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Historically, women with an autoimmune disease (AD) could not get pregnant due to infertility frequently linked to the medical condition or because the pregnancy was contraindicated, as it could harm the mother and the future child. Sometimes, pregnancy was contraindicated because the medication needed to control the AD could not be given during pregnancy. All these items are no longer true nowadays. Fertility treatments have advanced, obstetric care is better, and the medical treatments of autoimmune diseases have progressed, so women with any kind of AD are encouraged to get pregnant, and their presence in obstetric clinics is arising. This is challenging for the obstetricians, as to be sure that these pregnancies are safe for the mother and the future child, the obstetricians need to know the natural evolution of these conditions, the impact of pregnancy and postpartum on the illness, and the impact of the AD in the pregnancy. In this narrative review, we aim to make a brief resume of the obstetric management of the most common diseases (Systemic lupus erythematosus, antiphospholipid syndrome, the Anti-Ro/SSA and Anti-La/SSB antigen-antibody systems, rheumatoid arthritis, Sjögren's syndrome and Undifferentiated systemic rheumatic disease and overlap syndromes).
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Introduction

Historically, women with an autoimmune disease (AD) couldn't get pregnant due to infertility frequently linked to the medical condition or because the pregnancy was contraindicated, as it could harm the mother and the future child. Sometimes, pregnancy was contraindicated because the medication needed to control the AD could not be given during pregnancy. All these items are no longer true nowadays. Fertility treatments have advanced, obstetric care is better, and the medical treatments of autoimmune diseases have progressed, so women with any kind of AD are encouraged to get pregnant, and their presence in obstetric clinics is arising. This is challenging for the obstetricians, as to be sure that these pregnancies are safe for the mother and the future child, the obstetricians need to know the natural evolution of these conditions, the impact of pregnancy and postpartum on the illness, and the impact of the AD in the pregnancy. An AD is characterized by a pathological response through autoantigens directed to normal body constituents. This response leads to an inflammatory cell injury or a functional disturbance with clinical manifestations (1, 2). AD can be classified as systemic (p.e. Systemic Lupus Erythematosus) or organ-specific (p.e. Sjogren's syndrome) and either chronic or acute. It usually involves T and B cell response, with the presence of specific antibodies.

Pregnancy and postpartum can modify the natural course of the AD, with exacerbations and recoveries. AD with a predominant cellular response, such as rheumatoid arthritis, generally tends to be less active during pregnancy. In contrast, those with a predominant humoral immunity, like Systemic Lupus Erythematosus, tend to flare up during pregnancy. Pregnancy changes can also impact the natural evolution of the AD. The increased intravascular volume can worsen the cardiac or renal function (worsening previous proteinuria), or the pregnancy-induced hypercoagulability can increase the thrombosis risk in these women. Typical pregnancy symptoms can mimic some active AD symptoms, and distinguishing between pregnancy complications such as preeclampsia and AD flare can be pretty challenging (3).

In general, the treatment of the AD aims to decrease the immune system (immunosuppressants) or block the inflammatory response that leads to tissue injury (anti-inflammatories) (4).

The immune response and the treatment used to treat the AD can interfere with the pregnancy evolution, so antibodies and medication should always be taken to account for counseling the pregnancy outcome and for following up correctly on the pregnancy and postpartum.

Periconceptional counseling is always essential, but in these women, it is vital. The pregnancy should be programmed when the AD is in low activity and with the appropriate medication to have a better pregnancy outcome. When pregnancy starts, these women should be seen at an early gestational age (before 9–10 weeks), as pregnancy loss is more common. If there has not been periconceptional counseling, medication should be adjusted to the pregnancy, and counselling about the pregnancy outcome should be given.

All these items lead to a need to care for each pregnant woman with an AD individually and with a multidisciplinary team (obstetrician, rheumatologist, etc.). In this narrative review, we aim to make a brief resume of the obstetric management of the most common diseases.



Systemic lupus erythematosus (SLE)

It is a chronic autoimmune disease of unknown cause that can affect any body organ. The diagnosis is challenging, and several classifications have been published, but their usefulness in the clinic is limited (5–7). The diagnosis of SLE is generally based on clinical and laboratory findings after excluding alternative diagnoses. Serologic findings are important in suggesting the possibility of SLE, with some antibodies (p.e. anti-double-stranded deoxyribonucleic acid and anti-Smith) highly associated with this condition. Antinuclear antibodies (ANA) are positive in almost all SLE patients at some point in their disease, but their presence cannot always be associated with SLE. 15% of the United States population is ANA positive, but only around 10% of them have an AD (8). All these facts make SLE very heterogeneous, so individual counseling and multidisciplinary care are needed in all SLE patients.


Preconceptionally counseling

Ideally, conception should be planned when the activity of the SLE is low or quiescent and when the medical condition is controlled with medication that is not harmful to the fetus (3, 9). So, pregnancy should not be encouraged until the activity is regulated for at least 6–12 months. The risk factors for maternal and fetal outcomes should be analyzed individually, and preventive strategies should be implemented. The European League Against Rheumatism (EULAR) recommendations (9) present a Checklist of parameters to be considered in preconceptionally counseling that includes SLE activity, obstetric history, and maternal characteristics.

An analytical evaluation should be performed at least 12 months before conception. It should include a renal function, complete blood count, liver function test, cardiac and hemostatic profile, and also an immunologic profile with anti-double-stranded DNA antibodies, Complement levels (C3, C4, CH50), antiphospholipid antibodies if previously negative (lupus anticoagulant, immunoglobulin G and M anticardiolipin antibodies, and IgG and IgM anti-beta2-glycoprotein I antibodies), and anti-Ro/SSA and anti-La/SSB if previously negative (10).



Medication

All the medication taken by the women should be assessed, and if a teratogenic effect is detected should be changed. The safest immunosuppressors are Azathioprine (AZA) and 6-mercaptopurine; nevertheless, the lowest dose needed should be used (11). Sulfasalazine, although safe, can lead to a folate deficiency, so supplementation is needed (12). Cyclosporine is also safe, but the minimum dose should be used, and maternal blood pressure and renal function should be monitored (10). Tacrolimus is the more aggressive immunosuppressor used in SLE. Although it looks safe for the pregnancy, data is sparse, so obstetric precautions should be taken if needed (12). It is unclear whether Non-steroidal anti-inflammatory drugs (NSAIDs) could increase the risk of spontaneous abortion in women with difficulties in conceiving; therefore, it should be avoided. In the second and third trimesters, NSAIDs can cause oligohydramnios and ductal constriction, which should be monitored if they have to be used (13). Glucocorticoids are sometimes needed to control the disease if other medications are insufficient. When required, the lowest dose of prednisone should be used, and special care for monitoring fetal growth, maternal hypertension, and gestational diabetes should be taken (11, 14, 15).

There are some contraindicated drugs during pregnancy, and if pregnancy occurs during its use, the pregnancy outcome should be assessed. Cyclophosphamide should be avoided during the first 10 weeks of gestation, as it is associated with congenital malformations (11). Still, if used in the second or third trimester, although the data is sparse, it looks to have little or no impact on the fetus (16, 17). Mycophenolate mofetil, methotrexate, and leflunomide are contraindicated during pregnancy as they are associated with severe teratogenic effects (10).

Two medications are highly recommended in all SLE pregnant women. Those are:


	-Hydroxychloroquine: is highly recommended before and during pregnancy as it reduces the risk of SLE flares and seems to lead to better pregnancy outcomes (18–20). We suggest continuing with the hydroxychloroquine during pregnancy if it was used before or starting with it preconceptionally or as soon as possible during pregnancy in all SLE pregnant women.

	-Low dose aspirin (LDA): As shown in the ASPRE trial, 150mg per day of aspirin, started before 16 weeks, can reduce the risk of developing preterm preeclampsia in a high-risk population (21). SLE women are at high risk of developing it, around 14% higher risk than the general population (22). The use of a low dose of aspirin in all SLE pregnant women from 12 weeks until 36 weeks is recommended by the EULAR group (9), the US Protective Health Task Force (USPHTF) (23), and the American College of Obstetrics and Gynecology (ACOG) (24).





Pregnancy follow-up

As the activity of the SLE is the primary indicator of the pregnancy prognosis, it is recommended to monitor the SLE activity by clinical history, examination, and laboratory tests (complete blood cell count, differential cell count, urinalysis results and proteinuria, anti-DNA, C3, and C4), at least once per trimester, and by the patient's clinical status (3).

Pregnancies should be followed up similarly to those with a high risk of hypertensive disorder and placental insufficiency (9). Routine ultrasonographic screening should be performed as usual for this population (first and second routine scans). In the second and third trimesters, special precautions should be taken to detect any fetal growth anomaly.

With this goal, we propose having the first appointment before ten weeks to evaluate all the preconception items and counsel the pregnancy outcome. Perform the first and second-trimester screening scans, and then start with surveillance of fetal growth and maternal clinical status every four weeks (9). This would be adjusted to any medical complication that could appear.

Guidelines are not clear about when to deliver these pregnancies. If no fetal event has occurred and maternal disease is well controlled, local guidelines for low-risk pregnancies could be followed. Still, induction between 39 and 40 weeks could also be recommended to reduce the risk of hypertensive disorder and placental insufficiency (9). So individual counseling should be performed, taking to account the individual risk of preeclampsia, fetal growth restriction, and perinatal and maternal clinical features.



Special events during pregnancy


Exacerbation of SLE

The ranges of SLE flare during pregnancies vary from 7%–30% if low or quiescent activity of SLE was present six months before conception to 20%–60% if the activity was not controlled before (25–27). History of lupus nephritis, primigravida, and discontinuation of hydroxychloroquine, are also known factors of SLE exacerbation (10).

Signs of exacerbations may be a recent appearance of arthritis, arthralgias, edema, or fever of unknown origin. Also, the rise of anti-DNA antibodies or complement levels (complement levels are physiologically mildly elevated in pregnancy, so they must be carefully evaluated). If the clinical feature is mild, rest and paracetamol, along with the regular intake of hydroxychloroquine and topic steroids if cutaneous manifestation, should be enough. If the symptoms do not improve within two weeks, prednisone can be added. If the exacerbation is severe, high doses of corticosteroids could be needed, and close monitoring at the hospital should be done.



Lupus nephritis flare

The most complicated issue is differentiating lupus nephritis flare from preeclampsia, as it increases proteinuria, hypertension, thrombocytopenia, and worsening renal function. The onset of the overlapping symptoms before 20 weeks makes the lupus nephritis flare more common. Laboratory tests and clinical features could help us distinguish both entities (Table 1). The treatment consists of corticosteroids and immunosuppressors (AZA recommended). Suppose the severe flare does not respond to drugs with an acceptable safety profile. In that case, multidisciplinary care should be performed, and, occasionally, the end of the pregnancy and the use of embryotoxic drugs could be taken to a count (28).


TABLE 1 Lupus nephritis flare vs. preeclampsia.

[image: Table comparing lupus nephritis flare and preeclampsia across eight features: blood pressure, onset, proteinuria, urine sediment, uric acid, anti-DNA antibodies, complement, and SLE or renal symptoms. Key differences include uric acid, complement levels, sediment activity, onset timing, and antibody presence.]



Postpartum

Women with active disease before conception and those with significant end-organ damage are at a greater risk of disease flare in the postpartum period compared with those with inactive disease, so it is recommended that one month after delivery, laboratory and clinical follow-up should be performed (10).

Breastfeeding is possible, and medication should be adjusted.

For future pregnancies, we must emphasize the importance of preconception preparation. Also, inform the women about the possible consequences of a new pregnancy if any event occurred during the pregnancy (Worsen of nephritis, flares, perinatal outcome …).





Antiphospholipid syndrome (APS)

The APS is a systemic autoimmune illness characterized by venous or arterial thrombosis, obstetric complications, and the presence of antiphospholipid antibodies (aPL) (29), that is, Lupus anticoagulant (LA), anticardiolipin antibody IgM and/or IgG (aCL) and Anti-b2 glycoprotein-I antibody (aB2GP1) IgG and or IgM. APS can be associated with other AD, especially in SLE. Around 30% of women with SLE have a clinically significant aPL profile (30), and, from the women with APS, about 36% associate SLE and around 5% a Lupus-like syndrome (31).

To make the APS diagnosis, we have to follow the updated Sapporo criteria (32) (Table 2). It should meet at least one clinical criterion and one laboratory criterion to confirm the syndrome. Classification of APS should be avoided if the aPL are detected in less than two testings and at least 12 weeks apart or if the clinical manifestation and the aPL detection are separated for more than five years.


TABLE 2 Updated Sapporo criteria for the diagnosis of APS (at least one clinical criterion and one laboratory criteria).

[image: Table in two columns listing clinical and laboratory criteria for a medical diagnosis. Clinical criteria include types of thrombosis and obstetric complications. Laboratory criteria cover specific antibody tests and guidance for APS classification. Footnotes provide details on definitions and exclusions.]

Some women do not meet the Sapporo criteria but have an aPL profile. It is controversial if these women are at high risk of pregnancy complications, infertility, or thrombosis. Still, most of the literature suggests that these women are not an at-risk group (33–39).

APS can be further classified according to the clinical condition that confirms the syndrome in (40)


	-Thrombotic APS: when one or more vascular thrombosis occurs (Arterial thrombosis, venous thrombosis, or small vessel thrombosis)

	-Obstetric APS: when an obstetric complication occurs, that is, one or more unexplained deaths of a morphologically normal fetus at or beyond ten weeks gestation; one or more premature births of morphologically normal fetus/es (<34 weeks) because of eclampsia or severe preeclampsia, or placental insufficiency (abnormal or non-reassuring fetal surveillance test, abnormal Doppler flow velocimetry waveform analysis suggestive of fetal hypoxemia, oligohydramnios, or postnatal birth weight less than the 10th percentile for the gestational age); or three or more unexplained consecutive spontaneous abortions before ten weeks, with maternal anatomic or hormonal abnormalities and paternal and maternal chromosomal causes excluded.

	-Catastrophic APS: when the syndrome is life-threatening and characterized by thrombotic complications affecting multiple organs simultaneously or over a short period.



High levels of LA in women with APS have been correlated with worse obstetric outcomes (41, 42), and the triple positivity (LA, aCL, and aB2GP1 positive test) also appears to be associated with worse outcomes (43–46).


Obstetric management

The ultrasound follow-up should be like the one performed in SLE. The best timing for delivery should be discussed with the patient. Guidelines are not clear about the best moment to finish the pregnancy, but considering the personal obstetric history and the risk of adverse perinatal outcomes, delivery between 39 and 40 weeks could be recommended.


Apl positive with no APS criteria

Although these women are not considered to be at a high risk of pregnancy loss, although controversial, it is generally considered to be a risk factor for preeclampsia (3, 37, 46–48). With very low-quality scientific evidence, the use of low-dose of aspirin (LDA) could be considered to reduce their risk (3, 9) [150 mg per day until 36 weeks of gestation (21)] if the individual circumstances could benefit (e.g., Triple positive aPL, strong positive LA, IVF, etc.)



Thrombotic APS

Women with prior thrombosis are generally treated with oral anticoagulants and sometimes with a low dose of aspirin (LDA). During pregnancy, the oral anticoagulant should be changed to low molecular weight heparin (LMWH) in the therapeutic dose (3, 9). In postpartum, the previous oral anticoagulant can be introduced if compatible with breastfeeding. LDA should continue with 150 mg daily (risk-benefit should be considered for continuing or not after 36 weeks).



Obstetric APS

Pregnancy is a risk factor for thrombosis, so in these women, prophylactic LMWH should be started when pregnancy begins and continued until 6–12 weeks postpartum. As the risk of preeclampsia is also higher in this group, LDA should also be started at 150 mg per day until 36 weeks of gestation (3, 9, 21).

Sometimes despite the correct treatment of the Obstetric APS, a poor outcome appears. This is known as refractory Obstetric APS. Some alternative therapies have been tried, such as hydroxychloroquine, intravenous immunoglobulin, or prednisone, with promising results, but nowadays, we cannot strongly recommend them as the evidence is scarce (49–51).



Postpartum

During postpartum, the antithrombotic medication should be changed to oral anticoagulant at the thrombotic APS, as they are safe during breastfeeding. In cases of Obstetric APS, prophylactic LMWH should be continued until 6–12 weeks postpartum.

For future pregnancies, we must emphasize the importance of preconception preparation.





The anti-Ro/SSA and anti-La/SSB antigen-antibody systems

These antibodies can be present in different AD such as SLE (30%–50%), Sjögren syndrome (60%–90%), Rheumatoid arthritis (11%), etc (52). The presence of anti-Ro/SSA and/or anti-LA/SSB associates a high risk of several fetal and infant manifestations. This could be transient and spontaneously resolved (10% of neonatal lupus erythematosus, 20% transient thrombocytopenia, 30% mild transient transaminitis) or as severe as complete (third-degree) fetal heart block (2% on pregnancies with no prior infant affected with cutaneous or cardiac heart block, and 13%–18% if there was a previous infant affected) (3). Approximately 20% of children with complete cardiac heart block die in utero or within the first year of life, and more than 50% will need a pacemaker (53). In most cases, congenital heart block appears between 18 and 24 weeks and rarely after 26 weeks.

Most guidelines recommend fetal echocardiogram monitoring once a week from 16 to 26 weeks and less frequently afterward in pregnancies with a prior infant affected. But it is controversial if this should be done in those women with no previous pregnancy affected, as the global risk is low. Nevertheless, as intensive surveillance is well accepted and carries no risk, it is also recommended for these women (3, 9, 52, 54).

There is no proven treatment for complete fetal heart block (55–58). Third-degree heart block is always irreversible despite the therapy used, second-degree heart block will also progress despite the therapy used (59), and the studies with first-degree heart block are inconsistent (60, 61).

Recent data suggest the potential benefit of hydroxychloroquine in preventing the recurrence of complete fetal heart if there was a previous infant affected (62, 63) or if anti-Ro/SSA and/or anti-LA/SSB antibodies were present (62, 64). That is why most guidelines recommend using hydroxychloroquine in all pregnancies with anti-Ro/SSA and/or anti-La/SSB (3, 9, 52).

The use of dexamethasone to treat fetal heart block is controversial. There has not been a proven beneficial effect in preventing fetal heart block (65). In some studies, it appears that dexamethasone can reverse carditis and incomplete fetal heart blocks (55, 57, 66–68), which is why some guidelines recommend the use of dexamethasone in first and second-degree fetal heart block after assessing the risk and benefits (3, 52). Nevertheless, a systematic review in 2019 did not find any improvement in the use of antenatal corticosteroids alone or in combination in fetal or neonatal morbidity or mortality if fetal second-degree heart block had occurred (69).

Intravenous immunoglobulins and plasmapheresis in some small studies have been shown to have potential roles in preventing the recurrence of fetal heart block (64, 70–72), and in combination with corticosteroids seem to revert second-degree heart block (73, 74). Still, further and more extensive research should be carried out.

The delivery timing will be in accordance with the fetal status. Suppose there has not been any fetal manifestation, and the concomitant disease does not recommend any particular delivery timing. In that case, there is no evidence that a rapid induction would benefit the mother or the fetus, so local guidelines for low-risk pregnancies should be followed.


Postnatal counseling

In these women is essential to counsel about the subsequent pregnancies. If the newborn had no manifestations, the risk of having a child with a heart block is about 2%. But if the newborn had a heart block, the risk of recurrence is six to ten times higher, and if the manifestation was neonatal cutaneous lupus, the risk of having a baby with a heart block is 13%–18% (62). It will be necessary then to counsel about using preventive hydroxychloroquine in future pregnancies.




Rheumatoid arthritis (RA)

Rheumatoid arthritis (RA) is a chronic inflammatory disease characterized by joint swelling, joint tenderness, and destruction of synovial joints, leading to severe disability and premature mortality, and usually accompanied by autoantibodies that can precede the clinical manifestations for many years (75). The diagnosis is challenging. The 1987 American College of Rheumatology (ACR; formerly the American Rheumatism Association) criteria (76) focuses on distinguishing patients with RA and those with another inflammatory synovitis. The 2010 American College of Rheumatology (ACR)/European Alliance of Associations for Rheumatology (EULAR) classification criteria (75) tries to identify patients in earlier stages, where treatment could prevent patients from reaching the chronic erosive disease state. Using this new classification, younger women are diagnosed and treated, and their presence in the obstetric clinic is also arising.

Commonly, RA activity improves during gestation (around 60%) and flares during the several months postpartum in about 46.7% (77). But in half of them, flares can happen, or the activity can remain during pregnancy (78), so we have to be careful with the treatment used.


Preconceptionally counseling

Ideally, counseling about treatment and changing those with teratogenic effects should be done before pregnancy. If not, it should be done as early as possible, and counseling about teratogenic treatment should be done.

In well-controlled RA, the pregnancy outcomes are not worsened. Still, the overall risk of adverse perinatal outcomes is augmented (hypertensive disorders, intrauterine growth restriction, preterm delivery, and cesarean delivery) (79, 80). So ideally, RA should be controlled 6–12 months before the pregnancy with no teratogenic medication (p.e. sulfasalazine, hydroxychloroquine, tumor necrosis factor alfa inhibitor).

As it is associated with Anti-Ro/SSA and/or anti-LA/SSB in around 11%of cases (52), we should test for these antibodies before pregnancy or as soon as possible during pregnancy if not previously performed (3).



Pregnancy and postpartum follow-up

If the RA is well controlled and is not associated with anti-Ro/SSA or anti-LA/SSB antibodies, they can follow standard pregnancy care, and in each appointment, we should question possible flares. In the case of flares or if the RA was not controlled, close monitoring of fetal growth and hypertensive disorders should be performed (3).

Delivery timing should be in accordance with fetal and maternal well-being. If both manage pregnancy well, local guidelines for low-risk pregnancies should be followed. If maternal symptoms are limiting, the best time for delivery should be discussed with the patient, trying to achieve, if possible, 39 weeks of gestation.

In postpartum, as flares are more common, close monitoring should be performed because caring for a newborn may be very difficult with an RA flare. This fact should be advised to the women, so prompt treatment can be started as soon as the flare appears. Most medications are compatible with breastfeeding and should be used if necessary (3).




Sjögren's syndrome (SS)

It is a chronic, multisystemic AD characterized by lymphocytic infiltration of the lacrimal and salivary glands provoking the secretory function loss of these glands and infiltration that may also occur in other organs. Symptoms range from xerophthalmia, xerostomia, fatigue, myalgia, and arthralgia to severe systemic symptoms with cutaneous, vascular, renal, pulmonary, or neurological involvement (81). It can be present alone as primary Sjögren syndrome (pSS) or associated with an underlying AD (commonly RA or SLE). Affected women with SS are likely to have worse perinatal outcomes than the general population, but data on pSS are scarce, as SS is usually associated with Anti-Ro/SSA. The Brazilian Society of rheumatology has recently published some recommendations on the obstetric care of these pregnancies (52). The British Society for rheumatology has also published a guideline for managing adults with pSS (54). Both conclude that pregnant women with pSS are at high risk of adverse perinatal outcomes [premature birth, lower neonatal average weight, intrauterine growth restriction (82)], and special care should be taken. They recommend that the disease should be controlled for at least six months before pregnancy and that the profile of aPL and anti-Ro/SSA antibodies should be updated. The British guideline (54) recommends using LDA to improve placental implantation, but with a very low level of scientific evidence.

We recommend establishing if SS is associated with SLE, AR, or anti-Ro/SSA. If, so, the obstetric management should be as explained before in each AD. If there are no other associations, we recommend close monitoring of the pregnancy by ultrasound (monthly), but no further treatments should be needed. If no fetal or maternal events have occurred, the delivery timing is unclear, and local guidelines for low-risk pregnancies should be followed.

SS is likely to worsen during pregnancy and postpartum, mainly due to a worsening of pulmonary hypertension (83). Women should be aware of this, and close monitoring of clinical symptoms should be performed to promptly identify and treat if necessary.



Undifferentiated systemic rheumatic disease and overlap syndromes

Some patients do not entirely fit all diagnostic criteria for any rheumatoid disease, although they have systemic syndromes, and they will be undiagnosed during 5–10 years (84, 85). The follow-up of these women is more complicated, as it should be according to their primary rheumatological symptoms but taking to account every antibody or symptom that could interfere with the pregnancy (for example, anti-Ro/SSA or Anti-La/SSB antibodies). As in all the other medical conditions, but more importantly in these women, as the syndrome could be more complex, a multidisciplinary follow-up should be done.



Conclusion

Pregnant women with an AD should be followed up by a multidisciplinary team (obstetricians, rheumatologists, etc.).
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Pregnancy loss, in all its forms (miscarriage, abortion, and fetal death), is one of the most common adverse pregnancy outcomes, but the psychological impact of such loss is often underestimated. The individual response to this outcome may vary between women—and could be influenced by age, race, culture, or religious beliefs—but most experience anxiety, stress, and symptoms of depression. Because pregnancy loss is not uncommon, health providers are used to dealing with this diagnosis, however the correct management of the process of diagnosis, information-gathering, and treatment can greatly ameliorate the adverse mental consequences for these women. The aim of this review is to examine the different types of pregnancy loss, and consider how each can influence the mental health of the women affected and their partners—in both the short- and long-term; to review the risk factors with the aim of identifying the women who may be at risk of consequential mental health problems; and to provide some advice for health providers to help these women better cope with pregnancy loss. Finally, we provide some points for health providers to follow in order to aid the management of a pregnancy loss, particularly for spontaneous, induced, or recurrent miscarriage, or stillbirth.
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Introduction

A pregnancy loss, in all its forms, whether it miscarriage, abortion, or fetal loss, is today one of the most common adverse pregnancy outcomes today. In many cases pregnancy loss is associated with short- and long-term psychological effects, which are often underestimated by health professionals (1). The response to such loss has changed over time, and can be influenced by factors that include religious and cultural issues, age, and stage of pregnancy. However, there will surely always be some psychological impact, whether mild or severe.

Pregnancy loss can occur spontaneously or voluntarily. Induced abortion is one of the most common surgical interventions worldwide, and its psychological repercussions are not negligible. These are influenced by many factors that could not be excluded from this review. The frequency of miscarriage worldwide also makes its psychological impact significant. The aim of this review is: first, to analyze the psychological morbidities associated with the discrete types of gestational loss; second, to consider the associated risk factors and protective factors with the aim of identifying those who might be at risk of experiencing negative mental health outcomes; and third, to provide some advice and recommendations for the healthcare providers involved in prenatal care to aid the detection of those at risk in order to prevent or reduce adverse psychological outcomes.



Classification of pregnancy loss

There is no consensus in the classification of pregnancy loss, with definitions differing around the world. In the absence of such consensus, we propose a classification of gestational loss, which is shown in Table 1. We employ this classification in the following exposition.


TABLE 1 Classification of pregnancy loss.

[image: Table providing definitions for pregnancy loss terminology, distinguishing between spontaneous abortion, miscarriage, voluntary termination, stillbirth, and fetal reduction based on gestational age, number of losses, and voluntariness of termination. Numbers in parentheses reference sources.]

We can classify spontaneous abortion, or miscarriage, by early and late abortion. We use the term “early pregnancy loss” for those occurring before 10 weeks of gestation (2). Early pregnancy loss is defined as a nonviable, intrauterine pregnancy with either an empty gestational sac or a gestational sac containing an embryo without fetal heart activity within the first 10 + 6 weeks of gestation (2). We use the term “late abortion,” “late miscarriage,” or “fetal miscarriage” when for those occurring between 10 and 22 weeks of gestation (crown–rump length > 33 mm) (2).

The term “recurrent miscarriage” is harder to define, for example, we can use this term when a spontaneous loss occurs in: at least two gestations, not required to be consecutive (3); three or more gestations, not required to be consecutive (4); or two or more consecutive gestations (5).

We use the term “fetal loss,” or “stillbirth,” when the pregnancy loss occurs after 22 weeks of gestation (6).

We use the term “induced abortion” when a controlled procedure is performed in order to terminate a pregnancy. Reasons to terminate a pregnancy include an unplanned gestation, fetal malformation, and maternal health complication (7).

“Fetal reduction” is a specific type of induced abortion involving a multiple gestation, where one or more of the fetuses are voluntarily selected for termination (8).



Spontaneous pregnancy loss: mental health consequences


Early and late pregnancy loss

Studies indicate that approximately 20% of all pregnancies end in spontaneous abortion within the first 22 weeks (9), making early pregnancy loss the most common obstetric complication. However, this high incidence rate can lead to health providers (and society in general) underestimating the impact on the mental health of those affected. The high incidence rate also means that early miscarriage is often overlooked in research (9).

It is easy to assume that the later the loss of a pregnancy, the more repercussions on the woman's physical and mental health (10). A number of variables have been cited as influencing the way patients and their partners cope with pregnancy loss, acting as protective or risk factors for adverse mental health outcomes (11).

Some studies have reported the deleterious effects of spontaneous abortion on women's mental health: 55% of women presented symptoms of depression, up to 27% perinatal grief; and more than 18% reported moderate anxiety (11). Some of the risk factors that have been cited for presenting depression, anxiety and perinatal grief are:


	–low socioeconomic status (11, 12),

	–childless women (11, 12),

	–low standard of education(13), and

	–fewer than 6 months since miscarriage (13).



Research suggest that race can also affect mental consequences (14). Black-women who undergo treatment After an spontaneous abortion are approximately depression that non-Black women.

Some of the protective factors that have been cited in the prevention of depression, anxiety and perinatal grief are


	–high standard of education (11, 15),

	–non-immigrant women (14),

	–good conjugal relations (11, 16), and

	–satisfaction with healthcare received (11, 16).





Recurrent miscarriage

Recurrent miscarriage is broadly defined as the repeated, unintentional loss of pregnancies. Depending on the definition used the prevalence is different. If two or more pregnancy losses are used as the definition of recurrent miscarriage, the prevalence is to 2%–6% of the general population, but this decreases to 0.7% if we use the definition of three or more pregnancy losses (3–5, 17). This figure includes only hospital-treated miscarriages, so the true prevalence in the general population may be higher.

Repeated pregnancy loss results in feelings of discouragement and emotional pain. Many psychological disorders have been described in those who experience recurrent pregnancy loss, such as increased risk of anxiety, depression, grief, guilt, and anger (18). Symptoms of moderate or severe depression are present in about 10% of affected couples, and high stress levels are reported in more than 40% of patients with recurrent pregnancy loss (19).

Compared to women with only one prior miscarriage, couples with recurrent pregnancy loss present severe symptoms of both depression and stress, for a longer time, and experience a greater negative impact on their mental health during subsequent pregnancies (20).

Recurrent miscarriage affects not only the woman who miscarries but also her male partner. If we compare the effects of recurrent miscarriage, 72.7% of the affected women and 66.3% of their male partners revealed a risk of anxiety; and 51% of women and 19% of their male partners presented a risk of depression (21–23). In general, the risks of experiencing depression and anxiety are higher in women.

Some risk factors for the psychological effects on couples experiencing recurrent miscarriage are: limited social support and the number of previous pregnancy losses (21).

Two of the main protective factors for adverse outcomes are: a previous child with the current partner, and the couple’s perceived satisfaction with their relationship (21).

A flexible system must be put into place to help the affected people cope with recurrent losses, and to ease any frustrations or doubts about their reproductive abilities (9).

General recommendations include: allowing greater recovery time (optimal recovery time varies on a case-by-case basis); accepting each other’s feelings; receiving support from others; and asking for advice from professional health providers if necessary (24).

Recurrent miscarriage can adversely affect mental health during future pregnancies. In addition, those who experience recurrent miscarriage are generally dissatisfied with the medical care they receive and want a more individualized approach to care (24, 25). They require sensitivity, empathy, acknowledgment of their losses, and access to accurate and reliable information about the etiology of their loss. The majority also perceive lack of follow-up from medical staff (25, 26).

The concept of “tender loving care” reoccurs in some literature, advocating for increased emotional support and increased monitoring for those who have previously experienced recurrent miscarriage. This recommendation is based on results which document successful pregnancy outcomes in 86% of women who received this level of supportive care and close monitoring, compared with only 33% successful pregnancy outcomes for women who did not receive this level of attention (25, 27).



Stillbirth

Approximately 2% of all pregnancies end in stillbirth. This is defined as an intrauterine fetal death occurring after 22 weeks (6). Stillbirth is an extremely significant adverse pregnancy outcome affecting both short- and long-term psychological wellbeing (28). It can be argued that the effects of stillbirth cannot be compared with other, earlier gestational losses because the prospective parent is losing a person who is already part of their life, with whom they have planned to spend time, and with whom they have imagined a future together (29). In some cultures, the mother is blamed for the stillbirth, leading to social stigmatization. It is very common for those who suffer a stillbirth to experience feelings of guilt and shame, compounded by an inability to express their grief over the loss, which in turn exacerbates rates of depression. Many who suffer stillbirth socially isolate themselves, thereby aggravating short- and long-term depressive symptoms (30, 31).

In approximately 50% of stillbirths the etiology is undeterminable (32), further contributing to a sense of there being a lack of answers and compounding feelings of guilt and shame. For many who have lost a child, the care they receive after the event will have consequences for their self-esteem and even their self-identity, it is therefore important to comprehend the different phases in the process of perinatal grief, and how health providers might help people coping with such loss (33).

Different stages of perinatal grief may be defined as: shock at the moment of diagnosis; disorientation; the phase of maximum sadness; emptiness and helplessness; reorganization; and finally acceptance (25).For the patient the first moment after the diagnosis is the shock phase: the patient has to accept the clinical news. The main characteristics of this phase are denying the news; being non-responsive to stimulus; and, after that, having feelings of anger. Despite this, the patient has to deal with giving birth to a baby who has died and they will naturally feel fearful of the process. In the very first moments they will feel pain, but after that their anger will focus on what they can blame (30).

It is in this first phase that psychosocial support by medical providers occurs. The way medical providers act and manage this situation has the potential to significantly improve a patient's outcome after stillbirth and can help minimize the negative risks of traumatic grief (33).

In the long term those who have had a stillbirth are likely to experience adverse mental health. Anxiety and depression during the first months are common in up to 50% of couples, with the effects being present for up to 3 years after the event (27), which is much longer than other gestational losses. The phase of reorganization and acceptance, involving a return to normal life, usually begins 18 months after the loss, although this varies according to personal circumstances.

Despite the acceptance phase having passed, these couples continue to exhibit psychological symptoms in other aspects of life. A case–control study carried out at Oslo University Hospital, comparing mental health and quality of life of women after stillbirth with women after healthy deliveries, concluded that the former more frequently reported pain, were more physically and mentally exhausted from work, and felt that their health was worse (33, 34).

The study also found that those cases report a slightly lower quality of life, and that this fact does not change with time elapsed since the loss (less or more than 10 years) (34). In addition, poorer marital relationships, disharmony, and sexual problems are also more common in these couples.

The risk of experiencing depression, anxiety, and post-traumatic stress disorder in a subsequent pregnancy is higher after a fetal death, and this risk is greater the shorter the time since the loss, although these symptoms often decrease postnatally (35, 36). Screening for adverse psychological issues is appropriate at the first and at any follow-up visits in order that appropriate medical support can be provided.

Data on the management of pregnancies after an unexplained stillbirth are scarce. Women should be encouraged to minimize the risks of stillbirth that are attributable to modifiable risk factors such as optimizing glycemic control, avoiding smoking, following a healthy diet (37). However, a 2018 Cochrane review found insufficient evidence to issue a clinical practice guide including effective interventions to improve care for women with a history of stillbirth (38).




Voluntary termination of pregnancy: mental health consequences


Induced abortion

Elective abortion is one of the most common medical interventions worldwide, with approximately 73 million induced abortions performed each year (39).

An unintentional pregnancy brings emotional stress: with the woman having to decide how to deal with the pregnancy and what to do in a very short period of time, and then experiencing an induced abortion. There are consequences for the mental health of the women that undergo voluntary termination (40). Due to liberal abortion laws, 15% of the world’s elective abortions are performed in China. A study performed in China, with the aim of determining the prevalence of stress and depression after an induced abortion, concluded that while some women cope well with the process, others suffer a range of mental health issues. The overall prevalence of high perceived stress was 25.3% and the rate of depression 22.5% (40)—a lower rate than in the case of miscarriage (11).

Numerous risk factors can help identify which women might be at risk of negative psychological outcomes after an induced abortion. Improved screening for these risk factors should help identify women who might benefit from additional pre- or post-abortion counseling (41). We classify these risk factors as being associated with: social support, previous mental health issues, and clinical factors (42):


	–Associated with social support: perceived pressure from others to terminate a pregnancy; perceived opposition to the abortion from partner, family or friends; feelings of stigma or the need for secrecy have been described as risk factors for developing depression and trauma (43, 44).

	–Associated with previous mental health issues: a prior history of mental health problems can have a negative impact for women that decide to terminate a pregnancy. Personality factors, such as low self-esteem and low perceived control over their own life, can also increase the possibility of developing depression and stress disorder. In terms of behavior, denial of the process, avoidance, and doubts about the decision they have taken all have a negative impact on the future mental health of these women (45).

	–Associated with clinical factors: a prior history of abortion or an abortion after the first trimester have been identified as risk factors for adverse psychological outcomes.



Having identified these risk factors, there have been numerous recommendations for abortion providers to screen patients with the aim of providing additional counseling for those who need it—both before an abortion, including decision-making counseling, and afterward in the form of a follow-up (42). Doing so could be very effective in reducing long-term adverse results.

However, a systematic review that explored the effect of psychological and supportive interventions in reducing stress levels in women with a history of induced abortion concluded that there is no evidence of psychological support being effective in the prevention of adverse outcomes (45).



Fetal reduction

Fetal reduction is an abortion performed when elective fetal termination is indicated for triplets, quadruplets, and other higher order multiple pregnancies; or when a fetal defect is present in one of the fetuses in a multiple pregnancy (46). There is balance between the elective abortion and the birth of the surviving fetus, making this a nuanced procedure. Although it is suggested that patients involved in fetal reduction may experience negative mental health consequences, in fact the procedure is considered necessary in order to improve the health of the surviving fetus, and so the negative psychological effects are different and less severe compared with other types of pregnancy loss (46).

Studies have found that feelings of sadness and depression are very common on the day of the termination, affecting up to 69% of couples (47). More than half of the couples were anxious about the pain and the procedure itself; and 57% of subjects reported guilt on the day of the reduction (8). Despite these high percentages, in the medium and long term these patients experience a much lower rate of negative mental outcomes than those receiving an induced abortion in a single-fetus pregnancy (8, 49). In general, fetal reduction is considered to be well-tolerated.

One psychological effect, unique in this kind of abortion, is that the majority of patients tested (88.2%) describe fantasies about the terminated fetuses after the birth of the surviving baby, and even months later (48).

Finally, when the procedure of fetal reduction results in the loss of all fetuses in a multiple pregnancy the rate of depression is one of the highest described, in up to 75% of the couples (49). This situation is associated with a feeling of guilt for what has happened and of taken the wrong decision which increases the symptoms of pathological perinatal grief.




Consequences for future postpartum mental health

A prospective cohort study including more than 1,900,000 women compared the need for postpartum psychiatric treatment within 6 months of the delivery of their first live birth in women with a prior history of pregnancy loss (spontaneous or induced), with women with no history of pregnancy loss (50). Women with one or more pregnancy losses prior to their first live births were approximately 35% more likely to require psychiatric treatment than women without a history of pregnancy loss. As well as pregnancy loss a history of prior mental health treatment, independently but especially in combination with a prior pregnancy loss, is a risk factor in the need for postpartum psychiatric treatment (50, 51). Because psychiatric treatment is reserved for women with moderate to severe symptoms, this study enables us to focus on women at high risk of major depression and with high levels of anxiety.



Consequences for mental health in future pregnancies

As we have already established, miscarriages are associated with increased levels of distress, anxiety, and depression in the population concerned (11, 12). Psychological symptoms, such as stress and depression, have been linked to adverse pregnancy outcomes, including preterm labor and low birth weight (52). Therefore, identifying women at risk, and designing appropriate interventions in order to prevent such symptoms during pregnancy, can reduce adverse effects not only in the months after the miscarriage but also during the course of any future pregnancies. The effect of psychological management in these cases and future consequences has not been studied in detail, so,  as well as in cases of spontaneous loss, more studies are needed in this regard (29).



Management of pregnancy loss

When a pregnancy loss occurs, either spontaneous or induced, the correct intervention and support in the first phase of perinatal grief is associated with a lower depression rate and a better quality of life in the future (53). It is therefore important that health providers that assist these patients know the correct way to manage these situations.

General recommendations for managing pregnancy loss are applicable for spontaneous or induced abortion, recurrent miscarriage, and stillbirth (54), although stillbirth has some additional, specific recommendations.

Based on the needs expressed by participants in a study, we have created a list of recommendations for health providers and steps to follow (53):


	–Health professionals, physicians and midwives must be familiar with the tools for first-moment management after the diagnosis of a pregnancy loss in order to understand the situation, as well as knowing how to help and support these patients. The care provided should be individualized, preferably delivered by the same staff that were present at the diagnosis (53, 55).

	–Health professionals must take time to empathize, give emotional support, and answer questions posed by the couple in order to comfort them. Communication must be clear prior to making an informed decision about any proposed treatment; and give the couple the opportunity to openly talk about their feelings and doubts (55).

	–Terms such as “miscarriage” may be hurtful or considered insensitive, so should be avoided. Instead use terms such as “baby,” “your child,” or the name of the lost baby (56, 57).

	–During the process the partner should not be excluded from receiving compassionate care and adequate information (58).

	–A private area should be provided for the couple and their families, away from pregnant women (53, 59).

	–Specifically in the case of stillbirth, much research evidence suggests that contact with the baby after the birth was associated with a lower risk of depressive and anxious symptoms, both during the perinatal period and in a subsequent pregnancy (60). This should be actively recommended by health providers.



There are some actions and interventions carried out by health providers that must be avoided (60):


	–Some depressant drugs that can be used to relax a couple in shock in the first-moment phase, and can enable a feeling of negation of the situation. However in the future they can have an adverse effect for the process of acceptance (53).

	–Health providers should not avoid talking about the gestational loss. Although it is a painful and uncomfortable process for all involved, avoidance behaviors can make the couple feel that the loss is not significant (53).

	–Avoiding contact between parents and baby, or hiding the baby's items, only exacerbate the fantasies the couple create about the lost baby. Delaying contact with the baby can extend the state of denial (61).

	–Avoid expressions like: “You'll get pregnant again,” “you will have more children,” or “at least it happened before the baby was born and not after,” “you are still young”. These will only compound the affected couples’ sense of being misunderstood.





Conclusions

Pregnancy loss is the most common adverse outcome for women expecting a baby. Although different types of gestational loss may have common features, each can affect the future mental health of couples in different ways. It is important for clinicians to be familiar with factors in the development of adverse mental outcomes. In doing so, they can act appropriately at the point of diagnosis and treatment. In addition, they can aim to identify, early on, those women who might be at risk of developing an adverse mental outcome, in order to implement proper monitoring.
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A Corrigendum on
Pregnancy loss: consequences for mental health
By Cuenca D (2023). Front. Glob. Womens Health 3:1032212. doi: 10.3389/fgwh.2022.1032212


Text Correction

In the published article, there was an error. What the authors wanted to focus on in the text was not expressed correctly.

A correction has been made to Consequences for mental health in future pregnancies, paragraph 1. The sentence previously stated:

“Therefore, identifying women at risk, and designing appropriate interventions in order to prevent such symptoms during pregnancy, can reduce adverse effects not only in the months after the miscarriage but also during the course of any future pregnancies (29).”

The corrected sentence appears below:

“Therefore, identifying women at risk, and designing appropriate interventions in order to prevent such symptoms during pregnancy, can reduce adverse effects not only in the months after the miscarriage but also during the course of any future pregnancies. The effect of psychological management in these cases and future consequences has not been studied in detail, so, as well as in cases of spontaneous loss, more studies are needed in this regard (29).”

The authors apologize for this error and state that this does not change the scientific conclusions of the article in any way. The original article has been updated.
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Gestational diabetes (GDM), defined as glucose intolerance during pregnancy, affects one in six pregnancies globally and significantly increases a woman’s lifetime risk of type 2 diabetes mellitus (T2DM). Being a relatively young group, women with GDM are also at higher risk of developing diabetes related complications (e.g., cardiovascular disease, non-alcoholic fatty liver disease) later in life. Children of women with GDM are also likely to develop GDM and this perpetuates a cycle of diabetes, escalating our current pandemic of metabolic disease. The global prevalence of GDM has now risen by more than 30% over the last two decades, making it an emerging public health concern. Antepartum management of maternal glucose is unable to fully mitigate the associated lifetime cardiometabolic risk. Thus, efforts may need to focus on improving care for women with GDM during the postpartum period where prevention or therapeutic strategies could be implemented to attenuate progression of GDM to DM and its associated vascular complications. However, strategies to provide care for women in the postpartum period often showed disappointing results. This has led to a missed opportunity to halt the progression of impaired glucose tolerance/impaired fasting glucose to DM in women with GDM. In this review, we examined the challenges in the management of women with GDM after delivery and considered how each of these challenges are defined and could present as a gap in translating evidence to clinical care. We highlighted challenges related to postpartum surveillance, postpartum glucose testing strategies, postpartum risk factor modification, and problems encountered in engagement of patients/providers to implement interventions strategies in women with GDM after delivery. We reasoned that a multisystem approach is needed to address these challenges and to retard progression to DM and cardiovascular disease (CVD) in women with GDM pregnancies. This is very much needed to pave way for an improved, precise, culturally sensitive and wholistic care for women with GDM.
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1 Introduction

Gestational diabetes (GDM), defined as glucose intolerance during pregnancy, has risen in prevalence by more than 30% across all population groups over the last two decades, giving rise to an emerging public health burden (1). Globally, GDM is known to affect one in six pregnancies, with higher prevalence in Middle East and North Africa (30.2%) and in South-east Asia (23.7%) (1) (Figure 1).


[image: Choropleth world map illustrating diabetes prevalence by country using six color-coded ranges: less than three percent, three to five percent, five to ten percent, ten to fifteen percent, fifteen to twenty percent, and greater than twenty percent. Light gray indicates data not available.]
FIGURE 1
Prevalence (%) of gestational diabetes (GDM) worldwide (data from international diabetes federation atlas 2021). Created with Biorender.


Compared to women without GDM, women with GDM have a ten-fold increased risk of developing type 2 diabetes (T2DM) after the index pregnancy (2). In women with GDM, the linear risk of progression to diabetes is 9.6% per year after delivery, with the risk being higher in the first 5 years after delivery (2, 3). Ethnicity modifies diabetes risk in different ethnic groups. Women of South Asians and Black ethnicity are associated with an increased absolute risk of T2DM compared to White (4). However, the relative incremental risk of progression from GDM to T2DM could actually be higher in White ethnic groups compared to women of Chinese and South Asian ethnicity (White: adjusted HR13.6; 95% CI 13.2,14.0), Chinese: adjusted HR9.2; 95% CI 8.1, 10.3; South Asian women: adjusted HR9.6; 95% CI 8.8, 10.5) (5). Additionally, women with GDM, despite being a relatively young cohort, have a two-fold increased risk of cardiovascular disease (CVD) (6) and non-alcoholic fatty liver disease (NAFLD) (7) after delivery. Children from women with GDM are more likely to be macrosomic at birth and have a greater propensity to develop obesity and T2DM later in life (8). Female offsprings are also likely to experience GDM in their own pregnancies resulting in a vicious intergenerational cycle of GDM (9).

Given that T2DM, CVD and NAFLD are significant sequels to GDM, close monitoring of postpartum GDM is essential to prevent the development of T2DM. This is because detection of dysglycaemia early in the trajectory of cardiometabolic disease could enable implementation of risk-modifying intervention that reduce the growing prevalence of diabetes (Figure 2) but also mitigate associated cardiometabolic complications. However, an optimal cost-effective program to identify, monitor and manage women with GDM with elevated cardiometabolic risk post-delivery is currently lacking. In this review, we aim to summarize the key challenges in managing the metabolic sequalae in women with GDM during the postpartum period.
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FIGURE 2
Long term cardiometabolic consequences of women with gestational diabetes mellitus. Created with Biorender.




2 Current challenges in postpartum management of women with GDM


2.1 Challenges in postpartum testing


2.1.1 Is OGTT sufficient in stratifying glycaemic status postpartum?

The World Health Organisation (WHO) recommends a 75-grams oral glucose tolerance test (OGTT) as the screening test to reclassify glycaemic status in women with GDM after delivery (10). The OGTT involves a fasting glucose and a 2 h post-glucose load measurement and uses non-pregnancy criteria to identify women with impaired fasting glucose (IFG), impaired glucose tolerance (IGT), diabetes mellitus (DM), or normoglycaemia in the first 6 months after delivery (10). The IGT represents an intermediate state between normal and overt diabetes and individuals with IGT typically convert to T2DM at a rate of ∼5%–10% per year (11, 12). However, the risk of dysglycaemia could extend into women with normal glucose tolerance (NGT); 17.1% of women with GDM with NGT at 3 months postpartum developed prediabetes/diabetes within a year after delivery (13). Women with NGT who progressed to prediabetes/diabetes have higher fasting, 1 h and 2 h glucose level and tend to have a delayed peak blood glucose level at 60 min (16.1% of the progressors peak at 60 min on an OGTT compared to 6.5% of the progressors who peak at 30 min) (13). Conceivably, the defects in insulin secretion are likely to be a continuous process that begins long before the onset of overt diabetes. A ∼40%–50% loss in β-cell function is expected in women who had NGT with a 2 h OGTT of 6.6 mmol/L to 7.8 mmol/L (120–140 mg/dl) (14). Ravi Retnakaran et al. observed that women with mild glucose intolerance during pregnancy that do not meet criteria for diagnosis of GDM had β-cell dysfunction at 3–12 months postpartum (13, 15, 16), suggesting a progressive loss of β-cell function beyond pregnancy. Loss of β-cell function is likely to be independent of changes in adiposity or insulin sensitivity (16), highlighting a key pathophysiologic process that drives dysglycaemia (13, 17, 18) in women with GDM after delivery.

Most guidelines have recommended repeating OGTT in 1-year after delivery to re-stratify diabetes risk (19–21). Longitudinal studies consistently reported increased CVD and T2DM risk in women with NGT (6, 13) after delivery, thus a single 2 h OGTT measurement at 6–12 weeks postpartum may not have the sensitivity to identify women who are at high-risk for metabolic disease (22). Furthermore, OGTT is cumbersome, requires overnight fasting and additional staffing.

Abnormal glucose challenge test following an antepartum OGTT has been shown to predict pre-diabetes at 3 months postpartum with an AuROC of 0.754 in women with GDM compared to women with NGT during an antepartum OGTT (15). The glucose excursion during antepartum OGTT is a far more predictive metabolic marker compared to other metabolic measures such as the insulinogenic index or the homeostatic model assessment of insulin resistance (HOMA-IR) (15). Indeed, the number of abnormal OGTT values on a three-point OGTT test during pregnancy predicts the risk of developing T2DM at 5 years after the index pregnancy in a dose-response manner (23). A high fasting glucose during OGTT in pregnancy is strongly associated with development of T2DM in women with GDM compared to a high 2 h post-glucose load level (23). If glucose excursion values during pregnancy could provide insight into the future maternal risk of prediabetes (15), it would be reasonable to utilize it as a means to identify women at high-risk of glycemic and cardiometabolic deterioration in the postpartum period. This might be far more feasible especially when women rarely return for a postpartum OGTT test (24, 25) (described in sections below).



2.1.2 Using 1-hour-post glucose level to predict diabetes and complications?

The 1 h plasma glucose level ≥8.6 nmol/L (155 mg/dl) during an OGTT may identify individuals with NGT at high risk of progressing to T2DM and CVD (26–28). A cohort study of 1945 non-diabetic men and women followed over 24 years showed that individuals with a 1 h prandial glucose of ≥8.6 mmol/L and a 2 h post-glucose level of <7.8 mmol/L had a 4.35-odds (95% CI 2.50−7.73) and a 1.87-odds (95% CI 1.09−3.26) of developing diabetes and prediabetes respectively (29). Elevated 1 h post glucose level of 8.6 mmol/L was also associated with an adverse cardiovascular risk profile characterised by higher blood pressure, elevated low-density lipoprotein, triglycerides and increased inflammatory markers and carotid intima thickness (30–32). In addition to macrovascular complications, 1 h plasma glucose of ≥8.6 mmol/L also predicted progression to microvascular complications, such as diabetic retinopathy and peripheral vascular complications, in individuals with NGT and IGT during 39 years follow-up (33). Compared to the 2 h post-glucose level, the 1 h post-glucose level of ≥8.6 mmol/L offered greater sensitivity in identifying a high-risk NGT group at an earlier time point before β-cell decline (22, 29, 33) in multiethnic groups (34–37) and predicted future diabetes better than fasting plasma glucose (FPG), 2 h plasma glucose, and HbA1c (AuROC of for 1 h plasma glucose of 0.84; AuROC for FPG 0.75; AuROC of 2 h plasma glucose is 0.79 and AuROC of HbA1c is 0.73) (27, 28, 38, 39).

The utility of 1 h post glucose value was endorsed by International Diabetes Federation (IDF) (40). In a recent position statement, individuals with 1 h post-glucose value of ≥8.6 mol/L were categorized as intermediate hyperglycaemia and should be commenced on lifestyle prevention program (40). People with 1 h post glucose level of ≥11.6 mmol/L were classified as T2DM and should have a repeat OGTT to confirm diagnosis (40). Overall, the accrued data suggested better stratification of risk of future T2DM, diabetes-related complications, and NAFLD with the 1 h post-glucose level of 8.6 nmol/L (40, 41). This would be of great relevance to women with GDM who are likely to have an underlying mild β-cell defect, which may not become apparent until years after pregnancy (20). The shortened OGTT procedure (from 2 h to 1 h) is also more cost-effective and clinically appealing to women with GDM who found the 2 h OGTT procedure to be time-consuming (40).



2.1.3 Accuracy of other measures to assess glycaemic status in early postpartum period

Fasting plasma glucose (FPG) and HbA1c have been suggested as alternative screening tests to determine if a woman’s glucose status had returned to normal after delivery. FPG was correlated to HbA1c (r = 0.39) and the 2 h post-glucose value (r = 0.34) (42) but using FPG alone (at ≥6.1 mmol/L) resulted in missed diagnosis of impaired glucose tolerance (IGT) in 54% of women with GDM after delivery (43). In another study, 38.3% of women classified as glucose intolerance using OGTT test were reclassified as normal with a FPG (44). A postpartum FPG alone, whilst useful, may not be sensitive enough to ascertain glucose tolerance in high-risk multi-ethnic population (43), and is likely to lead to missed cases of diabetes and IGT.

Unlike FPG, HbA1c is relatively easy to perform but it could be affected by age, race, haematological factors or iron deficiency (45–48). HbA1c is not reliable in the first 1 year postpartum, due to blood loss during labour and persistence of high red cell turnover state (49). A HbA1c cut-off of 6.5% would misclassify 75% of the women with GDM who were previously categorized as abnormal glucose regulation by an OGTT test in the postpartum period (44). HbA1c is also weakly correlated with glycaemic parameters such as insulin sensitivity (r = −0.25, p = 0.010) or glucose disposition index (r = −0.26, p = 0.007) in women with GDM during early post-partum (3–6 months) (50). Using a lower HbA1c cutoff of ≥6% (42 mmol/mol) would increase the number of false negative that does not sufficiently identify IFG or IGT in postpartum GDM women (Specificity: 83.9%, 95% CI 73.2–92.9; Sensitivity: 23.8%, 95% CI 9.5–42.9) (50). Further lowering of the HbA1c cut-off to 5.7% would reduce its specificity (50). Notably, HbA1c 5.7−6.4% was a less precise predictor of glucose abnormalities in at risk individuals or in women with GDM in early postpartum period (42, 50) but could inform progression of glucose intolerance if assessed longitudinally and periodically during postpartum period (50). FPG could be used in combination with HbA1c in the prediction of diabetes during the postpartum period (51). A study from India showed that a FPG of ≥6.1 mmol/L or HBA1c ≥ 6.0% avoided OGTT in 80.9% of the women, without missing any cases of diabetes compared to missing 2.4% cases of diabetes when either FPG ≥5.6 mmol/L or HbA1c ≥ 5.7% were used alone (51).



2.1.4 Lack of consensus in the guidelines on postpartum follow-up

Guidelines differ in terms of timing and the type of screening test for postpartum glycaemic status in women with GDM (Table 1).


TABLE 1 Postpartum oral glucose tolerance test (OGTT) guidelines for women with a history of GDM.

[image: Table comparing guidelines from six organizations—ADIPS, Endocrine Society, ADA, CDA, ACOG, and UK NICE—on diabetes screening timeline and test postpartum, presenting differences in recommended follow-up periods and preferred tests such as OGTT, FPG, and HbA1c.]

The Australasian Diabetes in Pregnancy Society (52) and Endocrine Society (53) recommend screening for type 2 diabetes in women with previous GDM at least 6–12 weeks postpartum with a 75-g oral glucose tolerance test (OGTT), using non pregnancy criteria. The American Diabetes Association recommends screening for T2DM with an OGTT at an earlier time frame (4–12 weeks after delivery) to enable discussion of result at the 6-week postpartum obstetrical assessment (49, 54), whereas the Canadian Diabetes Association (CDA) suggests the same test over a longer period of assessment (from 6 weeks to 6 months) (19). The American Congress of Obstetrician and Gynaecologist indicates screening with either the OGTT or testing with fasting plasma glucose (FPG) at 6–12 weeks postpartum (21). On the other hand, the National Institute of Health and care Excellence (NICE) excludes a routine OGTT and suggests testing with a FPG or HbA1c at 6–13 weeks postpartum if FPG is not done earlier at discharge (55). The substantial variation in clinical recommendations throughout the world has made it challenging to understand the trajectory of cardiovascular and metabolic risk of women with GDM after pregnancy.




2.2 Challenges in adherence to postpartum testing


2.2.1 Adherence to post-partum OGTT (patient and provider’s perspective)

Despite the clinical relevance of OGTT in classifying postpartum dysglycaemia, uptake of postpartum OGTT has been universally low globally, ranging from 31%–49% in most studies (56–58). This is much lower compared to postnatal cervical screening (94%) and antenatal GDM screening (98%) (59).

Both patients and providers have highlighted several barriers to postpartum OGTT. Bennett et al. conducted a semi-structured interviews in women with GDM and identified several themes of barriers to postpartum OGTT testing, which include: (1) emotional stress of prioritizing newborn’s needs before a woman’s postpartum care needs, the challenging adjustment to the new role as a mother and fear of receiving a diagnosis of diabetes, (2) lack of communication from providers resulting in underappreciation of the condition and a perceived sense of lack of continuity of care due to change of healthcare providers (60–62). Interestingly, the barriers reported were largely congruent across different ethnic groups (61, 63). Hewage SS et al. conducted an exploratory study in Singapore and found that despite universal GDM education, 37% of the women with GDM did not feel that postpartum OGTT was very important (61). The time-consuming nature of the OGTT test, the unpleasant taste of the glucose drink, inadequate education on postnatal care and lack of communication from relevant healthcare providers were highlighted as common barriers to postpartum OGTT amongst women with GDM in Singapore (61). Similarly, women with GDM of Hispanic, African American and White ethnic group would not adopt behaviour change before a subsequent pregnancy because they did not view prevention of GDM in future pregnancy as a priority (63). Although GDM was often seen as an important “wake-up” call for action, healthy behaviour change after pregnancy was typically not sustained (61, 63) could also influence motivation for sustained behaviour change. In Singapore, cultural practices such as confinement diet [diet consisting of red date tea (high sugar content) and herbal soups] for 14–40 days after delivery resulted in women consuming more refined carbohydrates and indulging in cravings after confinement period (64). Thus, addressing the perceived beliefs regarding continuation of health behaviours after childbirth is crucial in a successful postpartum program (65) (Table 2).


TABLE 2 Challenges in the management of women with gestational diabetes after delivery.

[image: Table outlining barriers to diabetes screening and care after gestational diabetes by category: patient factors, provider factors, system factors, and process factors, detailing specific challenges such as risk perception, communication, responsibility, data tracking, infrastructure, and workflow.]

From the healthcare providers’ perspective, challenges in postpartum OGTT include lack of familiarity of screening protocols, attitudinal barriers such as having patients underestimating the severity of T2DM and perceiving the postpartum OGTT as unnecessary or costly (66). Even more worryingly, a study reported 49% of the incomplete OGTT was attributed to providers not requesting the test (67) (Table 2).



2.2.2 Uncertainty between primary and secondary care for postpartum screening

A challenge in the management of postpartum GDM is the lack of clear directions as to who should bear the responsibility of postpartum care for women. In some countries, the primary care providers (68) are expected to follow up women with GDM with a postpartum OGTT, whereas in other countries, internists are involved in the postpartum care for women with GDM (69). In practice, the type of tests to be used in assessment of glycaemic status after childbirth, frequency and duration of follow up deviated from national guidelines (70). Most specialists (73%) recommended long-term postpartum follow up but only 39% of primary care providers recalled women with GDM for diabetes screening (70).

Fragmentation of health services is a major barrier to postpartum screening (68, 70, 71). Hewage SS et al. pointed out that women were more likely to comply to T2DM preventive measures if recommended by healthcare providers (61). However, including a postpartum specialist clinician visit did not always result in higher rates of postpartum OGTT completion (56), particularly if women with GDM were not motivated to return for postpartum screening. Of the 81.1% of women who had postpartum clinician visit, 52% did not have a postpartum OGTT despite being arranged for them prior to presentation to a postpartum clinic (56). This suggests that the way the message was framed and delivered could influence a women’s decision to adhere to postpartum healthy behaviours (61).

In some countries, establishing a registry of women with previous GDM was expected to improve uptake of postpartum OGTT (72) but real-life data on the effectiveness of the GDM registry is not yet known. In Australia, the gestational diabetes registry had facilitated the process of sending automatic reminders for women with GDM to attend pre-booked postpartum OGTT screening, leading to a 9% increase in postpartum OGTT testing (73). Using a registry to recall women with GDM into primary care for postpartum screening was also shown to be effective, suggesting a potential utility of incorporating GDM register into family practice (74) (Table 2).



2.2.3 Interventions to improve OGTT uptake may not be translatable in clinical practice

Various measures have been undertaken to overcome the barriers to postpartum OGTT testing. These include patient reminders in the form of postal (75), email or phone messages (76), verbal and written antepartum counselling, flexible appointment times, advanced order sets for glucose monitoring at 35 weeks pregnancy visit, educational modules to increase awareness amongst women regarding metabolic risk (77). Whilst all these measures show reasonable improvement in the uptake of postpartum OGTT in clinical studies, changes in postpartum OGTT screening rates in clinical practice outside the context of clinical studies were minimal (24). This suggests a gap in the translation of research to healthcare practice. Involvement of other healthcare professionals, such as nurses or case managers, seems to improve postpartum OGTT adherence (25, 78). As seen in the Women in India with Gestational Diabetes Strategies (WINGS) project in India, it is possible to obtain a 95.8% (203/212) postpartum follow-up rate through sustained efforts by trained healthcare professionals to contact women (79). Aside from periodic reminders, strategies such as offering postpartum screening to women with GDM during child immunization visits and integrating GDM screening with national public health programs have also been suggested (80). An electronic self-administered capillary OGTT device was reported to have good user-applicability by untrained individuals in community and could be tested as a screening tool in women with GDM in future (81).

Mobile applications such as smartphones and mobile apps are utilized as practical tools to motivate women to return for their postpartum follow-up (82). Early studies on mobile application-based interventions showed promising results, but long-term effectiveness of mobile applications in postpartum GDM management is unclear (83). Much work is still needed to determine the effectiveness of mobile applications in engaging a broad audience with various levels of literacy and digital experience (83).



2.2.4 Is postpartum OGTT enough to evaluate other metabolic risks?

Dyslipidemia is a physiological response in pregnancy driven by secretion of steroid hormone (e.g., progesterone), increased hepatic synthesis of triglycerides, and reduced lipoprotein lipase activity in adipose tissue (84). The characteristic finding at the 12th week of gestation is an elevated maternal triglyceride (TG) level and a mild increase in low-density lipoproteins (LDLs) and high-density lipoproteins (HDLs) (84). Altered lipid levels at 3 months postpartum (85) rarely normalise within a year after delivery (86–88). Of note, one in six women with abnormal glucose tolerance had an abnormal lipid profile postpartum, and one in four women with NGT had dyslipidemia (89). Another study reported 43% of women with GDM who had normoglycaemia at 6 months postpartum had dyslipidaemia (90). Dyslipidemia during and after pregnancy (88) aggravated endothelial dysfunction and promoted premature atherosclerosis (91), leading to increased CVD events per 10,000 person-years in women with GDM compared to those without (5.8 vs. 2.5, p < 0.0001) (88). CVD events could occur in a subset of women with GDM who did not develop intercurrent T2DM (3.2 vs. 2.2, p < 0.0001) (92). In these women, mediation analysis showed that HDL, triglycerides and LDL cholesterol (without glycaemia) contributed to elevated CVD risk at 40.8% 12.1% and 9.9%, respectively (92).

CVD monitoring and modification of CVD risk are thus critically needed in women with GDM after pregnancy. However, surveillance protocols for CVD have been mostly focused on individuals aged 40–80 years with T2DM and not on younger women with GDM (93). Females of reproductive age are less likely to be offered statin, and even if offered, they are less likely to comply (94). Therefore, future research should consider intervention strategies to reduce progression of atherosclerotic disease in women with GDM, beyond preserving the β-cell function.




2.3 Challenges in implementing postpartum interventions


2.3.1 Decision on the most appropriate postpartum intervention

Currently, the most appropriate lifestyle intervention to prevent diabetes during postpartum period is not known. The Diabetes Prevention Program (DPP) and the Finnish Diabetes Prevention Study (FDPS) have shown that lifestyle interventions were effective in reducing risk of T2DM by ∼58% in women with a history of GDM (95, 96) and in at risk non-pregnant individuals (97). However, other lifestyle intervention trials during pregnancy did not show changes in fasting glucose or insulin sensitivity (98, 99). Women enrolled in the Tianjin Gestational Diabetes Mellitus Prevention Program, had significant weight loss and reduction in plasma insulin levels in the lifestyle intervention arm compared to the control group during the first year (100) but it is unclear if these effects were sustained (101). A systematic review on lifestyle intervention conducted in at-risk population in lower-middle income countries (LMIC) showed a possible reduction in T2DM incidence by 25% but the type of lifestyle intervention was heterogenous (102).

Various factors could impact on the success of a diabetes prevention program. Besides the type of intervention (physical activity or dietary changes or both), the level of intensity of contact between the healthcare worker and women, the mode of contact and whether the trial design included patients with prior education or elements of behavioural therapy such as goal setting, stimulus control and motivational interview could influence outcomes. Participants in the DPP received 16-sessions (6 months) of intensive curriculum on behavioral change (103) to reach a 58% reduction in diabetes risk (95). In the Mothers After Gestational Diabetes in Australia Diabetes Program, a 12-months intervention consisting of program handbook, face-to-face and telephone follow up calls ensured participants achieve their health goals (104). Latino women with GDM received an 8-weeks culturally appropriate education classes and monthly support sessions over a 6-months period to sustain health behaviour change (105). In South Asian population (India, Sri Lanka and Bangladesh), a 12-months lifestyle intervention trial on diet and physical activity did not yield any change in glycaemic status at 14 months in women with GDM (106). The South Asian ethnic group is likely to have a different trajectory for developing dysglycaemia during the postpartum period. Thus, a cultural and country specific approach is clearly needed to implement diabetes prevention care after delivery (106).

Cost-effectiveness is an important factor to consider in the implementation of prevention programs for women with GDM. Unfortunately, few studies studied the cost-effectiveness of T2DM prevention in women with GDM. Werbrouck et al. concluded that an OGTT every three years could potentially lead to the lowest cost per T2DM case detected (107) but the modelling studies done were 14–30 years ago (1993–2010) and did not include incremental analysis or a comparator population of “no screening/prevention” (107). No further randomized controlled trials on the cost-effectiveness of lifestyle intervention programs has since been conducted (108), representing a clear research gap in women’s health.

Metformin and Troglitazone were studied as potential agents to reduce the risk of diabetes in women with previous GDM. Compared to the placebo, women with previous GDM (n = 350) benefited from metformin and intensive lifestyle modification, with both these interventions achieving a ∼50% and ∼53% risk reduction of diabetes, respectively (95). The effect of metformin or lifestyle intervention also persisted for 15 years in DPP study (109). Likewise, in the Troglitazone in Prevention of Diabetes (TIRPOD) study, treatment with Troglitazone (400 mg per day) in 133 women with GDM of Hispanic origin for 30 months resulted in more than 50% reduction in the incidence rate of T2DM (12.1% in Troglitazone vs. 5.4% in placebo group, P = 0.03) (110). Two-thirds of the women receiving Troglitazone had improved insulin sensitivity and a greater mean decrease in fasting glucose (110) and protection against diabetes for 8 months after stopping therapy (110). Due to concerns about hepatotoxicity, troglitazone was discontinued. Dipeptidyl-peptidase IV (DPPIV) inhibitors and sodium-glucose co-transporter 2 (SGLT2) inhibitors were studied in small number of patients with previous GDM. A proof-of-concept study in forty women with prior GDM showed that a 16-weeks treatment with metformin and sitagliptin significantly increased first-phase insulin secretion from 720.3 ± 299.0 to 995.5 ± 370.3 pmol/L (P = 0.02) but no significant change was observed with sitagliptin or metformin alone (111). In another study, women with previous GDM lost 4.9% of their original weight after 24 months of dapagliflozin-metformin combination compared to metformin (1.4% weight loss) or dapagliflozin alone (3.2%) (111). Women with prior GDM randomized to 84-weeks of metformin 2000 mg and liraglutide 1.8 mg subcutaneously per day had improved postpartum insulin sensitivity and reduced body weight compared to women receiving metformin alone (112). More studies are clearly needed to establish the optimal early postpartum treatment for this high-risk young cohort.



2.3.2 Implementation of care in high-income (HIC) and low middle-income (LMIC) countries

Challenges faced in implementing postpartum GDM care are contextual and highly dependent on the societal/cultural barriers and health system resources available for maternal care in each country. Postpartum care for women with GDM in high income countries (HIC) is at present, suboptimal (66). On an individual level, the barriers identified in HIC include fear of diagnosis of diabetes, inadequate information on postpartum care, difficulties in adhering to a healthy lifestyle long term (60, 113–117). From a health system perspective (60), challenges perceived are lack of concern on postpartum health by policy makers (67), lack of agreed quality and accountability measures between providers and patients on a global/local level (66, 118). Most countries by default, would refer women with GDM to primary care as a standard practice but quality of postpartum care in each practice varies (20, 21, 119). In Finland, a universal healthcare system exists to provide a series of intervention from primary care to preventive care and through to treatment for women with GDM (120). However, even in Finland, return rate for postpartum OGTT testing ranges from 30.9%–85.2%, with higher rates of return in areas that offer lifestyle intervention (121). In the United States, continuous care to pregnant women with or without GDM during the postpartum period depends on whether the women were enrolled in health systems that offer prevention programs (122). In Australia, postpartum care depends on whether the woman is followed up in a public or private sector (123). Those receiving postpartum OGTT test in a public sector are likely to have fragmented care due to inadequate staffing, difficulty in establishing a continuity of care after delivery (123) while those in private sectors are more likely to be enrolled in a long-term follow up programme (123).

The data on postpartum care for women with GDM in LMIC are limited, compared to HIC (66, 118, 124). Some of the challenges identified in LMIC are similar to those seen in HIC (e.g., fear/anxiety about the perceived diagnosis of overt diabetes) (125, 126). However, the more pertinent issues are associated with social and cultural issues and differences in health systems between countries (60, 118, 124, 127). Shortage of trained healthcare professionals (118), issues with transportation to health centres (128) or lack of financial means to see a healthcare professional and poor understanding on implication of GDM on long term metabolic health (125, 129) are highlighted as barriers to postpartum follow up (127). The lack of robust follow-up systems (124), guidelines or glucose equipment for postpartum care (118) pose substantial barriers to screening and counselling. Healthcare professionals in LMIC such as India or Turkey often do not recommend women with GDM to have postpartum testing according to latest evidence (130, 131). It is therefore not surprising that fewer than one in ten people with diabetes in LMIC receive the standard level of care as detailed in international guidelines (132). In LMIC, inadequate collaboration between different specialists impairs the process of coordinating care for women (124). Women often have to consult different services and specialists and the delays experienced in receiving care increases the risk of drop-outs (124).

Society and cultural factors influence the provision of care. In Southeast China (133) or Vietnam (134), GDM is perceived by women or family members as an insignificant condition that disappears after delivery and this greatly influence their care-seeking behaviour (134). Husbands’ approvals are sometimes needed before a woman seek for medical care (124). Illiteracy and the cultural expectation for woman to deliver at home results in missed opportunities to educate women and family (118). In Tonga, physical activity as a preventive measure is perceived as a “foreign” concept, resulting in a reluctance to engage in physical activity measures after delivery (135). Although society and cultural issues emerge as a prevailing factor in shaping care in LMIC, factors such as low perceived importance of postpartum GDM care by policy makers (66, 67, 118, 127), absence of financing strategies and disorganized care processes remain a common issue globally (129, 133, 134). Despite these issues, delivery of postpartum care is still possible if innovative, country-specific and culturally appropriate methods are carried out (see below) (58, 79, 136, 137).

Medical specialisation has continued to expand in LMIC but the type and number of specialists available to deliver care in a particular field may not necessarily translate to improved service availability (138). Factors like inadequate incentivisation and career advancement opportunities for specialists in public sector often lead to migration of specialists from public to private sector, which influence delivery of equitable public health services (138). Thus, country-specific policies should be in place to determine the level of health systems that require specialists’ involvement (138). Public health services data in Iran and China showed that community health workers could play a beneficial role in coaching, hypertension and diabetes prevention (139, 140). In Nepal and India, early preliminary studies suggest that mobile or tablet-based electronic decision support systems led by health workers could support patient education and improve screening and management of GDM (141, 142). A good example of success is the Women in India with GDM Strategy Project (WINGS) in Southern India (136) which showed improved GDM complications rate (79), postpartum follow up and a reversal of trend of declining physical activity associated with pregnancy with low-cost intervention n (137). Innovative measures used include having trained health workers educate on nutrition through cooking demonstrations (130, 136) or via a diet and nutrition “snakes and ladders” game (136), providing women with GDM a nutrition booklet (136) and a pedometer to increase daily step count (137), and contacting women to remind them to return for postpartum follow up (79).





3 Conclusion

Management of women with GDM has conventionally been focused on lowering the glycaemic excursion during pregnancy with the overarching aim of reducing pregnancy complications and fetal macrosomia. However, evidence suggests life-long metabolic sequalae of GDM impacts on a woman’s overall health (6, 8), and with this, the larger social construct. Despite this, care for women with GDM in the postpartum period is suboptimal. A seamless transition from obstetric care to primary care with an emphasis metabolic and cardiovascular health in women with GDM is currently non-existent. Thus, it is critical to recognize GDM as a double-edge sword, which presents as a risk to mother and child during antenatal period but also an opportunity to modify the progression to overt T2DM and CVD (143). This needs to occur in tandem with efforts from clinicians, policy makers and professional bodies. Whilst novel and emerging anti-diabetic medications could offer promise, this risk is unlikely to be fully mitigated if efforts are not made to engage, educate and empower these “high-risk” women. A system level change is required to facilitate transfer of medical information between healthcare professionals and community, and this should occur in parallel with social support programs that promote lifestyle intervention to promote a global shift in healthcare beliefs and practice. Women with previous GDM are in the most productive years of their lives, not limiting to economy contribution and family building. Evidently, an orchestrated program of care amongst different specialists and various domains is urgently needed to improve women’s health. There is clearly much work to be done before we could bridge evidence into clinical practice but overcoming the obstacles ahead is a necessary step to realise a future of diminished diabetes risk in women with GDM and their future generations.
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Objective

This study aimed to analyze the correlation between gestational diabetes mellitus and postpartum metabolic indicators and inflammatory factors, and explore the role of inflammatory factors, so as to provide evidence for the early prevention of postpartum CVD risk in gestational diabetes mellitus.





Methods

This prospective study was based on the pregnant women cohort study established in Peking University International Hospital from December 2017 to March 2019. A total of 120 women were enrolled sequentially, including 60 cases of gestational diabetes mellitus (GDM group) and 60 cases of non-gestational diabetes mellitus (non-GDM group) after 4-7 years. The general information, inflammatory factors and metabolic indicators of the women were collected and analyzed.





Results

(1)The TyG and siMS levels in the GDM group were higher than those in the non-GDM group (p<0.05, respectively). The interleukin-6(IL-6) levels in the GDM group were higher than those in the non-GDM group and the difference was statistically significant (p<0.05). (2) The results of linear regression analysis showed that GDM was associated with postpartum GLU0min (β=0.94, 95%CI: 0.27-1.60, p<0.05), GLU120min (β=2.76, 95%CI: 1.57-3.94, p<0.05) and HbA1c (β=0.49, 95%CI: 0.27-1.60, p<0.05). At the same time, GDM was significantly correlated with postpartum metabolic indicators triglyceride-glucose (TyG) index (β=0.31, 95%CI: 0.01-0.61, p<0.05) and siMS score (β=0.45, 95%CI: 0.03-0.88, p<0.05).The results of linear regression analysis showed that GDM was significantly correlated with IL-6 (β=0.91, 95%CI: 0.02-1.79, p<0.05). (3) Logistic regression analysis showed that GDM was an independent risk factor for postpartum abnormal metabolism (OR=10.62, 95%CI: 1.66-68.17, p<0.05), and an independent risk factor for postpartum high low-density lipoprotein cholesterolemia (OR=3.38, 95%CI: 1.01-11.56, p<0.05). (4) The IL-6 had a mediating effect in the association between GDM and postpartum TyG and siMS, with the mediating effect sizes being 20.59% and 30.77%, respectively.





Conclusion

This study revealed that GDM history can lead to abnormal glucose and lipid metabolism indexes in postpartum women, affect the levels of postpartum CVD-related metabolic indicators. Meanwhile, IL-6 shows a mediating role, providing important clinical evidence for the prevention and control of CVD in such high-risk populations and the improvement of cardiovascular health.
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1 Introduction

Gestational diabetes mellitus (GDM) is a common metabolic disease during pregnancy, and its adverse effects are not limited to macrosomia, premature delivery, preeclampsia and other adverse pregnancy outcomes (1). The risk of cardiovascular disease (CVD) in GDM women after delivery is also significantly increased (2). A large prospective cohort study of nearly 90,000 people in the United States reported (3) that GDM was associated with increased long-term CVD risk. After adjusting for confounding factors such as body mass index (BMI), diet, physical activity, smoking and other lifestyle factors, the subsequent CVD risk difference between non-GDM and GDM women was still significant (HR=1.29, 95%CI: 1.01-1.65). GDM is a high-risk population for future cardiovascular diseases. Elucidating the possible biological mechanism of GDM postpartum CVD risk is of great significance for early prevention and control of CVD and improving cardiovascular health. The metabolic indicators are powerful predictors of CVD. The levels of fasting blood glucose (GLU0min), glycosylated hemoglobin (HbA1c), triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C) and other metabolic indicators are significantly associated with increased CVD risk (4–7). In addition, some comprehensive indicators such as triglyceride-glucose (TyG) and siMS score are also used to predict the occurrence of CVD (8, 9). Currently, studies have reported that GDM is associated with postpartum metabolic indicators. A meta-analysis of GDM and postpartum cardiovascular risk factors showed that compared with women without GDM in the past, the levels of total cholesterol, triglycerides and fasting blood glucose in women with GDM increased significantly as early as 1 year after delivery (10); another Canadian study also found that the levels of blood glucose and blood lipids in women with GDM were in a long-term poor state, leading to an increased risk of CVD (11). However, most of the relevant studies have been carried out in European and American populations (10), and there is a lack of correlation studies between GDM and postpartum metabolic indicators in Chinese population. However, the genetic background and lifestyle that are quite different between Chinese and Western populations are important factors affecting the occurrence of CVD diseases and metabolic indicators (12, 13), which may lead to the fact that these results may not be suitable for direct application in Chinese population. Therefore, it is urgent to carry out correlation studies between GDM and postpartum CVD related metabolic indicators in Chinese population, so as to provide scientific basis for the prevention and control of early postpartum CVD risk in Chinese population. Inflammatory factors play an important role in the occurrence and development of GDM and CVD.

The occurrence and development of CVD are closely related to the role of inflammatory factors. A number of clinical studies and animal experiments have shown that inflammatory factors are involved in the changes of various signaling pathways, and can affect the occurrence and development of CVD by promoting the proliferation and migration of vascular smooth muscle cells and affecting the function of vascular endothelium (14). The main cause of GDM is insulin resistance during pregnancy. Inflammatory response during pregnancy activates the production of various proinflammatory factors by participating in various transcription-mediated molecular pathways, oxidation and metabolic stress. Proinflammatory factors cause insulin resistance by interfering with insulin signaling pathways, thereby increasing the risk of GDM (15, 16). At present, the pathogenic mechanism of the doubling of the risk of postpartum CVD in GDM women is not clear, but since GDM is closely related to the level of inflammation during pregnancy, and inflammatory factors are associated with the increased risk of CVD, given the important role of inflammatory factors in the occurrence and development of both diseases, the increased risk of postpartum CVD in GDM women may be mediated or accelerated by inflammatory factors. However, no relevant population studies have clarified the role of inflammatory factors in the association between the history of GDM and postpartum cardiovascular health.

Therefore, this study aims to explore the association between GDM and postpartum CVD related metabolic indicators, explore the biological mechanism of increased postpartum CVD risk in GDM women, and at the same time, explore the role of inflammatory factors in the association between GDM and postpartum CVD metabolic indicators, comprehensively reveal the influence of GDM on postpartum CVD related metabolic indicators and the possible mechanism, so as to provide important clinical basis for the prevention and control of CVD in such high-risk populations and the improvement of cardiovascular health.




2 Materials and methods



2.1 Subjects

This prospective study was based on the pregnant women cohort study established in Peking University International Hospital from December 2017 to March 2019. 120 women with gestational diabetes mellitus (GDM group) and 60 women without gestational diabetes mellitus (non-GDM group) were enrolled sequentially during postpartum 4-7 years. The study was approved by the Bioethics Committee of Peking University International Hospital. All protocols followed the ethical guidelines of the institution and national committee and complied with the 1964 Declaration of Helsinki and subsequent amendments. All participants provided written informed consent. The ethics approval number is 2022-KY-0071-01.

Inclusion criteria: (1) Over 18 years old. (2) Willing to enter the cohort, accept the relevant questionnaire survey and agree to collect blood samples after being informed of the relevant investigation content.

Exclusion criteria: (1) Diabetes mellitus (including type 1 diabetes mellitus and type 2 diabetes mellitus) diagnosed before pregnancy; (2) Twin or multiple pregnancy; (3) Rheumatic immune system diseases; (4) Severe liver and kidney insufficiency; (5) Long-term use of antidepressants or corticosteroids.




2.2 Research methods



2.2.1 General information and basic information

	Baseline information: The age of pregnancy, parity history and the results of oral glucose tolerance test (OGTT) in the pregnancy were recorded at the time of enrollment.

	Postpartum follow-up information: All subjects were followed up 4-7 years after delivery, and blood pressure including systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured after delivery; meanwhile, height, weight, body fat rate (BFR), waist and hip were measured, and body mass index (BMI) and waist to hip ratio (WHR) were calculated and recorded. BMI was calculated using the formula BMI (kg/m2) = weight (kg)/body height2(m2).






2.2.2 GDM diagnostic criteria

Pregnant women were screened for GDM by 75g OGTT at 24-28 weeks of gestation. Pregnant women were admitted to the hospital in the morning after 8-12 hours of fasting, and given 75g glucose powder dissolved in 250ml-300ml warm boiling water, which was rapidly taken orally within 5 minutes. Venous blood was collected before taking glucose, 1 hour after taking glucose, and 2 hours after taking glucose, respectively, for the detection of blood glucose level.

IADPSG was used as the diagnostic criteria for GDM (17), 1 hour after taking glucose, and 2 hours after taking glucose. The three blood glucose values including fasting blood glucose,1 hour after taking glucose and 2 hours after taking glucose should be lower than 5.1mmol/L, 10.0mmol/L, and 8.5mmol/L, respectively. Any blood glucose value reaching or exceeding the above criteria was diagnosed as GDM.




2.2.3 Detection of postpartum metabolic indicators

During the postpartum follow-up, fasting venous blood was collected by professional medical staff in the clinical department to detect a number of biochemical metabolic indicators, including C-reactive protein (CRP), HbA1c, TC, TG, HDL-C, low-density lipoprotein cholesterol (LDL-C), small and dense low-density lipoprotein cholesterol (SDLDL-C), apolipoprotein A (ApoA), apolipoprotein B (ApoB), lipoprotein A (LPA), free fatty acids (FFA), adiponectin (ADPN) and leptin (LP). TC/HDL-C value was calculated. The HbA1c levels were measured by high-performance liquid chromatography (HPLC) with a Dongcao G8 analyzer.

At the same time, all subjects were given OGTT examination during postpartum follow-up, the method is as follows: all subjects were admitted to hospital in the morning after fasting for 8-12 hours, and 75g glucose powder was dissolved in 250ml-300ml warm boiling water, which was rapidly taken orally within 5 minutes. Venous blood was collected before taking sugar water and 2 hours after taking sugar water, respectively, to detect 0 min blood glucose (GLU0min) and 2 hours blood glucose (GLU120min).

According to the values of related metabolic indicators, they were classified: (1) Type 2 diabetes mellitus (T2DM) (18): typical symptoms of diabetes and random blood glucose 11.1 mmol/L; fasting blood glucose≥7.0 mmol/L; in the OGTT, blood glucose≥11.1 mmol/L after taking 75 g glucose for 2 hours. If there were no symptoms of diabetes, the examination was repeated on another day. (2) Impaired glucose regulation (IGR): including impaired fasting blood glucose and impaired glucose tolerance, impaired fasting blood glucose (IFG) refers to fasting (blood glucose 6.1-7.0mmol/L, and OGTT2h blood glucose <7.8mmol/L; impaired glucose tolerance (IGT) refers to fasting blood glucose <6.1mmol/L, and OGTT2h blood glucose 7.8-11.1mmol/L; (3) Abnormal HbA1c: HbA1c≥6.5%; (4) Dyslipidemia: divided into 4 types: ① hypercholesterolemia: TC≥5.2 mmol/L; ② hypertriglyceridemia: TG≥1.7 mmol/L; ③ low high-density lipoprotein cholesterolemia: HDL-C ≤ 1.3 mmol/L; ④ high low-density lipoprotein cholesterolemia: LDL-C≥3.4 mmol/L.




2.2.4 Inflammatory factor detection

The blood samples were centrifuged at 3000 r/min for 6 min. The plasma and blood cells were separated into two 1.5 ml centrifuge tubes with a pipette. The blood was centrifuged and separated within 2 hours after collection, and then placed into a cryogenic box according to the serial number, and returned to the laboratory -80°C refrigerator for preservation. ELISA was used to detect 7 inflammatory factors in the serum of the study subjects, including tumor necrosis factor-α (TNF-α), tumor necrosis factor-β (TNF-β), interleukin-1β (IL-1β), interleukin-6 (IL-6), interleukin-8 (IL-8), interleukin -2 (IL-2) and growth differentiation factor15 (GDP15). The instrument used in this study was MK3 ELISA kit (Thermo, America), and the kit was Thermo’s high-sensitivity human serum factor kit.




2.2.5 Calculation of metabolic indexes

	Triglyceride-glucose (TyG) index: The TyG index was calculated using the following formula:

[image: Mathematical formula showing TyG equals the natural logarithm of the product of TG and Glu0min divided by 2. TG and Glu0min are written in italics within the equation.]	


	siMS score: The siMS score was calculated from postpartum waist circumference, height, GLU0min, TG, SBP, and HDL-C (19), the siMS score was calculated using the following formula:

[image: Mathematical formula for siMS score: two times waist divided by height, plus fasting glucose divided by 5.6, plus triglycerides divided by 1.7, plus systolic blood pressure divided by 130, plus HDL cholesterol divided by 1.28.]	








2.3 Statistical analysis

All data were analyzed using SPSS 22.0. Data were tested for normality, and normally distributed data were expressed as means ± standard deviation (x ± s) and compared using t-tests. Non-normally distributed data were expressed as medians (P25, P75) and compared using rank sum tests. The counting data were expressed as a rate and compared between the two groups using the χ2 test. Binary logistic regression was used to analyze the association between GDM prevalence and postpartum metabolic indicators, linear regression was used to analyze the association between GDM prevalence and postpartum metabolic indicators, and the association between GDM prevalence and inflammatory factors, and PROCESS 3.3 plug-in was used to analyze the mediating role of inflammatory factors in GDM and some of its related postpartum metabolic indicators. All statistical tests were two-sided, and statistical significance was set at p<0.05.





3 Results



3.1 Comparison of general conditions and biochemical indexes between the two groups

Compared with the non-GDM group, the women in the GDM group were older, with statistically significant differences (p<0.05). Compared with the non-GDM group, the women in the GDM group had significantly higher GLU0min, GLU120min and HbA1c levels, with statistically significant differences (p<0.05, respectively). Compared with the non-GDM group, the women in the GDM group had significantly higher SBP and DBP, with statistically significant differences (p<0.05, respectively). Compared with the non-GDM group, the women in the GDM group had significantly higher TC,LDL-C,SDLDL-C,APO-b and FFA, with statistically significant differences (p<0.05, respectively). The TyG and siMS levels in the GDM group were higher than those in the non-GDM group (p<0.05, respectively). The IL-6 levels in the GDM group were higher than those in the non-GDM group and the difference was statistically significant(p<0.05), while there was not significant differences in other inflammatory factors between the two groups(p>0.05, respectively). There was no significant differences in BMI, BFR, WHR between the two groups (p>0.05). Also, there were no significant differences in TG, HDL-C, APOA, LPA, ADPN and LP between the two groups (p>0.05). (Shown as Table 1).

Table 1 | Comparison of general conditions and biochemical indexes between the two groups.


[image: Data table comparing non-GDM and GDM groups across clinical and biochemical indices, including age, BMI, blood pressure, lipid profiles, glucose measurements, inflammatory markers, and adipokines, with statistical values and significance levels for each parameter.]



3.2 Correlation between GDM and postpartum metabolic conditions

The results of linear regression analysis showed that after adjusting for age, parity and follow-up time, GDM was significantly correlated with postpartum GLU0min (β=0.94, 95%CI: 0.27-1.60, p<0.05), GLU120min (β=2.76, 95%CI: 1.57-3.94, p<0.05), HbA1c (β=0.49, 95%CI: 0.18-0.79, p<0.05), DBP (β=4.17, 95%CI: 0.17-8.18, p<0.05), TC (β=0.48, 95%CI: 0.12-0.84, p<0.05), LDL-C (β=0.38, 95%CI: 0.08-0.69, p<0.05), SDLDL-C (β=0.19, 95%CI: 0.02-0.37, p<0.05), APO-b (β=13.59, 95%CI: 3.21-23.97, p<0.05), LPA (β=58.61, 95%CI: 3.97-113.25, p<0.05) and FFA (β=132.00, 95%CI: 29.77-234.23, p<0.05).At the same time, after adjusting for age, parity and follow-up time, GDM was significantly correlated with TyG (β=0.31, 95%CI: 0.01-0.61, p<0.05) and siMS (β=0.45, 95%CI: 0.03-0.88, p<0.05).The results of linear regression analysis showed that after adjusting for age, parity and follow-up time, GDM was significantly correlated with IL-6 (β=0.91, 95%CI: 0.02-1.79, p<0.05), but not with other inflammatory factors. (Shown as Table 2).

Table 2 | Correlation between GDM and postpartum metabolic conditions.


[image: Table showing associations between various health indices and two statistical models. Columns display βst with 95% confidence intervals and p-values for both models. Model 2 adjusts for gestational age, parity, and follow-up time. Significant associations are marked by p-values less than zero point zero five for several indices, including blood pressure, some lipid levels, glucose measurements, and inflammatory markers. Indices include BMI, BFR, WHR, SBP, DBP, and numerous biomarkers.]



3.3 Correlation between GDM and postpartum metabolic abnormalities

Compared with non-GDM group, GDM group had higher proportion of patients with T2DM and IGR, patients with elevated HbAlc level, patients with hypercholesterolemia and patients with high LDL cholesterolemia, with statistically significant differences (p<0.05, respectively). (shown as Table 3).

Table 3 | Comparison of postpartum metabolic abnormalities between the two groups.


[image: Data table comparing non-GDM and GDM groups, each with sixty participants, across indices: T2DM, IGR, abnormal HbA1c, hypercholesterolemia, hypertriglyceridemia, high LDL cholesterolemia, and low HDL cholesterolemia. GDM group shows higher percentages for T2DM, IGR, abnormal HbA1c, hypercholesterolemia, hypertriglyceridemia, and high LDL cholesterolemia. Significant differences (P less than 0.05) are present for all except hypertriglyceridemia and low HDL cholesterolemia.]
Logistic regression analysis was used to analyze the association between GDM and postpartum metabolic abnormalities. After adjusting for age, parity and follow-up time, the results showed that GDM was an independent risk factor for postpartum hyperglycemia (including T2DM and IGR) (OR=10.62, 95%CI: 1.66-68.17, p<0.05), and GDM was an independent risk factor for postpartum high LDL cholesterolemia (OR=3.38, 95%CI: 1.01-11.56, p<0.05). (shown as Table 4 and Figure 1).

Table 4 | Correlation between GDM and postpartum metabolic abnormalities.


[image: Table comparing odds ratios and p-values for IGR and T2DM, abnormal HbA1c, hypercholesterolemia, hypertriglyceridemia, high LDL cholesterolemia, and low HDL cholesterolemia between Model 1 and Model 2, with Model 2 adjusted for gestational age, parity, and follow-up time.]
[image: Forest plot compares metabolic outcomes between non-GDM and GDM groups (n equals sixty each), displaying odds ratios and p-values for indices including IGR and T2DM, HbA1c, cholesterol, triglycerides, LDL, and HDL. IGR and T2DM shows the highest odds ratio at ten point sixty-two with statistical significance (p less than zero point zero five). Low HDL cholesterolemia presents an odds ratio below one. Error bars depict confidence intervals for each outcome.]
Figure 1 | In model 2, adjusted for gestational age, parity and follow-up time, GDM was an independent risk factor for postpartum hyperglycemia (OR=10.62, 95%CI: 1.66-68.17, p<0.05), and for postpartum high LDL cholesterolemia (OR=3.38, 95%CI: 1.01-11.56, p<0.05).




3.4 Mediating effect of inflammatory factors on postpartum metabolic indicators in GDM patients

The inflammatory factor IL-6 had a mediating effect in the association between GDM and postpartum GLU0min, TG and SDLDL-C, with the mediating effect sizes being 18.18%, 32.43% and 31.25%, respectively; the inflammatory factor IL-6 had a mediating effect in the association between GDM and postpartum TyG and siMS, with the mediating effect sizes being 20.59% and 30.77%, respectively; however, IL-6 did not have a mediating effect in the association between GDM and other postpartum metabolic indicators. Meanwhile, other inflammatory factors such as IL-1β, IL-8, IL-2, TNF-α, TNF-β and GDF15 did not have a mediating effect in the association between GDM and postpartum metabolic indicators (Shown in Table 5).

Table 5 | Mediating effect of IL-6 in the association between GDM and postpartum metabolic indicators.


[image: Data table comparing βst, confidence intervals, and p-values for multiple metabolic indices across GDM, IL-6, and GDM*IL-6, with additional R squared and F-statistic columns; statistically significant values indicated for most indices.]




4 Discussion

In recent years, the incidence of GDM in China has increased sharply, becoming an important public health problem. A Meta-analysis of the incidence of GDM in Southeast Asia in 2018 showed that the incidence of GDM in China was 11.91%, much higher than that in Japan, South Korea and Thailand (20). Many studies in the past decade have shown that GDM has adverse effects on postpartum cardiovascular health in women. Compared with women without GDM, women with previous GDM have a two-fold risk of future cardiovascular events. CVD is the leading cause of morbidity and mortality in women worldwide, and also the leading cause of death in Chinese women (21). In the past decades, many studies have explored the association between GDM and postpartum CVD (22). The results of most studies showed that the risk of postpartum CVD in GDM was significantly increased, but the risk factors associated with postpartum CVD risk in GDM have not been clear.

This study comprehensively explored the association between GDM history and postpartum CVD-related metabolic indicators. The results showed that after adjusting for confounding factors, GDM was significantly correlated with postpartum GLU0min (β=0.94, 95%CI: 0.27-1.60, p<0.05), GLU120min (β=2.76, 95%CI: 1.57-3.94, p<0.05), and HbA1c (β=0.49, 95%CI: 0.18-0.79, p<0.05), which was consistent with most previous studies (19–22). Logistic regression analysis showed the association between GDM and postpartum metabolic abnormalities. After adjusting for age, parity and follow-up time, the results showed that GDM was an independent risk factor for abnormal blood glucose (including T2DM and IGR) (OR=10.62, 95%CI: 1.66-68.17, p<0.05). The ways in which abnormal glucose metabolism affects the increased risk of postpartum CVD in GDM can be roughly divided into two categories: one is that GDM progresses to T2DM after delivery, thereby increasing the risk of CVD; the other is that independent of the progression of T2DM, the impact of abnormal glucose metabolism on the postpartum CVD risk in GDM (23). A large population-based retrospective cohort study in South Korea tracked T2DM and CVD events in more than 1.5 million women. The multivariate adjusted results showed that compared with women without GDM, the CVD risk ratio of women with previous GDM was 1.08 (95%CI: 1.02-1.14). Further classification according to the progression of T2DM in GDM showed that the CVD risk of GDM women who had progressed to T2DM was significantly higher (HR=1.74, 95%CI: 1.40-2.15), that is, compared with GDM women who had progressed to T2DM, the CVD risk of GDM women who had progressed toT2DM was significantly higher (24). However, in addition to the CVD risk caused by GDM progression to T2DM, the adverse glucose metabolism of GDM women who did not progress to T2DM also had an independent effect on the increased CVD risk of GDM. In a large-scale postpartum repeated assessment study in Canada, Retnakaran et al. conducted a total of 3 postpartum follow-up visits on 757,541 women at median postpartum 4.8, 7.1 and 8.7 years, respectively, and measured GLU0min and HbA1c to evaluate their blood glucose metabolism, and divided these women into four groups according to the prevalence of GDM and postpartum CVD: GDM−/CVD−, GDM+/CVD−, GDM−/CVD+ and GDM+/CVD+. The results showed that the blood glucose indexes of previously diagnosed GDM women were significantly poorer, and further mediation analysis showed that the main determinants of CVD risk in GDM women were glycosylated hemoglobin (56%) and fasting blood glucose (47.4%), that is, poor postpartum blood glucose metabolism would mediate the increased CVD risk in previously diagnosed GDM women (11).

The specific mechanism of abnormal glucose metabolism leading to CVD occurrence has been discussed in many studies, including (1) Advanced glycation end products(AGE)- receptor of AGE(RAGE) axis, high blood glucose accelerates the formation of AGEs, which accumulate in the extracellular matrix of blood vessels and can induce vascular inflammation and endothelial function injury, promote foam cell formation, down-regulate the number of endothelial cells and accelerate arterial wall sclerosis, etc., leading to CVD occurrence (25, 26). (2) Oxidative stress and nitrogen oxides: diabetes increases vascular oxidative stress and promotes posttranslational oxidative modification of proteins, leading to cell damage and vascular dysfunction. High glucose also induces activation of redox-sensitive protein kinase C, polyols and hexosamine pathways, further leading to mitochondrial dysfunction, endoplasmic reticulum stress and subsequent cell damage. In addition, oxidative stress is also associated with the bioavailability of vasodilator nitric oxide, leading to endothelial dysfunction (27–29). (3) Inflammation and immune system: under abnormal blood glucose levels, monocytes, macrophages and natural killer cells infiltrate into tissues such as fat and muscle, leading to changes in the number and type of immune cells, and the release of proinflammatory factors, leading to chronic inflammation. Inflammatory factors are involved in changes in a variety of signaling pathways, and can affect the occurrence and development of CVD by promoting the proliferation and migration of vascular smooth muscle cells and affecting vascular endothelial function (30, 31).

The results of this study also found the association between GDM and postpartum lipid metabolism indicators. After adjusting age, parity and follow-up time, there was a significant correlation between GDM and postpartum TC (β=0.48, 95%CI: 0.12-0.84, p<0.05), LDL-C (β=0.38, 95%CI: 0.08-0.69, p<0.05), SDLDL-C (β=0.19, 95%CI: 0.02-0.37, p<0.05), APO-b (β=13.59, 95%CI: 3.21-23.97, p<0.05), LPA (β=58.61, 95%CI: 3.97-113.25, p<0.05) and FFA (β=132.00, 95%CI: 29.77-234.23, p<0.05). At the same time, Logistic regression analysis showed that GDM was an independent risk factor for high LDL cholesterolemia (OR=3.38, 95%CI: 1.01-11.56, p<0.05). However, GDM was not associated with other postpartum lipid metabolism indicators, including TG and HDL-C. A study in Hungary found that after adjusting for age and BMI at follow-up, there was a statistically significant difference in triglyceride between GDM (n=68) and control group (n=39) (32). A study in Massachusetts, USA found that after adjusting for age, race, family history of diabetes and other factors, there were differences in glycosylated hemoglobin and triglyceride between GDM group (n=76) and control group (n=461) (33). However, some studies suggested that there was no significant association between GDM history and postpartum lipid metabolism indicators. A large-scale Iranian study with a long postpartum follow-up period showed that after adjusting for age, BMI, and lipid levels at baseline, there was no statistically significant difference in TC, TG, HDL-C, and LDL-C between 289 GDM women (median postpartum follow-up: 7 years) and 1183 controls (median postpartum follow-up: 8 years) (33). A study in Louisiana, USA showed that after adjusting for age, BMI, race, education, income, smoking and drinking, physical activity and dietary intake, there was no statistically significant difference in TC, TG, HDL-C and LDL-C between previous GDM women (n=555) and control group (n=7572) at an average of 22.9 years postpartum. This study followed up for a longer period of time after birth, and after adjusting for confounding factors such as lifestyle, there were no differences in lipid metabolism indexes between the two groups (34). The reasons for the differences in the results of these studies may be due to the sample size, which was small in the study of Hungary (33), and large in the studies of Iran and Louisiana (33, 34). Secondly, there were significant differences in the length of follow-up or the length of postpartum between the GDM group and the control group. The length of postpartum in the GDM group and the control group in the study of Hungary (32) was (3.5 ± 0.6) years and (8.2 ± 5.1) years, respectively, and the difference in the length of postpartum between the two groups was significant (P<0.001), while the length of postpartum in the studies of Iran and Louisiana (33, 34) was more than 7 years. In addition, the study in Hungary (32) adjusted confounding factors and did not consider the impact of other factors on blood lipids. However, many studies have shown that lifestyle factors such as sleep, physical activity, and dietary intake are important influencing factors for lipid metabolism and the risk of CVD (35–37). However, after adjusting many relevant confounding factors, studies in Iran and Louisiana (34, 35) did not find an association between GDM and postpartum lipid metabolism. In addition, differences in the diagnostic criteria for GDM may also be the reason for different results. The GDM diagnostic criteria used in the study in Massachusetts (32) in the United States were two-step methods, while the GDM diagnostic criteria in the Chinese population in this study were one-step methods. Studies have shown that the one-step method has a higher GDM screening rate than the two-step method, and can identify milder GDM patients (38). Therefore, based on the existing research foundation, it is still not possible to determine the specific association between GDM history and postpartum lipid metabolism. In the future, it is necessary to consider exploring the relationship between GDM and postpartum lipid metabolism in different diagnostic criteria with a larger sample size, longer follow-up time, and more comprehensive adjustment of confounding variables.

Previous studies have also shown an association between GDM and postpartum blood pressure level. A prospective study on maternal cardiovascular health in Manchester, UK showed that the systolic and diastolic blood pressures of mothers with previous GDM were significantly higher than those of healthy controls at 2 years postpartum (39). A study in Turin, Italy showed that compared with controls without GDM during pregnancy, the systolic and diastolic blood pressures of GDM women were significantly higher at 6.5 years postpartum, and the systolic and diastolic blood pressures were significantly correlated with carotid intima-media thickness, an indicator of vascular endothelial dysfunction (40), indicating an increased cardiovascular risk of GDM women in the future. This is similar to the results of this study, which showed that after adjusting for age, parity and follow-up time, GDM was correlated with postpartum DBP (β=4.17, 95%CI: 0.17-8.18, p<0.05), and the correlation was statistically significant. However, some studies did not show a correlation between GDM and postpartum blood pressure levels. A cohort study with a follow-up period of 14-16 years and a cross-sectional study in Rio de Janeiro, Brazil both showed that there was no statistically significant difference in postpartum systolic and diastolic blood pressures between previous GDM women and the control group (41, 42). Another case-control study with age as a matching factor also showed no significant difference in systolic and diastolic blood pressures between GDM and the control group at 6 years postpartum (43). In these studies, those that showed an association between GDM and increased postpartum blood pressure tended to have shorter postpartum follow-up, whereas studies with follow-up longer than 6 years did not show such an association.

In recent years, some comprehensive metabolic indicators such as TyG and siMS have also been used to predict the occurrence of CVD. TyG is an index composed of two risk factors for cardiovascular disease, lipid-related and glucose-related factors, which are influencing factors of insulin resistance in human body. Recent studies have determined that TyG is a reliable marker of insulin resistance, which may be one of the explanations for this association (8). A previous study based on NHANES showed that there was a “U”-shaped correlation between baseline TyG and cardiovascular disease in patients with diabetes or prediabetes in the US population, and the thresholds of CVD prevalence and all-cause mortality were 8.84 and 9.05, respectively (44). The siMS score is a simple score that uses waist circumference, height, GLU0min, TG, SBP and HDL-C to evaluate metabolic syndrome. Studies have confirmed that the score is significantly correlated with CVD (45). At present, no studies have focused on the correlation between GDM and postpartum TyG and siMS. This study is also the first to explore the correlation between GDM and postpartum comprehensive metabolic indicators. The results showed that after adjusting age, parity and follow-up time, GDM was correlated with postpartum metabolic indicators TyG (β=0.31, 95%CI: 0.01-0.61, p<0.05) and siMS (β=0.45, 95%CI: 0.03-0.88, p<0.05), and the association was statistically significant. This further confirmed that the significant correlation between GDM and postpartum CVD may be caused by metabolic disorders.

This study also conducted the correlation analysis of GDM and postpartum inflammatory factors. The results of linear regression analysis showed that after adjusting age, parity and follow-up time, GDM was significantly correlated with IL-6 (β=0.91, 95%CI: 0.02-1.79, p<0.05), but not with other inflammatory factors. Previous studies have shown that proinflammatory factors can cause insulin resistance by interfering with insulin signaling pathways, such as IKKβ/NF-κB pathway, JNK pathway and inflammasome pathway, and thus increase GLU0min (46). Previous studies have shown that IL-6 in patients with GDM was significantly higher than that in patients without GDM, and may activate intracellular IL-6 signaling and affect the activation of IL-6/IL-6R pathway (47). An Indian study showed that the IL-6 and TNF-α in the third trimester of GDM group (n=35) and control group (n=30) were different (48). Previous studies have confirmed that IL-6 can be used as a diagnostic biomarker for GDM (49). However, there were also studies reporting no significant correlation between GDM and inflammatory factors in the third trimester. A Meta study on the correlation between GDM and inflammatory factors in the second or third trimesters pointed out that the TNF-α in the GDM group was slightly higher than that in the control group, but not significant (50). The existing research on the association between GDM and inflammatory factor levels is still controversial. The main reasons for the difference in research results may be the detection methods of inflammatory factors used in relevant studies are different, such as enzyme-linked immunosorbent assay, chemiluminescence immunoassay and multiple microbead method, etc. The detection methods have different sensitivities, which may affect the ability to detect small differences. Secondly, the sample size of relevant studies is small. The sample size of inflammatory factors in this study is 60 cases in the non-GDM group and 60 cases in the GDM group. The small sample size may also lead to the difficulty in identifying the differences between the two groups.

This study further analyzed the mediating effect of inflammatory factor IL-6 in the association between GDM and postpartum GLU0min, TG and SDLDL-C, with the mediating effect sizes being 18.18%, 32.43% and 31.25%, respectively; the mediating effect of inflammatory factor IL-6 in the association between GDM and postpartum TyG and siMS, with the mediating effect sizes being 20.59% and 30.77%, respectively. In a previous systematic review, Google Scholar, Scopus, PubMed, ISI Web of Science, ProQuest, and MEDLINE databases were searched using the following keywords: GDM, screening, and IL-6, with the time interval 2009–2020. The result has shown that the serum IL-6 levels can be investigated a newly established diagnostic biomarker for GDM (49).An recent study showed that the concentrations of IL-6 protein and IL-8 protein in GDM were increased in both maternal and umbilical arterial blood, which suggested that women with GDM exhibit an increased risk of neonatal infection via inflammation and autophagy in the placenta (51). Elevated IL-6 levels have been linked to several adverse cardiovascular outcomes, including an increased risk of myocardial infarction, heart failure, and overall mortality in CVD patients (52). However, no research has yet confirmed that IL-6 is the main factor in postpartum CVD and metabolic diseases in GDM patients. This study demonstrates that IL-6 is not only in the pregnancy period, but also in the correlation between GDM and IL-6, but the abnormal inflammatory factor indicators in GDM patients may continue to postpartum, and become the mediating factor for the increased risk of postpartum CVD in GDM patients. However, the mechanism of IL-6 still needs further animal experiments and cell studies to confirm in GDM.

There were also some limitations in this study. First, the small sample size, this study only included 120 cases of study analysis, may affect the statistical power of the differences found in this study, therefore, the negative results in this study still need to be further verified by other studies in the future. Secondly, this study only detected and analyzed the association between seven inflammatory factors and GDM and postpartum metabolic indicators, and some other important inflammatory indicators, such as IL-4 and some anti-inflammatory factors, were not included in the analysis of this study. In future studies, we will include more comprehensive inflammatory indicators to better reveal the pathophysiological mechanism between GDM and increased risk of postpartum CVD. In addition, our future research needs to focus on the impact of interventions for GDM (medication, personalized therapy, or lifestyle interventions) on the improvement of glucose and lipid metabolism in postpartum women, and further reveal effective methods for managing these diseases.




5 Conclusion

This study revealed that the history of GDM will lead to abnormal glucose and lipid metabolism indicators in women after delivery, affect the level of postpartum CVD-related metabolic indicators, and may increase the risk of postpartum CVD. At the same time, IL-6 presented an intermediary role, providing an important clinical basis for the prevention and control of CVD in such high-risk populations and the improvement of cardiovascular health in the population.
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Background: Obstetric fistula is a significant cause of maternal morbidity in resource-limited settings, where women often suffer due to a lack of prompt access to skilled obstetric services. It is imperative to comprehend and identify the factors that shape community knowledge about obstetric fistula to enhance prevention strategies, enable early detection, and provide support and treatment to affected women. However, there is a substantial gap in the available evidence concerning the level of community knowledge regarding obstetric fistula and its influencing factors within the Ethiopian context.



Objective: This study aimed to investigate the level of knowledge regarding obstetric fistula and identify influencing factors within the communities in Gondar, Ethiopia.



Methods: A community-based cross-sectional study was conducted among 663 households. Households were selected using a systematic random sampling technique. Descriptive statistics and exact binomial confidence intervals (CIs) were reported. Group comparisons were performed using the Mann–Whitney U-test or the Kruskal–Wallis test. Parameters with p-value ≤ 0.2 in the univariable ordinal regression were selected for the multivariable ordinal regression model. The proportion odds assumption was checked using the parallel lines test. A multivariable proportional ordinal regression analysis was conducted. p-values <5% were considered statistically significant. Data were analyzed using R version 4.3.1.



Result: Of the 663 households, 265 (39.9%; 95% CI: 36.2–43.8), 375 (56.6%; 95% CI: 52.7–60.4), and 23 (3.5%; 95% CI: 2.2–5.2) had low-level, medium-level, and high-level knowledge about obstetric fistula, respectively. Self-employment [adjusted odds ratio (AOR): 0.3; 95% CI: 0.2–0.5], unemployment (AOR: 0.4; 95% CI: 0.2–0.8), income $50–$200 USD (AOR: 5.2; 95% CI: 2–16.1), income > $200 USD (AOR: 7.0; 95% CI: 2.6–22.9), distance from a health facility (AOR: 1.7; 95% CI: 1.1–2.7), non-participation in women’s conferences (AOR: 0.7; 95% CI: 0.5–0.9), and having heard of obstetric fistula (AOR: 4.4; 95% CI: 2.8–7.1) showed statistically significant association with the likelihood of having a high level of knowledge regarding obstetric fistula compared to medium or low levels.



Conclusion: The study reveals an alarmingly low level of knowledge about obstetric fistula. Higher income and prior awareness were associated with increased knowledge about obstetric fistula, while self-employment, unemployment, and non-participation in women's conferences were liked to decreased knowledge. Enhancing community knowledge requires a holistic strategy involving cooperation from all stakeholders and tackling broader socio-economic disparities.
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level of knowledge, obstetric fistula, community level, household, Ethiopia, ordinal regression





Introduction

Obstetric fistula is an anomalous conduit linking either the bladder or rectum and the vagina, leading to involuntary leakage of urine or faeces (1, 2). It is one of the most common devastating maternal health problems related to traumatic childbirth injury (3). Globally, an estimated 2.0–3.5 million women are affected by obstetric fistula, with approximately 2 million cases remaining untreated in resource-limited settings (4, 5). Despite being almost entirely preventable and treatable (6), obstetric fistula persists as a significant public and reproductive health concern and serves as a clear indicator of health inequalities and disparities in maternal care worldwide (7, 8).

Each year, millions of women in resource-limited settings endure prolonged labour, leading to the addition of tens of thousands of new fistula cases to the existing millions, causing significant health strain due to complications like faecal and/or urinary incontinence (9). Countries with higher incidences of maternal mortality also have high rates of obstetric fistula for similar reasons (10, 11).

Obstetric fistula remains alarmingly prevalent in regions with limited access to skilled obstetric care, including Ethiopia (12–14). In Ethiopia, more than 110,000 women have suffered from obstetric fistula, resulting in a lifetime risk of experiencing obstetric fistula to be 1,060 per 100,000 women (15). Merely 2% of these women have received treatment within the last 3 years (16), highlighting a significant gap in addressing obstetric fistula. The efforts to eradicate this condition, led by the UN Population Fund and USAID, have been ongoing for over a decade and are essential for achieving the third Sustainable Development Goal (SDG 3) (17, 18). Ethiopia has implemented strategies such as reducing teenage pregnancies, improving access to obstetric care, and establishing treatment modalities to decrease the number of obstetric fistula cases (19, 20). However, the country continues to face 3,300–3,750 new cases of obstetric fistula annually, with a particularly high prevalence in the Amhara region. This is mainly due to a lack of community knowledge that hampers both prevention efforts and timely treatment. In 2016, the Amhara region reported a significant burden of untreated obstetric fistula, with 230 cases per 100,000 women of childbearing age (21). These data underscore the necessity of enhancing community awareness regarding risk factors, prevention methods, and healthcare services to enhance treatment-seeking behaviour and reduce complications.

Competent, prompt, and affordable obstetrical care is essential for preventing obstetric fistula, with community knowledge levels playing a key role in influencing service utilization by overcoming phase 1 delays, as initial delays in seeking care often stem from a lack of recognizing prolonged labour and limited awareness of the benefits of timely care and treatment, underscoring the importance of understanding the causes, prevention, and treatment of obstetric fistula to reduce its impact significantly (8, 9, 17, 22–24). Therefore, good knowledge of obstetric fistula is pivotal in addressing its burden, and extending care beyond surgery to include community reintegration is crucial for the holistic wellbeing of affected women (25, 26).

Understanding the community knowledge level of obstetric fistula and its determinant factors is paramount for developing effective interventions and reducing its prevalence. While numerous studies have explored obstetric fistula from a clinical and epidemiological perspective (4, 15, 19, 22, 27, 28), few have delved deeply into the community’s understanding of this condition and its underlying causes (15, 21, 27).

Community's knowledge of obstetric fistula and its associated factors remains a significant challenge in Ethiopia, especially in the Amhara region, where the burden is unacceptably high. Previous studies conducted in health centres among fistula victims, who likely have higher knowledge levels than the background population, cannot be extrapolated to assess community knowledge, and despite the crucial role that partners play in disease stigmatization, existing research fails to evaluate community knowledge about obstetric fistula, including the perspectives of men.

Increasing the level of knowledge about obstetric fistula in the community and tackling its underlying factors are vitally important to help victims receive the required social support and, in turn, reduce the increasing number of fistula sufferers (6, 22, 25, 29). However, there is a substantial gap in the available evidence concerning the level of community knowledge regarding obstetric fistula and its influencing factors, particularly in the study area. This study sought to bridge this gap by assessing the collective knowledge about obstetric fistula among community members, including men. Therefore, this study aimed to assess the community knowledge level about obstetric fistula and its associated factors in Gondar, Ethiopia.



Materials and methods


Study design, period, and setting

A community-based cross-sectional study was conducted from 1 January 2024 to 20 February 2024. The study was conducted in Gondar City Administration in the Amhara region of Ethiopia. The city constitutes 12 administrative areas or sub-cities consisting of 22 kebeles (the smallest administrative unit in Ethiopia), hosting approximately 53,725 households and 395,000 adults. The city has one referral hospital with a fistula treatment centre and eight governmental health centres.



Source and study population

The source population for this study included both male and female adults aged 18 years and above. The study population consisted of individuals aged 18 years and above who had been living in the city administration for at least 6 months. Exclusion criteria included unwillingness to participate in the study and living in the city for less than 6 months.



Sample size determination and sampling technique

The single population proportion formula was used to calculate the sample size for the study, considering a 95% confidence level (with a corresponding Z-score of 1.96), a 50% proportion of the population (P), and a 4% margin of error (W), which yielded 601 participants. Taking into account a 10% non-response rate, a total of 663 adults were included in this study.

From the 22 kebeles in the city, 5 kebeles (20% of the total kebeles) were selected randomly using the lottery method to ensure representativeness, and samples were proportionally allocated based on the number of households in each selected kebeles. Then, households were selected using systematic random sampling with a sampling fraction of 14 (k = ni/Ni, where ni is the proportionally allocated sample from each selected kebeles and Ni represents the total number of households from the respective kebeles). The first household was selected using simple random sampling (from 1 to 14), and then every 14th household was included in the study. Finally, one person aged 18 years or above was selected from each household as a study participant using the lottery method.



Study variables

The dependent variable for this study was the level of knowledge about obstetric fistula, categorized into three levels: low, medium, and high. The independent variables included socio-demographic characteristics including age, gender, religion, marital status, educational status, occupation, monthly income, family size, distance from a health facility, and obstetric-related medical and general conditions.



Measurement of the outcome variable

Adults’ knowledge about obstetric fistula was assessed using 10 questions comprising 32 items, which mainly evaluated whether participants had heard of obstetric fistula, knowledge of its risk factors, knowledge of preventive measures, understanding of types of obstetric fistula, awareness of the causes of obstetric fistula, ability to recognize obstetric danger signs, identification of signs and symptoms of obstetric fistula, knowledge of complications, and awareness of treatment options for obstetric fistula. The response for each item was scored as one point if correct and zero otherwise. Therefore, the possible score for a respondent ranged from 0 to 32. The overall knowledge score for an individual was calculated by summing all correct responses, and the overall score for each respondent was categorized into three levels of knowledge regarding obstetric fistula based on Bloom's cut-off: high, medium, and low (30). Study participants whose correct score ranges from 80% to 100% (≥26 correct responses) were classified as having a high level of knowledge, those scoring from 60% to 79% (≥20 and <26 correct responses) were classified as having a medium level of knowledge, and those with a score of <60% (<20 correct responses) were classified as having a low level of knowledge about obstetric fistula. In addition to the outcome variable, we defined “active participation in women's conferences” as attending at least one of the two women's conferences held each month, whether by women or men.



Data collection methods and procedures

Before going to the field for data collection, a 1-day training was provided to data collectors about the purpose of the study, data collection tools and techniques, and ethical issues during the participant selection and data collection. Data were collected using a face-to-face, interviewer-administrated, pretested, semi-structured questionnaire, which was adapted through a review of relevant literature. The internal consistency of the questionnaire was estimated using Cronbach’s alpha, and was found to be good (>0.70). The data were collected via an open-source Kobo Toolbox, which took approximately 50–60 min. The data were subsequently exported to an Excel spreadsheet (version 2108, Microsoft Corp) for further processing and analysis.



Statistical analysis

Descriptive statistics were reported using absolute and relative frequencies; for normally distributed data, means with standard deviations were presented, whereas medians with interquartile ranges (IQRs) were used for non-normally distributed data. Exact binomial confidence intervals (CIs) were reported for relative frequencies unless stated otherwise. Group comparisons were performed using the Mann–Whitney U-test or the Kruskal–Wallis test. To account for the ordinal nature of the outcome, various ordinal logistic regression model exists. Particularly, in line with the interpretability of our research findings, the proportional odds model (POM) was deemed more rational and understandable. This model is also frequently utilized in epidemiological and biological applications. Hence, the proportional odds model was used. The likelihood ratio test and Akaike information criterion (AIC) were used to evaluate the choice between the proportional odds model and the partial proportional odds model (PPOM). Univariable ordinal regression was performed to get insights into the determinants of the level of knowledge about obstetric fistula. Variables with a p-value ≤0.2 in the univariable ordinal regression were fitted into the multivariable ordinal regression model. The proportional odds assumption was evaluated through the parallel lines test. A multivariable proportional ordinal regression model was built using the level of knowledge categories and all potential covariates. The results were presented as adjusted odds ratios with corresponding 95% CIs. A two-sided test was used for all hypotheses, with a significance level set at 5% (p < 0.05). Data were analyzed using the free statistical software R, version 4.3.1 (R Project for Statistical Computing).



Ethical consideration

Ethical approval was obtained from the University of Gondar (VP/S/10291). An official permission letter was obtained from the Gondar City Administration. Support letters were obtained from the selected kebele administrative offices. Verbal informed consent was obtained from household heads and individual study participants after the purpose of the study was explained to them. Confidentiality was ensured by avoiding identifiers. Each participant was informed that participation in the study was entirely voluntary. Participants who are potentially at high risk of obstetric fistula were provided with additional information to encourage them to evaluate themselves and receive service at the University of Gondar referral hospital for detailed examination and appropriate management.




Results


Socio-demographic characteristics of the respondents

Six hundred sixty-three adults were involved in this study, with a median age of 32.0 years (IQR: 19.0–64.0). Slightly more than half (50.7%) of the study participants were women, and 46.2% (n = 306) of the respondents had secondary education as their highest level of education. Of the 663 participants, 456 (68.8%) were married, and about 2 in 5 (42.8%) were employed by the government. The average monthly household monthly income was 8,010 ETB (Table 1).


TABLE 1 Socio-demographic characteristics of respondents, Gondar Town, Ethiopia, 2024.

[image: Table summarizing sociodemographic data including age groups, gender, religion, marital status, educational status, occupation, monthly income in Ethiopian birr, family size, and distance from the health facility with corresponding counts and percentages for each category.]



Obstetric fistula-related characteristics of the study participants

In this study, a substantial majority of the participants, 567 (85.5%), did not receive counselling on obstetric fistula, including information regarding its risk factors, preventive measures, and management options. In addition, only 280 study participants (42.2%) had heard of obstetric fistula through various sources, including social media, print media, healthcare professionals, family members, or friends. Furthermore, healthcare providers informed only a small fraction of individuals (1.1%) about having signs of obstetric fistula (Table 2).


TABLE 2 Obstetric fistula-related and medical characteristics of the respondents at Gondar, 2024.

[image: Data table displaying survey results about obstetric fistula awareness and related health experiences, showing variables, number of respondents, and percentages for categories such as awareness of danger signs, counseling, chronic disease, symptoms, and healthcare visits.]



Medical profiles of study participants

Of the total participants, 123 individuals (18.6%) reported experiencing at least one chronic disease, where more than a third (35.8%) reported diabetes mellitus, and among all adults with chronic diseases, 71 (57.7%) and experienced hypertensive disorders and 8 (6.5%) reported other chronic comorbidities.



Knowledge of the study participants about obstetric fistula

Three hundred ninety-eight respondents, accounting for 60.0% of the total, demonstrated a good understanding of the signs, symptoms, risk factors, complications, and prevention methods of obstetric fistula (Table 3).


TABLE 3 Comprehensive knowledge of study participants about obstetric fistula at Gondar, 2024.

[image: Table summarizing variables, categories, frequency, and percentage related to obstetric fistula, including definitions, signs and symptoms, myths, direct and indirect causes, prevention concepts, and methods, with specific frequencies and percentages for each response.]

Furthermore, from the total study participants, an unacceptably high number of individuals, comprising 265 (40.0%), were categorized as having a low level of knowledge about obstetric fistula (Figure 1).


[image: Bar chart comparing knowledge levels about obstetric fistula among 663 participants. High-level knowledge: 23 individuals, 3.5 percent; moderate: 375, 56.6 percent; low: 265, 40 percent. Frequency is shown in blue bars, percent in orange bars.]
FIGURE 1
Individual’s level of knowledge about obstetric fistula among study participants in Gondar, 2024.




Univariable ordinal logistic regression analysis

Several variables were found to have a statistically significant association with the level of knowledge about obstetric fistulas. These variables include age of the respondent, marital status, education level, occupation, average monthly income, family size, distance from the nearest health facility, participation in women's health conferences, awareness of obstetric danger signs, perception of experiencing obstetric fistulas, having healthcare visits related to perceived obstetric fistula symptoms, experience with urine leakage, and having ever heard of obstetric fistulas (Table 4).


TABLE 4 Summary of univariable ordinal regression analysis by the level of knowledge about obstetric fistula.

[image: Data table summarizing demographic and health characteristics of 663 participants grouped by low, medium, and high levels of knowledge, detailing observations, age, education, marital status, occupation, income, family size, facility distance, participation in women’s conferences, awareness, perceptions, symptoms, experiences, and awareness regarding obstetric fistula, with corresponding percentages, confidence intervals, and p-values for group comparisons.]



Multivariable ordinal logistic regression analysis

The multivariable proportional ordinal regression analysis, following covariate adjustment, identified that occupation, average monthly income, distance from a health facility, participation in women’s conferences, and awareness (heard) of obstetric fistula were all statistically significant independent factors influencing the level of knowledge about obstetric fistula.

The odds of demonstrating a high level of knowledge about obstetric fistula, compared to a medium or low level, were reduced by 67.3% (adjusted odds ratio: 0.327; 95% CI: 0.196–0.541) for self-employed individuals compared to those employed by the government. Similarly, unemployed individuals had 0.352 times lower odds (95% CI: 0.154–0.793) of attaining high-level knowledge than government-employed individuals.

The odds of having a high level of knowledge about obstetric fistula, compared to a medium or low level, were 5.161 times greater (95% CI: 2.012–16.107) for individuals with an average monthly income between 2,250 and 9,000 ETB and 7.013 times higher (95% CI: 2.561–22.907) for those with an income exceeding 9,000 ETB, compared to individuals earning less than 2,250 ETB.

The likelihood of having a high level of knowledge about obstetric fistula, compared to a medium or low level, was 1.7 times higher (95% CI: 1.006–2.699) for individuals residing within a distance from a health facility requiring ≤30 min of travel time, compared to those residing in regions where travel time exceeds 30 min.

The likelihood of having a high-level knowledge about obstetric fistula, compared to a medium or low level, was 33.8% lower [adjusted odds ratio (AOR): 0.662; 95% CI: 0.445–0.983] for individuals who did not actively participate in women's conferences compared to those who did. Furthermore, among individuals within the household who received information about obstetric fistula through various media channels, the odds of achieving a high level of knowledge, relative to a medium or low level, were 4.443 times higher (95% CI: 2.821–7.094) than for those who did not receive such information (Table 5).


TABLE 5 Multivariable proportional ordinal regression using the level of knowledge as a response.

[image: Table showing multivariate analysis results for factors associated with a health outcome, including occupation, income, distance from health facility, women's conference participation, and awareness of obstetric fistula; includes estimate, standard error, adjusted odds ratio with 95 percent confidence interval, and p-values for each variable.]




Discussion

The results of this multivariable proportional ordinal regression analysis indicate that an unacceptably high number of study participants, two out of five (39.9%), had a low level of knowledge about obstetric fistula.

The results of our study appear to align closely with the findings from research conducted in Ghana, which reported a similar low level of knowledge at 37.2% (31). This similarity could be attributed to the fact that both studies were carried out in urban settings, potentially leading to comparable demographic compositions. However, the findings of our research are notably lower than the statistics reported in the 2016 Ethiopian Demographic Health Survey (61.0%) (15), as well as the study reports from Bench Sheko Zone at 59.2% (19) and northwest Ethiopia (63.6%) (32). This variance may be attributed to differences in the study population, as their research encompassed both urban and rural demographics and included solely women. In addition, the disparity could be linked to variations in the study period. Recent substantial efforts have been made to implement health campaigns aimed at raising awareness, prevent obstetric fistula, and provide referral and linkage programs for obstetric fistula. These efforts likely contributed to an enhanced understanding of obstetric fistula among households in our study (9, 25, 26). Furthermore, the consistent utilization of communication media over time has played a significant role. Media platforms possess a potent capacity for disseminating information, thereby potentially elevating the knowledge levels of individuals within households (22, 25, 29, 33).

The odds of demonstrating a high level of knowledge about obstetric fistula, compared to a medium or low level, was reduced by 67.3% for self-employed individuals compared to those employed by the government. Similarly, unemployed individuals exhibited 0.352 times lower odds than government-employed individuals in attaining high-level knowledge vs. medium or low levels. This result is substantiated by the findings reported by Dejen et al. (32), Azanu et al. (24), and Wisdom et al. (31). This might be because the lower levels of knowledge about obstetric fistula among the self-employed and unemployed individuals may be attributed to limited access to formal healthcare education and information due to potential financial constraints and lack of consistent exposure to healthcare resources.

Adults with a relatively higher monthly household income demonstrated a higher level of fistula-related knowledge, and it is clear that there is a gradient of knowledge across the income categories. Individuals who secured a monthly household income of 9,000 and above ETB were more privileged to know more about fistula than those with lower household income categories. Taking income as a proxy measure for socio-economic status (34), this suggests that socio-economic status plays a vital role in knowledge about obstetric fistula. Individuals with higher income might have better access to healthcare education resources, which could contribute to their understanding of issues related to obstetric fistula. Supporting evidence was reported from community-based studies in Ethiopia, where women with media exposure, such as television or radio, had a better understanding of the health issues (27, 28). Media serve as an essential tool for obtaining up-to-date available information that enhances public knowledge (35). This underscores the importance of providing targeted awareness-raising activities about fistula to community members with lower income to bridge the existing knowledge gap. Furthermore, the findings highlight the need for specifically oriented programs to reach lower-income groups through educational workshops and informational materials tailored to the needs of this segment of the community.

Distance to the nearby health facility significantly influences the obstetric fistula-related level of knowledge among adult community members. Individuals who need to commute for less than or up to 30 min to access healthcare facilities were more likely to possess adequate knowledge about obstetric fistula; conversely, those who travel for more than 30 min were less likely to have such knowledge. This finding suggests a correlation between the distance individuals travel to access healthcare and their knowledge. Such reports were observed from studies in Ethiopia (36) and China (37). Individuals with shorter commutes to healthcare facilities may belong to communities with better access to education, be motivated to seek healthcare, interact frequently with healthcare providers, or have greater exposure to fistula health education initiatives. Further research is needed to explore the observed association for in-depth understanding.

Lack of participation in discussions concerning women's affairs was a significant factor that affected the level of obstetric fistula-related knowledge among adults. Individuals who did not actively participate in conferences on issues related to women were less likely to possess essential knowledge about obstetric fistula, which highlights the importance of active involvement of adult community members in dealings that focus on issues related to women.

Awareness of obstetric fistula has a significant contribution to fistula-related level of knowledge among adults. Individuals who have heard of obstetric fistula were over 4.44 times more likely to be knowledgeable compared to those who have not, indicating that knowledge disparities may stem from variations in socio-demographic, economic, and community-related factors within the community (27). However, despite this increased awareness, significant misconceptions about the causes of obstetric fistula persist within the community. A notable proportion of respondents incorrectly attribute the condition to non-violent sex or promiscuity (77.4%) and holding urine for extended periods (77.7%). These misconceptions align with findings from studies by Tsega Dejen et al. and Animut et al., who reported similar misunderstandings (4, 28). In addition, factors such as poor personal hygiene (72.2%), digital pelvic examinations (78.6%), and existing medical conditions (83.1%) are also mistakenly believed to cause fistula, as observed in the study by Bulndi et al. (38). These widespread misconceptions highlight a critical gap in community knowledge that could hinder efforts to prevent and treat obstetric fistula. Therefore, addressing these myths through targeted education programs is essential for promoting an accurate understanding of the true causes, which are primarily linked to prolonged obstructed labour.


Strengths and limitations

One notable aspect of this study is the inclusion of male participants, often overlooked in previous studies. It is important to recognize that men also play a role in addressing this issue, although obstetric fistula affects women. Furthermore, unlike most previous studies on the same topic, this study provides a comprehensive understanding of fistula knowledge within the general population, which is vitally important for developing holistic approaches that can effectively facilitate interventions to curb the devastating impacts of fistula. However, despite these strengths, the findings from this study should be interpreted in light of the following limitations. First, the study was conducted in a town with relatively educated people, and it excludes rural residents, who may have a different understanding of the condition. These may overestimate the proportion of knowledge.



Recommendations

The study reveals an alarmingly low level of knowledge about obstetric fistula. Higher income and prior awareness increased the level of knowledge about obstetric fistula, while self-employment, unemployment, and non-participation in women's conferences decreased it. Addressing broader socio-economic disparities is essential for improving knowledge about obstetric fistula among adults in the study area. Initiatives to reduce income inequality, improve access to education, and provide social support for marginalized communities may be considered. Policymakers should consider socio-economic factors when developing health policies related to obstetric fistula with other maternal health concerns. Further studies in other settings, including people in the countryside, should be considered to understand the overall picture. It is also recommended to assess how the level of knowledge leads to action to prevent and minimize obstetric-related impacts in the community.
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Introduction: Gestational diabetes mellitus (GDM) is associated with a myriad of maternal and fetal complications that severely compromise the mother and child's future health. Dietary interventions are effective in reducing the risk of GDM. However, when diagnosed with GDM in 2nd and 3rd the effectiveness of these interventions on maternal and fetal health remains unexplored. Therefore, this review critically examines existing literature for short- and long-term maternal and fetal outcomes of dietary interventions followed after GDM diagnosis.



Methodology: An extensive literature search through Scopus, PubMed, and Web of Science was conducted to include original, full-text articles published in English between 2013 and April 2024. All randomized controlled trials, case-control, prospective cohort studies, and longitudinal follow-up trials that recruited GDM mothers following dietary interventions upon diagnosis were included. However, pre-pregnancy interventional, retrospective, and prospective studies reporting maternal and fetal outcomes in healthy pregnant women were excluded. This review followed the Narrative Review Checklist by the Academy of Nutrition & Dietetics, Elsevier.



Results: We reviewed the effects of eight popular dietary interventions on various short and long-term materno-fetal outcomes in women recently diagnosed with GDM. Dietary interventions such as Mediterranean, Dietary Approaches to Stop Hypertension (DASH), and low-GI positively affected both short and long-term maternal and fetal outcomes. In contrast, fasting during Ramadan negatively affected maternal and fetal outcomes. Studies with low-carb, high-protein, and calorie restriction reported mixed findings for materno-fetal outcomes. Although certain dietary interventions have shown beneficial effects in the past literature, their findings were limited by small sample size, short intervention duration, and inconsistencies in the outcomes and population studied, compromising the quality of evidence. Further, we observed a scarcity of studies exploring the effect of dietary interventions followed during 2nd and 3rd trimesters after being diagnosed with GDM on long-term materno-fetal outcomes.



Conclusion: Dietary interventions followed during 2nd and 3rd trimesters after the diagnosis of GDM may be crucial for preventing short and long-term materno-fetal complications; however, there is a lack of strong evidence to support this notion. Future studies are recommended to monitor the long-term materno-fetal outcomes of GDM.
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Introduction

In recent years, Gestational diabetes mellitus (GDM) has become a common complication of pregnancy with a pooled prevalence of 14% across the globe based on the International Association of Diabetes and Pregnancy Study Group (IADPSG) criteria (1). Although IADPSG criteria are commonly used, they are consistently reported to predict a higher prevalence of GDM than any other criteria. However, regardless of the criteria, the pooled prevalence of GDM has been still higher (14.7%) globally (2). Region-wise, Middle-East North Africa (27.6%) and South-East Asia (20.8%) have the highest prevalence of GDM whereas, North America and the Caribbean (7.1%) and European regions (7.8%) have the lowest. Further, the burden of GDM is higher in high (14.2%) and low-income countries (12.7%) as compared to middle-income (9.2%) countries (1). GDM is the onset of diabetes characterized by insulin resistance and high blood glucose levels diagnosed between the 24th and 28th weeks of gestation (GW) during pregnancy (3, 4). GDM unlike Type I and II diabetes, is evident only in the later (2nd and 3rd) trimesters leaving a limited scope for early prevention. Furthermore, GDM has been associated with a myriad of negative short-term and long-term materno-fetal complications. GDM significantly increases the risk of non-communicable diseases in the future for both mother and fetus compromising their health status and quality of life (5–7).

Dietary intervention is a top-tiered lifestyle-based intervention for controlling blood glucose levels among women diagnosed with GDM. Past literature underscores the significance of pre-pregnancy adherence to Dietary Approaches to Stop Hypertension (DASH), the Mediterranean (MED) diet, and Plant-based/vegetarian diets in reducing the risk of developing GDM (8, 9). Adherence to these dietary interventions upon diagnosis of GDM may also help alleviate negative health consequences for mother and child. In the face of the ever-growing prevalence and adverse consequences of GDM, it becomes crucial to study high-quality evidence. This will facilitate a better understanding of dietary management during GDM to provide quality care to the mother and the growing fetus. However, the implications of adhering to these dietary interventions upon the diagnosis of GDM during 2nd and 3rd trimester on maternal and fetal outcomes have not been evaluated.



Methods

This narrative review collates the existing evidence to understand the effects of following the popular dietary interventions on materno-fetal outcomes in women with GDM after diagnosis during 2nd and 3rd trimester.

The authors conducted an extensive search through Scopus and Web of Science databases using the keywords: “Mediterranean diet OR DASH diet OR plant-based diets OR Low Glycemic Index (GI) OR high fiber diet OR Ramadan Fasting OR Calorie Restriction OR Low-carbohydrate OR High protein Diet AND gestational diabetes mellitus.” All original, full-text articles published in English between 2013 and April 2024 were considered for this review. We reviewed the case-control, randomized controlled trials, prospective cohort, and longitudinal follow-up trials that investigated the effects of dietary interventions on short or long-term materno-fetal outcomes in women with GDM upon diagnosis during 2nd and 3rd trimesters. However, studies exploring the effects of dietary interventions followed during the pre-conception period on the risk of GDM and those recruiting healthy pregnant women were excluded. Therefore, this review exclusively focuses on mothers diagnosed with GDM, their adherence to various dietary interventions, and the short-term and future repercussions of these interventions on materno-fetal outcomes (Refer to Figure 1 and Figure 2 for summary of the findings). Both authors independently screened the articles for eligibility (Refer to Supplementary File 1 for details), and discrepancies were resolved by mutual discussion. Further, the reference lists of eligible studies were additionally screened to cover the literature extensively. The final review included a total of 61 articles, and the review followed the Narrative Review Checklist (10).
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FIGURE 1
Summary of the effects of dietary interventions on maternal outcomes. Note: Author's creation using Canva software, *indicates the long-term effects; GWG, gestational weight gain; WC, waist circumference; BSL, blood sugar levels; PP, postprandial; AUC, area under curve; TAC, total antioxidant capacity; HOMA-IR, homeostasis model assessment of insulin resistance.



[image: Infographic showing effects of various dietary patterns during pregnancy on fetal outcomes, including plant-based, low-GI, high protein, RF, low-carb, CR, DASH, and MED diets, with each diet connected to specific changes or no significant change in factors such as birthweight, head circumference, neonatal complications, and risk indicators.]
FIGURE 2
Summary of the effects of dietary interventions on fetal outcomes. Note: Author's creation using Canva software, *indicates the long-term effects; LGA, large for gestational age; SGA, small for gestational age.




Mediterranean diet (MED) and GDM

Mediterranean diet (MED) is a popular, plant-based dietary pattern consisting of large amounts of fruits, vegetables, cereals, nuts, and olive oil, moderate amounts of dairy products, fish, and poultry, and low amounts of processed meats and saturated fats prominently observed in Greece and southern Italy. has been shown to have positive maternal and fetal outcomes owing to supply of all essential nutrients crucial during pregnancy (11). Previously, pre-pregnancy adherence to MED has been widely investigated for its beneficial effects in reducing the risk of GDM, however, whether it has similar effects after diagnosis on materno-fetal outcomes has been less explored with only two studies meeting our inclusion criteria.


Maternal outcomes

A secondary analysis of St. Carlos unicentric randomized controlled trial was done to evaluate the effectiveness of MED-based nutrition education among GDM vs. non-GDM women at 34–36th gestational week and 12–14 weeks post-partum. MED significantly prevented the excessive weight gain compared to the average weight gain in the GDM group at 36th–38th GW [RR 0.91 (0.86–0.96), p < 0.001]. Adherence to MED significantly lowered the gestational weight gain (GWG) post-delivery in the GDM (10.0 kg ± 5.7) group compared to the non-GDM group (12.6 kg ± 5.2, p = 0.001). The fasting BSL, insulin, HOMA-IR, lipid profile, and risk of pre-eclampsia were improved in the GDM group. On the contrary, HbA1C significantly reduced in the non-GDM (5.2% ± 0.3) compared to the GDM group (5.3% ± 0.3, p = 0.001) (12). Another intervention trial from the St. Carlos cohort assigned 237 GDM women to MED intervention (n = 136) and a control group (n = 111) intending to follow them for 3 years post-partum. MED significantly reduced waist circumference [MED = 81 cm (76–87 cm), vs. control = 83 cm (78–93), p < 0.05], BMI [MED = 24.7 kg/m2 (22.4–27.8), vs. control = 26.7 kg/m2 (22.7–30.2), p < 0.01]. The glycemic profile of GDM women improved with MED post-delivery with significant reductions in fasting insulin [MED = 2.5 mcUI/ml (2.0–5.6) vs. control = 4.6 mcUI/ml (2.0–7.7), p < 0.05], in contrast, fasting blood glucose levels did not improve. Total cholesterol, LDL-cholesterol, triglycerides, apolipoprotein B, and diastolic blood pressure were reduced significantly, further correlating improved healthy fat and nutrition scores (p < 0.05) in the MED group (13).

Overall, adherence to MED remarkably improved maternal anthropometry and glycemic profile among women with GDM. Short-term adherence to MED significantly reduced gestational weight gain but did not improve maternal glycemic profile. Similarly, post-partum long-term adherence significantly reduced waist circumference, BMI, and GWG, however, did not improve fasting blood glucose levels (BSL). Nevertheless, long-term adherence lowered the fasting insulin levels as correlated with weight loss. Future studies could focus on comparing MED with a standard diet among GDM women to investigate its benefits over other diets.



Fetal outcomes

Only one study investigated the fetal outcomes among GDM women following the MED diet. MED intervention reduced birthweight (kg) in GDM (3,126 ± 465) compared to the non-GDM group (3,273 ± 468, p = 0.002). Furthermore, a lower proportion of LGA babies were observed in GDM (0.8%) than in the non-GDM group (3.9%, p = 0.048). Adherence to the MED diet resulted in fewer NICU admissions in the GDM group. Other fetal outcomes such as SGA, Apgar score (1 & 5 min), hypoglycemia, respiratory distress, and brachial plexus injury did not differ between the groups (12).

Overall, the MED diet positively reduced birth weight, and low incidences of LGA were seen in MED group. Future studies could focus on investigating the effect of MED on long-term fetal outcomes including risk of chronic non-communicable diseases.




Dietary Approaches to Stop Hypertension (DASH) diet and GDM

The DASH diet is primarily rich in complex carbohydrates, dietary fiber, lean protein, magnesium, potassium, and low energy density. The DASH diet has been well-studied and recommended diet therapy for hypertension, cardiovascular diseases, type II diabetes, and metabolic syndrome. Previous studies have reported the beneficial effects of pre-pregnancy adherence to the DASH diet in reducing the risk of GDM (14, 15). Furthermore, higher adherence to the DASH diet has demonstrated better glycemic control among women with pregestational diabetes (16). However, the effect of the DASH diet after being diagnosed with GDM during the 2nd & 3rd trimesters has been less explored.


Maternal outcomes

The first-ever, 4-week randomized controlled trial from China investigated the effect of the DASH diet in 33 GDM women. A DASH diet group showed significantly (p < 0.05) lower fasting blood glucose levels (reduced by 8.1 mg/dl), serum insulin (reduced to 2.5 Î¼IU/ml), and HOMA-IR scores (reduced to 0.7). Total antioxidant capacity (TAC) (increased to 152.5 mmol/L from 48.1 mmol/L) and total glutathione levels (from 109.5 increased to 155.3 Î¼mol/L, p < 0.01) increased significantly in the DASH diet group. This further resulted in forgoing the need for insulin therapy with only 23.5% of participants in the DASH diet group requiring insulin vs. 75% of the participants from the control group (p < 0.01). Additionally, only 47.1% of participants from the DASH diet group needed to undergo cesarean section compared to 81.3% of participants from the control group (p < 0.01). No effect of DASH intervention was observed for GWG and body mass index (BMI) (17). Another randomized controlled trial from Iran reported similar reductions in fasting blood glucose, serum insulin, and HOMA-IR with the DASH diet. Additionally, TAC increased remarkably in the DASH group post-intervention. However, no significant changes were observed in gestational weight, perhaps because the shorter duration of the trial weight reduction was not achieved to a greater extent. A case-control study by Izadi V et al. (18) compared the effectiveness of the DASH and MED diet on maternal outcomes among 200 GDM and 263 non-GDM women. The results indicated that the higher (third tertile) adherence to DASH and MED diets (P = 0.006), lowers the risk of GDM. Importantly, participants with high scores for DASH and MED had significantly low fasting blood glucose, HbA1C, and blood pressure (P < 0.05). Furthermore, higher serum HDL-Cholesterol levels (mg/dl) (48.35 ± 9.22 vs. 46.40 ± 9.83) were noted with high adherence to the DASH diet (P = 0.004).

In summary, higher adherence to the DASH diet remarkably improved maternal glycemic profile, and increased TAC. Although the DASH diet non-significantly impacted gestational weight in the short term, long-term adherence to the DASH diet may positively prevent gestational weight gain. Further studies are recommended to evaluate the long-term effect of the DASH diet on the future risk of non-communicable diseases among women.



Fetal outcomes

Only one study evaluated the effect of the DASH diet on fetal outcomes. Higher adherence to the DASH diet by GDM women during 2nd & 3rd trimesters positively reduced birthweight (DASH- 3.2 ± 0.1 vs. control- 3.8 ± 0.1, p < 0.0001), head circumference (35.3 ± 0.2 vs. 34.0 ± 0.1, p < 0.01), and ponderal index (2.47 Â ± 0.1 vs. 2.9 Â ± 0.1, p > 0.0001). However, no changes in the Apgar score were noted (17).




Plant-based diet (PBD) and GDM

Plant-based diets (PBD) indicate dietary patterns rich in plants and their derivatives excluding animal products. Additionally, terms such as vegan, and vegetarian diets with minimal intake of animal products are also used synonymously to refer to plant-based diets. PBD is rich in antioxidants and has low GI due to high fiber content making it beneficial for diabetic populations. PBDs emerged as a weight-loss diet and are considered an environment-friendly and sustainable food choice. Previous literature has examined the impact of PBD among non-pregnant Type II diabetic individuals (19). Nevertheless, the usefulness of PBD interventions among pregnant women after a GDM diagnosis is less studied.


Maternal outcomes

Only two studies evaluated the effects of PBD among GDM women. A recent randomized crossover trial (eMom pilot study) compared a plant-based Nordic diet (PBND) with a moderate carb-restricted diet (MCRD- 40% of total energy) in 36 pregnant women with GDM for a short duration. PBND is predominantly a high-fiber diet involving a high intake of complex carbohydrates, legumes, fruits & vegetables, fish, and a low intake of red meats. Glycemic variability (Time in Range-TIR) and control (mean glucose) were recorded using CGM devices. PBND (4.8 mmol/L) significantly (p = 0.049) improved mean glucose levels compared to MCRD (4.9 mmol/L) by the end of 3 days. Glycemic variability (TIR) was non-significantly improved with no within-group differences (PBND- 98.9%, MCRD- 98.7%, p = 0.727). Contrary to the study's hypothesis, fasting serum insulin [PBND = −0.0 mU/L(−0.8 to 0.8), MCRD = −1.3 mU/L (−2.4 to −0.3), p = 0.034] and insulin resistance [PBND = 0.03 (−0.24–0.18), MCRD = −0.37 (−0.68 to −0.06), p = 0.030] were improved significantly in the MCRD group. Similarly, the MCRD group showed a remarkable decline in total cholesterol [PBND = −0.0 (−0.2–0.1), MCRD = −0.2 (−0.4 to −0.1), p = 0.023], and LDL-cholesterol [PBND = −0.0 (−0.2–0.1), MCRD = −0.2 (−0.3 to −0.1), p = 0.030] levels than PBND group (20). PBND was not superior to MCRD with both interventions rendering improvements in maternal glycemic and lipid profiles. However, the duration of the study and sample size were small, therefore results may be non-conclusive. Additionally, it is not surprising to observe improvements in the MCRD group as the beneficial effects of carbohydrate restriction in GDM and Type II diabetes have been documented earlier (21–23).

A case-control study evaluated the effects of PBD among 460 Iranian women [GDM cases (n) = 200, Control (n) = 260] by analyzing their dietary patterns and calculating the scores for each of the three indices i.e Plant-based Diet Index (PDI), Healthful PDI (hPDI) and Unhealthy PDI (uPDI). PDI indicates the overall consumption of plant-based Iranian foods amongst 18 food groups. These food groups were further categorized as Healthful (Foods rich in complex carbohydrates, fruits, vegetables, legumes, and nuts) and Unhealthful (Sweets, sugar-rich beverages, packed fruit juices, refined carbohydrates, and potatoes) PDI. Women with GDM adhering to plant-based diets (high PDI scores) had significantly low fasting blood glucose (p = 0.02), total cholesterol (p = 0.05), LDL-C (p = 0.04) but high systolic blood pressure (p < 0.01) which could be attributed to higher sodium intakes in this group (p < 0.001). Relatively, high adherence to unhealthy PDI increased the risk of GDM even after adjusting for energy intake and age (ORadj: 1.71; 95% CI: 1.02–2.85) as evidenced by significantly high triglycerides (p < 0.001), total cholesterol (p = 0.03), and fasting blood glucose (p < 0.01) (24).

Overall, both studies showed higher adherence to PBD improved maternal glycemic and lipid profiles however scarce evidence and limitations of available evidence make it difficult to conclude. Additionally, with different definitions of PBDs, the results may not be generalizable.



Fetal outcomes

There is a severe lack of data exploring the effects of PBD on the health outcomes of fetuses born to women with GDM. We found no direct evidence regarding fetal outcomes among GDM women adhering to plant-based diets, therefore the findings from other studies investigating vegan diets are discussed below. A recent prospective cohort study from Denmark showed an association between maternal adherence to a vegan diet and low birth weight (25). An online retrospective survey of 1,419 women, 4 years postpartum explored the effects of plant-based diets on fetal outcomes. A maternal vegan diet significantly increased the risk of SGA after adjustment for smoking, age, birth week, and GDM. Additionally, low birth weight centiles (42.6 ± 25.9) were seen with adherence to a vegan diet compared to an omnivorous diet (52.5 ± 27.0, P < 0.001) (26).




Low Glycemic Index (GI) diets and GDM

The Glycemic Index (GI) is the potential of food to increase blood sugar levels, specifically, it relates to the carbohydrate type present in foods. Complex carbohydrates have low GI due to their dietary fiber content, whereas simple carbohydrates e.g., glucose, and sucrose have a high GI. Increased consumption of high-GI foods contributes to the development of chronic hyperglycemia. On the other hand, low GI diets have been widely recommended nutrition therapy for the non-pregnant diabetic population (27). Similar positive effects on the metabolic health of women with GDM and their fetuses may be expected.


Maternal outcomes

A randomized control study involving 140 GDM women subjected to either Low GI (n = 66) or standard diabetic diet intervention (n = 74) reported significant improvements in glucose levels in both groups (P < 0.05) (28). Similarly, no significant differences in low-GI and conventional high-fiber intervention were observed in a pilot follow-up study involving 55 women with GDM. However, low fasting insulin, high insulin sensitivity, HDL-C, and reduction in weight in the low-GI group were observed compared to a conventional high-fiber diet (p < 0.05) (29). A Chinese study among 95 GDM women reported a significant (p < 0.01) reduction in fasting (mmol/L) (−0·33 vs. −0·02) and 2 h postprandial glucose (mmol/L) (−2·98 vs. −2·51), and total cholesterol (mmol/L) (0·12 vs. 0·23) was noted however, no change in weight gain was seen in a low-GI group (30). Another study by Hernandez TL et al. (31) reported significantly improved insulin sensitivity, fasting blood glucose, inflammation, and free fatty acids in those following the low-GI diet at the 37th week. A cross-over study from Australia also reported similar findings with significant control over glycemic variability and maternal glucose levels (32). A high-fiber diet (LGI) significantly decline in fasting and 2 h postprandial blood glucose (33). Only one study evaluated the effect of low-GI diets in the post-partum (6 years) on the future risk of prediabetes in 281 women with history of GDM. Higher fruit and vegetable intake reduced impaired glucose tolerance significantly [OR = 0.88 (0.81–0.97), p < 0.05] (34).

Low GI diets showed a remarkably positive impact on maternal outcomes with better glycemic control in the short term. Further, low GI diets may protect against future risk of prediabetes in women with a history of GDM.



Fetal outcomes

We identified a total of 5 studies that explored the effect of low-GI diets on fetal outcomes. A pilot follow-up study of 155 infants born to GDM mothers randomized to either a low-GI or high-fiber diet reported no significant differences in length, birth weight, weight for length, and weight gain per day (29). Low-GI diets non-significantly reduced incidences of preterm delivery, macrosomia, and infections in fetuses born to GDM mothers (30). Infant adiposity significantly correlated with insulin resistance r = 0.731, P < 0.01) and fasting insulin (r = 0.697, P = 0.01) among GDM mothers at 37th gestational week. Further, the study concluded that infant adiposity may reduce by reducing maternal fasting insulin and insulin resistance through low-GI diets (31). The “GI Baby 3” study from Australia studied health outcomes in infants born to 139 women jeopardized by GDM. The study observed non-significant changes in fetal birth weight, ponderal index, body fat percentage, NICU admissions, SGA, LGA, and macrosomia with low-GI diets (35). A recent prospective cohort study exclusively identified the effect of low-GI diets on fetal outcomes in GDM mothers. The study reported no changes in birthweight and SGA, however, incidences of preterm birth and LGA were significantly lower in the low-GI group (p = 0.02). Surprisingly the incidences of preterm birth were higher in quartile 4 of low-GI (6.5%) compared to 1st quartile 5.0%. Moreover, the prevalence of LGA reduced significantly with high adherence to a low-GI diet. Additionally, higher glycemic load in mothers was associated with higher fetal abdominal circumference (36).

Overall, it was noted that maternal adherence to low-GI diets lowered fetal adiposity and the prevalence of LGA. The implications of a low GI diet on adiposity during adulthood among those born to GDM women should be investigated further.




Ramadan fasting and GDM

Ramadan Fasting (RF), a religious form of intermittent fasting, is followed by Muslim communities worldwide during the holy month of Ramadan. In RF, eating is prohibited for about 12–20 h between sunrise & sunset which varies with geographical location and season. During the eating periods, mostly high carbohydrate and high-fat foods are consumed, however, studies exploring the exact dietary patterns during Ramadan Fasting are lacking (37). All Muslims observe Ramadan fasting except for pregnant, lactating, and menstruating women, older adults, children, and those with acute or chronic diseases. Despite the exemption from RF, pregnant women still opt to fast for different reasons (38). The studies investigating the effect of Ramadan Fasting (RF) on gestational diabetes mellitus (GDM) are negligible. Since RF can be regarded as a form of intermittent fasting, the results may be extrapolated to GDM mothers with various ethnicities but who are following or willing to follow intermittent fasting.


Maternal outcomes

A few recently published studies among pregnant women with gestational diabetes reported mixed findings. Alasulami S et al. (39) prospectively analyzed 53 GDM women and 17 pregnant women with T2DM who willingly exposed themselves to RF for a median number of 29 days (13.5 h). Fasting blood sugar levels were significantly (p = 0.033) improved among both groups. Another study comparing pregnant GDM women (n = 57) with pregnant healthy women (n = 25) reported statistically significant improvements (p = 0.016) in HbA1c levels in both groups wherein HbA1c values reduced as the number of fasting days increased. Fasting for more than 20 days resulted in reduced HbA1c in the GDM group (from 5.7 ± 0.6, reduced to 5.3 ± 0.4) as well as in the non-GDM group (from 5.2 ± 0.5, reduced to 4.6 ± 0.4) (40). Contrary to this, Almogbel et al. (41) reported non-significant changes in blood glucose levels, insulin treatment, preterm delivery, cesarean section, gestational hypertension, and weight gain irrespective of the number of fasting days compared to those who didn't fast. In a retrospective case-control study from UAE, 401 women with GDM or Pre-GDM were grouped as fasted against medical advice (Group A; n = 111) and permitted to fast (Group B; n = 254). The study compared maternal outcomes such as HbA1c > 9%, insulin use and incidences of hypoglycemia, Diabetic Ketoacidosis (DKA), and acute illness between both groups. A significantly (p = 0.0001) higher proportion of participants from Group A had HbA1c > 9% (32% vs. 2%) and high insulin requirement (65% vs. 24%) compared to Group B. The incidences of breaking fast for >1 day were prevalent significantly in (p < 0.001) Group A (49%) than in Group B (13%). Hypoglycemia (Group A-63% vs. B- 50%) was the top-most reason for breaking the fast followed by acute illness (Group A-33% vs. B-50%) and DKA (Group A- 4% vs. B- 0%) with significant differences (p = 0.039) between the groups (42).

Continuous monitoring of blood glucose in GDM is important, especially during fasting. Recently, a few studies from the UAE have explored the applicability of continuous glucose monitoring (CGM) in GDM women following RF. A study by Hassanein et al. (43) aimed to evaluate the safety of RF and understand glycemic variations as recorded by FreeStyle Libre Flash (FSL)-CGM in 25 women with GDM. The study noted a significant increase in weight (kg) (Pre-RF = 86.8 ± 17.3; Post-RF = 87.9 ± 17.5, p = 0.003) and triglyceride levels (mg/dl) (Pre-RF = 225.1 ± 47.2; Post-RF = 267.5 ± 105.1, p = 0.014) after RF, whereas, HbA1C (Pre-RF = 5.8 ± 0.5; Post-RF = 5.4 ± 0.5, p = <0.001 and % mean above target glucose (Pre-RF = 21.5 ± 7.8; Post-RF = 13.6 ± 7.1, p = 0.006) improved remarkably post-RF. The incidences of hypoglycemia increased during RF but were not observed between diet only, diet & metformin, and metformin or insulin groups.

Another study from UAE measured the impact of RF on glycemic parameters in 32 GDM women using CGM devices. The participants from RF only (106 mg/dl ± 9) and RF & Metformin had lower mean glucose levels (99 mg/dl ± 7) compared to the non-fasting group (116 mg/dl ± 21). The severity of postprandial hyperglycemia (>180 mg/dl) was also lower in RF only (23%) and RF & Metformin group (5%) as opposed to the non-fasting group (32%). CGM device readings revealed that hypoglycemia events (at least once a day) were higher in the RF & Metformin group (78%) followed by RF only (60%) and low in the non-fasters (50%) with the majority of incidences (100%) occurring at late fasting hours (16:00–19:00) in a day. Additionally, severe hypoglycemic events (BSL < 50 mg/dl) were high with RF (23%) and low in the RF & Metformin treatment (4%) (44).

In conclusion, RF among GDM women increases the risk of hypoglycemia in addition to glycemic improvements, however, more studies are required to confirm their effectiveness.



Fetal outcomes

We observed that two studies exploring the effects of RF on fetal outcomes provided much deeper insights than other dietary interventions. A recent case-control study compared the neonatal outcomes among GDM and healthy pregnant women based on the number of fasting days (<11 days, 11–20 days, <20 days). The results indicated a non-significant effect of RF on neonatal outcomes except that head circumference differed significantly in both GDM and non-GDM groups after RF. Additionally, head circumference (cm) increased as the number of fasting days increased in the GDM group (32.6 ± 0.9, 33.5 ± 2.1, 33.4 ± 1.3, p = 0.055). In contrast, the non-GDM group showed a distinct pattern wherein head circumference increased significantly (p = 0.038) in those who fasted for 11–20 days (37.2 cm ± 7.8) with a reduction in those fasting for more than 20 days (32.5 ± 1.4) compared to <11 days fasting (33.3 ± 0.6) (40). Increased head circumference in the GDM group indicates newborn macrosomia, an anticipated risk factor in gestational diabetes (45), therefore whether RF has any impact on macrosomia warrants further exploration.

Another retrospective cohort study among 345 GDM women following RF, noted certain neonatal complications. The number of fasting days, duration of fast/day, and trimester during fasting significantly affected the neonatal complications. For e.g., neonatal hyperbilirubinemia significantly (p = 0.004) increased as fasting days increased (1–10 days = 7.1%, 11–20 days = 13%, and 21–30 days = 22.8%) compared to the non-fasting group (6.8%). The fasting duration of 12–13 h (25.8%) and 14–15 h (33.8%) significantly (p ≤ 0.05) increased incidences of neonatal hyperbilirubinemia compared to the non-fasters (6.8%). On the contrary, the prevalence of neonatal hypoglycemia declined significantly as the number of fasting days (1–10 days 26.7%, 11–20 days 0%, 21–30 days 10.4%; p = 0.05) and fasting duration increased (12–13 h = 9.7%, 13–14 h = 11.3%, >14–15 h = 16.3%, >15–16 h = 7.2%; Ztrend p = 0.06) as opposed to the non-fasting group with high neonatal hypoglycemia rates (22.7%). The mean birthweight increased as the duration of fasting (12–13 h = 3,107 gms ± 521, 13–14 h = 3,197 ± 598, >14–15 h = 3,265 ± 488, >15–16 h = 3,347 ± 584) increased significantly (ptrend = 0.02) compared to the non-fasters (3,140 ± 619). The prevalence of SGA was high (12.8%) in the non-fasting group compared to the fasting group with significant (p = 0.03) differences in fasting duration (12–13 h = 3.2%, 13–14 h = 12%, >14–15 h = 0, >15–16 h = 3.6%) but not in the number of fasting days (1–10 days- 0%, 11–20 days- 13%, 21–30 days- 5.6%; Ztrend p = 0.1). Furthermore, the exposure to fasting during later trimesters (2nd and 3rd trimesters) significantly increased the birthweight (1st trimester- 3,163 gms ± 603, 2nd- 3,272 ± 523, 3rd-3,851 ± 497; p = 0.03) and prevalence of neonatal hyperbilirubinemia (1st trimester- 16.4%, 2nd- 23.3%, 3rd- 25%; p = 0.02), in contrast to the reduced incidences of neonatal hypoglycemia (1st trimester- 10.9%, 2nd- 8.3%, 3rd- 8.9%; p = 0.05) (41).

Although maternal adherence to RF decreased the prevalence of neonatal hypoglycemia, the longer fasting duration led to increased birth weight, head circumference, macrosomia, and higher incidences of neonatal hyperbilirubinemia. Overall, the undesirable effects of maternal RF during 2nd & 3rd trimesters were observed among fetuses born to GDM women.




Calorie restricted diets and GDM

A calorie-restricted (CR) diet focuses on limiting energy without malnutrition. CR was originally recommended to promote weight loss and has been studied extensively among overweight, and obese individuals (46). A recent systematic review concluded that CR diets may promote remission of diabetes and lower the cardiometabolic risk in Type II diabetic individuals (47). Although CR diets emphasize energy restriction without malnutrition, CR during a critical stage like pregnancy may be counter-intuitive and may even have adverse maternal and fetal outcomes. On the contrary, CR diets in GDM may also result in weight loss promoting improved insulin sensitivity and decreased insulin resistance thereby reducing the GDM-associated adverse outcomes. There is no standardized range for the amounts of calories restricted per day, rather it is determined based on individual requirements. Therefore, there is a large variation in studies discussed below regarding the ideal number of calories to be restricted.


Maternal outcomes

The effect of CR diets in women with GDM remains largely unknown with only three studies having attempted to investigate. A recent TIMER (The gestational diabetes Mellitus Energy Restriction) study compared a low-energy (LED- 1,800 kcal) vs. a very low-energy diet (VLED- 1,600 kcal) intervention in 43 pregnant women with GDM. The LED group (11.4 ± 5.0) had higher total gestational weight gain (GWG) whereas, the VLED group experienced a weight loss (6.8 ± 7.6). A remarkable (p = 0.02) rise in MUAC in the VLED group (31.5 ± 3.18) was observed compared to the LED group (28.3 ± 3.92). Other maternal outcomes such as gestation age (GA), C-section delivery, and insulin use, were non-significantly different in both groups. The majority had GA between >37, <42 weeks (LED-100%, VLED- 93.3%, P = 0.48). The proportion of C-section delivery was non-significantly (p = 0.35) higher in VLED (66.7%) as opposed to the LED group (50%). The VLED group required insulin relatively early (22 ± 8 GW) compared to LED (25 ± 7 GW). Additionally, more insulin units were required at labor in VLED (26.8 ± 13.6 units, p = 0.36) than in LED (18.9 ± 13.7 units, p = 0.27). Another case-control study among 16 GDM women investigated the impact of moderate energy restriction (1,200 kcal/day). CR resulted in significant weight loss per week (mean weight loss 0.4 ± 0.4 kg) (p < 0.001). Overall weight loss was seen in CR (1.6 ± 1.7 kg) vs. in control group (1.4 ± 1.2 kg). A median liver triacylglycerol also reduced from 3.7%–1.8% significantly in the CR group (p = 0.004) post-intervention. Surprisingly, despite significant weight loss, there was no change in fasting and post-prandial blood glucose, fasting insulin, HOMA2 index, and lipid profile in both groups. This was attributed to the small sample size and inability to control for certain factors (48).

Only one study by Gray KL et al. (49) investigated the long-term impact of calorie restriction in women with a GDM history. A recent 12-month RCT compared the effects of very low-calorie, 2-day Intermittent energy restriction (IER- 500 kcal, n = 61) with Continuous moderate energy restriction (CER- 1,500 kcal, n = 60). A statistically significant (P < 0.001) weight loss over time was observed and an average weight loss of 4.3 ± 5.5% compared to baseline was noted at the end of the 12-month trial with no differences (p = 0.2) within the two groups. Maternal glycemic profile (fasting blood glucose, HbAlc, serum insulin levels, and HOMA-IR) improved significantly (P < 0.001) over 12 months in both groups but no change in postprandial glucose levels was observed. Additionally, weight loss significantly (p = 0.03) correlated with reductions in HbA1c, fasting insulin (r2 = 0.07) and change in HOMA-IR (r2 = 0.08) in both groups.

In summary, short and long-term CR resulted in weight loss in women with GDM. Despite the weight loss, short-term CR did not improve the glycemic profile. In contrast, long-term CR postpartum in women with a history of GDM significantly improved HbA1c, fasting insulin, and HOMA-IR. Different maternal outcomes and a few limitations affect the definite conclusion. Nevertheless, long-term CR in women with a history of GDM has the potential to mitigate the future risk of non-communicable diseases including type II diabetes, however, more evidence is warranted to support this notion.



Fetal outcomes

We found only two studies investigating the impact of CR on fetal outcomes. The TIMER study reported that CR non-significantly influenced fetal outcomes such as birthweight, premature birth, SGA, LGA, and APGAR score at 1 and 5 min. The birthweight was lower in VLED than in the LED group (3,114 ± 400 vs. 3,011 ± 333, p = 0.44). CR increased maternal urinary ketone production; however, the results were non-significant. Nevertheless, it is worth reiterating that increased maternal urinary ketones have been associated with adverse fetal outcomes (50, 61). Therefore, until strong evidence is available, CR among GDM women may not be advisable. In contrast, another study reported LED (3,360 ± 277) did not reduce birthweight as opposed to the control diet (3,361 ± 398, p = 0.99). Another fetal outcome assessed in this study was special unit admissions which did not differ between both groups (LED-1, Control-2, p = 0.84) (48).

Both short-duration studies showed no significant impact of CR on fetal anthropometric measures such as birth weight. Future studies are recommended to assess the effect of short and long-term CR on fetal outcomes such as macrosomia, SGA, LGA, neonatal glycemic profile, and risk of hyperbilirubinemia.




Low-carbohydrate (low-carb) diets and GDM

Carbohydrates are a prime energy substrate and the only macronutrient that directly influences blood glucose levels. Consumption of carbohydrate-rich diets in pregnancy with GDM could potentially increase hyperglycemia and adversely affect maternal and fetal health. Low-carb diets ameliorate the glycemic profiles of non-pregnant diabetic populations (23), but their effect on the glycemic profiles among the GDM population is understudied.


Maternal outcomes

A case-control study from China treated women with (cases-152) and without GDM (control-113) to low-carb and control diets in addition to regular medical management. A low-carb diet significantly reduced fasting (p = 0.020) and post-prandial blood sugar levels (p = 0.049) among those not treated with insulin compared to insulin-treated women. The need for insulin was significantly (p < 0.001) delayed by 3.47 weeks among the low-carb diet group (33.59 ± 3.45) compared to the control group (29.21 ± 4.07). However, no significant changes were observed in gestational weight gain, hemoglobin, and lipid profiles of the participants in both groups (51). In contrast, a randomized control trial assigned 46 GDM women to follow a low-carb diet (135 gms/day) reported non-significant changes in fasting (low-carb = 4.9 ± 0.1 vs. standard 4.9 ± 0.1, p = 0.88) and post-prandial (low-carb = 6.5 ± 0.1 vs. standard 6.2 ± 0.1, p = 0.17) blood sugar levels; whereas no changes in gestational weight gain were seen post-intervention. When comparing the mode of deliveries, no significant changes were observed except for reductions in elective cesarean delivery among a low-carb (12.5%) compared to a standard diet (38.1%) (p < 0.05) (52). A similar study compared a high-carb diet (n = 6) with a low-carb diet (n = 6) among pregnant women with GDM measured glycemic variability and control using CGM devices and other maternal outcomes such as HOMA-IR, lipid profile, and C-reactive proteins were assessed. The glycemic variability measured as the mean amplitude of glucose excursions (MAGE) significantly (p = 0.004) reduced (High-carb = 1.8%, Low-carb = 0.5%), in contrast, non-significant (p = 0.08) improvements in time in range (TIR-%) were observed in a low-carb group (High carb = 8.7%, Low-carb = 3.7%). Contrary to the hypothesis, a high-carb diet significantly declined the fasting (mmol/L) (High-carb = 4.62, Low-carb = 5.07, p = 0.007) and mean glucose (mmol/L) (High-carb = 4.9, Low-carb = 5.2, p = 0.02) compared to a low-carb diet post-intervention. A similar trend was observed between both groups for insulin resistance (High-carb = −0.214, p = 0.02, Low-carb = −0.107, p = 0.68). These improvements in glycemic control and insulin resistance in a high-carb group may be attributed to non-significant differences in mean consumption of carbohydrates (high-carb = 222 g vs. low-carb = 215 g, p = 0.16) and dietary fiber (High-carb = 38.79 g vs. Low-carb = 39.50, p = 0.68) (21).

A randomized controlled trial administered a low-carb diet (35%–40% of total energy) to GDM women from urban (Site A) and semi-urban (Site B) hospital sites. The study reported no changes in maternal outcomes for gestational weight change, fasting, and postprandial blood glucose levels, insulin need was observed in the low-carb group. On the contrary, significant changes in 2-hr post-prandial glucose levels were seen when compared based on study locations (Site B- 100.59 ± 7.30 vs. Site A- 116.30 ± 15.13, p < 0.01) (53). One of the possibilities for these variations could be due to significantly higher intakes of protein (100.17 g) and fats (89 g) at Site B in contrast to Site A (protein- 82.3 g, fats- 65 g, p < 0.01 for both nutrients). In contrast, a low-carb diet increased incidences of C-section delivery (low-carb = 33.8% vs. control = 26.7%) and moderate to high ketonuria (low-carb = 22.9% vs. control = 20.6%). A Low-carb diet significantly resulted in reduced gestational weight gain (low-carb = 1.4 ± 2.0 vs. control = 2.3 ± 2.0, p = 0.017) and low prevalence of maternal hypertension, without any significant changes in maternal fasting BSL, 1 and 2 h postprandial glucose, and insulin requirement (54).

Only one prospective cohort trial explored the risk of T2DM in the future among 722 women with GDM history with adherence to a low-carb diet. Overall, a low-carb diet significantly increases the risk of T2DM in later life [2.13 (1.65–2.76), p < 0.001]. Interestingly, this study noted that low-carb, vegetable-based protein and fats (1.29 (1.00–1.67) (P = 0.14) reduced the odds of T2DM; whereas, low-carb, animal-based protein and fats [2.18 (1.68–2.83), p < 0.001] significantly increased the risk of T2DM in future (55).

In summary, the present evidence showed that a short-term low-carb diet does not significantly improve the glycemic profile and certain maternal outcomes. In contrast to the notion, adherence to a low-carb diet by GDM women does not decrease the risk of T2DM. Importantly, energy supplemented through animal proteins and fats in low-carb diets may aggravate the risk of T2DM in women with GDM.



Fetal outcomes

Only three studies followed GDM women adhering to the low-carb diet to explore its impact on fetal outcomes. A randomized controlled trial noted no impact on fetal outcomes such as birthweight (gm) (low-carb = 3,125 ± 101, control diet = 3,278 ± 79, p = 0.25), SGA (low-carb = 25%, control diet = 14.3%, p = 0.25), LGA (low-carb = 0%, control diet = 4.8%, p = 0.28), and macrosomia (low-carb = 4.2%, control diet = 4.8%, p = 0.55). Increased muscle mass (low-carb = 92.8% ± 2.2, control diet = 89.9 ± 1.0, p = 0.23) and reduced fat mass (low-carb = 7.2% ± 2.2, control diet = 10.1% ± 1.0, p = 0.23) were noted in the low-carb group however, the results were non-significant (52). Perhaps these changes may be due to the small size and non-inclusion of other maternal variables which might cause these improvements for e.g., physical activity/exercise because maternal dietary data do not explain improvements in fat and muscle mass otherwise.

The US-based study reported no significant reduction in hypoglycemic events, SGA, LGA, and macrosomia in a low-carb diet (54). Another study also observed a non-significant increase in birthweight (Low-carb = 3,409.53 g ± 527.91, Standard = 3,377.28 g ± 589.91, p = 0.81), head circumference (Low-carb = 35.09 cm ± 3.80, Standard = 33.95 cm ± 1.77, p = 0.13), abdominal girth (Low-carb = 31.78 ± 2.83, Standard = 31.56 ± 3.17, p = 0.77), incidence of shoulder dystocia (Low-carb = 2.9%, Standard = 0%, p = 0.25) and hospitalization (Low-carb = 20.6%, Standard = 12.5%, p = 0.38) (56).

The current literature concerning the effects of a low-carb diet on fetal outcomes presented mixed findings. One study reported improvements in neonatal anthropometry whereas another showed undesirable changes. The shorter study duration and small sample sizes make it difficult to generalize the findings highlighting the need for future studies.




High protein diets (HPD) and GDM

Protein is one of the crucial macronutrients for optimum growth and development of the fetus. Protein synthesis increases markedly during the latter half of the pregnancy (2nd & 3rd trimester) besides increased insulin resistance. High protein diets (HPD) that emerged as popular weight loss strategies have now been widely recommended to attenuate blood glucose levels among the non-pregnant diabetic population (57). Considering the increased protein requirements alongside increased insulin resistance as evident in GDM, recommending HPD may have synergistic benefits, thereby improving obstetrics and fetal outcomes. However, the evidence supporting the benefits of adhering to HPD after a GDM diagnosis is lacking.


Maternal outcomes

A recent 3-day randomized controlled trial compared HPD (protein = 30%; CHO = 35%) with a low-protein diet (LPD) (protein = 15%; CHO = 50%) in 12 pregnant women with GDM, reported significant reductions (p ≤ 0.05) in glucose and insulin area under curve (iAUC) and low postprandial mean blood glucose levels (56). Although statistically significant improvements were seen in glycemic and insulinemic response to HPD, the results should be interpreted cautiously due to the intervention's shorter duration (2 days). Additionally, the proportion of carbohydrates in both diets (HP = 35% vs. LP = 50%) was lower and may have also contributed to improved glycemic and insulinemic response. Another randomized cross-over trial reported similar improvements in glycemic profiles. They compared a high protein Soy-based diet (n = 32) with a high fiber diet (n = 30) among women with GDM. The study reported significant reductions in post-prandial blood glucose levels (p ≤ 0.05) and the need for insulin (p = 0.05) in the soy-based diet compared to the high-fiber diet after two weeks of intervention. Surprisingly, this difference became insignificant by the end of the trial with no changes in post-prandial blood glucose levels, however, the insulin requirement significantly reduced in the soy-based diet (18.75%) as opposed to high fiber diet (50%, p = 0.015) post-intervention. Furthermore, no significant changes in other maternal outcomes such as gestational weight gain, cesarean delivery, fasting blood sugar levels, and HbA1c were observed (58). One of the reasons for non-significant maternal outcomes could be attributed to the low glycemic index of high-fiber diets. A similar study explored the impact of a soy-based high-protein diet (n = 34) with a standard diet as a control (n = 34) among pregnant women with GDM. The study revealed significant improvements in fasting blood sugar levels (Soy = −12.7 ± 13.2 mg/dl vs. standard = +1.4 ± 11.6, P < .001), serum insulin (Soy = −0.9 ± 10.0 μIU/ml vs. standard = +5.0 ± 11.6, P = .02), HOMA-IR (Soy = −0.8 ± 2.2 vs. control = +1.2 ± 2.7 P = .002), QUICKI (quantitative insulin sensitivity check index) (Soy = +0.01 ± 0.03 vs. control = −0.007 ± 0.02, P = .004) and lipid profile in the high protein group post 6 weeks intervention with standard diet as a comparator (59).

Overall, three interventional studies showed improved maternal glycemic profiles in the short term; however, long-term effects must be evaluated. Additionally, two of the studies compared the effects of plant-based protein (Soy), therefore whether the plant-based proteins are superior in improving glycemic profile compared to animal proteins requires further evaluation.



Fetal outcomes

Only two studies evaluated the implications of HPDs in fetuses born to GDM mothers. A randomized controlled trial reported that the Soy-protein diet neither improved nor worsened certain fetal outcomes such as preterm delivery, length, macrosomia, head circumference, birth weight, APGAR score at 1/5 min, and neonatal hypoglycemia. Nevertheless, a soy-protein diet significantly reduced neonatal hyperbilirubinemia (Soy = 8.8%, Control = 32.4%, p = 0.01) and hospitalization (Soy = 2.9%, Control = 20.6%, p = 0.02) (59).

An Indian study reported non-significant changes in incidences of LGA, shoulder dystocia, neonatal hypoglycemia, and TSH levels in both Soy and high-fiber diets. Importantly, neonatal birth weight was significantly lower in the soy-protein (2.86 ± 3.07) compared to the high-fiber group (3.07 ± 0.39) (58), however, it does not indicate any abnormality since the mean birth weights of both groups are within normal ranges. Only 1 study evaluated the future implications of high protein intakes on the metabolic health of children at the age of 9–16 years born to GDM mothers. Protein intake was not associated with changes in fasting insulin and HOMA-IR among children. High protein intake was non-significantly associated with a modest increase in abdominal obesity, however, it did not result in overweight/obesity. Significant differences between the maternal consumption of animal proteins and the impact on metabolic outcomes among offspring in both GDM and non-GDM exposed groups were observed. Interestingly, intakes of dairy and white meat increased the adiposity in the offspring of both groups, whereas, increased insulin resistance was observed with red & processed meat consumption in the offspring of the control group. Gender differences were observed where male offspring had higher insulin resistance than females (60).

In summary, two studies evaluated the short-term effect of maternal protein intakes on different fetal outcomes. High-protein diets neither improved nor worsened fetal metabolic health, except for positive changes such as reduced neonatal hyperbilirubinemia, birth weight, and hospitalization. Higher protein intake resulted in a modest increase in abdominal obesity over the long term in the offspring born to GDM mothers; however, the results were non-significant and require validation from future studies.




Conclusion

Gestational diabetes mellitus complicates the pregnancy and adversely affects materno-fetal outcomes in both the short-term and future. Very little is known regarding the effects of dietary interventions on maternal and fetal outcomes when followed during 2nd and 3rd trimester after being diagnosed with GDM. Hence, this review focused on pregnant women following various dietary interventions upon receiving a diagnosis of GDM. Eight popular dietary interventions were evaluated and most studies have primarily investigated short-term maternal and fetal outcomes, with very few exploring potential future health implications in both mother and child. Our findings underscore that adherence to Mediterranean, DASH, and low-GI diets during 2nd & 3rd trimesters after being diagnosed with GDM positively affected maternal and fetal outcomes, whereas more studies are warranted to confirm the effects of Ramadan Fasting, Calorie restriction, Low-carbohydrate, and high protein diets Although the beneficial effects of some dietary interventions were noted, the potential sources of bias such as small sample size, short intervention duration, adherence to interventions, differences in outcomes assessed, and inconsistencies in dietary interventions/compositions of meals (For example., studies examining low-carb or High protein diets determined individualized nutrient requirements rather than reference requirements standard for all subjects which may have affected the results) cannot be overlooked while interpreting these findings. Further cultural differences and regional dietary habits may have also affected the results. There is an urgent need for better-quality evidence to confirm the implications of these dietary interventions in women with GDM. Future studies are recommended to examine the effects of dietary interventions on long-term materno-fetal outcomes. Additionally, the critical comparison of these dietary interventions will reveal the best possible dietary solution for preventing the ramifications of GDM on the prospective health of mother and child.
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Objective: To establish a predictive model for spontaneous preterm birth (SPB) in primiparas with grade A1 gestational diabetes mellitus (GDM).



Methods: The clinical data of 1,229 primiparas with grade A1 GDM who delivered in our hospital from July 2020 to August 2023 were retrospectively analyzed, including 142 primiparas in the SPB group and 1,087 primiparas in the full-term group. Their basic information, family history, weight, cervical length (CL) measured by transvaginal ultrasound in the second trimester, and pregnancy complications were analyzed. The factors influencing SPB were explored, and a prediction model based on a random forest algorithm was constructed.



Results: Short CL in the second trimester, a family history of preterm birth, a high pre-pregnancy and prenatal body mass index, the use of assisted reproductive technology, and a high fasting blood glucose level in the first trimester were important risk factors for SPB in primiparas with grade A1 GDM. The prediction model constructed in this study has a high overall prediction angle.



Conclusions: Evaluation of the above risk factors before or during pregnancy and preventive measures and interventions targeting these risk factors will reduce the risk of SPB in primiparas with grade A1 GDM.
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1 Introduction

Preterm birth (PB) is defined as delivery before 37 weeks of gestation. Different countries have different definitions of the lower limit of PB based on differences in their neonatal care capacity. In the United States, it is 20 weeks, while it is 28 weeks in China (1, 2). PB is divided into spontaneous preterm birth (SPB), preterm premature rupture of membranes (PROM), and iatrogenic preterm birth, among which SPB accounts for approximately 50% of cases. However, there were still 13.4 million preterm infants worldwide in 2020, accounting for more than 1 in 10 births (3). Preterm birth complications are the leading cause of death in children under 5 years of age, and preterm birth was responsible for approximately 900,000 deaths among children in 2019 (4). Many surviving preterm infants may have long-term disabilities, including cerebral palsy, visual or hearing impairment, delayed social development, increased behavioral problems, and an increased risk of chronic disease in adulthood (5, 6). Therefore, prevention of preterm birth is key to reducing the risk of neonatal morbidity and mortality. Studies have found that SPB occurs in approximately 5% of primiparas (7). At present, the main predictor used in the prediction models of SPB at home and abroad are cervical length (CL) measured by transvaginal ultrasound, fetal fibronectin (fFN), phosphorylated insulin-like growth factor binding protein 1 (phIGFBP-1), complement C5 in cervical secretions, and cell-free fetal DNA in maternal peripheral blood (8, 9). However, some studies have found that the positive predictive value of CL and fFN for SPB in primiparas is low (7). Moreover, the economic costs of using fFN and other serological tests as routine SPB screening tools for primiparas are high. Therefore, further improvement of prediction models is needed to improve their predictive value.

Gestational diabetes mellitus (GDM) is a type of diabetes that occurs or is first diagnosed during pregnancy, with an incidence rate of 2.3%–29.6%. Grade A1 GDM was defined as those whose blood glucose could be well controlled by nutritional management and exercise guidance. Grade A1 GDM accounts for a relatively high proportion of GDM. It may be due to placental vascular lesions or inflammatory reactions and other reasons, the risk of PB in pregnant women with grade A1 GDM is 1.4 times higher than that in pregnant women with normal blood glucose levels (10). There is currently no prediction model for the occurrence of SPB in primiparas with grade A1 GDM. Random forest model is a conventional machine learning tool that can process large data sets, assess the importance of variables on the prediction of dependent variables, generate accurate and simple results, and provide reference for subsequent clinical decision making (11–13).We explored the risk factors for SPB in primiparas with grade A1 GDM using a retrospective cohort study design and established a prediction model using a random forest algorithm. The results of this study will provide scientific evidence for early warning and intervention for SPB in primiparas with grade A1 GDM.



2 Materials and methods


2.1 Participating cohorts and inclusion criteria

Pregnant women managed in the Maternal and Child Health Hospital, Songjiang, Shanghai, China, from July 2020 to August 2023 were included in this study. The inclusion criteria included a diagnosis of grade A1 GDM (14), primiparity, normal placental position. The exclusion criteria included multiple pregnancies, cervical insufficiency, and indicated preterm birth, incomplete data. The study protocol was approved by the ethics committee of the hospital (Ethical approval number: 20210201), and all participants signed a written informed consent form before enrolment in the study. A total of 1,229 participants were included in the analysis. There were 142 cases (11.55%) in the SPB group (who delivered at a gestational age of between ≥28 weeks and <37 weeks), and 1,087 cases (88.45%) in the full-term birth (FTB) group (who delivered at a gestational age of ≥37 weeks).



2.2 Definition of terms


2.2.1 Gestational age

It is calculated from the first day of the last menstrual period, and 7 days are defined as a week of gestational age.



2.2.2 Grade A1 GDM

GDM refers to the glucose metabolism that is normal before pregnancy and appears during pregnancy. 75gOGTT is performed at 24–28 weeks of gestation. The thresholds of fasting, 1 h and 2 h after glucose intake are 5.1 mmol/L, 10.0 mmol/L and 8.5 mmol/L, respectively. GDM is diagnosed when any blood glucose value reach or exceed these criteria. Grade A1 GDM is defined as those whose blood glucose could be well controlled by nutritional management and exercise guidance, that is, fasting blood glucose <5.3 mmol/L and 2-h postprandial blood glucose <6.7 mmol/L.



2.2.3 Smoking in primipara or spouse

Primipara or spouse smoked during pregnancy.



2.2.4 Transvaginal ultrasound method for Cl measurement

Between 20 and 24 weeks of gestation, the primipara was placed in lithotomy position after she urinates (15). After this, an ultrasound probe was placed in the vagina of the primipara and rotated to show a sagittal section of the cervix and display the internal and external opening of the cervix and the entire cervical canal. The linear distance from the internal to the external opening of the cervix was measured three consecutive times, and the smallest value was used.



2.2.5 Methods of sampling for the ureaplasma urealyticum (UU) test

At 11–13 + 6 weeks of gestation, a swab was inserted into the distal 2–3 cm of the cervical canal and kept there for approximately 15 s. It was then gently rotated from side to side until it was covered with cervical secretions and removed.



2.2.6 Methods of sampling for the group B streptococcus (GBS) test

At 35–36 weeks of gestation, during PB or during PPROM, samples were taken from the lower third of the vagina using a swab. Samples were concurrently obtained from the rectum through the rectal sphincter using the same swab (16).




2.3 Exposures and covariates

The main objective of the study was to develop a prediction model for SPB in primiparas with grade A1 GDM. We extracted information from the electronic medical record system including age, height, use of assisted reproductive technology (ART), pre-pregnancy and prenatal weight, CL measured by transvaginal ultrasound at 20–24 weeks of gestation, fasting blood glucose (FBG) levels in the first trimester, trimester in which GDM was diagnosed, prenatal hemoglobin (HB) levels, hypertensive disorders of pregnancy (HDP), subclinical hypothyroidism (SCH), intrahepatic cholestasis of pregnancy (ICP), premature rupture of membranes (PROM), ureaplasma urealyticum (UU) infection in the first trimester, Group B Streptococcus (GBS) infection in the last trimester, smoking in a primipara or her spouse (smoking index ≥200), and family history of PB and DM. All primiparas underwent screening for GDM, with a 75-g oral glucose tolerance test (OGTT) performed at 24–28 weeks of gestation. The blood glucose thresholds during fasting and one and two hours after oral glucose intake were 5.1, 10.0, and 8.5 mmol/L, respectively. GDM was diagnosed if the blood glucose values reached or exceeded these thresholds at any time point. GDM was also diagnosed if the OGTT was normal but the FBG was ≥5.1 mmol/L after 28 weeks. Patients with ideal blood glucose control after nutritional management and exercise guidance during pregnancy were considered to have grade A1 GDM.



2.4 Statistical analysis


2.4.1 Basic methods

Epidata version 3.0 software was used for data entry, and SPSS version 22.0 statistical software was used for statistical description of all the included independent variables. Continuous variables were described using the means ± standard deviations, and categorical variables were described using the adoption rate or component ratio. After descriptive statistics, the difference between the two groups was compared. Based on the distribution of the continuous variables, differences between the groups were assessed using a t-test or Wilcoxon rank sum test; for categorical variables, the difference between the groups was calculated using a chi-square test or a fisher's exact test. In the comparison of the differences between the groups, a P of <0.05 indicated a significant difference.



2.4.2 The random forest algorithm

The study predicted preterm birth using variables obtained from clinical. During the screening of variables, the predictors that were highly consistent with the predicted outcome, such as the delivery week, were first excluded. After this, postpartum-related predictors, such as the newborn weight and newborn sex, were excluded. A total of 19 variables were used to predict the occurrence of preterm birth. When constructing the random forest model, the model parameters with the least error were determined using different values of the random forest model parameters (the number of features and the number of decision trees), so as to achieve as high an accuracy of the prediction model as possible. After the model parameters were determined, the prediction model using various predictors of premature birth was constructed. In this study, the validation of the random forest model adopted two methods: internal validation and repeated fitting. The internal validation randomly divided the complete data set into two parts: the training set and the validation set. The training set was 70% and the validation set was 30%. Repeated fitting meant that ten random cross iterations were performed during model construction to evaluate the stability of the construction of the prediction model by comparing the consistency of the results of ten prediction models in the fitting effect (using AUC, accuracy, sensitivity and specificity of prediction) and important parameters. At the same time, this made it convenient to select the prediction model with the highest sensitivity while ensuring high accuracy among multiple prediction models.





3 Results


3.1 Baseline characteristics of the study population

A total of 1,282 participants were recruited in this study. After excluding those with cervical insufficiency (N = 7) and indicated preterm birth (N = 46), 1,229 primiparas were included in the final analysis, of whom 142 had PB (11.55%) and the remaining had FTB. As shown in Table 1, the baseline characteristics of the SPB and FTB groups were compared, and the results showed that there were statistically significant differences in pre-pregnancy weight, cervical length at 20–24 weeks of gestation, prenatal Hb levels, use of ART, GBS infection rates, PROM, smoking in the primiparous woman or her spouse, and family history of PB and DM between the two groups (P < 0.05). However, there were no statistically significant differences in other indicators (P > 0.05).


TABLE 1 Baseline characteristics of the study population.

[image: Table with four columns comparing demographic and medical characteristics between spontaneous preterm birth (SPB) and full-term birth (FTB) groups, including gestational age, pre-pregnancy weight, ART use, infections, PROM, family history, and related p-values for statistical significance.]



3.2 Effect values and confidence intervals for variables with significant differences between groups

Without controlling for any confounding factors, we analyzed the effect on outcomes of PB with the predictor variables in Table 1 with significant between-group differences. As shown in Table 2, increased pre-pregnancy weight, ART, GBS infection, shortened CL, PROM, smoking in pregnant woman, family history of PB and DM were independent risk factors for SPB in grade A1 GDM.


TABLE 2 Effect size and confidence intervals for variables with significant differences between groups.

[image: Table displaying variables with their effect size and ninety-five percent confidence interval bounds. Variables include pre-pregnancy weight, ART, GBS infection, CL, PROM, smoking in pregnant women, family history of preterm birth, and diabetes mellitus. Abbreviations are defined below the table.]



3.3 Importance ranking in the random forest prediction model for SPB in primiparas with grade A1 GDM

In the process of building the random forest model, the parameters involved mainly include ntree and mtry. Among the 1,229 included participants, the data of 70% of them were extracted by the bootstrap method to establish a random forest training model. Random forest models with different parameters were created and verified on the validation set. It was found that when mtry was 17, the error of the prediction model was the smallest. Decision trees could completely separate the predicted results. The overall misjudgment rate of the model was 6.95%. According to the average downward trend of Gini coefficient of each risk factor in the random forest model, the importance ranking of the influencing factors for SPB in primiparas with grade A1 GDM is shown in Figure 1. CL, family history of PB, pre-pregnancy weight, prenatal weight, ART, PROM, FBG in first trimester, were important in multiple prediction models.


[image: Two side-by-side scatter plots display the importance of medical predictors using mean decrease accuracy on the left and mean decrease Gini on the right for various factors such as CL, family history of PB, pre-pregnancy weight, and prenatal weight. Both plots show CL as the most critical variable, ranked at the top with the highest values, followed by other variables with progressively lower importance values as measured by their respective axes. Both charts assist in identifying key predictors in a medical context.]
FIGURE 1
The figure of variable importance ranking in the random forest prediction model.




3.4 ROC curve of the predictive value of the random forest model

Using the fitting results of Model 1 as an example, the AUC value of the fitted model was 0.853 (reference value was 0.8 or 0.85), the AUC value of the fitted model was 0.853 (reference value: 0.8 or 0.85), the sensitivity and specificity were 0.634 and 0.976, respectively, as shown in Figure 2.


[image: Receiver operating characteristic curve illustrating model performance, with sensitivity plotted against one minus specificity. The curve shows an AUC value of zero point eight five three, indicating good model discrimination. The diagonal line represents random classification.]
FIGURE 2
ROC Curve for random forest model.




3.5 The cross-validation results

The remaining nine times of cross-validation showed that the results were relatively robust, as shown in Table 3. Among the 10 prediction models randomly constructed, the minimum AUC value was 0.853 and the maximum AUC value was 0.932. The ROC curve and AUC value showed that the overall prediction Angle of the prediction model constructed in this study was high.


TABLE 3 The cross-validation results.

[image: Table showing ten models evaluated by AUC, sensitivity, and specificity. AUC values range from zero point eight five three to zero point nine three two, sensitivity from zero point four seven four to zero point six three four, and specificity from zero point nine one two to zero point nine eight seven. A note below defines AUC as area under curve.]




4 Discussion

Due to health economics and other reasons, we cannot establish a prediction model for SPB in all pregnant women. However, the incidence of SPB in GDM women is higher than that in the general population. For GDM women with serious complications, we can combine biochemical or serological tests to predict preterm birth. However, grade A1 GDM does not require drug treatment and is easily ignored by pregnant women and doctors. Therefore, it is of certain clinical significance to establish a prediction model based on baseline characteristics and some parameters in routine examination during pregnancy. Currently, there is a lack of classification of GDM levels in research on prediction models for SPB in primiparas at both domestic and international levels, and there is currently no predictive model for grade A1 GDM in primiparas. In recent years, random forest algorithm has been widely used in disease risk prediction, early warning and prognosis, and the prediction accuracy is also accurate. However, there are few studies on the risk prediction of SPB in primiparas with GDM by random forest algorithm. This study used a retrospective cohort design and the random forest algorithm to determine the risk factors associated with SPB in primiparas diagnosed with grade A1 GDM. The findings revealed a significant association between SPB and certain factors present during the second trimester in primiparas with grade A1 GDM, including a short CL, family history of PB, high pre-pregnancy and prenatal BMI, ART, and FBG during the first trimester. Assessing these factors before or during pregnancy and directing interventions towards high-risk individuals identified using this predictive model has paramount importance in the prevention of SPB in primiparas with grade A1 GDM.

This study found a significant association between a short CL during the second trimester of pregnancy and SPB. Currently, predicting PB in clinical practice heavily relies on transvaginal ultrasound measurement of the CL. The 2021 guidelines of the American College of Obstetricians and Gynecologists recommend that pregnant women without a history of PB undergo CL measurement using transabdominal or transvaginal ultrasound during the second trimester fetal anomaly screening (1). However, due to the absence of a standardized cut-off value for the CL, controversy over the use of CL for PB screening persists. In a prospective cohort study of 9,410 primiparas with singleton pregnancies conducted by Esplin et al. (7), it was observed that CL shortening exhibited a modest positive predictive value of only 15.5% for SPB. Although the sensitivity and predictive value of CL in predicting SPB may vary, it remains one of the predictive factors for effective interventions such as cervical cerclage insertion, cervical support, and administration of progesterone preparations. Therefore, measuring the CL during the second trimester can play a role in predicting and preventing PB.

There has been little research on the relationship between family history of PB and SPB. In a retrospective study of 23,816 pregnant women, women whose mothers had a history of PB had a 1.44 times higher risk of PB than other women, and those whose sisters had a history of PB had a 2.25 times higher risk of PB than other women (17). According to Yehonatan Sherf's research (18), after controlling for parity, gestational age, and pre-eclampsia, the presence of a maternal history of PB increased the risk of PB in pregnant women by 34%. Our findings aligned with those of the aforementioned study. This may be explained by a genetic predisposition to PB; however, further investigation is required to elucidate the underlying mechanisms.

We also observed that higher pre-pregnancy and prenatal BMI were significantly associated with SPB, which is consistent with the majority of previous research findings (19, 20). The pathogenesis of the association between high BMI and SPB remains unclear and is possibly related to an abnormal expression of cytokines in overweight or obese pregnant women and placental transcription (21, 22). With the development in society, significant transformations have occurred in people's dietary patterns and work-life routines, presenting formidable challenges to weight management during pregnancy. Consequently, there has been an increasing prevalence of pre-pregnancy and prenatal overweight or obesity among women. Nevertheless, weight management is possible. Obstetricians can provide pertinent information and guidance to women during preconception check-ups or during their initial obstetric visit to enable them to promptly and effectively regulate their weight before and throughout pregnancy, thereby mitigating the risk of SPB.

In this study, it was discovered that ART was a risk factor for the occurrence of SPB in primiparas with grade A1 GDM. Wang et al. (23) discovered that pregnant women who undergo ART had a higher likelihood of experiencing PB than those who conceived naturally. This might be attributed to increased levels of HSP70 and NF-κB expression in the placental tissues of offspring conceived using ART. While ART brings promising advancements for individuals experiencing infertility, it also presents challenges in terms of pregnancy outcomes. Clinicians should strictly adhere to the indications for ART and provide comprehensive prenatal care prior to its implementation.

Furthermore, this study revealed that the risk of SPB increased with increasing FBG levels during the first trimester in primiparas with grade A1 GDM. A study by Chen et al. (24) found that as the FBG levels increased in the first trimester, the rate of PB also increased, especially for those with a FPG level of ≥5.6 mmol/L and abnormal OGTT who had a higher risk of PB. Due to the decrease in FBG levels during pregnancy as the gestational age increases before 24 weeks, obstetricians face uncertainties regarding the optimal timing for early intervention in blood glucose levels during early pregnancy. Diet and exercise interventions serve as the primary cornerstone for managing grade A1 GDM, necessitating the collaborative efforts of obstetricians, pregnant women, and their families to achieve blood glucose control.

In comparison to other PB prediction models, the inclusion of age and smoking history in this study did not yield statistically significant predictive effects. We speculate that the differences in our research findings may be partially attributable to variations in population characteristics, GDM screening methods, and management approaches for PB.

This model has good predictive ability, especially high specificity. It can reliably identify primiparas with low risk of SPB, avoid unnecessary medical intervention, and reduce the psychological stress of primiparas.

The pathogenesis of SPB includes cervical insufficiency, decreased progesterone action, excessive and abnormal uterine distension, vascular disorders, disruption of maternal-fetal tolerance, and induction of allergic mechanisms (25). Due to the various etiologies and pathogenic mechanisms, it is difficult for a single predictive factor to be an effective predictor (26). This study did not use a single variable, such as CL, as the only predictor of preterm birth, but combined multiple clinical characteristics as risk factors to establish a prediction model. fFN and other screening methods were not used to prevent unnecessary medical consumption. For example, pre-pregnancy obesity is a risk factor for assisted reproductive technology and short cervix. Pre-pregnancy obesity may be combined with insulin resistance and lead to increased blood glucose in early pregnancy. Therefore, the combined effect of multiple factors has a greater impact on the risk of preterm birth. The prediction model was based on the random forest algorithm, which utilized available data to construct a random forest model for SPB in primiparas with grade A1 GDM. The random forest model was built by iteratively searching for the optimal parameters and combining the parameters with the best fitting effect. The ROC curve and AUC value demonstrated that the prediction model constructed in this study had a high overall prediction angle. This predictive model aimed to aid the provision of timely and effective preventive measures for primiparas with grade A1 GDM with a high risk of SPB, with the ultimate goal of reducing the incidence of SPB.


4.1 Strengths and limitations

The current study had certain limitations. First, this study did not incorporate serological testing and other examinations. However, considering the high cost of such tests and their greater negative predictive value, using them for routine screening might lead to inefficient allocation of healthcare resources. Secondly, a 10-fold cross validation method was used for internal validation of the model, and no multi-center external validation was performed. The results of the study were limited to regions, populations, and medical conditions. Thirdly, this study was retrospective and had a small sample size. In the future, it is necessary to collect multi-center and different population data to verify the results of the model, which can improve the reliability of the results of the model, and other potential influencing factors that may play a role in a wider range may be mined to further improve the model for further clinical promotion.




5 Conclusion

In summary, our analysis using the random forest algorithm revealed that a short CL in the second trimester, a family history of PB, high pre-pregnancy and prenatal BMI, ART, and high FBG levels in the first trimester were important risk factors for SPB in primiparas with grade A1 GDM. The prediction model constructed in this study had a high overall prediction angle. The implementation of early preventive measures by obstetricians is crucial for mitigating risk factors and reducing the incidence of premature birth.
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Background: Previous research has focused on the risk factors of adverse birth outcomes and its short-term and long-term consequences. However, study on the temporal trends of adverse birth outcomes is few. Furthermore, the population-level correlation between the rate of advanced maternal age (AMA) and the prevalence of adverse birth outcomes remains underexplored. This study aimed to provide the most recent temporal trends of adverse birth outcomes in Shanghai, China, and analyze the correlation between the prevalence of AMA and the prevalence of these adverse birth outcomes.
Methods: A total of 173,690 birth data was collected from four regionally influential hospitals in Shanghai from 2010 to 2023. The prevalence of adverse birth outcomes (including preterm birth, low birth weight, small for gestational age, and birth defect) was calculated. Joinpoint regression analysis was conducted to estimate the temporal trends and calculate the Average Annual Percentage Change (AAPC) and Annual Percentage Change (APC) of adverse birth outcomes and AMA. A correlation study design was employed to evaluate the population-level correlation between the prevalence of adverse birth outcomes and AMA.
Results: There were 13,445 (7.74%) preterm birth (PTB), 10,226(5.89%) low birth weight (LBW), 7,152 (4.12%) small for gestational age (SGA), and 3,227 (1.86%) birth defects (BD) over the past 14 years. Sex differences were observed across different adverse birth outcomes. The prevalence of PTB (AAPC = 0.87%, P = 0.045) and LBW (AAPC = 2.94%, P < 0.001) showed significant upward trends from 2010 to 2023. The prevalence of SGA (APC = 2.42%, P <0.001) presented an increasing trend from 2012 to 2023, while the prevalence of BD (AAPC = 5.73%, P = 0.227) remained relatively stable. The rate of AMA (AAPC = 10.14%, P < 0.001) also showed a significant upward trend from 2010 to 2023. Additionally, this study found a strong positive correlation between the rate of AMA and the prevalence of LBW (r = 0.89, P < 0.001) and BD (r = 0.92, P < 0.001). Moderate positive correlations were observed between AMA and the prevalence of PTB (r = 0.61, P = 0.022) and SGA (r = 0.75, P = 0.002).
Conclusion: The overall prevalence of PTB, LBW, and SGA has shown an increasing trend, aside from BD. AMA also has risen annually and was significantly associated with these adverse birth outcomes. This suggests that enhancing support for advanced-age mothers could potentially mitigate adverse birth outcomes. Besides, gender differences on these adverse birth outcomes demonstrate the implementation of gender-specific healthcare strategies.

Keywords
adverse birth outcomes, temporal trends, advanced maternal age, prevalence, correlation study


1 Introduction

Preterm birth (PTB), low birth weight (LBW), small for gestational age (SGA), and birth defects (BD) are the most prevalent adverse birth outcomes. These outcomes not only lead to increased rates of infant disability and mortality, but also increase the long-term risk of developing chronic diseases such as diabetes, cardiovascular diseases, chronic respiratory diseases, and neurobehavioral problems (1). They also impose a substantial economic and health burden (2). Around 13.4 million newborns are delivered prematurely, accounting for ~1 in 10 of all live births. Furthermore, nearly one million of these preterm infants die each year (3). In nearly all countries with reliable data, the prevalence of PTB is increasing while China has the second-highest number of preterm infants worldwide (4). Annually, over 20 million infants are born with LBW, constituting 15.5% of all newborns worldwide. Of these, 95.6% occur in developing countries (5). In 2010, among 135 million infants born in low- and middle-income countries, an estimated 29.7 million (22%) were SGA full-term births, and 2.8 million (2.1%) were SGA preterm births (6). According to the World Health Organization, ~12.6% of global neonatal deaths each year are associated with BDs. Around 240,000 newborns die within the first 28 days of life due to BDs, with an additional 170,000 deaths among children aged 1 month to 5 years annually (7). In China, the prevalence of BDs ranges from 0.715% to 19.184%, with ~900,000 new cases reported annually (8).

The precipitous decline in fertility rates has emerged as a pressing concern for China's national agenda (9). Moreover, in 2022, the birth rate dipped to 6.77‰, coupled with a natural population growth rate of −0.6‰, marking the first instance of negative growth since 1962 (10). The issue of declining birth rates is particularly pronounced in China's major urban clusters. As a pivotal city within the Yangtze River Delta, Shanghai now faces the dual challenges of severe aging and low birth rates, both of which threaten the sustainable development of its economy and society. Against this backdrop, efforts to prevent adverse birth outcomes are of paramount importance.

In recent years, many studies have reported various risk factors of adverse birth outcomes (1, 11–15). However, research focusing on the prevalence and temporal trends of adverse birth outcomes remains limited and incomplete (16). Analyzing the epidemiological spectrum and temporal trends of major adverse birth outcomes can provide data support for formulating targeted public health policies. Hence, this study aimed to present the most precent temporal trends of adverse birth outcomes in Shanghai, China from 2010 to 2023.Furthermore, this study explored the population-level correlation between the prevalence of AMA and adverse birth outcomes.



2 Materials and methods

This observational study was based on regional birth registration database. It utilized birth data from four regionally influential hospitals (Xin Hua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, XH; Margaret Williamson Red House Hospital Affiliated to Fudan University, MWRH; Changhai Hospital of Shanghai, CH; Yangpu District Central Hospital Affiliated to Tongji University, YDC) in Shanghai. The time frame of this study is from January 1, 2010 to December 31, 2024.

Joinpoint regression analysis was utilized to estimate the temporal trends in the prevalence of adverse birth outcomes and advanced maternal age over the years. In this study, we did not set a maximum number of joinpoints (i.e., locations where trends change), instead, we allowed the software [Joinpoint Regression Program (version 4.9.0)] to automatically select the optimal number of joinpoints. The Average Annual Percentage Change (AAPC) and Annual Percentage Change (APC) will automatically output by the software (17). Moreover, correlation study was used to analyze the population-level correlation between the prevalence of AMA and adverse birth outcomes.


2.1 Data source and quality control

Birth monitoring in Shanghai commenced in 2003, and since 2012, a comprehensive city-wide network information reporting system has been implemented. Over the past two decades, a robust workflow has been established, yielding the collection of high-quality birth registration data. Specifically, medical and healthcare institutions qualified to provide midwifery services (hereinafter referred to as “maternity hospitals”) across the city collect detailed information on every newborn delivered at their facilities. This information is recorded in birth medical record forms and promptly submitted to the “Shanghai Birth Medical Information System” for online reporting. All birth case details undergo multiple levels of review and investigation by the delivering hospital, the district CDC, and the Shanghai CDC. The information recorded in the system encompasses basic demographic data of parents, the hospital of delivery, time of birth, gestational weeks, birth weight, length, and the presence of BD. For cases involving BD, district CDC conducts monthly quality control reviews and incorporates additional cases identified through investigations by medical institutions and maternal and child health centers. Regular spot checks of hospitalized medical records are conducted, and missing birth reports are investigated twice annually in medical institutions to guarantee the completeness and accuracy of birth information.



2.2 Definition of adverse birth outcomes

In this study, adverse birth outcomes including PTB, LBW, BD and SGA.PTB was defined as a delivery occurring between 28 weeks and <37 weeks of gestation (18). And this definition is aligned with the Clinical guidelines for the prevention and treatment of preterm birth (version 2024) (19). The PTB rate was calculated as the proportion of premature births among all singleton live births during a specific period. LBW was defined as a live-born infant weighing <2,500 g at birth (20). SGA was defined as an infant whose birth weight falls below the 10th percentile by sex and gestational week of all singleton live births in a given region (21). BD, also known as congenital disorders, are a condition existing at or before birth. After birth, newborns undergo a comprehensive physical examination at the delivery hospital. Detected BD are registered and coded in accordance with the International Statistical Classification of Diseases and Related Health Problems (Tenth Revision), (ICD-10), and reported to the regional CDC monthly.



2.3 Statistical analysis

This study employed descriptive statistics to present the characteristics of adverse birth outcomes from 2010 to 2023.

Statistical analyses were conducted with R software (version 4.2.2) and the Joinpoint Regression Program (version 4.9.0), with a significance level set at P < 0.05 (two-tailed).




3 Results


3.1 Adverse birth outcomes among different hospitals from 2010 to 2023

From 2010 to 2023, a total of 173,690 newborns were reported across four hospitals, including 90,322 (52.00%) males and 83,368 (48.00%) females. The overall numbers of PTB, LBW, SGA, and BD were 13,445, 10,226, 7,152, and 3,227 cases, respectively. The distribution of these adverse birth outcomes reported by each hospital is summarized in Table 1.

TABLE 1  Adverse birth outcomes in different institutions from 2010 to 2023.


	Hospital
	Adverse birth outcomes





	
	PTB (n,%)
	LBW (n,%)
	SGA (n,%)
	BD (n,%)

 
	XH
	4,204 (10.38)
	3,366 (8.31)
	1,861(4.59)
	2,005 (4.95)

 
	MWRH
	7,235 (6.85)
	5,552 (5.26)
	4,225 (4.00)
	1,052 (0.99)

 
	YDC
	514 (4.55)
	360 (3.19)
	508 (4.50)
	90 (0.80)

 
	CH
	1,492 (9.15)
	948 (5.81)
	558 (3.42)
	80 (0.49)



	Total
	13,445 (7.74)
	10,226 (5.89)
	7,152 (4.12)
	3,227 (1.86)








3.2 Analysis on differences of adverse birth outcomes among newborns from 2010 to 2023

The analysis revealed significant differences in adverse birth outcome rates across different years (χ2 = 361.25, P < 0.001; Figure 1). From 2010 to 2023, there were significant gender differences in the rates of PTB (χ2 = 110.52, P < 0.001), LBW (χ2 = 15.803, P < 0.001), BD (χ2 = 78.404, P < 0.001), and SGA (χ2 = 544.84, P < 0.001; Table 2). The overall proportion of male newborns with PTB (8.12 vs. 7.33%) and BD (2.06 vs. 1.63%) was higher compared to females. Conversely, the overall proportion of female newborns with LBW (6.37 vs. 5.44%) and SGA (5.47 vs. 2.87%) was higher than that observed in males.
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FIGURE 1
 The changes in the pattern of adverse birth outcomes from 2010 to 2023.


TABLE 2  Gender distribution of adverse birth outcomes from 2010 to 2023.


	Year
	PTB
	LBW
	SGA
	BD





	
	Female (n, %)
	Male (n, %)
	Female (n, %)
	Male (n, %)
	Female (n, %)
	Male (n, %)
	Female (n, %)
	Male (n, %)

 
	2010
	380 (57.58)
	280 (42.42)
	228 (48.82)
	239 (51.18)
	150 (37.78)
	247 (62.22)
	68 (54.40)
	57 (45.60)

 
	2011
	470 (54.59)
	391 (45.41)
	319 (49.45)
	326 (50.55)
	176 (38.26)
	284 (61.74)
	89 (61.38)
	56 (38.62)

 
	2012
	576 (52.41)
	523 (47.59)
	321 (45.92)
	378 (54.08)
	188 (33.81)
	368 (66.19)
	97 (57.74)
	71 (42.26)

 
	2013
	595 (53.08)
	526 (46.92)
	353 (45.72)
	419 (54.28)
	195 (35.65)
	352 (65.35)
	76 (59.84)
	51 (40.16)

 
	2014
	662 (52.96)
	588 (47.04)
	387 (44.59)
	481 (55.41)
	230 (34.07)
	445 (65.93)
	124 (66.31)
	63 (33.69)

 
	2015
	588 (54.34)
	494 (45.66)
	424 (51.15)
	405 (48.85)
	186 (36.91)
	318 (63.09)
	120 (54.30)
	101 (45.70)

 
	2016
	699 (54.61)
	581 (45.39)
	453 (47.94)
	492 (52.06)
	255 (37.23)
	430 (62.77)
	181 (53.87)
	155 (46.13)

 
	2017
	640 (55.60)
	511 (44.40)
	443 (49.61)
	450 (50.39)
	224 (37.46)
	374 (62.54)
	173 (57.10)
	130 (42.90)

 
	2018
	611 (55.14)
	497 (44.86)
	418 (48.49)
	444 (51.51)
	205 (35.41)
	374 (64.59)
	180 (59.21)
	124 (40.79)

 
	2019
	562 (54.62)
	467 (45.38)
	393 (47.24)
	439 (52.76)
	202 (38.92)
	317 (61.08)
	198 (60.37)
	130 (39.63)

 
	2020
	442 (56.59)
	339 (43.41)
	316 (46.88)
	358 (53.12)
	148 (34.50)
	281 (65.50)
	163 (59.71)
	110 (40.29)

 
	2021
	364 (52.75)
	326 (47.25)
	295 (49.75)
	298 (50.25)
	147 (35.17)
	271 (64.83)
	164 (55.97)
	129 (44.03)

 
	2022
	380 (56.97)
	287 (43.30)
	275 (49.73)
	278 (50.27)
	145 (34.12)
	280 (65.88)
	111 (56.06)
	87 (43.94)

 
	2023
	363 (54.50)
	303 (45.50)
	287 (48.32)
	307 (51.68)
	138 (38.33)
	222 (61.67)
	121 (55.25)
	98 (44.75)

 
	χ2
	110.52
	15.803
	544.84
	78.404



	P
	<0.001
	<0.001
	<0.001
	<0.001








3.3 Temporal trends of adverse birth outcomes from 2010 to 2023

In this study, the temporal trend of the prevalence of PTB and LBW showed a significant upward trajectory from 2010 to 2023 (AAPC = 0.87%, P = 0.045; AAPC = 2.94%, P < 0.001; Table 3). Further, the prevalence of PTB increased from 7.16% in 2010 to 8.83% in 2023, while the prevalence of LBW rose from 5.07% to 7.88%. For SGA, the overall temporal trend from 2010 to 2023 was relatively stable (AAPC = 0.74%, P = 0.496). While from 2012 to 2023, the prevalence of SGA showed an upward trend (APC = 2.42%, P < 0.001). The prevalence of BD showed a relatively stable trend from 2010 to 2023 (AAPC = 5.73%, P = 0.227).

TABLE 3  Temporal trends of adverse birth outcomes from 2010 to 2023.


	Year
	PTB (%)
	LBW (%)
	SGA (%)
	BD (%)





	2010
	7.16
	5.07
	4.31
	1.36

 
	2011
	7.49
	5.61
	4.00
	1.26

 
	2012
	7.13
	4.54
	3.61
	1.09

 
	2013
	7.69
	5.29
	3.75
	0.87

 
	2014
	7.49
	5.20
	4.04
	1.12

 
	2015
	8.06
	6.18
	3.75
	1.65

 
	2016
	7.45
	5.50
	3.99
	1.96

 
	2017
	7.85
	6.09
	4.08
	2.07

 
	2018
	8.81
	6.85
	4.60
	2.42

 
	2019
	8.18
	6.61
	4.12
	2.61

 
	2020
	7.61
	6.56
	4.18
	2.66

 
	2021
	7.45
	6.41
	4.52
	3.16

 
	2022
	7.57
	6.28
	4.83
	2.25

 
	2023
	8.83
	7.88
	4.77
	2.90

 
	AAPC
	0.87
	2.94
	0.74
	5.73

 
	t
	2.24
	5.38
	0.68
	1.21



	P
	0.045
	<0.001
	0.496
	0.227








3.4 Temporal trend of AMA rate and its correlation with adverse birth outcomes

The rate of AMA showed a significant upward trend from 2010 to 2023 (AAPC = 10.14%, P < 0.001). During the period from 2010 to 2014, the rate of AMA remained relatively stable (APC = 7.07, P = 0.005). Subsequently, the AMA rate increased sharply at an average annual rate of 26.91% (P = 0.036) between 2014 and 2017, followed by a moderate increase of 4.57% (P = 0.025) from 2017 to 2023.

Further analysis revealed a strong positive correlation between AMA rate and the rates of LBW (r = 0.89, P < 0.001) and BD (r = 0.92, P < 0.001; Figure 2). Moderate positive correlations were also observed with the rates of PTB (r = 0.61, P = 0.022) and SGA (r = 0.75, P = 0.002).


[image: Correlation matrix graphic showing pairwise relationships between PTB rate, SGA rate, LBW rate, AMA rate, and BD rate, using blue circles with values ranging from 0.44 to 1, indicating varying strengths of positive correlations among these variables.]
FIGURE 2
 The correlation coefficient matrix between the rate of AMA and adverse birth outcomes.





4 Discussions

This study analyzed birth data of 173,690 neonates from four hospitals in Shanghai from 2010 to 2023.The findings revealed significant average annual increases in the prevalence of PTB (0.87%), LBW (2.94%) and SGA (2.42%, from 2012 to 2023) over the study period. While the rate of BD remained relatively stable. Moreover, a population-level correlation was observed between AMA and the prevalence of these adverse birth outcome.

In this study, the total PTB rate was 7.74% (ranging from 7.16 to 8.83%), which is comparable to the rates observed in middled-income countries (9.3%) and lower than the global prevalence of 9.3–12.6% (22). Generally, high-income countries report lower rates of PTB. For example, a study from England reported that the prevalence of PTB in England was 6.1% between 2015 and 2017 (23). Globally, the rate of PTB is on the rise. In this study, the rate of PTB increased at an average annual rate of 0.87%, consistent with global trends. For example, Chile showed that the PTB rate increased from 5.0% in 1992 to 7.2% in 2018, with an average annual rate of 1.44% (24). In this study, PTB was defined as a gestational age between 28 and 37 weeks, whereas many studies define it as <37 weeks (25). Varying definitions of PTB across studies may complicate direct comparisons. However, this difference was unlikely to significantly affect the overall temporal trend. Its noteworthy that from 2016 to 2022, PTB-related complications accounted for up to 16.6% (12.4–16.6%) of all-cause deaths in children under 5 years old (26). Therefore, the rising prevalence of PTB will present a significant public health challenge that should not be overlooked. Moreover, factors such as changes in the lifestyle of women of childbearing age, environmental exposures, the spectrum of pregnancy-related diseases, and pregnancy intervals following adjustments to fertility policies have also been evolving during the study period. These changes may influence the long-term trends of PTB (27). Therefore, future study could use an age-period-cohort model to better assess temporal trends in PTB (28).

LBW, the second leading cause of morbidity and mortality in newborns, and childhood morbidity, following PTB (29). In this study, the overall rate of LBW was 5.89% (ranging from 4.54 to 7.88%), which is relatively close to the rates reported in the United Kingdom (6.8%) and South Korea (6.6%), but lower than Japan (9.4% in 2019) and the United States (8.3%) (30). It is alarming that the prevalence of LBW in China is increasing at an average rate of 2.94%. In Japan, a trend analysis from 2000 to 2019 showed an initial increase in LBW prevalence during the first decade, followed by a decline in the second decade (31). Such variations across countries may be attributed to differences in maternal and child health care quality, prenatal care, obstetric interventions, and dietary habits (32).

LBW is often associated with PTB, as preterm delivery frequently results in low birth weight. Both conditions share modifiable risk factors, including AMA. Previous study confirmed that AMA was an independent risk factor for PTB (33). While another study reported a similar increasing trend in LBW and prevalence of AMA (34). In this study, the population-level correlation of AMA and PTB (r = 0.61), LBW (r = 0.89) was observed. Although, the population-level correlation found in the present study can't be equally to the casual relationship, the result also underscored the potential adverse effect of AMA on birth outcomes.

Compared to the definitions of preterm infants (considering only gestational age) or low birth weight infants (considering only weight), the definition of SGA (Small for Gestational Age) integrates both gestational age and birth weight factors. Due to its comprehensive information, SGA has garnered increasing attention in recent years for its implications in neonatal health (35). Globally, SGA accounts for over 17% of all live births, with prevalence ranging from 3 to 10% (36). Approximately two-thirds of SGA cases occur in Asia (37). In this study, the overall rate of SGA was 4.12% (range from 3.61% to 4.83%), and an upward trend was observed over the years. Research on the temporal trends of SGA is still relatively scarce, but the growing body of evidence highlights its significant impact on neonatal and long-term health outcomes. Existing research indicates that compared to newborns with appropriate for gestational age (AGA) birth weights (including both term and preterm infants), SGA infants are at significantly higher risks for perinatal complications and mortality. Furthermore, it has been reported that SGA is implicated in neurocognitive developmental impairment, adverse perinatal outcomes (such as thermoregulation and immune function disorders), neonatal asphyxia, hypoglycemia, hypocalcemia, and polycythemia (38). This suggests that when evaluating child health related outcomes, greater attention should be paid to SGA.

The association between SGA and AMA has been inconsistent. Some studies have indicated a direct association between SGA and AMA (39–41), while other studies suggest that the effect of AMA on SGA risk may vary depending on the studied population (42). In this study, we found a significant population-level correlation between SGA (r = 0.75) and AMA. However, some potential confounding factors may influence the robustness of this correlation. Nevertheless, the correlation observed in this study still provided new evidence regarding the impact of AMA on SGA. Besides, BDs are complex and diverse. Considering that analyzing each type of BD separately may result in small sample sizes, which could affect the robustness of temporal trend, this study did not categorize BDs into specific types. Analysis of specific types of defects could be conducted in future multicenter studies with larger sample sizes. Globally, the prevalence of BDs is estimated at 2–3%, while in China, it ranges from 4 to 6% (43, 44). In this study, the overall rate of BDs in Shanghai was found to be 4.12% (ranging from 3.61 to 4.83%), consistent with national estimates. Although the temporal trend of BDs remained relatively stable over the past 14 years, they have consistently posed a significant healthcare issue due to their long-term resource requirements and their status as a major cause of perinatal mortality and infant mortality. The stable trend in the Shanghai population may be attributed to abundant medical resource. high-quality medical service, socioeconomic status, and education background of pregnant women. Moreover, the above factors have been identified as significantly associated with BDs (8). This study found a strong population-level correlation between BDs (r = 0.92) and AMA. A large-scale analysis of 1.26 million delivery records in China also revealed an increased risk of BDs among older mothers (45). Similarly, a study conducted in Brazil found that, even after adjusting for maternal education levels and local development conditions, AMA remained associated with a higher risk of BDs (46). Compared to the aforementioned individual-level studies, our correlation study cannot establish a causal association between AMA and BDs. However, there is a growing consensus that AMA increase the risk of BDs.

Consistent with previous studies, this research observed significant gender differences in adverse birth outcomes. Prevalence of PTB and BD was significantly higher in male infants compared to female infants, while the rates of LBW and SGA were higher in female infants. A study conducted in Japan indicated that male fetal gender was associated with an increased risk of preterm delivery, very preterm delivery, and extremely preterm delivery (47). Furthermore, female fetuses exhibit significantly slower growth rates than male fetuses; for example, the mid-pregnancy head circumference of female fetuses is smaller than that of male fetuses. In terms of intrauterine growth restriction, it is also more prevalent among female fetuses (48). These findings were corroborated by a multicenter, large-sample study conducted across 39 hospitals in China (49). These results highlight the importance of developing gender-specific healthcare strategies to address adverse birth outcomes.

It is well-known that AMA significantly increases the risk of adverse pregnancy outcomes and delivery complications (50, 51). The observed trend of increasing AMA in this study can be partly attributed to the Chinese government's 2015 announcement that replaced the longstanding one-child policy with a universal two-child policy (52). Sociocultural shifts, including delayed marriage, singlehood, and child-free lifestyles among younger generations, further exacerbate this trend (53, 54). In this study, compared to gender factor, AMA seemed to be a better approach for reducing the risk of adverse birth outcomes. In general, increased risk of adverse birth outcomes caused by AMA can be mitigated through societal efforts. The following measures could be beneficial: (1) Strengthen public education campaigns to raise awareness about the optimal timing for childbirth and the risks associated with age, encouraging women to conceive at suitable ages. (2) Provide enhanced preconception counseling programs for women of advanced age to address reproductive risks related to aging and offer genetic screening options before pregnancy. (3) Develop prenatal care plans for older pregnant women, including more frequent monitoring and targeted nutritional guidance. (4) Improve access for women of advanced age to assisted reproductive technologies and offer appropriate counseling regarding success rates and potential risks.

This study utilized birth monitoring data to analyze the temporal trends of adverse birth outcomes in Shanghai, China. Offering unique insights into the population-level correlation between AMA and adverse birth outcomes. However, the study also has several limitations: (1) Due to this observational study extracts from a birth registration database, certain clinical information could not be obtained. For example, parity, gravidity, maternal nutritional status, and pregnancy complications could not be controlled. And these factors could have potential influence on the temporal trend, especially on the correlation between AMA and adverse birth outcomes. (2) China is a vast country, and as a mega-city, Shanghai possesses medical resources and social support that may exceed those found in other provinces. Results from Shanghai population may underestimate the strength of the association between AMA and adverse birth outcomes, as the risks associated with AMA may be more pronounced in areas with limited medical resources. The high-quality healthcare services available in Shanghai may better manage the risks of AMA pregnancies, which may not be accessible in areas with fewer resources. These facts could affect the generalizability of the findings to the broader Chinese context. Especially, for those regions with limited medical resources and a low proportion of AMA. Moreover, during the study period Shanghai has experienced significant socio-economic changes. Higher education and income levels are associated with delayed childbirth as well as better access to healthcare, which may confound our results. Future studies should incorporate more diverse medical institutions and regions, including rural hospitals and primary healthcare facilities, to obtain more representative results. (3) The correlation observed between AMA and adverse birth outcomes based on population level, potential confounders are inevitable. These unmeasured factors significantly limit our ability to interpret the observed correlation as direct effects of AMA. Future research should use individual-level data with comprehensive adjustment for these factors to clarify the complex relationship between AMA and adverse birth outcomes. Nevertheless, we believe that analyzing trends in adverse outcomes and the relationship between delayed childbearing and adverse outcomes is still highly meaningful, as it can provide a basis for the formulation of public health policies.



5 Conclusion

This study systematically analyzed the temporal trends of adverse birth outcomes in Shanghai from 2010 to 2023, highlighting a continuous increase in PTB, LBW, and SGA rates. The findings emphasize a population-level correlation between AMA and these outcomes, as well as significant gender differences in adverse birth outcomes. These findings align with global and domestic researches, underscoring the necessity of targeted public health interventions. While the data from Shanghai cannot be directly generalized to represent the entire nation of China, it still provides valuable insights for maternal and child health care in other major metropolitan areas with similar characteristics to Shanghai.

As fertility rates decline, reducing adverse birth outcomes, particularly among the growing population of advanced-age mothers, is a crucial public health priority. Future strategies should focus on improving prenatal care access and quality for older mothers, alongside broader societal support measures. Additionally, larger-scale studies are recommended to investigate the underlying reasons for rising adverse birth outcomes rates and to evaluate the effectiveness of intervention strategies, providing a robust foundation and data support for the formulation and implementation of public health policies.
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Background: Eclampsia and pre-eclampsia cause high feto-maternal mortality in Pakistan. This study aimed to identify potential risk factors in pregnant women that can lead to the development of eclampsia and pre-eclampsia.



Methods: A cross-sectional study was conducted in the BVH, Bahawalpur (July 2021–December 2022), to record socio-demographic information, risk factors, clinical symptoms, and treatment administered, which was linked with maternal and neonatal outcomes. The Chi-squared test was applied to describe the relation in categorical variables. Odds ratio were calculated by binary logistic regression for normally distributed significant values.



Results: A total of 85 women with eclampsia and 43 with pre-eclampsia were included in the study. The eclamptic women showed a higher rate of illiteracy, were overweight, and married to their cousins. They presented with high systolic blood pressure, proteinuria, and low platelet count (OR = 7.24, 95% CI = 1.60–32.68, p = 0.01), increased respiratory rate, and elevated AST, ALT, and LDH levels at the time of diagnosis. Women administered with MgSO4 10 g/day (48.5% survived vs. 77.4% non-survived) showed high perinatal mortality compared to a 4 g/day dose (30.9% survived vs. 16.1% non-survived) or those who hadn't received magnesium sulfate (20.6% survived vs. 6.5% non-survived).



Conclusion: Advanced maternal age (≥35), overweight, elevated AST, ALT, and LDH levels, consanguinity, and grand multiparity were associated with higher perinatal mortality. Women with these predictive factors should be monitored for the development of pre-eclampsia or eclampsia.
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Highlights


	•Eclamptic women showed higher rate of illiteracy, were overweight and in consanguineous relationship

	•Clinical presentation included high systolic blood pressure, proteinuria, and low platelet count, tachypnea, and elevated AST, ALT and LDH levels.

	•Maternal age ≥35, overweight, grand multiparities and higher dose of MgSO4 (10 g/day) were associated with higher perinatal mortality.

	•Good antenatal care, early detection, clinical management of disease and better neonatal care can decrease perinatal mortality.





1 Introduction

Hypertensive disorders of pregnancy (HDP) are one of the most common causes of maternal and perinatal morbidity and mortality worldwide (1, 2). Around 15–18% of maternal mortalities are directly caused by HDP, including eclampsia and pre-eclampsia (3). HDP are one of the significant hurdles in reducing maternal and perinatal mortalities, hence constituting an obstacle in attaining SDGs (4). Its prevalence varies regionally, with a global average of 116 per 100,000 women, with an annual incidence of approximately 18.1 million HDP cases. In low and middle-income countries (LMICs), there is a significantly high incidence of HDP, resulting in high maternal and neonatal morbidity and mortality compared to high-income countries, 335 vs. 16 per 100,000 live births (5, 6). This global burden is reflected at a national level, where the Pakistan Maternal Mortality Survey 2019 described a maternal mortality rate (MMR) of 186 per 100,000 live births (158 urban vs. 199 rural areas), with HDP accounting for 29% (7).

Pre-eclampsia is characterized by new-onset hypertension (≥140/90 mmHg) in normotensive women with proteinuria (>150 mg protein/day in urine) or significant end-organ dysfunction with or without proteinuria after 20 weeks of pregnancy (8–10). Other clinical symptoms include headache, visual abnormalities, abnormal renal function, chest discomfort, pulmonary edema, poor oxygen saturation, nausea, and abnormal liver enzymes (11). Eclampsia is a serious type of HDP that includes diagnostic features of pre-eclampsia with episodes of tonic-clonic seizures during pregnancy or within 10 days after delivery without other etiologies of seizures (12). In advanced countries, the use of better management strategies for pre-eclampsia resulted in the decreased incidence of eclampsia (1.6–10 cases per 10,000 live births). However, the incidence of both pre-eclampsia and eclampsia is still high in LMICs, standing around 50–151 cases per 10,000 live births, mainly due to poverty, illiteracy, and inaccessible or inadequate healthcare facilities (13, 14). Previously, it was reported that 4.4% of pregnant women were diagnosed with hypertensive disorders of pregnancy in Bahawalpur, Pakistan, and among them, 3.3% had pre-eclampsia and eclampsia (15). Pregnant women with pre-eclampsia and eclampsia may suffer several complications, including renal failure, placental abruption with hemorrhage, liver failure, subcapsular hematoma, HELLP syndrome (hemolysis, elevated liver enzymes, and low platelets), admission to intensive care unit (ICU), and maternal death (16), while oligohydramnios, premature birth, low birth weight, stillbirth, neonatal ICU admission, and even perinatal death are neonatal complications (17, 18).

The Pakistan Maternal Mortality Survey 2019 reported an antenatal care (ANC) coverage of 91% by a skilled person; however, only 52% of women made regular visits. A 32% increase in MMR was observed in 2019 compared to 2017, i.e., 186 vs. 140 per 100,000 live births (7). Only a very few old studies have described the risk factors, clinical symptoms, and maternal and neonatal outcomes of women suffering from pre-eclampsia and eclampsia. In Pakistan, especially Southern Punjab, is an underdeveloped area with limited and overburdened healthcare facilities. Identification of common features, symptoms, and laboratory parameters for pregnant women who are at risk of developing pre-eclampsia and eclampsia can be beneficial for timely diagnosis, resulting in better management with reduced maternal and neonatal outcomes. The present study was designed to identify possible risk factors, clinical presentation, maternal and neonatal outcomes faced by pregnant women suffering from pre-eclampsia and eclampsia.



2 Methods


2.1 Study design and setting

A cross-sectional study was conducted to examine the association between risk factors, clinical manifestations, treatment, compliance with guidelines, and the prognosis of patients with pre-eclampsia and eclampsia at the Bahawal Victoria Hospital (BVH), Bahawalpur, Pakistan. Study participants were pregnant women (≥18 years) diagnosed with pre-eclampsia or eclampsia and hospitalized in BVH, which is the main tertiary care hospital in Bahawalpur, covering a wide locality of Southern Punjab with 1,600 bed facility. Patients were referred to BVH by a private gynecologist or from Basic Health Units in rural areas. Data for pre-eclampsia was collected from the Department of Obstetrics and Gynecology, BVH, whereas eclamptic patient's data was collected from eclampsia/E-room, BVH. The Department of Obstetrics and Gynecology, BVH, is fully developed with two wards and an outdoor unit, while eclampsia/E-room is established in the Emergency Department for clinical management of eclamptic patients. Specialists from both the Department of Obstetrics and Gynecology and the Department of Emergency are stationed in the eclampsia/E-room for eclamptic patients. A Neonatal follow-up was performed for perinatal outcomes in the Neonatal Intensive Care Unit, Department of Pediatrics and Neonates, BVH, Bahawalpur.



2.2 Study population

The inclusion criterion for participants of the study was: i) patients over 18 years old with informed written consent for themselves and their close relatives (husband/parents/siblings/children), ii) patients meeting the diagnostic criteria set out by the International Society for the Study of Hypertension in Pregnancy (ISSHP) (16) iii) patients admitted or referred to BVH. All the patients who were not meeting the inclusion criteria were excluded from the study. All other conditions that can confuse the diagnosis of eclampsia, such as meningitis, hypoglycemia, or alcoholic coma, were also excluded by clinical and laboratory investigation.

In BVH, 167 eclampsia and pre-eclampsia patients were admitted (July 2021–December 2022). The sample size was determined using the online RaoSoft sample size calculator, with a confidence interval of 95% with a 5% margin of error. The calculated sample size was 117, and after adding a 10% margin of incomplete responses, the final sample size was 128.

Informed consent was obtained from patients after informing them regarding the study objectives. They were informed that the collected data would be presented in aggregate without revealing patient identity. If the patient were unable to respond, informed consent was obtained from her first-degree relative or legally authorized representative in the presence of an independent witness. After a thorough literature review and consultation with experts in the field of pharmacy practice and the gynecological department, the data collection tool was developed. Content, construct, and criterion validation of the data collection tool was done by researchers described elsewhere (19). Data was collected between July 2021 to December 2022. Both direct interviews and the patient's medical files were used to collect the data. Patient's socio-demographic information, family, medical history, and pregnancy characteristics, along with blood pressure measurements, were recorded. The laboratory parameters, including complete blood count (CBC), hemoglobin level (Hb), platelet count, serum creatinine level, lactate dehydrogenase (LDH), alanine transaminase (ALT), aspartate transferase (AST), international normalized ratio (INR), and proteinuria, were also obtained. Interviews with participants were conducted to collect any missing/additional information. Participants were asked about symptoms at the time of admission. Clinical management of the patients, including administration of anti-seizure, anti-hypertensive, or any other medications for prevention or palliative care, was recorded. A follow-up was performed to assess the maternal and neonatal outcomes until discharge from the hospital.



2.3 Statistical analysis

Data was incorporated into Statistical Package for Social Sciences (IBM Corp, released 2012, IBM SPSS Statistics for Windows, Version 20.0, Armonk, NY: IBM Corp.). Data was summarized using descriptive statistics. Categorical variables were tabulated in numbers (n) and percentages, while continuous values were presented as mean ± SEM. Chi-squared test was applied to determine the relation in categorical variables. To determine the link between socio-demographics, clinical features, and treatment with perinatal mortality, odds ratio were calculated by using binary logistic regression of normally distributed significant values. We examined the normality of variables using histograms and the Shapiro–Wilk test, which indicated that the variables were normally distributed, satisfying the normality assumption of binary logistic regression.



2.4 Ethical considerations

An approval (Ref no. 144-2022-/PHEC) was obtained from the Pharmacy Human Medical Ethics Committee established by the Islamia University of Bahawalpur. Approval was also taken from the Medical Superintendent, BVH, head of the Department of Obstetrics and Gynecology, and Chief Pharmacist, BVH. The study was conducted according to ethical standards set by the 1964 Helsinki declaration.




3 Results


3.1 Socio-demographic and patient history

A total of 128 patients who met the inclusion criteria were included in the study. Among them, 85 (66.4%) were suffering from eclampsia, whereas 43 (33.6%) were suffering from pre-eclampsia. Patient's personal and family history show that 54 (63.5%) eclamptic patients were in the age group of 20–34 years, 54 (63.5%) were illiterate, 41 (48.2%) had primiparity, and 58 (68.2%) were married to their first cousins. Eclamptic women presented with comorbidities, including 54 (63.5%) patients who were stressed, 36 (42.4%) were hypertensive, 6 (7.1%) with cardiovascular disorders, and 5 (5.9%) who suffered migraine. The eclamptic women had a family history of hypertension 66 (77.6%), diabetes 43 (50.6%), cardiovascular disorder 35 (41.2%), pre-eclampsia 24 (28.2%), chronic kidney disease 14 (16.5%), epilepsy 4 (4.7%), and thyroid dysfunction 3 (3.5%). On comparison of pre-eclamptic with eclamptic women, illiteracy (p = 0.02) and consanguineous union with their first cousins (p = 0.01) were linked with the higher likelihood of eclampsia. The eclamptic women also showed a higher tendency of being stressed (63.5% vs. 55.8%), overweight (32.9% vs. 20.9%), cardiovascular disorders (7.1% vs. 2.3%), and migraine (5.9% vs. 2.3%) compared to pre-eclamptic women (Supplementary Table 1).



3.2 Clinical and paraclinical characteristics of eclamptic patients

A majority of eclamptic women were having systolic blood pressure in the range of 161–180 mmHg 38 (44.7%), diastolic pressure in the range of 101–120 mmHg 44 (51.8%), and proteinuria in the range of 381–400 mg/dL 30 (38.6%), while platelet count was normal. They were having seizures 2.98 ± 0.13, increased respiratory rate 23.37 ± 1.01, INR 1.10 ± 0.02, creatinine level 1.13 ± 0.15 mg/dL, AST 162.61 ± 0.43 U/L, ALT 39.02 ± 1.37 U/L, and LDH value 477.22 ± 16.96 IU/L. Their common symptoms included headache (91.8%), edema, including both generalized and nondependent (91.8%), epigastric pain (89.4%), and nausea (82.4%). Almost 69.4% of eclamptic women were experiencing blurred vision, 72.9% with tenderness, 36.5% were suffering from pulmonary edema, and 11.8% from hemiplegia. All eclamptic women have experienced grand mal seizures (Supplementary Table 2).

On comparison, eclamptic women had higher systolic (>160 mmHg; 88.2% vs. 37.2%) and diastolic (>100 mmHg; 91.8% vs. 67.4%) blood pressure than pre-eclamptic women. Approximately 36.5% of eclamptic and 21% of pre-eclamptic women had platelet counts ≤1.5 × 105, while respiratory rate, AST, ALT, and LDH were higher in eclamptic women compared to pre-eclamptic women. The eclamptic women experienced epigastric pain (89.4% vs. 65.1%), nausea (82.4% vs. 60.5%), blurred vision (69.4% vs. 48.8%), and pulmonary edema (36.5% vs. 20.9%) more often, compared to pre-eclamptic women (Supplementary Table 2).



3.3 Association of demographic and clinical factors with the diagnosis of eclampsia and pre-eclampsia

The association of significant demographic and clinical factors (Table 1), showed eclamptic patients were married to their first cousins, had higher systolic blood pressure (OR is almost doubled on every 20 mmHg increase in blood pressure), proteinuria, platelet count 1.0 × 105–1.5 × 105, increased respiratory rate, elevated liver enzymes, epigastric pain, and nausea.



TABLE 1 Demographic and clinical factors associated with the diagnosis of eclampsia and pre-eclampsia.



	Characteristics
	Unadjusted odds ratios
	Confidence interval 95%
	p-value





	Cousin marriage (Ref: No cousin marriage)
	2.71
	1.27–5.77
	0.01



	Clinical presentation



	 Systolic blood pressure (mmHg)



	  120–140
	Ref
	—
	—



	  141–160
	1.34
	1.08–1.68
	0.01



	  161–180
	3.95
	0.94–17.15
	0.06



	  181–200
	8.75
	1.62–47.0
	0.01



	 Proteinuria (mg/dL)



	  Negative/Trace
	Ref
	—
	—



	  321–340
	3.33
	0.30–36.11
	0.32



	  341–360
	4.87
	4.15–230
	0.02



	  361–380
	18.23
	4.27–432.68
	0.04



	  381–400
	25.0
	1.20–520.73
	0.03



	 Platelet count/mm3



	  <1.0 × 105
	0.72
	0.23–2.16
	0.55



	  1.0 × 105–1.5 × 105
	7.24
	1.60–32.68
	0.01



	  >1.5 × 105
	Ref
	—
	—



	  Respiratory rate
	1.06
	1.0–1.13
	0.04



	  AST
	1.04
	1.0–1.08
	0.01



	  ALT
	1.05
	1.01–1.11
	0.01



	  LDH
	1.0
	1.0–1.01
	0.004



	  Epigastric pain
	4.52
	1.77–11.50
	0.002



	  Nausea
	3.05
	1.33–6.98
	0.008




	Ref, reference value for comparison.


	Association is presented in odds ratio and confidence interval 95% using Binary Logistic Regression.


	Statistically significant values are indicated in bold.









3.4 Effect of treatment among eclamptic and pre-eclamptic women compared to perinatal outcomes

The majority of eclamptic (89.4%) and pre-eclamptic (69.8%) women received magnesium sulfate (Table 2), followed by labetalol eclamptic (58.8%) compared to pre-eclamptic (62.8%) women, and hydralazine, which was administered in 37.6% eclamptic women compared to 4.7% pre-eclamptic women. Nifedipine and methyl dopa were more frequently administered in pre-eclamptic compared to eclamptic women (81.4% vs. 2.4%) and (53.5% vs. 27.1%) respectively. A significant perinatal mortality was observed in women who received higher doses of magnesium sulfate, i.e., 10 g/day MgSO4 (48.5% survived vs. 77.4% not-survived) compared to a 4 g/day dose (30.9% survived vs. 16.1% not-survived). A high perinatal mortality was also observed in patients who were administered hydralazine 5 mg/h, IV (15.5% survived vs. 61.3% not-survived) and nifedipine 40 mg/day, PO (28.9% survived vs. 77.4% not-survived).



TABLE 2 Treatment administered to eclamptic and pre-eclamptic women and fetal outcome.



	Treatment
	Eclampsia (n = 85)
	Preeclampsia (n = 43)
	p-value
	Feti survived (n = 97)
	Feti not survived (n = 43)
	p-value
	Total (n = 128)





	Labetolol (IV)



	 NA
	35 (41.2)
	16 (37.2)
	0.16
	34 (35.1)
	17 (54.8)
	0.17
	51 (39.2)



	 20 mg/2min
	31 (36.5)
	23 (53.5)
	45 (46.4)
	9 (29.0)
	54 (42.2)



	 40 mg/10min
	17 (20.0)
	4 (9.3)
	17 (17.5)
	4 (12.9)
	21 (16.4)



	 80 mg/10min
	2 (2.4)
	0 (0)
	1 (1.0)
	1 (3.2)
	2 (1.6)



	Hydralazine (IV infusion)



	 NA
	53 (62.4)
	41 (95.3)
	<0.001
	82 (84.5)
	12 (38.7)
	<0.001
	94 (73.4)



	 5 mg/h
	32 (37.6)
	2 (4.7)
	15 (15.5)
	19 (61.3)
	34 (26.6)



	Methyldopa-HCl (IV infusion)



	 NA
	62 (72.9)
	20 (46.5)
	0.01
	62 (63.9)
	20 (64.5)
	0.08
	82 (64.1)



	 500 mg/day
	13 (15.3)
	13 (30.2)
	23 (23.7)
	3 (9.7)
	26 (20.3)



	 1 g/day
	10 (11.8)
	10 (23.3)
	12 (12.4)
	8 (25.8)
	20 (15.6)



	Nifedipine (PO)



	 NA
	83 (97.6)
	8 (18.6)
	<0.001
	69 (71.1)
	22 (71.0)
	0.03
	91 (71.1)



	 20 mg/day
	2 (2.4)
	0 (0)
	0 (0)
	02 (6.5)
	2 (1.6)



	 40 mg/day
	0 (0)
	35 (81.4)
	28 (28.9)
	7 (22.6)
	35 (27.3)



	Magnesium sulphate (IV infusion)



	 NA
	9 (10.6)
	13 (30.2)
	<0.001
	20 (20.6)
	2 (6.5)
	0.01
	22 (17.2)



	 4 g/day
	8 (9.4)
	27 (62.8)
	30 (30.9)
	5 (16.1)
	35 (27.3)



	 10 g/day
	68 (80)
	3 (7)
	47 (48.5)
	24 (77.4)
	71 (55.5)




	NA, not administered.


	Data presented as n (%).


	Comparison of eclamptic vs. pre-eclamptic women and fetuses survived vs. non-survived using the Chi-squared test.


	Statistically significant values are indicated in bold.









3.5 Association of socio-demographic and laboratory parameters with the neonatal outcomes

In 85 eclamptic women, 61 neonates survived, whereas in 43 pre-eclamptic women, 36 neonates survived (Table 3). Of the 97 surviving neonates born to both eclamptic and pre-eclamptic women, only 9 (9.3%) neonates born to women >34 years of age survived, while 14 (45.2%) did not survive. Mothers of not-survived fetuses were having >5 parities (32.3% vs. 11.3%), >4 gravida (38.7% vs. 14.4%), and were overweight (51.6% vs. 21.6%) compared to mothers of survived neonates (Table 3). Similarly, mothers of not-surviving fetuses were suffering from increased incidence of seizures (2.74 ± 0.26 vs. 1.86 ± 0.17), having elevated AST value (175.5 ± 5.05 vs. 154.98 ± 2.77), and LDH values (546.53 ± 38.79 vs. 418.34 ± 12.63). The increased odds ratio of non-survival of the fetus was found in mothers aged >34 years, having grand multiparity, and being overweight (Table 4).



TABLE 3 Socio-demographics, clinical and laboratory parameters of women with fetal outcome.



	Socio-demographics
	Fetus survived (n = 97)
	Fetus not survived (n = 31)
	Total (n = 128)
	F value
	p-value





	Conditiona



	 Eclampsia
	61 (62.9)
	24 (77.4)
	85 (66.4)
	—
	0.10



	 Pre-eclampsia
	36 (37.1)
	7 (22.6)
	43 (33.6)



	Age (years)a



	 <20
	16 (16.5)
	5 (16.1)
	21 (16.4)
	—
	<0.001



	 20–34
	72 (74.2)
	12 (38.7)
	84 (65.6)



	 >34
	9 (9.3)
	14 (45.2)
	23 (18.0)



	Paritya



	 Primiparous
	44 (45.4)
	14 (45.2)
	58 (45.3)
	—
	0.01



	 Multiparous
	42 (43.3)
	7 (22.6)
	49 (38.3)



	 Grand multiparous
	11 (11.3)
	10 (32.3)
	21 (16.4)



	BMIa



	 Underweight (<18.5)
	39 (40.2)
	9 (29.0)
	48 (37.5)
	—
	0.04



	 Normal (18.5–24.9)
	37 (38.1)
	6 (19.4)
	43 (33.6)
	
	



	 Overweight (25–29.9)
	21 (21.6)
	16 (51.6)
	37 (28.9)
	
	



	Cousin marriagea



	 Yes
	59 (60.8)
	18 (58.1)
	77 (60.2)
	—
	0.47



	 No
	38 (39.2)
	13 (41.9)
	51 (39.8)



	Gravidaa



	 1st time
	45 (46.4)
	14 (45.2)
	59 (46.1)
	—
	0.02



	 2nd time
	22 (22.7)
	2 (6.5)
	24 (18.8)



	 3rd time
	5 (5.2)
	1 (3.2)
	6 (4.7)



	 4th time
	11 (11.3)
	2 (6.5)
	24 (18.8)



	 More than 4 times
	14 (14.4)
	12 (38.7)
	26 (20.3)



	Co-morbiditiesa



	 (i) Hypertension



	  Yes
	40 (41.2)
	13 (41.9)
	53 (41.4)
	—
	0.55



	  No
	57 (50.8)
	18 (58.1)
	75 (58.6)



	 (ii) Cardiovascular disorders



	  Yes
	7 (7.2)
	0 (0)
	7 (5.5)
	—
	0.12



	  No
	90 (90.2)
	31 (100)
	121 (94.5)



	 (iii) Migraine



	  Yes
	3 (3.1)
	3 (9.7)
	6 (4.7)
	—
	0.15



	  No
	94 (96.9)
	28 (90.3)
	122 (95.3)



	 (iv) Stress



	  Yes
	57 (58.8)
	21 (67.7)
	78 (60.9)
	—
	0.37



	  No
	40 (41.2)
	10 (32.3)
	50 (39.1)



	Family historya



	 (i) Diabetes



	  Yes
	46 (47.4)
	20 (64.5)
	66 (51.6)
	—
	0.09



	  No
	51 (52.6)
	11 (35.5)
	62 (48.4)



	 (ii) Hypertension



	  Yes
	76 (78.4)
	27 (87.1)
	103 (80.5)
	—
	0.28



	  No
	21 (21.6)
	4 (12.9)
	25 (19.5)



	 (iii) Cardiovascular disorders



	  Yes
	40 (41.2)
	16 (51.6)
	56 (43.8)
	—
	0.31



	  No
	57 (58.8)
	15 (48.4)
	72 (56.2)



	 (iv) Chronic kidney disease



	  Yes
	13 (13.4)
	10 (32.3)
	23 (18)
	—
	0.01



	  No
	84 (86.6)
	21 (67.7)
	105 (82)



	 (v) Pre-eclampsia



	  Yes
	22 (22.7)
	14 (45.2)
	36 (28.1)
	—
	0.01



	  No
	75 (77.3)
	17 (54.8)
	92 (71.9)



	Clinical investigations of the expecting mother at diagnosisa



	 (i) Systolic blood pressure (mmHg)



	  120–140
	8 (8.2)
	1 (3.2)
	9 (7)
	—
	0.07



	  141–160
	21 (21.6)
	7 (22.6)
	28 (21.9)



	  161–180
	42 (43.3)
	8 (25.8)
	50 (39.1)



	  181–200
	22 (22.7)
	10 (32.3)
	32 (25)



	  201–220
	4 (4.1)
	5 (16.1)
	9 (7)



	 (ii) Diastolic blood pressure (mmHg)



	  80–100
	19 (19.6)
	2 (6.5)
	21 (16.4)
	—
	0.09



	  101–120
	55 (56.7)
	18 (58.1)
	73 (57)



	  121–140
	23 (23.7)
	10 (32.3)
	33 (25.8)



	  141–160
	0 (0)
	1 (3.2)
	1 (0.8)



	 (iii) Proteinuria at diagnosisc (mg/dL)



	  340–350
	6 (13.5)
	0 (0)
	6 (11.5)
	—
	0.04



	  351–360
	8 (18.2)
	0 (0)
	8 (15.4)



	  361–370
	11 (25.0)
	4 (50.0)
	15 (28.8)



	  371–380
	10 (22.7)
	1 (12.5)
	11 (21.2)



	  381–390
	3 (6.8)
	3 (37.5)
	6 (11.5)



	  391–400
	6 (13.6)
	0 (0)
	6 (11.5)



	No of seizuresb
	1.86 ± 0.17
	2.74 ± 0.266
	2.07 ± 0.148
	6.88
	0.01



	ASTb,c (U/L)
	154.98 ± 2.79
	175.50 ± 5.05
	157.91 ± 19.98
	8.17
	0.04



	LDHb,d (IU/L)
	418.34 ± 12.63
	546.53 ± 38.79
	440.19 ± 13.32
	15.28
	<0.001




	Statistically significant values are indicated in bold.


	aComparison of mothers of surviving vs. non-survivingfetuses using the Chi-squared test.


	bComparison of mothers of survived and not survived fetuses using One-way ANOVA followed by binary logistic regression on normally distributed data.


	cMissing values, n = 17.


	dMissing values, n = 16.









TABLE 4 Association of maternal demographics and clinical parameters with perinatal mortality.



	Parameters
	Unadjusted odds ratios
	Confidence interval 95%
	p-values





	Age (years)



	 <20
	1.73
	0.54–5.54
	0.35



	 20–34
	Ref
	—
	—



	 >34
	8.0
	2.84–22.52
	<0.001



	Parity



	 Primiparous
	Ref
	—
	—



	 Multiparous
	0.52
	0.19–1.42
	0.20



	 Grand multiparous
	2.87
	1.0–8.13
	0.04



	BMI



	 Underweight (<18.5)
	1.42
	0.46–4.39
	0.53



	 Normal (18.5–24.9)
	Ref
	—
	—



	 Overweight (25–29.9)
	4.69
	1.59–13.84
	0.005



	Gravida



	 1st time
	Ref
	—
	—



	 2nd time
	0.29
	0.06–1.41
	0.12



	 3rd time
	0.64
	0.06–5.97
	0.69



	 4th time
	0.58
	0.11–2.95
	0.51



	 More than 4 times
	2.75
	1.03–7.31
	0.04



	Laboratory parameters



	 (i) AST
	1.02
	0.97–1.07
	0.32



	 (ii) LDH
	1.0
	1.0–1.01
	0.001




	Ref, reference value for comparison.


	Association is presented in odds ratio and confidence interval 95% using Binary Logistic Regression.


	Statistically significant values are indicated in bold.










4 Discussion

Pre-eclampsia and eclampsia are serious complications of pregnancy and are on the rise worldwide due to increased BMI and advanced age (20). Social and demographic factors and incomplete maternity care observed in LMICs further augment the risk. In Pakistan, 71% of live births are delivered in a health-care facility, while only 57% women receive complete maternity care (21). We observed a similar kind of behavior where the majority of eclamptic and severe pre-eclamptic women ignored early manifestations of the disease, used home remedies, and obtained medical care when the condition worsened, including having a seizure. There is a consensus on early screening of pre-eclampsia and provision of preventive measures to reduce the MMR. In a populous and resource-limited country like Pakistan, the health-seeking behavior in women depends on several factors, including women's social/financial autonomy and freedom of movement, where approximately 65% women avail healthcare facilities during pregnancy, 43% receive postpartum care, and 39% deliver in the presence of a gynecologist. These factors create a substantial hurdle in achieving a reduction in MMR, which currently stands at 154/100,000 live births (22). In Pakistan, about 57% of maternal deaths are attributed to hemorrhage, pre-eclampsia, and postpartum infections (23).

An increase in systolic blood pressure was associated with an increased occurrence of developing eclampsia. Systolic blood pressure ≥160 mmHg and diastolic blood pressure >110 mmHg are known predictive factors for eclampsia (24, 25). Traditionally, pre-eclampsia is characterized by high blood pressure accompanied by proteinuria in 20-week pregnant women. However, the association of proteinuria with eclampsia/pre-eclampsia is debatable. It is associated with the majority of eclampsia cases, but several researchers also reported cases where proteinuria was absent (26). We observed proteinuria in most patients, with eclamptic women having a higher level of proteinuria as compared to pre-eclamptic women. Although proteinuria can be considered a weak predictor, it can be useful when combined with other indicators in the early diagnosis of women at higher risk (27). In our study, we observed mild thrombocytopenia, which was more frequent in eclamptic (36.5%) compared to pre-eclamptic (21%) women; however, it is not considered a risk factor for severe outcomes (28). The eclamptic and pre-eclamptic women exhibit elevated liver enzymes and LDH levels (29, 30) which we also observed in the present study. Elevated AST and LDH levels were linked to significant outcomes (Table 3). Several studies have reported the association of adverse maternal outcomes with the elevated AST, ALT, LDH, and bilirubin levels, but consensus has not been reached in considering them as predictive factors (31–33). Elevated AST and LDH levels represent multiple organ damage, and if combined with an elevation in bilirubin levels, can indicate hepatic damage also (33, 34). Elevated LDH levels alone can be indicative (34) if associated with elevated liver enzymes and thrombocytopenia, which can prove fatal and require special attention. The respiratory rate was significantly higher in eclamptic women when compared to pre-eclamptic women (p = 0.03). This disordered breathing is linked to imbalanced autonomic activity due to high blood pressure (35). In our study majority of eclamptic and pre-eclamptic women complained of epigastric pain (Table 1), which can be considered a predictor of eclampsia along with other factors. We suggest that thrombocytopenia, tachypnoea, elevated ALT, AST, and LDH levels can be used as predictors of severe outcome in eclampsia. Such patients should be monitored regularly, and bilirubin levels should also be checked, which were missing in our study and are considered a limitation of the study.

The majority of the eclamptic and pre-eclamptic women were in the age group of 20–34, which is rational as women are fertile at this age. We observed that first-cousin marriage is a predictor of developing eclampsia in pre-eclamptic women. The effect of consanguinity on the occurrence of pre-eclampsia and eclampsia is debatable. Several studies reported no significant relationship between developing eclampsia and cousin marriages (36–38), while other studies from Asian countries reported an increased risk of developing eclampsia in consanguineous relationships (39, 40). Pakistan has a high consanguinity rate of 59% (36), suggesting further work is required to assess its association with eclampsia.

We compared maternal predictors with neonatal outcomes (Table 3) and observed that 75.78% neonates of pre-eclamptic and eclamptic women survived. The mortality rate of neonates was higher in eclamptic compared to pre-eclamptic women. In this regard, maternal age contributes significantly, as almost half of the neonates who didn't survive were born to mothers >34 years of age (Table 3), which is also reported by other researchers (41, 42). The women suffering from HDPs with ≥5 parity show higher perinatal mortality compared to primiparous or multiparous women. This might be because women having grand multi-parity are also at an advanced age, which acts as a confounding factor (43). The overweight eclamptic or pre-eclamptic women also showed high perinatal mortality. Maternal obesity is associated with a subclinical metabolic inflammatory state and endotoxemia, leading to insulin resistance and mitochondrial dysfunction (44). Other researchers also reported a higher rate of stillbirths in obese women suffering from HDPs (45).

Both antenatal and postnatal care play an important role in reducing maternal and neonatal morbidity and mortality due to HDPs. According to the Pakistan Demographic and Health Survey 2017–2018 (46), 86% of the women received antenatal care (ANC), and among them, younger women were more likely to receive ANC compared to their older counterparts. On the contrary, only 62% women received postnatal care, and this ratio largely remained unchanged since 2012. This was also reflected in our study, where neonatal mortality was high in mothers >34 years of age. So, we strongly suggest improving the quality of ANC and inclusion of aged pregnant women in ANC for early detection of HDPs. Women at higher risk should be counselled properly for lifestyle adjustment during pregnancy, increased monitoring, and provided with postpartum follow-up. The Lady Health Workers should be trained for counselling of pregnant women to avail regular ANC and postnatal care.


4.1 Strengths and limitations

The current study is a single-center study. Many patients were admitted by the referral system with missing previous medical records of antenatal care, which were obtained by patient/caretaker or by self-reporting, thus creating a recall bias. Some sociodemographic information, obstetric history/exam, and neonatal health at birth were not assessed. We were also unable to control confounders like age parity, previous gynecological visits, and lab parameters, thus limiting causal inferences. However, in the context of increasing MMR in Pakistan, our study provides workable information and suggests objective measures to improve perinatal outcomes. We recommend that women in consanguineous relationships, of advanced age, and with grand multiparity should be screened for predictive factors of eclampsia/pre-eclampsia and counselled for proper antenatal care. Women at potential risk should be monitored regularly.




5 Conclusions

In our study, we evaluated potential risk factors that can lead to the development of eclampsia and pre-eclampsia with associated feto-maternal outcomes in a setting of LMIC like Pakistan. We conclude that early risk identification plays a vital role in reducing maternal and neonatal mortality, which includes the detection of proteinuria and blood pressure monitoring. Women with advanced age (≥35), obese, with grand multiparity, were linked with higher perinatal mortality. Elevated ALT, AST, LDH, bilirubin, thrombocytopenia, and tachypnoea create an augmented risk for severe outcomes, so such patients should be counselled and monitored regularly.
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(mmol/L)
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ADPN (ng/ml) -74.33 (-448.78,300.11) = 0.70 67.22 (-390.26,524.69) 0.77 GDFI15 (pg/ml) = -22.37 0.53 -0.69 0.99

Model 1 did not adjust for other factors, Model 2 adjusted for gestational age, parity and follow-up time.
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Clinical criteria

Laboratory criteria

Vascular thrombosis (1 or more)'s
Arterial thrombosis

Venous thrombosis

small vessel thrombosis

Obstetric complications:

| or more unexplained deaths of a morphological normal fetus at or beyond 10 weeks

gestation

| or more premature births of morphological normal fetus (<34 weeks) because of:

Eclampsia or sever preeclampsia

Placental insufficiency®

3 or more unexplained consecutive spontaneous abortions before 10 wecks, with
maternal anatomic or hormonal abnormalities and paternal and maternal
chromosomal causes excluded.

Lupus anticoagulant (LA) present in plasma, on 2 or more occasions at least
12 weeks apart.

Anticardiolipin (aCL) antibody of IgG and/or Ig in serum or plasma, present in
medium or high titer on 2 or more occasions at least 12 weeks apart.

Anti-b2 glycoprotein- antibody of IgG and/or IgM isotype in serum or plasma in
titer >99th centile, present in 2 or more occasions at least 12 weeks apart

Investigators are strongly advised to classify APS patients in studies into one of
the following categories:

I: more than one laboratory criteria present (any combination)

Ila: LA present alone

IIb: aCL antibody present alone

Tlc: anti-b2 glycoprotein-T antibody present alone.

°A thrombotic episode in the past could be considered a clinical criterion if thrombosis is proved by appropriate diagnostic means and that no alternative diagnosis or
cause of thrombosis is found. Superficial venous thrombosis is not included in the clinical criteria

*Placental insufficiency includes (i) abnormal or non-reassuring fetal surveillance test(s), (i) abnormal Doppler flow velocimetry waveform analysis suggestive of feta
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Variables Category Frequency (n) | Percentage
‘What is obstetric fistula Co between the birth canal and bladder or rectum 181 273
Urinary or faecal i 106 160
Health problems for women 105 158
Infection of the reproductive tract 100 15.1
1 do not know 171 258
Signs and symptoms of obstetric fistula Urinary incontinency 446 673
Faecal i 307 463
Vulval irritation 496 748
Foul-smelling vaginal discharge 321 484
Leakage of gas/faeces into the vagina 263 397
Pain while having sex 353 532
1 do not know 546 824
Myths and conceptions about obstetric fistula Non-violent sex or promiscuity causes fistula 513 774
Holding urine for an extended time causes fistula 515 77.7
Existing medical condition causes fistula 551 83.1
Digital PV examination causes fistula 521 786
Fistula relates to multiple pregnancies 164 247
Poor personal hygiene causes fistula 479 722
Direct causes of fistula Prolonged/obstructed labour causes fistula 536 80.8
Provider error in C/S and abortion causes fistula 316 47.7
‘Traumatic sexual violence causes fistula 510 769
Big baby birth causes fistula 318 480
Improper forceps delivery causes fistula 107 161
Indirect causes of fistula Farly marriage can cause obstetric fistula 548 827
Teenage pregnancy can cause obstetric fistula 67 10.1
Mismanagement of delivery by TBA can cause fistula 159 240
Delays in healthcare (ANC and labour) can cause fistula 315 47.5
Concepts on prevention of obstetric fistula Obstetric fistula is preventable 573 864
Obstetric fistula is a treatable condition 91 137
Know when fistula treatment is available 161 243
Prevention methods of obstetric fistula Delaying the age of the first pregnancy 534 805
Cessation of harmful traditional practice 307 463
Timely seeking skilled maternal healthcare a1 635
Skilled care at birth/institutional delivery 271 09
Using family planning methods 326 492

PV, per vaginal examination; C/S, cesarean section; TBA, traditional birth attendant, ANC, antenatal care.
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non-GDM group GDM group

(n=60) (n=60)
T2DM (%) 0 (0%) 12 (20%) 13.33 <0.05
IGR (%) 2 (3.33%) 11 (18.33%) 6.99 <0.05
Abnormal HbAlc (%) 2 (3.33%) 11 (18.33%) 6.99 | <005
Hypercholesterolemia (%) 11 (18.33%) 21 (35%) 4.26 | <0.05
Hypertriglyceridemia (%) 7 (11.67%) 12 (20%) 1.56 0.21
High LDL cholesterolemia (%) 7 (11.67%) 16 (26.67%) 4.36 <0.05

Low HDL cholesterolemia (%) 10 (16.67%) 9 (15%) 0.06 080






OPS/images/fgwh-05-1391213/fgwh-05-1391213-g001.jpg
“~
3%
T 35%
5-10%
L1015% R
Co1s20%
[ >20%

Data not available





OPS/images/fendo.2024.1401679/table4.jpg
Mode 1 Model 2

OR (95%Cl) OR (95%Cl)
IGR and T2DM 651 (1.38,30.79) <0.05 10.62 (1.66,68.17) <0.05
Abnormal HbAlc (%) 651 (1.38,30.79) <0.05 5.4 (0.84,35.31) 0.08
Hypercholesterolemia (%) 240 (1.03,5.57) <0.05 258 (0.90,7.41) 0.08
Hypertriglyceridemia (%) 1.89 (0.69,5.20) 022 3.68 (0.99,12.73) 0.06
High LDL cholesterolemia (%) | 275 (1.04,7.29) <0.05 338 (1.01,11.56) <0.05
Low HDL cholesterolemia (%) | 0.8 (0.33,2.35) 080 0.66 (0.17,2.49) 053

Model 1 did not adjust for other factors, Model 2 adjusted for gestational age, parity and follow-up time.
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Between 10 and 22 weeks of
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Recurrent miscarriage

Two or more (3) or three or
more (4) miscarriages not
required to be consecutive; or
1wo or more consecutive
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Fetal loss or stillbirth

After >22 weeks (6)

Voluntary
termination of
pregnancy

Abortion or induced
abortion

Voluntarily termination of
pregnancy, including
termination due to fetal
malformations (7)

Fetal reduction

Specific type of induced abortion
involving a multiple gestation,
where one or more of the fetuses
are chosen to be voluntarily
terminated (8)
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Variable Total FTB group
(n =1,229) (n=1,087)

Gestational age (weeks) | 38.72+176 | 3466143 | 3925088
Age (years) 2030+371 | 2973+3.80 | 2924369
Height (cm) 16110 £5.04 | 160.60 =536 16110 =500
Pre-pregnancy weight | 58591001 | 61441002 5821 =995
(kg)
Prenatal weight (kg) | 70.20£1052 | 70.73+10.89 | 70.13+10.48
FBG in first trimester | 510054 | 506066 | 495%0.53
(mmol/L)

Trimester of diagnosing
GDM

In second trimester 897 (72.99%) | 113 (79.58%) | 784 (72.13%)
In last trimester 332 (27.01%) | 29 (20.42%) | 303 (27.87%)
CL (mm) 28.05+338 | 2360+3.74 | 2863285
Prenatal Hb (g/L) 11640 = 13.11 | 11460 £ 1136 11670 = 1331
ART
Yes 77 (627%) | 22 (15.49%) | 55 (5.06%)
No 1,152 (93.73%) | 120 (84.51%) | 1,032 (94.94%)
UU infection
Yes 75 (6.10%) | 13 (915%) | 62 (570%)
No 1,154 (93.90%) | 129 (90.85%) | 1,025 (94.30%)
GBS infection
Yes 69 (5.61%) | 16 (11.27%) | 53 (488%)
No 1,160 (94.39%) | 126 (88.73%) | 1,034 (95.12%)
HDP
Yes 61 (415%) | 11(775%) | 50 (460%)
No 1,168 (95.04%) | 131 (92.25%) | 1,037 (95.40%)
SCH
Yes 106 (8:62%) | 11(7.75%) | 95 (8.74%)
1,123 (91.38%) | 131 (92.25%) | 992 (91.26%)

22 (179%) | 2(1.41%) | 20 (184%)
1,207 (98.21%) | 140 (98.59%) | 1,067 (98.16%)

Yes 255 (2075%) | 74 (52.11%) | 181 (16.65%)

No 974 (79.25%) | 68 (47.89%) | 906 (83.35%)
Smoking in primipara <001
Yes 6(049%) | 5(352%) | 1(009%)

No 1,223 (99.51%) | 137 (96.48%) | 1,086 (99.91%)
Smoking in spouse 0104
Yes 292 (2376%) | 42 (29.58%) | 250 (23.00%)

No 937 (7624%) | 100 (70.42%) | 837 (77.00%)

Family History of PB <001
Yes 19 (098%) | 18 (12.68%) | 1 (0.09%)

No 1,210 (98.45%) | 124 (87.32%) | 1,086 (99.91%)

Family History of DM <001
Yes 157 (12.77%) | 33 (23.24%) | 124 (11.41%)

No 1,072 (87.23%) | 109 (76.76%) | 963 (88.59%)

FBG, fasting blood glucose; GDM, gestational diabetes mellitus; CL, cervical length; Hb,
hemoglobin; ART, assisted reproductive technology; UU, ureaplasma urealyticum; GBS
Group B Streptococcus; HDP, hypertensive disorders of pregnancy; SCH, sublinical
hypothyroidism; ICP, intrahepatic cholestasis of pregnancy; PROM, premature rupture of
membranes; PB, preterm birth; DM, diabetes mellitus; SPB, spontaneous preterm birtly
ETB. full-term birth.
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Lower
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Pre-pregnancy Weight X ~0.046 ~0013
ART E 0.706 1765
GBS Infection X 0318 1496
cL 2 0370 0.494
PROM « 1329 2,061

‘Smoking in Pregnant Woman X 1526 5834
Family History of PB X 3037 7.083

Family History of DM . 0423 1.287

ART, assisted reproductive technology; GBS, Group B Streptococcus; CL, cervical length;
PROM, premature rupture of membranes; PB, preterm birth; DM, diabetes mellitus.
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Model number Sensitivity Specificity

1 0853 0634 0976
2 0872 0474 0.987
3 0930 0519 0926
4 0932 0500 0.941
5 0882 0587 0912
6 0890 0577 0981
7 0864 0551 0927
8 0926 0481 0926
9 0877 0533 0959
10 0904 0558 0.944

AUC. area under curve.
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