insulin aspart takes effect faster and acts for a shorter time than soluble human 
insulin, so it should be injected immediately before meals. Studies have shown that insulin aspart is effective for 
treatment of GDM and pregestational diabetes, with stable control of blood sugar level and high safety[10]. Metformin is 
a biguanide hypoglycemic agent that mainly reduces blood sugar by inhibiting gluconeogenesis and glycogen 
decomposition and reducing the output of liver glucose[11]. In addition, metformin can improve the intake and 
utilization of glucose by muscle and adipose tissues, and can also play multiple roles in reducing body weight, improving 
insulin sensitivity and reducing insulin resistance[12]. Metformin can control the blood sugar level of parturients and 
newborns in the treatment of GDM, and reduce the risk of blood sugar, with a high level of safety[13]. Metformin has 
been widely used in clinical treatment, and has become the first choice to control blood sugar in overweight and obese 
patients with type II diabetes. Therefore, insulin aspart and metformin are potential effective drugs for the treatment of 
GDM.

However, the efficacy of the combination of the two drugs for treatment of GDM has not been systematically 
evaluated. Therefore, this study was designed to use insulin aspart and metformin for treatment of GDM, and explore the 
effect of the drug combination on patients and serum-related factors, to provide a reliable basis for clinical research.
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MATERIALS AND METHODS
Clinical data
From April 2020 to September 2022, 124 patients with GDM in Sanya Women and Children’s Hospital Managed by 
Shanghai Children’s Medical Center were collected and analyzed retrospectively. The control group (CG) comprised 62 
patients treated with insulin aspart alone, and the other 62 patients treated with insulin aspart and metformin formed the 
observation group (OG). This study was approved by the Ethics Committee of Sanya Women and Children’s Hospital 
Managed by Shanghai Children’s Medical Center.

Inclusion and exclusion criteria
Inclusion criteria: (1) Patients met the diagnostic criteria for GDM; GDM was diagnosed if fasting blood glucose (FBG) 
during pregnancy was ≥ 5.1 mmol/L, blood glucose after taking glucose for 1 h was ≥ 10.0 mmol/L, or blood glucose 
after taking glucose for 2 h was ≥ 8.5mmol/L; (2) Blood sugar could not be controlled by diet or exercise, so drugs were 
needed for intervention; (3) Patients gave informed and signed consent for voluntary participation; and (4) Clinical data 
were complete.

Exclusion criteria: (1) Patients with multiple pregnancies; (2) Patients with diabetes before pregnancy or a family 
history of diabetes; (3) Comorbid hepatic and renal insufficiency; (4) Comorbid pregnancy complications; (5) Comorbid 
mental or cognitive dysfunction; and (6) Allergic to the drugs in this study.

Therapeutic schemes
In both groups, patients were given routine health education on GDM, diet control and exercise guidance. The CG was 
treated with subcutaneous injection of insulin aspartate before dinner at an initial dose of 0.2-0.3 IU/kg once daily. The 
dose of insulin aspart was adjusted according to the patient’s blood glucose regulation, and the maximum dose was not 
more than 30 IU/d. The OG was treated with insulin aspart at the same dose as in the CG, and the initial dose of 
metformin was 500 mg twice daily. The dose of metformin was adjusted according to the patient’s blood glucose, and the 
maximum dose was not more than 2000 mg. In both groups, the drug treatment lasted until delivery.

Blood analysis
In the morning, 10 mL of median cubital vein blood was withdrawn from all patients after fasting for 8 h, and stored in 
three tubes. At 2 h after a meal, 4 mL of median elbow vein blood was withdrawn to detect the concentration of 2-h 
postprandial glucose (2h PG). An automatic biochemical analyzer was used to detect the blood-glucose-related indexes 
before and after treatment, including FBG, 2h PG and glycosylated hemoglobin (HbA1c). ELISA was used to detect 
serum-related factors [serum homocysteine (Hcy)] and serum inflammatory cytokines [tumor necrosis factor (TNF)-α, 
interleukin (IL)-6, and C-reactive protein (CRP)] before and after treatment.

Outcome measures
Primary outcome measures: improvement of blood-glucose-related indexes before and after treatment was compared 
between the two groups, including FBG, 2h PG and HbA1c. Hcy levels were compared between the two groups before 
and after treatment. Serum inflammatory cytokines, including TNF-α, IL-6 and CRP, were compared between the two 
groups before and after treatment. The clinical therapeutic effect was compared between the two groups. The evaluation 
criteria for efficacy are shown in Table 1. Total effective rate = (markedly effective + effective) × 100%/total number of 
patients. Secondary outcome measures: Baseline data of the two groups were compared. Adverse pregnancy outcomes 
and pregnancy complications were compared between the two groups.

Statistical analysis
SPSS 20.0 (Chicago, IL, United States) was applied to analyze the collected data. GraphPad Prism 8 (La Jolla, CA, United 
States) was applied to visualize the data. The data were analyzed by t test. Classified variables were compared by c2 test. 
The difference was statistically significant with P < 0.05.

RESULTS
Comparison of baseline data
There was no significant difference between the two groups in age, gestational age, height, maternal category, or 
education level (P > 0.05) (Table 2).

Changes in blood-glucose-related indexes before and after treatment
Compared with before treatment, FBG, 2h PG and HbA1c levels were significantly decreased in both groups after 
treatment (P < 0.05). In addition, the intergroup comparison showed that the levels of FBG, 2h PG and HbA1c in the two 
groups had no significant change before treatment (P > 0.05), but after treatment, the levels of FBG, 2h PG and HbA1c in 
the OG were significantly lower than in the CG (P < 0.05) (Figure 1).
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Table 1 Efficacy evaluation criteria

Efficacy grade Evaluative criteria

Markedly effective After treatment, clinical symptoms disappeared and blood sugar decreased obviously

Effective After treatment, clinical symptoms improved and blood sugar decreased

Ineffective After treatment, clinical symptoms did not improve, and blood sugar did not decrease, or even worsened

Table 2 Comparison of baseline data

Factors CG (n = 62) OG (n = 62) χ2 P value

Age, yr

≤ 30 38 41

> 30 24 21

0.314 0.575

Gestational age, yr

≤ 30 34 30

> 30 28 32

0.517 0.472

Maternal category

Primipara 38 36

Multipara 24 26

0.134 0.714

Educational level

Below junior college 27 25

Junior college and above 35 37

0.133 0.716

CG: Control group; OG: Observation group.

Figure 1 Changes in blood-glucose-related indexes before and after treatment. A: Comparison of fasting blood glucose changes before and after 
treatment; B: Comparison of 2-h postprandial glucose changes before and after treatment; C: Comparison of glycosylated hemoglobin changes before and after 
treatment. aP < 0.01; bP < 0.0001. FBG: Fasting blood glucose; 2h PG: 2-h postprandial glucose; HbA1c: Hemoglobin.

Changes in serum-related factors before and after treatment
Compared with before treatment, Hcy level was significantly decreased in both groups after treatment (P < 0.05). In 
addition, the intergroup comparison showed that Hcy level in both groups had no significant change before treatment (P 
> 0.05), but after treatment, Hcy level in the OG was significantly lower than in the CG (P < 0.05) (Figure 2).

Changes in serum inflammatory cytokines before and after treatment
Compared with before treatment, TNF-α, IL-6 and CRP levels were significantly decreased in both groups after treatment 
(P < 0.05). In addition, the intergroup comparison showed that the levels of TNF-α, IL-6 and CRP in both groups had no 
significant change before treatment (P > 0.05), but after treatment, the levels of TNF-α, IL-6 and CRP in the OG were 
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Table 3 Comparison of therapeutic effect

Groups CG (n = 62) OG (n = 62) χ2 P value

Markedly effective 25 (40.32) 32 (51.61)

Effective 19 (30.65) 25 (40.32)

Ineffective 18 (29.03) 5 (8.06)

Total effective rate 44 (70.97) 57 (91.94) 9.021 0.003

CG: Control group; OG: Observation group.

Figure 2 Changes of homocysteine before and after treatment. bP < 0.0001. Hcy: Homocysteine.

significantly lower than those in the CG (P < 0.05) (Figure 3).

Comparison of therapeutic effect
The total clinical effectiveness rate in the OG was significantly higher than in the CG (P = 0.003) (Table 3).

Comparison of adverse pregnancy outcomes and pregnancy complications
The total incidence of adverse pregnancy outcomes and pregnancy complications in the OG was significantly lower than 
in the CG (P < 0.05) (Tables 4 and 5).

DISCUSSION
Many hormones in pregnant women will change, and improper conditioning can lead to many complications. GDM is 
one of the more common complications[14,15]. Pregnant women in the second or third trimester produce a variety of 
insulin-resistant substances, such as placental lactogen, estrogen, progesterone, cortisol and placental insulinase, so that 
the sensitivity of pregnant women to insulin decreases with the increase of gestational age[16]. Pregnant women need 
more insulin to maintain blood glucose balance. For pregnant women with restricted insulin secretion, this physiological 
change cannot be compensated during pregnancy, which leads to an increase in blood sugar, thus aggravating the 
original diabetes or causing GDM[17]. GDM may be accompanied by three typical symptoms: Polydipsia, polyphagia and 
polyuria, and women may also experience blurred vision and abnormal touch, etc[18]. If GDM is not treated in time, it 
may have an impact on pregnant women and fetuses. GDM can lead to fetal macrosomia, fetal malformation, neonatal 
jaundice, neonatal respiratory distress syndrome, and increase fetal mortality[19,20]. Therefore, it is necessary to choose 
appropriate drugs and treat patients with GDM in time, so as to ensure the health and safety of parturients and fetuses.

At present, drugs are often used to control blood glucose. In the past, when patients were treated with biosynthetic 
human insulin, they were prone to hypoglycemia, so the therapeutic effect was not ideal. As a new type of rapid-acting 
insulin, insulin aspart has a short duration of action and peak time, takes effect rapidly, and reduces PG, which makes it a 
potential drug for treatment of GDM[21]. Studies have shown that insulin aspart combined with exercise diet can control 
the blood sugar level of patients with GDM, and ensure the health of parturients and fetuses[22]. However, long-term use 
of insulin can lead to resistance, thus reducing the control of blood sugar, so patients need to take corresponding 
hypoglycemic drugs to further control blood sugar. Metformin is a commonly used insulin-sensitizing agent that can 
improve insulin resistance and lower blood sugar[23]. Studies have shown that insulin aspart combined with metformin 
can control the blood sugar level of patients with GDM, reduce the adverse pregnancy outcomes of parturients and 
newborns, and play a positive role in clinical treatment[24]. In this study, insulin aspart plus metformin was used to treat 
patients with GDM. The total clinical effectiveness in the OG was higher than that in the CG, indicating that compared 
with single drug treatment, the two drugs complemented each other in combination, and significantly improved the 



Wang Y et al. Effects of combination therapy on diabetes

WJD https://www.wjgnet.com 1537 October 15, 2023 Volume 14 Issue 10

Table 4 Comparison of adverse pregnancy outcomes

Adverse pregnancy outcomes
Groups

Premature delivery Induced labor Cesarean section Total incidence rate

CG (n = 62) 5 (8.06) 3 (4.84) 31 (50.0) 39 (62.90)

OG (n = 62) 2 (3.23) 1 (1.61) 8 (12.90) 11 (18.33)

χ2 26.270

P value < 0.0001

CG: Control group; OG: Observation group.

Table 5 Comparison of pregnancy complications

                                        Pregnancy complications
Groups

Pregnancy hypertension Polyhydramnios Hypoglycemia Ketoacidosis Total incidence rate

CG (n = 62) 5 (8.06) 5 (8.06) 4 (6.45) 2 (3.23) 16 (25.81)

OG (n = 62) 1 (1.61) 2 (3.23) 1 (1.61) 0 4 (6.45)

χ2 8.585

P value 0.003

CG: Control group; OG: Observation group.

Figure 3 Changes in serum inflammatory cytokines before and after treatment. A: Comparison of tumor necrosis factor-α changes before and after 
treatment; B: Comparison of interleukin-6 changes before and after treatment; C: Comparison of C-reactive protein changes before and after treatment. bP < 0.0001. 
TNF-α: Tumor necrosis factor-α; IL-6: Interleukin-6; CRP: C-reactive protein.

therapeutic effect. The changes of blood-glucose-related indexes, Hcy and serum inflammatory cytokines were compared 
before and after treatment. Compared with before treatment, the levels of FBG, 2h PG, HbA1c, Hcy, TNF-α, IL-6 and CRP 
in both groups were significantly decreased, and the levels of FBG, 2h PG, HbA1c, Hcy, TNF-α, IL-6 and CRP in the OG 
were lower than those in the CG after treatment. These results indicated that the blood-glucose-related indexes, Hcy and 
serum inflammatory cytokines of patients receiving insulin aspart combined with metformin were significantly 
improved. There may be some limitations when insulin is used alone to treat GDM. Therefore, metformin combined with 
insulin aspart can play a significant role in lowering blood glucose and controlling blood glucose within a stable range.

At the end of the study, the adverse pregnancy outcomes and pregnancy complications were compared between the 
two groups. The total incidence of adverse pregnancy outcomes and pregnancy complications in the OG was lower than 
that in the CG, indicating that insulin aspart combined with metformin reduced the incidence of adverse pregnancy 
outcomes and complications in patients with GDM, with a high level of safety. In addition, some studies have shown that 
insulin aspart combined with metformin did not increase the risk of adverse reactions in patients GDM and fetal growth 
and development, and had good high safety, which is similar to our study[25].
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In this study, insulin aspart combined with metformin controlled blood glucose level in patients with GDM. However, 
there were still some limitations to this study. First, this was a retrospective study with a small sample, so it was not as 
uniform as a randomized controlled trial. Second, the patients were not followed up in this study, so the long-term 
prognosis of the parturients and fetuses was not clear. Therefore, we hope to carry out follow-up studies in the future, so 
as to improve our conclusions.

CONCLUSION
Insulin aspart combined with metformin was effective in the treatment of GDM, which reduced blood-glucose-related 
indexes, Hcy and serum inflammatory cytokines, and reduced the risk of adverse pregnancy outcomes and complications 
during pregnancy. It is safe and worthy of clinical application and promotion.

ARTICLE HIGHLIGHTS
Research background
Gestational diabetes mellitus (GDM) is a type of hyperglycemia during pregnancy, which requires timely diagnosis, 
treatment and monitoring to avoid negative effects on maternal and infant health. In order to improve the therapeutic 
effect of patients with GDM, a new combination drug regimen has received extensive attention in the past few years.

Research motivation
The study was designed to investigate the effect of insulin aspart combined with metformin on inflammatory cytokine 
levels and overall improvement of patients with GDM. By studying the therapeutic effect and pharmacological 
mechanism of this new combination drug regimen, it can provide a reference for the precise treatment of patients with 
GDM, and a scientific basis for the protection of high-risk groups during pregnancy.

Research objectives
This study aimed to explore the efficacy of insulin aspart combined with metformin in treating GDM, and evaluate the 
effect of combined medication on lowering blood glucose level, and improving inflammatory response and metabolic 
disorder. The study revealed the advantages and limitations of the combined therapy regimen in clinical application, thus 
providing a scientific reference for future improvement of treatment strategies for GDM.

Research methods
This study was designed to retrospectively analyze 124 patients with GDM over a period of 2 years, divide them into two 
groups according to different treatment methods for analysis and comparison, and discuss the differences in blood-
glucose-related indexes, serum-related factors, inflammatory cytokines, adverse pregnancy outcomes and pregnancy 
complications of patients with different treatment methods.

Research results
Insulin aspart combined with metformin can improve blood-glucose-related indexes (fasting blood glucose, 2-h 
postprandial glucose, glycosylated hemoglobin), serum-related factor (homocysteine) and serum inflammatory cytokines 
(tumor necrosis factor-α, interleukin-6, C-reactive protein) of patients, effectively reduce the incidence of adverse 
pregnancy outcomes and complications, and have a high level of safety.

Research conclusions
We studied the effectiveness of combined therapy for treating GDM and made breakthroughs in the treatment plan for 
this disease. These research achievements will help to more accurately determine the treatment plan for patients and 
promote the further development of the prevention and treatment of GDM and its complications.

Research perspectives
In follow-up studies, we hope to increase the sample size, extend the study duration, conduct follow-up, and explore the 
long-term prognosis of this combination therapy for both mothers and fetuses, thus improving our conclusions.
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