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Abstract
Background: The coronavirus disease 2019 (COVID-19) pandemic has significantly 
worsened health outcomes in pregnant women, a population already vulnerable due 
to physiological immune suppression and increased insulin resistance. Gestational 
diabetes mellitus (GDM) and vitamin B12 deficiency further compound these risks, 
creating a complex and potentially dangerous clinical picture. Aim: This review 
examines the interrelationships between COVID-19, GDM, and vitamin B12 deficiency 
in pregnancy, and evaluates the clinical implications for maternal and fetal health. 
Methods: A narrative review of the current literature was conducted, focusing on the 
mechanisms linking severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection, GDM, vitamin B12 metabolism, metformin use, and nutritional status 
during pregnancy. Results: SARS-CoV-2 directly damages pancreatic beta cells 
and triggers hyperinflammation, disrupting glycemic control in pregnant women. 
Vitamin B12 deficiency elevates homocysteine levels, impairing insulin signaling 
and promoting thrombosis, thereby increasing risks of GDM, preeclampsia, and 
adverse fetal neurodevelopmental outcomes. Metformin, widely used in GDM and 
polycystic ovary syndrome (PCOS) management, further reduces B12 absorption. 
Pandemic-related disruptions to antenatal care, food access, and psychosocial 
stress accelerated B12 depletion in this population. The Mediterranean diet offers 
partial mitigation, though targeted supplementation remains necessary in high-risk 
individuals. Conclusion: Routine B12 screening should be integrated into standard 
antenatal care, particularly for women with GDM, PCOS, or long-term metformin use. 
Relevance for patients: Pregnant women with GDM or PCOS using metformin are 
at heightened risk of vitamin B12 deficiency, which can silently harm both mother 
and baby. Regular B12 monitoring and timely supplementation are simple, safe, and 
potentially life-changing interventions.
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1. Introduction
Coronavirus disease 2019 (COVID-19), caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
is a multisystem disease that can affect multiple organs. The 
global spread of SARS-CoV-2 resulted in a pandemic with 
substantial adverse effects, especially among the elderly and 
diabetic patients.1,2 At the onset of the pandemic, diabetes 
mellitus was identified as one of the factors predisposing 
patients to severe COVID-19, along with advanced age, 
hypertension, tobacco use, and obesity.3 Some researchers 
have also reported that COVID-19 increased the likelihood 
of being diagnosed with new-onset type 2 diabetes mellitus 
(T2DM).1,4 For example, a decrease in the number of 
insulin-secreting granules in the beta cells of the pancreas 
was detected after COVID-19 disease 4. In this review, the 
term “diabetes” refers to diabetes mellitus.

Diabetes has become one of the main threats to human 
health in the current century.5 According to the American 
Diabetes Association (ADA), diabetes is a complex, 
chronic metabolic disease that requires ongoing medical 
care with multifactorial risk reduction strategies beyond 
glycemic control.6 During the pandemic, diabetes patients 
using metformin avoided coming to the hospital to protect 
themselves from COVID-19, causing many problems. 
Diabetes management methods have undoubtedly been 
adversely affected due to the pandemic. The frequency of 
vitamin B12, vitamin D, and magnesium deficiencies has 
increased due to restrictions on outdoor activities and 
diets dominated by processed foods. The deficiencies of 
these micronutrients also affected diabetic patients more 
adversely during the pandemic period. 

Since vitamin B12 and folic acid have an important 
role in one-carbon metabolism, deficiency of these 
vitamins can increase homocysteine levels, resulting in 
hyperhomocysteinemia, an important risk factor for 
T2DM.7 During the COVID-19 pandemic, diabetes-related 
analyses could not be performed due to diabetes patients’ 
fear of infection and warnings by health authorities, so 
control of the disease became difficult and caused patients 
to experience new complications. Low B12 levels, especially 
in patients using metformin, also cause B12-related health 
problems.8−12 

Therefore, targeting the homocysteine level with vitamin 
B12 and folate may be a potential strategy to alleviate 
the adverse consequences.13 Vitamin B12 deficiency has 
also been associated with an increased risk of gestational 
diabetes mellitus (GDM).14,15

One of the important problems in the treatment of 
type 1 diabetes mellitus (T1DM) is pernicious anemia, 
and therefore the risk of vitamin B12 deficiency is 3 times 

higher in T1DM patients.16 

According to a recent study, vitamin B12 
supplementation had a positive effect on glycemic control 
and insulin resistance in T2DM patients.13 Indeed, glycemic 
control and insulin resistance improved with vitamin B12 
supplementation in these patients.13 Additionally, vitamin 
B12 therapy was found to be associated with a reduction 
in serum triglyceride levels independent of other factors.17

It was reported that measures such as long-term 
lockdown applied due to COVID-19 worsened glucose 
regulation and increased triglyceride levels in patients with 
diabetes.18 

Vitamin B12, taken at adequate levels through a 
balanced diet, can be effective in reducing the effects of 
diabetes. When balanced nutrition is mentioned, the first 
type of diet that comes to mind is the Mediterranean-style 
diet. The Mediterranean diet, which has antioxidant and 
anti-inflammatory properties, improves glucose control 
and reduces cardiovascular risk in patients with diabetes.19 
This review examines the interrelationships among 
COVID-19, diabete and GDM, vitamin B12 deficiency, 
metformin use, and nutrition during pregnancy, with 
emphasis on maternal and fetal implications.

2. SARS-CoV-2 infection and vitamin B12 status: 
Possible indirect mechanism

The mechanism by which SARS-CoV-2 causes infection in 
the human body begins with the spike (S) protein on the 
surface of the virus. The spike protein binds to receptors 
called angiotensin-converting enzyme 2 (ACE2), which 
are found on the surface of human cells. ACE2 receptors 
are particularly abundant in the lung, heart, kidney, and 
intestinal cells. This binding enables the virus to attach to 
the cell. Subsequently, an enzyme in the body called furin 
cleaves the spike protein into two subunits. One of these 
subunits (S1) binds tightly to ACE2, while the other (S2) 
facilitates the fusion of the virus with the cell membrane. 
Another enzyme, transmembrane serine protease 2, also 
supports this process.20,21 

Following its attachment to the cell membrane, the 
virus introduces its genetic material (RNA) into the 
host cell. This viral RNA utilizes the host cell’s protein 
synthesis machinery to produce proteins essential for viral 
replication. Key enzymes, such as the main protease and 
RNA-dependent RNA polymerase, facilitate this process. 
The viral genome is then replicated, and new virions are 
assembled and subsequently released from the host cell, 
enabling the spread of infection to neighboring cells. While 
vitamin B12 has no established direct role in inhibiting this 
replication cycle, its deficiency may indirectly compromise 
the host’s capacity to mount an effective antiviral response. 
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Impaired immune cell function, reduced natural killer cell 
activity, and dysregulated cytokine signaling, all associated 
with B12 deficiency, may facilitate viral propagation 
by weakening the cellular immune environment in 
which replication occurs. Current evidence supports an 
immunomodulatory rather than a directly antiviral role 
for vitamin B12, and ongoing research continues to explore 
the broader contribution of micronutrients to host-virus 
interactions.22 

SARS-CoV-2 infection triggers the immune system, 
leading to inflammation. However, the virus has the ability 
to evade the immune response by suppressing one of 
the key defense mechanisms of the immune system, the 
interferon response. This immune evasion facilitates the 
spread of the infection and can result in severe damage, 
particularly in the lungs. In severe cases, this pathological 
process may progress to multi-organ failure.23

The relationship between SARS-CoV-2 infection and 
vitamin B12 status can be explained indirectly through 
its effects on the immune system and inflammation 
processes. Vitamin B12 plays a critical role in the proper 
functioning of the immune system, DNA synthesis, red 
blood cell production, and neurological functions. In cases 
of deficiency, the immune system is weakened, and the 
capacity to combat infections is reduced. The increased 
metabolic demand during SARS-CoV-2 infection may 
lead to a more rapid depletion of B12 levels. Additionally, 
the virus’s binding to ACE2 receptors in intestinal cells 
can damage the intestinal epithelium, impairing B12 
absorption. This intestinal epithelial injury may increase 
the risk of B12 deficiency, particularly during the course 
of infection.24 

Vitamin B12 also plays a crucial role in regulating 
homocysteine levels. Elevated homocysteine levels can lead 
to increased inflammation and a higher risk of thrombosis. 
The intense inflammatory response and thrombotic 
complications observed in COVID-19 patients may be 
further exacerbated by B12 deficiency.25 

Monitoring vitamin B12 levels during SARS-CoV-2 
infection and providing supplementation when necessary 
may enhance the immune system’s capacity to combat the 
infection, mitigate inflammation-induced damage, and 
support the recovery process in COVID-19 patients.26,27

3. Relationship between COVID-19 and 
diabetes mellitus
In Türkiye, the Ministry of Health has stated that adults 
over the age of 45 should have regular diabetes tests.27,28 
The restrictions imposed during the pandemic and 
avoidance of hospital visits by members of the public 

due to the risk of infection caused people who needed 
to be diagnosed with diabetes to receive these diagnoses 
and treatments late. Diabetes is a dangerous disease, and 
uncontrolled diabetes can be fatal.29,30 For this reason, 
patients with undiagnosed diabetes during the COVID-
19 pandemic may have been particularly affected by 
disruptions to healthcare access. Various medications 
were used or investigated for the treatment of COVID-
19.31−33 However, therapeutic options were often limited in 
patients with chronic diseases because of comorbidities, 
contraindications, and potential drug interactions.34,35 
In addition, some studies have reported adverse effects 
after COVID-19 vaccination in certain individuals and 
patient groups, although the relevance of these findings 
to diabetes should be clearly specified.36−39 The effects of 
COVID-19 infection and its treatment on glucocorticoid 
and catecholamine responses remain under discussion.40−42 
Excessive glucocorticoid and catecholamine release during 
or after COVID-19 may aggravate diabetic complications 
by worsening insulin resistance and glycemic control.41,43−46 

Therefore, regular glycemic monitoring should be 
maintained during and after viral infections, especially in 
diabetic patients.47−48

A study conducted in Türkiye reported that the clinical 
course of COVID-19 patients with vitamin B12 deficiency 
showed more severe progression than those without vitamin 
B12 deficiency.49 COVID-19-specific symptoms, such as 
fever, loss of taste/smell, and cough, were found to be more 
common in patients with vitamin B12 deficiency.50,51 In 
addition, inflammation markers were found to be higher 
in patients with vitamin B12 deficiency.49,52,53 Therefore, 
vitamin B12 is likely to have positive effects on prognosis 
and symptoms in patients with COVID-19.49,53 Considering 
the potential diabetogenic effects of SARS-CoV-2, attention 
should be paid to the presence of new-onset hyperglycemia 
and diabetes, especially in those receiving corticosteroid 
therapies.54−56 Additionally, preliminary studies suggest 
that diabetes may be associated with long COVID.57−61 

4. Importance of vitamin B12 in diabetes 
mellitus
Vitamin B12 deficiency should be managed, especially 
in diabetic patients. Preventing nutritional deficiencies, 
identifying high-risk individuals with suboptimal 
nutritional status, and implementing safe and effective 
dietary guidelines can help strengthen individuals’ ability 
to fight against COVID-19.62 

Vitamin B12 deficiency is a common denominator 
among the elderly and diabetic patients.63 Vitamin B12 
deficiency is increasingly recognized as a potentially 
modifiable risk factor in the context of COVID-19. While 

https://doi.org/10.36922/JCTR026090014


Journal of Clinical and Journal of Clinical and 
Translational ResearchTranslational Research GDM, B12, and diabetes in COVID-19 pregnancy 

Volume 12 Issue 3 (2026)	 4� doi: 10.36922/JCTR026090014

current evidence does not support a direct antiviral effect 
of vitamin B12 on SARS-CoV-2 replication, its deficiency 
is associated with impaired immune cell function, reduced 
natural killer cell activity, and dysregulated inflammatory 
responses, all of which may worsen the clinical course 
of infection. Ongoing research continues to explore the 
broader role of micronutrients, including vitamin B12, 
in immune modulation and host-virus interactions. 
Addressing B12 deficiency in high-risk groups such as the 
elderly and diabetic patients therefore remains a clinically 
meaningful and preventable concern.63 In a prospective 
study of 30 patients with B12 deficiency and pernicious 
anemia, improvements in lymphocyte counts, natural 
killer cell activity, and CD4+:CD8+ ratios were observed 
after parenteral vitamin B12 therapy.64 Thus, adequate 
vitamin B12 status may be beneficial in the prevention of 
diabetes mellitus. 

Vitamin B12, also called cobalamin, is an important 
micronutrient derived predominantly from foods of 
animal origin.65,66

Diabetic patients, particularly those treated with 
metformin, are more prone to vitamin B12 deficiency 
because long-term metformin use may impair B12 
absorption; inadequate dietary intake may further 
increase this risk.47 Hyperhomocysteinemia and vitamin 
B12 deficiency are strongly correlated in individuals 
with diabetes taking metformin at levels equivalent to or 
greater than 1,500 mg daily.2 Since long-term metformin 
therapy in diabetic patients may be associated with vitamin 
B12 deficiency, vitamin B12 levels should be evaluated 
periodically in individuals with diabetes receiving 
metformin treatment, especially if they also have anemia 
and peripheral neuropathy.6,67 Some previous studies have 
shown that the decrease in serum B12 levels occurs within 
3–4 months after switching to metformin therapy.68−72

However, according to most studies, vitamin B12 
deficiency occurs only 5–10 years after the use of 
metformin.73−77 This delay in the occurrence of B12 
deficiency may be due to the significant storage of this 
vitamin in the liver.78 

Diabetes and aging are associated with B12 deficiencies 
worldwide.5 There are also data that B12 alone can 
add a potential therapeutic dimension by interfering 
with SARS-CoV-2 replication. Therefore, vitamin B12 
deficiency should be avoided in the elderly and diabetic 
patients. Considering the COVID-19 pandemic, this 
review recommends addressing this issue more urgently 
and regularly screening elderly individuals and diabetic 
patients for vitamin B12 levels.63

A potential health problem resulting from vitamin B12 

deficiency is neuropathy, and approximately 30% of diabetic 
patients over the age of 40 have a sensory impairment in the 
feet.79 Diabetic polyneuropathy is a primarily symmetrical 
sensory polyneuropathy that initially affects the distal 
lower limb.80 Mild or severe nervous system damage may 
occur in 60% to 70% of diabetic patients.79 Studies in 
European T2DM patients using metformin reported that 
the prevalence of vitamin B12 deficiency ranged from 5.8% 
to 22%.81,82 In the British population, B12 deficiency was 
27% in all T2DM cases, compared to 32.1% in those using 
metformin.83 In a study conducted in India, vitamin B12 
deficiency (<200 pg/dL) was detected in 7.5% of dementia 
patients.84 In the same study, vitamin B12 level was found 
to be at the borderline (between 200–300 pg/dL) in 22.5% 
of the patients. Elsayed et al.85 found vitamin B12 deficiency 
in 10% of T2DM patients and 6.7% of T1DM patients. 
They also confirmed that metformin therapy is associated 
with vitamin B12 deficiency in patients with T2DM 
and therefore supported the need to follow the ADA’s 
recommendations for periodic monitoring of vitamin B12 
levels in patients with T2DM who are taking metformin 
to avoid the risk of neuropathy or anemia. Baig et al.86 
found a significant association between metformin use 
and vitamin B12 deficiency in diabetic patients. Therefore, 
they considered B12 deficiency as a potential side effect of 
long-term metformin use. In such patients, periodic B12 
screening followed by vitamin B12 supplementation may 
be an effective and safe way to prevent the development or 
worsening of peripheral nerve damage and other clinical 
manifestations. 

5. Factors influencing vitamin B12 status
Although vitamin B12 levels are directly influenced by 
factors such as acute or chronic illnesses, dietary habits, 
alcohol consumption, medication use, pregnancy, and 
breastfeeding, studies have shown that B12 levels also 
vary based on gender and age.87−92 Studies conducted on 
the basis of gender have determined that healthy male 
participants tend to have lower B12 levels compared to 
female participants.93,94 

In males, the higher muscle mass increases the need 
for creatine synthesis. Two key amino acids, glycine 
and L-arginine, play a role in creatine biosynthesis. 
In the first step of the process, these amino acids 
combine through the action of the arginine-glycine 
amidinotransferase enzyme to form guanidinoacetate. 
Subsequently, guanidinoacetate is methylated by 
the enzyme guanidinoacetate methyltransferase, 
transforming it into creatine. During this methylation 
process, S-adenosylmethionine serves as the methyl 
group donor, and as a result, S-adenosylhomocysteine is 
formed. S-adenosylhomocysteine is also a precursor to 
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homocysteine. The higher homocysteine levels in males 
are a significant factor that increases the need for vitamin 
B12.94,95 

With aging, vitamin B12 absorption decreases 
due to structural and functional changes in the  
gastrointestinal tract. A decrease in gastric acid production 
(hypochlorhydria) makes it more difficult to release B12 
from food, while a reduction in intrinsic factor production 
negatively affects the absorption process. Additionally, 
low stomach acid can lead to bacterial overgrowth in the 
intestines, causing these bacteria to consume B12. Damage 
or inflammation in the small intestine, particularly in 
the terminal ileum, can further impair B12 absorption. 
Medication use is also a significant factor; drugs such 
as proton pump inhibitors, H2-receptor antagonists, 
and metformin can negatively impact absorption. 
Furthermore, individuals who have undergone stomach or 
intestinal surgery may experience a marked reduction in 
B12 absorption. All these factors increase the risk of B12 
deficiency in older individuals, and regular monitoring and 
supplementation when necessary are recommended.96,97 

6. Importance of glycemic control
Hemoglobin A1c (HbA1c) is an important laboratory 
parameter both in the diagnosis of diabetes and in the 
follow-up of diabetic patients. When HbA1c alone is used 
for diabetes diagnosis, approximately 35% of patients may 
be misclassified as having prediabetes.98 As a matter of fact, 
when vitamin B12 deficiency was corrected in prediabetes 
patients, HbA1c level decreased significantly.98 Thus, it was 
recommended to rule out vitamin B12 deficiency anemia 
before making a diagnosis of diabetes based on HbA1c 
level.98 

Weight gain, hyperglycemia, and increased HbA1c 
and blood lipids seen in diabetic patients as a result of 
the measures taken to prevent COVID-19 may also be a 
triggering factor, especially for cardiovascular diseases.18 
It is well established that optimal control of glycemia 
level is important for reducing the incidence of diabetic 
complications, and excessive glycemia fluctuation is 
an independent risk factor for the development of 
atherosclerosis in diabetic patients.66 Keeping the HbA1c 
level below 48 mmol/mol (6.5%) is recommended by the 
ADA’s guidelines, claiming that it can prevent diabetes 
complications.6 Vitamin B12 supplementation over an 
eight-week period has been demonstrated to lead to 
significant improvement in glycemic control in patients with 
T2DM.13 However, long-term vitamin B12 administration 
should also be avoided in patients with T2DM, as it 
may adversely affect cellular glucose metabolism and 
homeostasis.66 Therefore, routine supplementation is not 

recommended for patients with normal vitamin B12 levels 
unless clinically indicated.

7. Benefits of nutrition and Mediterranean 
diet 
Malnutrition can adversely affect the course and 
pathogenicity of viral infections.47 Nutritional status is 
likely not only to impact the immune functions of the body 
but also to have some direct effects on viral genomes and 
virulence.99 Diabetic patients should maintain adequate 
nutritional status during the pandemic to support immune 
function and reduce susceptibility to severe viral infections, 
including SARS-CoV-2 infection. Deficiencies in protein, 
essential fatty acids, and certain micronutrients are 
associated with decreased immune function and increased 
susceptibility to viral infections, including SARS-CoV-2, 
which can exacerbate the severity of infections, particularly 
in vulnerable patients such as those with T2DM. Therefore, 
it is crucial to consider patients’ nutritional status and 
ensure adequate intake of both macronutrients and 
micronutrients in the management of COVID-19.47 

The consumption of fresh and unprocessed plant-based 
foods, such as vegetables, fruits, olive oil, fish, and whole 
grain products, is encouraged based on existing evidence 
supporting the Mediterranean diet, one of the healthiest 
diets worldwide.100 Additionally, foods included in the 
Mediterranean diet are low in advanced glycation end 
products.101 Higher adherence to the Mediterranean diet 
has been suggested to be associated with a lower risk of 
COVID-19 or a less severe disease course.102

The Mediterranean diet, known for its preventive 
effects on cardiovascular diseases and T2DM, appears 
promising in reducing the severity of COVID-19 due to 
its high antioxidant, anti-inflammatory, and potential 
antimicrobial and immunomodulatory properties.100 
The replacement of organic agricultural products with 
processed industrial foods during quarantine has adversely 
affected diabetic patients.103 Preferring the Mediterranean 
diet during the pandemic offers an opportunity to protect 
diabetic patients from worse outcomes in the context 
of COVID-19.19 The high consumption of cabbage and 
fermented dairy products has contributed to lower 
COVID-19-related mortality in Türkiye compared to 
European countries.104 Homemade cabbage pickles, 
due to their vitamin B12 content, provide a significant 
contribution to the Mediterranean diet. It is suggested that 
diabetic patients using metformin during the pandemic 
would benefit from adopting the Mediterranean diet, 
including homemade cabbage pickles. Mediterranean diet 
polyphenols and metabolites, including microbial phenolic 
metabolites synthesized by the gut microbiota, have been 
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reported to have beneficial effects on health and insulin 
resistance.105 The metabolites of the Mediterranean diet 
are thought to positively influence gut microbiota, which 
is associated with cardiovascular health. When evaluating 
health benefits, it has been reported that the effects of 
microbial phenolic metabolites should be assessed in 
combination rather than individually.9,105,106 Moreover, 
the synergistic benefits of physical activity on immune 
functions and psychological health should be considered 
alongside the Mediterranean diet. It is highlighted that 
individuals following the Mediterranean diet, combined 
with regular physical activity, can enhance immune 
functions and reduce the risk of COVID-19. 

Finally, the changes in dietary habits at a societal level 
during the pandemic and their impacts on diabetic patients 
should be addressed. The shift toward unhealthy dietary 
preferences in society has increased the consumption of 
processed foods, worsening the health status of individuals 
with chronic diseases such as diabetes. The Mediterranean 
diet is considered to have the potential to reduce societal 
health costs.

8. Pregnancy, COVID-19, diabetes, and 
vitamin B12: An assessment from the 
perspective of women’s health
While the COVID-19 pandemic affected the entire 
world, pregnancy emerged as a particularly vulnerable 
period. Pregnant women may be more susceptible to viral 
infections due to physiological changes in the immune 
system. When GDM and vitamin B12 deficiency coexist, 
the risk takes on a far more complex dimension. The 
metabolic changes that occur during pregnancy increase 
insulin resistance, laying the groundwork for GDM. This 
condition carries serious risks for both maternal and fetal 
health. During the pandemic, these risks were further 
compounded by delayed diagnosis, problems with access 
to treatment, and altered dietary habits.

Pregnancy itself is fundamentally a process of 
immunological transformation. The immune system is 
reorganized to ensure fetal tolerance. During this process, 
type 1 helper T (Th1) responses are suppressed while type 
2 helper T (Th2) responses become more prominent. 
This weakens cellular immunity against viruses, which 
may cause COVID-19 infection to follow a more severe 
course. Indeed, the World Health Organization and 
many national guidelines have defined pregnant women 
as a high-risk group with respect to COVID-19. Studies 
have demonstrated significant increases in the rates 
of preeclampsia, preterm birth, intrauterine growth 
restriction, and cesarean delivery among pregnant women 

who contracted SARS-CoV-2 infection. Underlying these 
complications are systemic inflammation and coagulation 
disorders. Both mechanisms are directly related to vitamin 
B12 metabolism.107−110

8.1. Gestational diabetes mellitus and vitamin B12 
deficiency

Gestational diabetes mellitus is defined as glucose 
intolerance that first appears or is recognized during 
pregnancy. Its global prevalence ranges from 1% to 28% 
and has been increasing in recent years due to obesity 
and advanced maternal age. GDM increases the mother’s 
risk of developing T2DM in later years by approximately 
seven-fold, while is also associated with macrosomia, 
neonatal hypoglycemia, and long-term obesity and 
insulin resistance in the infant. The indirect effects of the 
COVID-19 pandemic on GDM must also be taken into 
account. During the pandemic, a more sedentary lifestyle, 
carbohydrate-heavy dietary habits, and stress-related 
cortisol elevation have markedly increased the risk of 
GDM development.110−113

The relationship between vitamin B12 deficiency and 
GDM has been increasingly investigated in recent years. The 
requirement for vitamin B12 increases during pregnancy. 
This vitamin must be consumed at adequate levels to meet 
the needs of both the mother and the fetus. However, 
particularly in pregnant women following vegetarian 
or vegan diets, B12 deficiency may be overlooked while 
attention is focused on iron supplementation due to iron 
deficiency anemia. B12 deficiency raises homocysteine 
levels. Elevated homocysteine adversely affects insulin 
signaling pathways and contributes to increased insulin 
resistance. It has been proposed that B12 deficiency 
increases GDM risk through this mechanism. Systematic 
reviews and meta-analyses have shown that inadequate 
vitamin B12 levels are associated with a significant increase 
in GDM risk. These findings point to the importance 
of assessing B12 levels in the preconception and early 
pregnancy periods.114,115

Studies conducted in South Asian countries, particularly 
India, present noteworthy data. In these populations, the 
co-occurrence of high B12 deficiency rates and high GDM 
prevalence strengthens the possible association between 
the two conditions. Similarly, studies conducted in Türkiye 
have reported that multiple micronutrient deficiencies 
co-occur, especially during winter months when exposure 
to sunlight is limited, and that GDM prevalence increases 
alongside this pattern. During the COVID-19 pandemic, 
restrictions on going outdoors reduced sun exposure time, 
further worsening this trend.114−116
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8.2. The diabetogenic potential of COVID-19 in 
pregnancy

The direct cytotoxic effect of SARS-CoV-2 on pancreatic 
beta cells may increase the risk of new-onset hyperglycemia 
and diabetes in pregnant women. The ACE2 is expressed 
in several organs, including the pancreas, small intestine, 
liver, and placenta. The damage initiated through this 
receptor during the course of infection may impair insulin 
secretion. ACE2 expression has also been demonstrated in 
the placenta during pregnancy, which raises the possibility 
of the virus reaching the fetus.107,109

The hyperinflammatory state that develops following 
COVID-19 infection creates substantial risk when it 
coincides with GDM. Both conditions give rise to a pro-
inflammatory and prothrombotic environment. Elevation 
of inflammatory markers such as tumor necrosis factor 
alpha, interleukin-6, and C-reactive protein adversely 
affects insulin receptor signaling pathways, disrupting 
glycemic control. For this reason, COVID-19 infection in 
pregnant women who have been diagnosed with GDM or 
who carry GDM risk may lead to far more severe metabolic 
consequences.

Corticosteroid therapy has been widely used in severe 
cases of COVID-19. However, these medications can 
have significant adverse effects on glucose metabolism, 
particularly during pregnancy. Synthetic glucocorticoids 
such as dexamethasone and betamethasone cause 
hyperglycemia by stimulating hepatic glucose production 
and reducing peripheral insulin sensitivity. It is therefore 
emphasized that glycemic monitoring of pregnant 
women diagnosed with COVID-19 should be performed 
at more frequent intervals throughout the duration of 
corticosteroid therapy. Additionally, studies examining the 
long-term effects of COVID-19 (“long COVID”) report 
that in some pregnant women who have recovered from 
the disease, insulin resistance remains persistently elevated 
and the risk of postpartum diabetes is increased.108−110

8.3. The role of vitamin B12 in pregnancy: Fetal and 
maternal health

Vitamin B12 is critically important during pregnancy 
for neural tube development, DNA synthesis, and 
erythropoiesis. Working in conjunction with folate, this 
vitamin plays a decisive role in the prevention of neural 
tube defects. Inadequate B12 intake triggers homocysteine 
accumulation, which may lead to endothelial damage 
and a tendency toward thrombosis in the placenta. Since 
placental endothelial dysfunction plays a central role in 
the pathophysiology of preeclampsia, the connection 
between B12 and preeclampsia is attracting increasing 
attention. Studies have shown that low serum B12 levels 

are associated with an increased risk of preeclampsia.

From the fetal perspective, B12 deficiency is known 
to adversely affect neurological development during the 
intrauterine period. It has been proposed that inadequate 
B12 exposure in the womb may, through epigenetic 
modifications, predispose the child to developing obesity 
and T2DM in later years. This concept aligns with the 
Developmental Origins of Health and Disease hypothesis, 
drawing attention to the impact of maternal nutritional 
quality across generations.

The breastfeeding period also constitutes a critical 
phase with respect to B12. The concentration of B12 in 
breast milk is directly dependent on the mother’s serum 
B12 level. An infant of a mother with B12 deficiency may 
face neurological developmental risks due to receiving 
inadequate B12 through breast milk. During the pandemic 
period, rising food prices, reduced access to animal-source 
foods, and psychosocial stress may have caused B12 levels 
to decline further in lactating women.115,117

8.4. Metformin use in pregnancy and the risk of B12 
deficiency

Metformin is increasingly used as an alternative or adjunct 
to insulin in the pharmacological treatment of GDM. 
Several guidelines find metformin acceptable in terms of its 
safety and efficacy profile. However, prolonged metformin 
use is known to reduce vitamin B12 absorption. This risk 
cannot be overlooked in pregnant women who are started 
on metformin following a GDM diagnosis. Pregnancy is 
already a period that places physiological demands on B12. 
Metformin-associated impairment of B12 absorption may 
therefore create a combined risk for both mother and fetus.

Polycystic ovary syndrome (PCOS) is one of the 
gynecological conditions most frequently treated with 
metformin and is commonly associated with insulin 
resistance. A large proportion of women with PCOS are 
using metformin prior to conception; this may bring 
already low B12 levels during pregnancy to an even more 
critical point. Pregnant women with PCOS constitute 
a particularly high-risk group for both GDM and B12 
deficiency, owing to both insulin resistance and prolonged 
metformin use. In clinical practice, adding B12 screening 
to the antenatal follow-up of these patients is of great 
importance.118,119 

9. Conclusion
Pregnancy is not just a period of increased nutritional 
needs; it is a period of profound immunoprogramming. 
The deliberate suppression of Th1-mediated cellular 
immunity, while necessary for fetal tolerance, also reduces 
the mother’s capacity to fight viral pathogens. SARS-
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CoV-2 exploited this weakness. Emerging infections were 
more likely to be more severe, and complications such 
as preeclampsia, premature birth, intrauterine growth 
retardation, and cesarean delivery occurred at significantly 
higher rates in infected pregnant women. These constitute 
real and lasting harms for mothers and children.

Gestational diabetes mellitus added another layer 
of risk. The prevalence of GDM was already increasing 
globally before the pandemic due to rising obesity rates 
and advanced maternal age. The pandemic accelerated 
this trend. Sedentary lifestyles, carbohydrate-heavy diets, 
disrupted sleep, and chronic psychosocial stress increase 
insulin resistance. Routine GDM screening was delayed 
or completely skipped in many settings because women 
avoided hospitals for fear of infection. Many cases went 
undetected and unmanaged during critical periods of 
pregnancy. The long-term consequences of this (both in 
terms of the risk of T2DM in expectant mothers and the 
metabolic health of offspring) are only just beginning to 
be understood.

Vitamin B12 deficiency elevates homocysteine, which 
damages endothelial cells, promotes thrombosis, and 
disrupts insulin receptor signaling. It compromises the 
immune response at a time when immune capacity is already 
diminished. It disrupts fetal neurological development 
through mechanisms that can leave epigenetic imprints that 
may persist into adulthood. Yet, B12 deficiency remains 
one of the least screened nutritional issues in prenatal care. 
B12 deficiency is often invisible until it causes damage.

The relationship between metformin and B12 
depletion deserves particular emphasis. Metformin is 
now widely accepted as a safe and effective option in the 
management of GDM, and its use in pre-pregnancy PCOS 
is extremely common. However, its interference with ileal 
B12 absorption is well documented, meaning that many 
pregnant women enter and progress into pregnancy with 
progressively depleted B12 stores. Women with PCOS 
who use metformin long-term face double the risk. They 
bear both the metabolic burden of insulin resistance and 
the nutritional consequences of impaired B12 absorption. 
This group requires proactive, not reactive, clinical 
management. The SARS-CoV-2 virus itself contributed 
to B12 depletion through additional mechanisms. Viral 
damage to intestinal epithelial cells (particularly in the 
terminal ileum, where B12 absorption occurs) directly 
disrupted absorption. The intense metabolic demands 
of acute infection accelerated B12 depletion. And the 
virus-induced hyperinflammatory state further elevated 
homocysteine levels, increasing the cardiovascular and 
thrombotic risks already present in GDM. In severe cases, 
corticosteroid treatment added another layer to glycemic 

imbalance, requiring more intensive monitoring, which 
is often unavailable in overloaded healthcare systems. 
The Developmental Origins of Health and Disease 
hypothesis adds a multigenerational dimension to this 
issue. Insufficient B12 availability during intrauterine 
life may affect the fetus in the short term and, through 
epigenetic modifications, may increase susceptibility to 
obesity, insulin resistance, and T2DM later in life. This 
means that nutritional deficiencies during the pandemic 
could have consequences stretching into decades to come, 
including a generation not yet born when the virus first 
emerged. In this context, diet is both a problem and a 
solution. Disruptions in food supply chains, increased 
costs of animal-derived foods, and behavioral shifts 
toward processed and industrial foods during lockdown 
periods worsened the nutritional status of pregnant 
women worldwide. The Mediterranean diet, emphasizing 
whole grains, legumes, olive oil, vegetables, fruits, and 
fatty fish, offers an evidence-based dietary framework 
that can reduce inflammation, support glycemic control, 
and partially meet B12 requirements through regular 
fish consumption. However, it must be acknowledged 
that the Mediterranean diet alone cannot guarantee B12 
sufficiency in all pregnant women, especially those who are 
vegetarian, vegan, or unable to consume sufficient amounts 
of fish due to mercury concerns. Targeted supplementation 
remains a crucial component of care. In conclusion, this 
review presents a simple but urgent clinical argument. 
Vitamin B12 screening should become a standard, routine 
component of prenatal care, rather than an optional 
supplement reserved for symptomatic patients or marked 
cases. The evidence linking B12 deficiency to GDM risk, 
preeclampsia, impaired fetal neurodevelopment, and 
worsened COVID-19 outcomes is now substantial enough 
to justify this recommendation without reservation. High-
risk groups (including women with GDM, PCOS, long-
term metformin use, vegetarian or vegan diets, and limited 
access to animal-source foods) should be prioritized for 
early and repeated screening. When deficiency is identified, 
supplementation is safe, inexpensive, and effective.

The pandemic revealed how fragile the infrastructure 
of maternal nutritional care truly is. It is time to rebuild 
that infrastructure with vitamin B12 firmly included. The 
health of mothers, and the long-term health of the children 
they carry, depends on it.
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