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Abstract
During the global coronavirus disease 2019 (COVID-19) pandemic, people worldwide have experienced an unprecedented rise in psychological distress and anxiety. In addition to this challenging situation, the prevalence of diabetes mellitus (DM), a hidden epidemic, has been steadily increasing in recent years. Lower-middle-income countries have faced significant barriers in providing accessible prenatal care and promoting a healthy diet for pregnant women, and the pandemic has made these challenges even more difficult to overcome. Pregnant women are at a higher risk of developing complications such as hypertension, preeclampsia, and gestational diabetes, all of which can have adverse implications for both maternal and fetal health. The occurrence of gestational diabetes has been on the rise, and it is possible that the pandemic has worsened its prevalence. Although data is limited, studies conducted in Italy and Canada suggest that the pandemic has had an impact on gestational diabetes rates, especially among women in their first trimester of pregnancy. The significant disruptions to daily routines caused by the pandemic, such as limited exercise options, indicate a possible link between COVID-19 and an increased likelihood of experiencing higher levels of weight gain during pregnancy. Notably, individuals in the United States with singleton pregnancies are at a significantly higher risk of excessive gestational weight gain, making this association particularly important to consider. Although comprehensive data is currently lacking, it is important for clinical researchers to explore the possibility of establishing correlations between the stress experienced during the pandemic, its consequences such as gestational gain weight, and the increasing incidence of gestational DM. This knowledge would contribute to better preventive measures and support for pregnant individuals during challenging times.
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Core Tip: The coronavirus disease 2019 pandemic has caused a rise in psychological distress on a global scale, overlapping with an increase in cases of diabetes mellitus. Women, in particular those residing in lower-middle-income countries, stumble upon difficulties for a decent prenatal care and maintaining nutritious diets. Pregnant women who have a higher susceptibility to gestational diabetes may face long-term health consequences for both them and their unborn child. Recent studies suggest a potential link between the pandemic and elevated rates of gestational diabetes. Additional research is necessary to establish a conclusive correlation between the impact of pandemic-induced stress, gestational gain weight, and the outcomes of pregnancies affected by gestational diabetes.

INTRODUCTION
When the World Health Organization (WHO) declared coronavirus disease 2019 (COVID-19) as a pandemic on March 11, 2020, the global count surpassed 118000 confirmed cases across 114 countries, resulting in 4291 reported deaths[1]. This rapid escalation of cases caught many by surprise, as the virus displayed high transmissibility and lacked effective control measures[2]. As a result, societal norms underwent a paradigm shift, compelling individuals to isolate themselves indoors to mitigate the viral spread and prevent transmission to their loved ones. Adapting to this new reality presented significant challenges, particularly for those balancing remote work with caregiving responsibilities for their families, including children, elderly relatives, and individuals with special needs. Unfortunately, the mounting responsibilities and pressures had a detrimental impact on mental well-being. During the initial year of the COVID-19 pandemic, there was a substantial 25% increase in global anxiety and depression rates[3].
During the pandemic, the focus on the overwhelming stress and challenges has inadvertently overshadowed the ongoing threat of diabetes mellitus (DM). In 2019, diabetes contributed to a staggering 1.5 million deaths globally, with nearly half of those occurring before the age of 70. Alarmingly, lower-middle-income countries witnessed a concerning 13% increase in mortality rates related to diabetes. This highlights the urgent need for attention and action to combat this pervasive disease, especially in the context of the current global crisis[4].
Accessing prenatal care is crucial for ensuring a healthy pregnancy, but this can pose challenges in lower-middle-income countries. Additionally, the pandemic has added stress factors for women, such as limited access to a healthy diet and opportunities for regular exercise. A review conducted by Park et al[5] highlighted the adverse effects of COVID-19 on physical activity, with varying impacts observed among different sub-populations.
Furthermore, an internet-based cross-sectional survey demonstrated that Spanish pregnant women had reduced access to exercise, negatively affecting their well-being during the pandemic[6]. Consequently, the risk of developing complications such as hypertension, preeclampsia, and gestational DM (GDM) is elevated. If a woman has pre-existing diabetes (type 1 or type 2) prior to pregnancy, it further amplifies the likelihood of complications, including premature delivery, frequently associated with polyhydramnios[7]. Pregnant women diagnosed with gestational diabetes often encounter challenges in the diagnostic process, as it typically relies on prenatal screening rather than solely relying on signs and symptoms. While gestational diabetes is a frequent pregnancy complication, it can have detrimental effects on the health of both the mother and the newborn, potentially impacting the child’s long-term health outcomes[8]. Hence, it is of utmost importance for mothers to receive ongoing postpartum follow-up, as demonstrated by a 23-year cohort study conducted by Auvinen et al[9]. The study unveiled a consistent association between gestational diabetes and the subsequent onset of type 2 DM, emphasizing the need for lifelong monitoring and care.
According to the National Vital Statistics Reports of the United States, the overall incidence rate of GDM in 2020 was 7.8 per 100 births, representing a 30% increase from 2016[10]. However, it is important to note that this report was based solely on birth certificate data, which may have resulted in underreporting, potentially leading to an even higher prevalence of GDM than reported. Considering the circumstances where women are unable to attend prenatal checkups due to various limitations such as transportation issues, isolation measures, heightened stress levels, anxiety, or simply the fear of going outdoors during the pandemic, the consequences can be significant for their overall health, particularly when they are expecting a baby and lack access to prenatal care. Although limited data is available to support this, a case-controlled study conducted by Zanardo et al[11] focused on women who gave birth in the heavily impacted Northeast region of Italy, concluding that the COVID-19 pandemic had a negative impact on the prevalence of GDM in 2020 compared to 2019. This impact was especially notable among pregnant women during the initial stage of their pregnancy. Likewise, research conducted in Quebec, which was the focal point of the pandemic in Canada, indicates that a sudden alteration in lifestyle can have a significant effect on the prevalence of gestational diabetes within a population. The study observed elevated rates of GDM during the first and second waves of the pandemic in comparison to the period before the pandemic[12].

Understanding GDM
DM is a chronic metabolic disorder that affects more than 400 million people worldwide, with a rising prevalence in low- and middle-income countries[13]. During pregnancy, diabetes can lead to various complications for both the mother and the baby, including an increased risk of pre-eclampsia, preterm birth, macrosomia, and stillbirth (Figure 1).
GDM is a variant of diabetes that manifests during pregnancy, impacting approximately 10% of pregnancies globally. It is linked to a higher probability of unfavorable pregnancy outcomes and an elevated susceptibility to developing type 2 diabetes in the future[14,15] (Table 1).
Several risk factors have been identified that increase the likelihood of developing GDM. Nonmodifiable risk factors include age, with women over 25 years old having an increased risk, and a family history of diabetes[16]. Ethnicity is also a significant risk factor, with women of Hispanic[17], other than white European origin[18], Asian[19], and indigenous descent[20] being more likely to develop GDM. Other modifiable risk factors include being overweight or obese before pregnancy[21], excessive weight gain during pregnancy[22,23], and a sedentary lifestyle. Women with polycystic ovary syndrome[24] or a history of GDM in a previous pregnancy are also at higher risk. Early identification of these risk factors and appropriate management can help prevent or mitigate the effects of GDM (Table 2).
A study carried out by Teh et al[25] assessed the accuracy of various guidelines in diagnosing GDM. The study identified a history of previous GDM, maternal age of 40 years or older, and a body mass index (BMI) of 35 kg/m2 or higher as the most influential independent risk factors for GDM. The Health and Care Excellence, American Diabetes Association (ADA), and Australasian Diabetes in Pregnancy Society (ADIPS) guidelines exhibited various levels of sensitivity and specificity in diagnosing GDM, with the ADA demonstrating the highest sensitivity and the ADIPS showing the highest specificity.
Furthermore, a systematic review conducted by Kim et al[26] encompassing 13 studies examined the rates of GDM recurrence following the initial pregnancy. Recurrence rates varied from 30% to 84%, with higher rates observed among minority populations in comparison to non-Hispanic white populations. The studies did not identify consistent risk factors for GDM recurrence. Factors such as preexisting diabetes in subsequent pregnancies, socioeconomic status, rates of postpartum diabetes screening, and interpregnancy intervals were not consistently reported in the studies.
Although the GDM recurrence rate is high, with a median rate of 47.6% observed in a study conducted at the Mayo Clinic, strategies to prevent GDM recurrence are not well established. It is imperative to do further research to evaluate the effect of interventions before, during, and after pregnancy[27].
There are two common approaches for screening GDM, including universal screening and selective screening. Universal screening is applied without restriction to high-risk pregnant women to identify all potential GDM cases. On the other hand, selective screening is based on certain risk factors and might miss over 40% of GDM cases. However, selective screening may be more cost-effective by considering that screening with glucose measurements may be less beneficial to low-risk women[28].
The diagnostic criteria for gestational diabetes have undergone revisions over time. The initial guideline was established in 1964 by O’Sullivan and Mahan[29], which was later modified by the National Diabetes Data Group in 1979[30] and Carpenter in 1982[31]. These frequent updates of the criteria are necessary to effectively identify women with gestational diabetes and assess their risk of perinatal complications (Figure 2).
Clinicians currently utilize the diagnostic criteria provided by the International Association of the Diabetes and Pregnancy Study Groups (IADPSG) in 2010 as the most recent standard[32]. The ADA[33] and the WHO[34] updated their guidelines in 2013 and 2018 to have the same criteria as the IADPSG. The ADA suggests using the IADPSG to improve pregnancy outcomes and offspring birth defects, rather than the prediction of subsequent maternal diabetes, based on initial data from randomized clinical trials[35].
Although they primarily support the one-step diagnosis, the American College of Obstetrics and Gynecology prefers the two-step Carpenter-Coustan screening, especially in patients with known risk factors[36]. Subsequently, a randomized trial conducted by Landon et al[37] demonstrated that even the management of mild cases of GDM [characterized by abnormal oral glucose tolerance test (OGTT) results surpassing established thresholds: 1-h, 180 mg/dL (10.0 mmol/L); 2-h, 155 mg/dL (8.6 mmol/L); and 3-h, 140 mg/dL (7.8 mmol/L), along with a fasting glucose level below 95 mg/dL (5.3 mmol/L)], has the potential to reduce the risks associated with fetal overgrowth, shoulder dystocia, the necessity for cesarean section, and hypertensive disorders[37,38].
Due to the lack of consensus in monitoring recommendations for women with gestational diabetes in different regions, and the predominant reliance on laboratory criteria rather than clinical symptoms for diagnosis, prompt and accurate identification of the condition during the pandemic became challenging. Many women received telemedicine consultations as an urgent safety measure to mitigate the spread of the virus[39]. However, some of these women did not exhibit clinical symptoms, highlighting the insufficiency of telemedicine technology in diagnosing and managing gestational diabetes compared to standard care. Further research is needed to explore this area and determine its effectiveness[40].

EPIDEMIOLOGY OF GDM DURING THE PANDEMIC
The COVID-19 pandemic had a substantial impact on the general population[41], but it posed additional challenges for pregnant women, exacerbating risk factors for GDM. These risk factors include heightened psychological distress, such as increased levels of depression and anxiety resulting from fear of the virus and other concerns, which can negatively impact their mental health during the perinatal period[42,43]. Additionally, the implementation of quarantine measures as a response to the pandemic led to prolonged periods of isolation at home[44,45], limiting opportunities for exercise and promoting sedentary lifestyles among pregnant women[46].
The prevalence of GDM increased at 38.9% during the COVID-19 pandemic, in comparison to pre-pandemic numbers - as demonstrated in a retrospective study by Mirsky et al[47] from data retrieved from deliveries at a single academic institution. In this study, 12.5% of patients were diagnosed with GDM during COVID-19, compared to 9.0% pre-COVID-19 (P < 0.001). But when this data was stratified by pre-pregnancy weight, no significant weight gain was shown, even among those with pre-pregnancy obesity. It was suggested then that maternal stress could have been the underlying component of gestational hyperglycemia[48]. The National Vital Statistics Reports showed data on trends for GDM from women giving birth in the United States from 2016 to 2020. Surprisingly in 2020, the rate of GDM was 7.8 per 100 births, marking a significant 30% rise compared to 2016[49].
The largest increase was seen in the annual percentage change from 2019 to 2020 (13%), surpassing the average annual percent change from 2016 to 2019 (5%). Additionally, in 2020, variations in the rate of GDM were noted based on maternal race and Hispanic origin. Non-Hispanic Asian women had the highest rate (14.9%), while non-Hispanic Black women had the lowest rate (6.5%)[49,50] (Figure 3 and Table 3). Despite a decline in the overall number of births from 2016 to 2020, the prevalence and rate of GDM indicate a resting trend.
Taking a global perspective, a comprehensive report conducted in 2021 by Wang et al[51] examined the prevalence of GDM by analyzing data from 57 studies published in PubMed. Overall, the worldwide prevalence of GDM was found to be 14.9% [95% confidence interval (CI)]. The Middle East and North Africa exhibited the highest standardized prevalence at 27.6% (95%CI: 26.9%-28.4%), followed by South-East Asia with a prevalence of 20.8% (95%CI: 20.2%-21.4%).

IMPACT OF PANDEMIC-RELATED FACTORS ON GDM RATES
Gestational weight gain during COVID-19 pandemic
Due to the significant lifestyle changes during the pandemic, including reduced exercise opportunities, there is evidence to suggest that COVID-19 was linked to increased gestational weight gain (GWG) and a higher risk of excessive GWG among individuals with singleton pregnancies in the United States.
In a cross-sectional study conducted by Cao et al[52], data from United States live births between January 1, 2018 to December 31, 2020 showed an increase in GWG by 0.06 kg (after adjusting for covariates and excluding pre-pandemic trends). This increase was particularly evident among pregnant women under the age of 25, non-Hispanic Black individuals, unmarried individuals, and those with pre-pregnancy obesity.
In Italy, a study conducted during the COVID-19 lockdown revealed that pregnant women had higher BMI and experienced increased weight gain during pregnancy. The incidence of GDM also showed a significant increase, with a rate of 9.3% during the pandemic lockdown period (from March 10, 2020 to December 04, 2020), compared to 3.4% before the pandemic (June 11, 2019 to March 09, 2020) (P ≤ 0.0001)[53].
Also, a study made by Kołomańska-Bogucka et al[54], where the level of physical activity in the last trimester was evaluated, as well as the risk of postnatal depression and health habits in general, demonstrated that the COVID-19 pandemic lockdown negatively affected women even during the post-partum period, making these women be in an increased risk of developing GDM in their subsequent pregnancy. Nevertheless, some authors suggest that maternal stress is a potential factor for developing GDM[48] as some analyses of data have shown no significant weight gain in patients with gestational diabetes, even among individuals with obesity.
Conducting further investigations into the effects of lockdown measures on pregnant women, including changes in physical activity, dietary patterns, and their potential influence on maternal and neonatal outcomes, is imperative for advancing our understanding in this area. This research will contribute to a more comprehensive body of knowledge and inform evidence-based practices for optimal prenatal care.

Lockdown blues: Escalated maternal stress and sedentary habits
The COVID-19 pandemic negatively impacted GDM prevalence, especially in pregnant women during their 1st trimester of gestation. An analysis made in Northeast Italy showed a 34% increase in the mean number of GDM diagnoses per month (logistic regression analysis). Hence, it was possible that exposure to stress-related factors due to the COVID-19 lockdown may have caused chronic inflammation in these pregnant women, which resulted in a higher risk of GDM[55].
It is also important to mention that maternal stress could have been exacerbated due to a lack of physical activity and sedentary behavior. Based on a survey conducted in the United Kingdom involving 553 eligible women, it was found that 79% of the participants reported an increase in sedentary behavior.
The primary reason for this decline in physical activity was a fear of leaving their homes[56]. As clinicians, it is important to encourage pregnant women to access online workout classes as an alternative to the gym or in-person classes[57]. This could potentially help them remain active and decrease their sedentary behavior. Although this could be a potential challenge, since not everyone has access to smart apps or online virtual classes, it is important to assess the patients’ availability and offer them affordable options.

CLINICAL CHALLENGES
Current diagnostic criteria for GDM
GDM is a prevalent complication during pregnancy, and its misdiagnosis or inadequate control can result in substantial rates of adverse outcomes for both the neonate and the mother. The screening approaches utilized for GDM play a crucial role in its management and the prevention of future complications.
According to most health organizations, the initial prenatal visit is regarded as the optimal opportunity for screening GDM. The primary objectives of early screening are to detect patients with existing diabetes and to diagnose individuals at either low or elevated risk for GDM. The commonly employed methods for this diagnosis include measuring fasting plasma glucose (FPG), random plasma glucose (RPG), and glycosylated hemoglobin A1C (HbA1c)[58].
As per the guidelines set forth by the US Preventive Services Task Force, it is recommended to screen asymptomatic patients for GDM at 24 wk of gestational age[59]. As previously mentioned, the ADA provides two defined criteria for the diagnosis of gestational diabetes. The first approach, known as the “one-step” method, involves a 75-gram OGTT conducted between 24-28 wk of gestation, following an overnight fast of at least 8 h. The diagnosis of gestational diabetes is confirmed if any of the following values are observed: Fasting glucose: 92 mg/dL; 1-h glucose: 180 mg/dL; and 2-h glucose: 153 mg/dL.
The second approach, known as the “two-step” method[33,34], consists of a two-stage process. First, a 50-gram glucose load test (GLT) is performed (non-fasting) with plasma glucose measurement 1 h later, between 24-28 wk of gestation for women without a previous diabetes diagnosis.
If the plasma glucose level measured 1 h after the load is equal to or greater than 130, 135, or 140 mg/dL, the patient proceeds to the second stage: A 100-gram OGTT conducted after an overnight fast. In this step, the diagnosis of gestational diabetes is confirmed if at least two of the following criteria are met or exceeded among the four plasma glucose levels measured: Fasting glucose: 95 mg/dL; 1-h glucose: 180 mg/dL; 2-h glucose: 155 mg/dL; and 3-h glucose: 140 mg/dL.
The ACOG[36] proposes a two-step approach for diagnosing gestational diabetes using an universal screening with a 50-g GLT followed by a target diagnostic test with 100-g OGTT. The diagnosis criteria for GDM based on these tests are as follows: GLT criteria: (1) GLT result > 130 mg/dL; (2) GLT result > 135 mg/dL; and (3) GLT result > 140 mg/dL; OGTT criteria: (1) Fasting glucose > 95 mg/dL; (2) 1-h glucose > 180 mg/dL; (3) 2-h glucose > 155 mg/dL; and (4) 3-h glucose > 140 mg/dL.
However, the WHO supports the use of the one-step approach using a 75-gram OGTT, similar to the recommendations of the ADA and the IADPSG. Diagnosis is made if the following thresholds are met or exceeded: Fasting glucose levels of ≥ 92-125 mg/dL, 1-h glucose levels of ≥ 180 mg/dL, and 2-h glucose levels of ≥ 153-199 mg/dL[60].
Consequently, there is a lack of consensus regarding the optimal approach for diagnosing GDM, as both the “one-step” and “two-step” methods have their advantages and limitations. The diagnosis of GDM presented significant challenges worldwide during the pandemic, requiring adaptations to screening tests in order to comply with social distancing recommendations and minimize the exposure of pregnant women to COVID-19[61].
The pandemic hindered routine prenatal care by disrupting the traditional face-to-face communication and reducing the access to laboratory testing[62]. In addition, women with diabetes may also be exposed to COVID-19 more often due to intensive monitoring. This includes additional education sessions, glucose monitoring, and fetal ultrasounds, all of which take place in healthcare settings where COVID-19 is more likely to be transmitted[63].
Although pregnant women are not more likely to contract severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, in comparison to the general population, they have been observed to experience a more severe course of the disease. Additionally, adverse effects on newborns have been reported. As a result, the classification of pregnant women as a high-risk group has led to temporary modifications in screening tests to minimize their extended hospital stays[64].
The completion of routine OGTTs has become challenging for healthcare providers due to factors such as self-isolation, limited public transport, social distancing measures, and specific laboratory requirements. The ability to care for a large number of pregnant women with mild hyperglycemia has been reduced due to understaffing in healthcare facilities caused by isolation, illness, or relocation[65].
During the pandemic, certain countries chose to adapt the algorithm used for diagnosing GDM. For instance, Canada adjusted their clinical guidelines with the aim of minimizing the amount of time that pregnant women spend in clinics, thus reducing their risk of prolonged exposure. They employed a non-fasting glucose screening approach, using criteria such as HbA1c ≥ 5.7% (39 mmol/mol) and/or random venous plasma glucose levels ≥ 11.1 mmol/L. As a result, they decided to avoid conducting OGTTs, reducing the frequency of GDM diagnosis to 1.7% according to Mcintyre et al[66].
In contrast, Australia and New Zealand revised their guidelines in 2020. The updated criteria for diagnosis included an HbA1c level of ≥ 5.9% or a fasting blood glucose level of ≥ 5.1 mmol/L. Nevertheless, the findings of a retrospective study by Zhu et al[67] indicated that the screening test performance for GDM, using the mentioned criteria, was suboptimal. Specifically, the study found that 25.3% of cases either remained undiagnosed or did not receive appropriate treatment.
When evaluating the diagnosis of GDM, it is important to note that the available evidence supporting the use of RPG, HbA1c, and FPG assessments is relatively limited compared to the gold standard OGTT. However, it is worth highlighting that RPG has shown promising outcomes as a predictive tool for GDM diagnosis during the first trimester. This suggests its potential usefulness in identifying women at risk of developing GDM later in pregnancy[68].
In various study cohorts, the measurement of HbA1c during the first trimester has demonstrated its potential in identifying patients at high risk of developing GDM and other adverse pregnancy outcomes. These studies have utilized HbA1c thresholds ranging from 39-41 mmol/mol. Specifically, pregnant individuals with HbA1c levels equal to or exceeding 39 mmol/mol (5.7%) in the first trimester have been found to have a significantly higher risk, approximately five times greater, of developing GDM compared to those below this threshold. While there may be clinical value in identifying such high-risk pregnancies, it is important to acknowledge that the routine use of HbA1c as a predictor of GDM is not widely supported due to its limited specificity.
There is considerable overlap in the distribution of HbA1c levels during the first trimester between pregnancies with gestational diabetes and those without[69]. This suggests that HbA1c has limited usefulness in pregnancy, mainly due to the increased turnover of red blood cells. This increased turnover can result in an underestimation of glucose intolerance, particularly in women with anemia[70].
A comprehensive analysis of published guidelines in May 2020 highlighted consensus on three key aspects concerning the screening and management of GDM during the COVID-19 crisis. First, it was recommended to explore alternative screening methods, such as fasting blood glucose, HbA1c, or RPG, for GDM screening between 24-28 wk of gestation instead of the OGTT. Second, it was advised to delay postpartum screening tests for a period of 4-12 wk until the conclusion of the COVID-19 crisis or reschedule them for 6-12 mo after childbirth. Lastly, the use of telemedicine and telecare was encouraged wherever possible, helping remote medical consultations and patient monitoring[71].
The global challenge lies in the inconsistent and controversial approaches to screening and diagnosing GDM. The decision to avoid OGTTs in order to reduce the risk of SARS-CoV-2 transmission can have significant consequences for maternal-fetal complications related to GDM.

Telemedicine use during pandemic
The COVID-19 pandemic raised substantial concerns regarding pregnant women at a considerable risk of experiencing adverse outcomes for themselves, as well as their neonates and fetuses. Measures such as social distancing, lockdowns, quarantines, and reduced in-person clinic visits were implemented to mitigate the risk of infection. However, these changes also had an impact on the management and diagnosis of GDM. As a result, further reorganization and adjustment of the healthcare system were necessary to ensure appropriate care for pregnant women during this challenging time.
The exploration of innovative digital alternatives, including telemedicine, telephone calls, internet/web-based platforms, and smartphone/mobile app-based interventions, played a crucial role in facilitating the diagnosis, management, and control of GDM. These technologies offered promising solutions to overcome the challenges derived by the pandemic and ensured effective healthcare delivery for individuals with GDM[72].
The utilization of telehealth services displayed several advantages, including mitigating the risk of COVID-19 exposure, enhancing healthcare accessibility, and reducing expenses associated with travel and parking[73]. A study conducted by Munda et al[74] further revealed that transitioning clinic visits to telehealth did not compromise glycemic control or lead to adverse neonatal outcomes. This highlights the efficacy of telehealth in providing obstetric care. Nevertheless, it is crucial to recognize that there are challenges associated with the implementation of telehealth.
Kozica-Olenski et al[75] conducted a study to examine the experiences and acceptability of utilizing telehealth for diabetes management during pregnancy. The results indicated that women encountered various challenges, including issues with internet quality, connectivity problems, and audio and video clarity, which occasionally disrupted the continuity of care.
Further challenges included the occurrence of delays in acquiring insulin prescriptions and inadequate access to nutrition and lifestyle guidance. These barriers were especially prominent among individuals who did not primarily speak English. Addressing the needs of non-English speakers or those with limited health literacy became even more complex within the realm of telehealth. These challenges were associated with an augmented administrative workload for healthcare providers[76]. Besides, more than half of the women surveyed in the study conducted by Kozica-Olenski et al[75] expressed a lack of confidence or comfort in self-monitoring their weight, blood pressure, or fundal height. Some participants reported not having the necessary equipment to perform these measurements effectively.
During the early phases of the pandemic, healthcare professionals encountered challenges due to uncertainties surrounding the virus and limited familiarity with telehealth practices. The transition to telehealth presented various obstacles, including increased work demands, difficulties in reaching and communicating with patients (who were often distracted or engaged in multitasking), and a decline in patients' perceived importance and responsibility during telephone consultations[77,78]. In general, women expressed satisfaction with telephone consultations as it provided them with access to quality care during the pandemic. However, a considerable majority of women clearly preferred in-person maternity care and felt that telehealth compromised the overall quality of their healthcare experience[75,79]. 

TREATMENT
The management of GDM encompasses both non-pharmacological and pharmacological interventions. Research indicates that the majority of women (70%-90%) can effectively control GDM through lifestyle modifications, making medical and nutritional therapy the primary approach for treatment[80]. When lifestyle modifications alone do not effectively normalize blood glucose levels, pharmacological intervention becomes necessary. Insulin continues to be the primary treatment option, but oral medications have become increasingly popular. This is attributed to factors such as the cost of insulin, discomfort associated with multiple injections, and the requirement for frequent office visits for dose adjustments[81].
The primary objective in managing GDM is to ensure appropriate fetal growth while promoting steady weight gain and maintaining stable blood glucose levels. This requires maintaining euglycemia, defined as a fasting glucose level of ≤ 90-95 mg/dL and postprandial glucose levels of ≤ 140 mg/dL at 1 h or ≤ 120 mg/dL at 2 h[82].

NON-PHARMACOLOGICAL APPROACH FOR GESTATIONAL DIABETES
Carbohydrates
Carbohydrates (CHO) are vital for providing energy to pregnant women and their developing fetus. The ADA recommends a minimum daily carbohydrate intake of 175 g to prevent the harmful effects of ketosis on the fetus. Ensuring an adequate carbohydrate supply is crucial for maintaining optimal health during pregnancy[83]. However, the selection of CHO with a low glycemic index (LGI) holds greater significance in the management of GDM, as emphasized in a meta-analysis conducted by Xu and Ye[84]. Their study revealed that a LGI diet, while maintaining the same level of carbohydrate restriction, resulted in significant reductions in FPG and 2-h postprandial glucose levels compared to a high glycemic index (HGI) diet. These findings underscore the importance of considering the glycemic index when designing dietary interventions for GDM.
Additionally, in a randomized controlled trial conducted by Moses et al[85], it was observed that patients following a LGI diet had a notably lower percentage of individuals requiring hypoglycemic medications compared to those on a HGI diet. Importantly, patients in the HGI group were able to avoid insulin use by transitioning them to the LGI group. These findings highlight the potential benefits of implementing a LGI diet in the management of GDM[86].

Fats
Although the primary focus of medical nutritional therapy (MNT) in GDM is to ensure adequate caloric intake for fetal development and maintain euglycemia in the mother, research from randomized controlled trials indicates that fetal growth is primarily influenced by fatty acids rather than glucose as an independent variable[87]. According to a prospective cohort study conducted by de Lima et al[88], a higher consumption of n-3 fatty acids was associated with a decreased likelihood of having a neonate with a large gestational age (LGA). Additionally, women with a higher intake of polyunsaturated fatty acids, including both n-3 and n-6, and a higher ratio of polyunsaturated fats to saturated fats (P/S), as well as a higher ratio of hypocholesterolemic to hypercholesterolemic fatty acids (h/H), had a significantly lower probability of giving birth to a neonate with macrosomia, with a potential reduction of up to 49%. These findings emphasize the importance of considering the impact of fatty acids on fetal growth and the potential influence of dietary factors on the outcomes of GDM.

Protein
During pregnancy, there is a reduction in protein breakdown, which is essential for supporting the growth of both the mother and the fetus. Interestingly, the difference in nitrogen loss between a normal pregnancy and one affected by GDM is minimal. However, this changes when advanced GDM necessitates intensive MNT and the use of hypoglycemic medications. Consequently, despite an increase in tissue synthesis, the ADA recommends a minimum daily protein requirement of only 71 g. The relationship between protein intake and LGA remains inconclusive, although one study found a correlation between leucine and birth weight in both GDM and normal pregnancies.
In the management of GDM, increasing protein intake is beneficial, regardless of the protein source, including plant-based options, lean meats, and fish. However, individuals following a vegetarian or vegan diet should be cautious and ensure adequate protein intake by supplementing with iron and cyanocobalamin and carefully planning their meals. This precaution is crucial to prevent the risk of inadequate protein intake among individuals adhering to a vegan diet[83,89].

PHARMACOLOGICAL APPROACH FOR GESTATIONAL DIABETES
While the majority of patients diagnosed with GDM can achieve normal blood glucose levels through MNT in the first week, there is a subset of approximately 20% of women who require treatment with hypoglycemic agents. Insulin is the preferred initial therapy due to its safety for the fetus, as it does not cross the placenta. It is important to note that the United States Food and Drug Administration has not approved oral agents for the treatment of GDM, further establishing insulin as the primary choice. The American College of Obstetricians and Gynecologists recommends considering the use of metformin only in specific scenarios, such as when the patient declines insulin therapy, faces financial constraints related to insulin costs, or expresses concerns about compliance[90].

Metformin
The Society of Maternal-Fetal Medicine has raised concerns about the use of metformin in managing GDM due to its potential impact on fetal development. This is attributed to metformin’s ability to suppress mitochondrial respiration, inhibit growth, and affect gluconeogenic responses. However, there is currently no definitive evidence regarding the long-term fetal prognosis associated with metformin use. A study conducted by Landi et al[91] found that metformin treatment was associated with a reduced risk of planned cesarean section, hypoglycemia, and large-for-gestational-age infants compared to insulin treatment. In contrast, the Metformin in Gestational Diabetes Trial conducted by Rowan et al[92] involved 751 women with GDM and showed comparable glycemic control among the study groups. However, it also revealed a higher risk of preterm delivery in the metformin group. These conflicting results underscore the importance of conducting long-term studies to establish the comparative effectiveness of insulin and metformin. Despite these considerations, the ADA recommends the use of metformin in cases of GDM only when patients decline insulin treatment or face challenges with insulin compliance, such as financial constraints or language barriers[83].
The initial dosage of metformin is 500 mg taken once at night for the first week, followed by an increase to 500 mg taken twice daily. The maximum recommended dose of metformin is 2500 mg/d. For extended-release metformin, the maximum dose is 2000 mg[90].

Glyburide
Glyburide functions by binding to the ATP-sensitive potassium channel complex in pancreatic beta cells, leading to an increased secretion of insulin and subsequent reduction in blood glucose levels. Several studies have indicated that glyburide has similar safety profiles to insulin in terms of neonatal outcomes, as demonstrated by Langer et al[93] in their randomized clinical trial. The study found comparable glycemic control between glyburide and insulin, with no significant difference in neonatal adverse events. However, it is important to note that despite these findings, other studies have reported higher rates of neonatal intensive care unit admissions for fetal hypoglycemia and a higher incidence of failure to achieve optimal glycemic control in patients treated with glyburide[94].

Insulin
Regular insulin and neutral protamine Hagedorn are commonly utilized insulin types in pregnancy, and their safety has been established through numerous human studies. Attaining optimal glycemic control is crucial to mitigate the risk of hyperglycemia during pregnancy. When choosing an insulin regimen, it is important to replicate the physiological insulin secretion pattern and customize it based on the individual patient’s condition. For example, some patients may only require a basal insulin dose if they have elevated fasting or postprandial plasma glucose levels, but not both. The selection of insulin type should be determined on a case-by-case basis to minimize the risk of hypoglycemia, particularly when using rapid-acting and long-acting insulins[95]. For further details on the distinct types of insulin and oral agents, as well as additional information regarding glyburide, please refer to Table 4[96].

PHYSICAL ACTIVITY RECOMMENDATIONS FOR PATIENTS IN ISOLATION DUE TO COVID-19
Nutrition and physical activity are widely recognized as crucial components in managing blood glucose levels, especially in the treatment of GDM. However, when these lifestyle approaches prove insufficient in achieving normal blood glucose levels, pharmacological therapy may be required. Interestingly, during the COVID-19 pandemic, there has been an observed increase in GDM cases, both during the first wave (March 1, 2020 to August 22, 2020) and second wave (August 23, 2020 to March 31, 2021). This increase has been particularly notable among women who were previously considered to be at minimal risk for hyperglycemia. These women were between 25 to 34 years of age, with a high socioeconomic status and no existing comorbidities, and experienced significant health impacts during the initial year of the pandemic. The reasons for this increase may be attributed to changes in screening protocols or lifestyle factors[97].
Several authors have documented the impact of the COVID-19 pandemic on physical activity levels, noting a decrease in physical activity and an increase in sedentary behavior[5,54]. This observation was corroborated by a study conducted by Hillyard et al[56], which revealed a significant 79% rise in sedentary behavior among 553 pregnant women during the pandemic. The main reported factor contributing to this pronounced shift in behavior was the fear of venturing outside the home due to the COVID-19 pandemic.
As healthcare providers, it is our duty to educate the population on the prevention of GDM. A crucial aspect of prevention involves assessing women’s lifestyles and providing comprehensive counseling to foster optimal conditions for pregnancy. According to a systematic review by Laredo-Aguilera et al[98], pregnant women diagnosed with GDM can derive advantages from participating in moderate-intensity exercise for a minimum of 20-50 min, at least twice a week. However, the review did not identify a specific exercise type due to the varied range of exercises mentioned in the studies analyzed.

MENTAL HEALTH CARE THERAPY FOR GDM PATIENTS
In recent years, there has been extensive research exploring the effects of the COVID-19 pandemic on mental health. Numerous authors have published reviews and case reports documenting an increase in anxiety, depression, stress, and psychosis attributed to several factors. These factors include work-related stress, the implementation of lockdown measures, the closure of public facilities, adherence to social distancing requirements, quarantine measures, the fear of contracting the virus, the disruption of traditional celebrations, and the promotion of safety behaviors, among other influences[99-102].
The literature review has provided valuable insights into the relationship between mental health disorders, particularly anxiety and depression, and GDM. Multiple articles have contributed to our understanding of this link, with the majority of the reviewed literature supporting the presence of an association. It suggests that pregnant women with a history of mental health disorders have an elevated risk of developing GDM, and likewise, women diagnosed with GDM are at a higher risk of experiencing symptoms of depression and anxiety[103-106].
In 2022, Trinh et al[107] conducted a study that revealed a decline in the utilization of mental healthcare services by women during pregnancy, followed by an increase in utilization during the postpartum period. This finding emphasizes the importance of implementing consistent psychological intervention measures to identify and address mental health disorders in pregnant women, regardless of whether they have GDM or not. By implementing such measures, women can ensure a safe pregnancy and enhance their overall pregnancy outcomes.
Having open and educational conversations with patients about the potential benefits of physical activity as a treatment for GDM and its role in managing mental health conditions is crucial. Equally important is discussing the potential risks and benefits of incorporating pharmacotherapy into the treatment plan. By engaging in these discussions, patients can make informed decisions about their healthcare journey[108].

CONCLUSION
The COVID-19 pandemic has had a profound impact on pregnant women, exacerbating the risk factors for GDM and complicating its management. Psychological factors, such as increased levels of depression and anxiety, have affected the mental health of pregnant women, potentially contributing to the development or worsening of GDM. Quarantine measures and reduced physical activity have also increased the risk for this condition.
A recent retrospective study by Mirsky et al[48] showed an increase in GDM diagnoses during the pandemic, but no significant rise in GWG, even among individuals with obesity. The study suggests that maternal stress may be a contributing factor, but further research is needed. Also, recent evidence suggests that the degree of SARS-Cov-2 and placental involvement could be crucial factors for adverse outcomes in pregnancy, including placental inflammation and vascular damage caused by the virus, hence putting the patient at risk for GDM[109]. However, further histology, immunohistochemistry, and molecular genetics analyses are needed to contribute to the understanding of the epidemiological changes[110].
The COVID-19 pandemic has underscored the need for resilient healthcare systems in effectively managing and supporting pregnant women with GDM. Lessons learned from this crisis should inform future strategies for prevention, diagnosis, and management, while considering the impact of external factors on maternal and fetal health. By applying this knowledge, we can enhance the care provided to pregnant women and their infants, aiming for positive health outcomes.
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Figure Legends
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Figure 1 Pathogenesis of gestational diabetes mellitus. This image provides an overview of the underlying mechanisms and processes involved in the development of gestational diabetes mellitus[109]. TNF: Tumor necrosis factor; IL: Interleukin; ATM: Adipose tissue macrophages.
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[bookmark: _Hlk139290707]Figure 2 Timeline of events of diagnostic guidelines for gestational diabetes mellitus. The diagnostic criteria for gestational diabetes have evolved over time, with changes in fasting and post-challenge glucose thresholds. The criteria have become more standardized and sensitive in recent years, reflecting advancements in understanding the risks associated with elevated glucose levels during pregnancy. OGTT: Oral glucose tolerance test; GDM: Gestational diabetes mellitus; NDDG: National Diabetes Data Group; WHO: World Health Organization; IADPSG: International Association of the Diabetes and Pregnancy Study Groups; ADA: American Diabetes Association.
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Figure 3 Linear trend of gestational diabetes mellitus trends and statistics from 2016 to 2020[49]. GDM: Gestational diabetes mellitus.


Table 1 Variations between type 2 diabetes mellitus and gestational diabetes mellitus
	
	Type 2 diabetes mellitus
	Gestational diabetes mellitus

	Occurrence
	Generally, develops after age 40, but can occur at any age
	Develops during pregnancy, typically after the 20th wk of gestation

	Prevalence
	Affects approximately 90% of people with diabetes
	Affects approximately 2%-10% of pregnancies

	Risk factors
	Family history, obesity, physical inactivity, high blood pressure, and ethnicity
	Family history, previous history of gestational diabetes, obesity, older maternal age, and certain ethnicities

	Symptoms
	Fatigue, increased thirst, frequent urination, blurred vision, slow healing wounds
	Often asymptomatic, but may cause increased thirst, frequent urination, and increased hunger

	Diagnosis
	Blood tests measuring fasting blood glucose and hemoglobin A1C levels
	Oral glucose tolerance test usually performed between 24-28 wk of gestation

	Treatment
	Lifestyle changes, medication, and/or insulin therapy
	Lifestyle changes, close monitoring of blood glucose levels, and medication/insulin therapy if necessary

	Potential complications
	Cardiovascular disease, neuropathy, retinopathy, kidney disease, and foot ulcers
	Preeclampsia, premature delivery, macrosomia, and increased risk of developing type 2 diabetes later in life


The table summarizes key differences between type 2 diabetes mellitus and gestational diabetes mellitus, including occurrence, prevalence, risk factors, symptoms, diagnosis, treatment, and potential complications.

Table 2 Risk factors for gestational diabetes mellitus
	Risk factors for GDM
	Description

	Increasing maternal age
	Increases in gestational diabetes were seen in each maternal age group, and rates rose steadily with maternal age; in 2021, the rate for mothers aged ≥ 40 yr (15.6%) was nearly six times as high as the rate for mothers aged < 20 yr (2.7%)[16,25]

	Past medical history of GDM in a previous pregnancy OR family history of type 2 DM
	The strongest risk factor for gestational diabetes mellitus, with reported recurrence rates of up to 84%[26]

	Race/ethnicities at increased risk for development of GDM
	Women of Hispanic[17], other than white European origin[18], Asian[19], and indigenous descent[17-20]

	Prevalence of GDM by ethnicity
	The highest prevalence using the 2000 ADA diagnostic criteria among Filipinas (10.9%) and Asians (10.2%), followed by Hispanics (6.8%), non-Hispanic Whites (4.5%), and Black Americans (4.4%)[28]


The table presents risk factors associated with gestational diabetes mellitus (GDM) and the prevalence of GDM by ethnicity. Factors include increasing maternal age, past history of GDM, family history of type 2 diabetes, and specific ethnicities at higher risk for GDM development. These factors aid in identifying individuals at risk for GDM. GDM: Gestational diabetes mellitus; ADA: American Diabetes Association; DM: Diabetes mellitus; OR: Operating room.

Table 3 Gestational diabetes mellitus trends and statistics from 2016 to 2020
	Year
	Total births
	GDM cases
	GDM rate (%)
	Confidence interval
	Not stated cases

	2016
	3945875
	234847
	6.0
	5.9-6.0
	3781

	2017
	3855500
	244716
	6.4
	6.3-6.4
	3711

	2018
	3791712
	252522
	6.7
	6.6-6.7
	2882

	2019
	3747540
	258676
	6.9
	6.9-6.9
	3284

	2020
	3613647
	281789
	7.8
	7.8-7.8
	4063

	Change, %
	-8.6
	+19.8
	+30.0
	N/A
	+7.5


[bookmark: OLE_LINK1620][bookmark: OLE_LINK1621][bookmark: OLE_LINK2142][bookmark: OLE_LINK1526]GDM: Gestational diabetes mellitus; N/A: Not applicable.

Table 4 Dosing recommendations for insulin and oral agents in management of diabetes during pregnancy
	[bookmark: _Hlk138026567]Drug class
	Drug
	Dosing

	
	Insulin
	

	Rapid-acting insulin
	Insulin lispro
	First trimester 0.7 units/kg/d. 14-18 wk 0.8 units/kg/d. 26-27 wk 0.9 units/kg/d. 36-37 wk until delivery 1 unit/kg/d[95]

	
	Insulin aspart
	

	Short-acting insulin
	Regular insulin
	First trimester 0.7 units/kg/d. 14-18 wk 0.8 units/kg/d. 26-27 wk 0.9 units/kg/d. 36-37 wk until delivery 1 unit/kg/d[95]

	Intermediate-acting insulin
	NPH
	Two thirds can be given prebreakfast and the remaining one third can be given during the pre-evening meal[95]

	Long-acting insulin
	Detemir
	50% of total daily dose can be given in the pre-evening meal and the remaining 50% can be given as a basal insulin[95]

	
	Glargine
	

	
	Oral agents
	

	Biguanide
	Metformin
	500 mg once or twice daily with an increase over 1 to 2 wk to a maximum daily dose of 2500 mg. 2000 mg if using metformin of extended release[90,92]

	Sulfonylurea
	Glyburide
	Starting dose of 2.5 to 5 mg once daily with an increase to a maximum dose of 20 mg/d[96]


The table provides dosing information for various drugs in different drug classes used for the treatment of diabetes in pregnancy. The dosing recommendations include different trimesters and specific timeframes until delivery. NPH: Neutral protamine Hagedorn.
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