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Abstract
Pharmacotherapy in high-risk pregnancies necessitates customised, ev-
idence-based strategies to provide optimal results for women and their 
infants. A keen awareness that physiological changes during pregnancy 
can affect medication pharmacokinetics necessitates careful consideration 
of dose and therapeutic selection to reduce teratogenic risk without com-
promising treatment efficacy. Likewise, non-obstetric problems such as 
hypertension in pregnancy, gestational diabetes, auto-immune disorders 
and infections necessitate immediate medical intervention according to 
safety classifications and evolving labelling systems. Multidisciplinary care 
involving obstetricians, pharmacists, subspecialists and mental health pro-
fessionals is crucial for managing the intricate relationships between ma-
ternal comorbidities and foetal development. Moreover, emerging domains 
including pharmacogenomics, placental-drug-delivery and diversity in 
clinical trials are further transforming the future of perinatal pharmacother-
apy. This article aimed to examine the role of pharmacotherapy in high-risk 
pregnancies, emphasising the contemporary paradigm of safe drug use, 
collaboration within a multidisciplinary framework and prospective advance-
ments to optimise maternal and foetal health outcomes. The personalised, 
evidence-based pharmacotherapeutic approach that improves high-risk 
pregnancy outcomes is based on body modifications, safe medication use, 
multidisciplinary approaches and advances in pharmacogenomics and pla-
centa-targeted therapies.

Key words: High-risk pregnancy; Pharmacokinetics; Therapeutics; Obste-
tricians; Comorbidity.
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According to an international standard, preg-
nancy is “High-risk when the mother, foetus 
or newborn has an unusual risk of morbidity 
or mortality either before, during or following 
delivery”.1-3  This risk increases with maternal 
age, extremes of 17-35 years, comorbidities like 
diabetes, hypertension and thyroid illnesses, 
multiple gestations, personal history of 
pregnancy-related risks, genetic susceptibility 
and lifestyle choices like smoking and substance 
use.4  High-risk pregnancies require close 
monitoring, specialist treatment and a strong 
medical and interdisciplinary team to reduce 
problems.1

Perinatal causes kill around 800 mothers daily 
and high-risk pregnancy affects 20 million peo-
ple worldwide.5 A study in India found that 49.4 
% of pregnant women had high-risk pregnancies, 
with 33 % having one and 16.4 % having two 
or more.6  Short birth spacing, unfavourable 
birth outcomes, lack of education and low 
socioeconomic position are common causes.6  A 
second study revealed 29 % of women at high risk, 
with hypothyroidism (9.6 %), pregnancy-induced 
hypertension (6.5 %) and severe anaemia (3.2 %) 
being the most common diseases.7  Gestational-
diabetes, twin-gestation, oligohydramnios and 

Introduction Rh-incompatibility are also significant among the 
high-risk factors.7, 8

The diagnosis and treatment of high-risk preg-
nancies include preconception and prena-
tal screenings, assessment of modifiable and 
non-modifiable risk factors and regular prenatal 
visits, laboratory tests and imaging. Enhancing 
chronic illness management, genetic counselling, 
dietary support and lifestyle risk modification 
are intervention strategies. Quality communica-
tion, couple education and shared decision mak-
ing should improve maternal and foetal outcomes 
while avoiding unnecessary interventions. “If 
managed properly and timely, a high-risk preg-
nancy can yield healthy outcomes for mother and 
child”.9

Sleep deprivation during pregnancy, often owing 
to work and family duties, is linked to systemic 
inflammation and poor mother and newborn out-
comes. Sleep quality has also been associated to 
preterm birth, hypertension, caesarean delivery, 
stillbirth, neonatal intensive care unit (NICU) 
hospitalisation and low Apgar scores. Sleep prob-
lems also raise the risk of postpartum depression 
and can affect foetal growth and survival, em-
phasising the importance of sleep health during 
pregnancy.10, 11 Impact of sleep deprivation on ma-
ternal and foetal outcomes shown in Figure 1. 

Figure 1: The impact of sleep deprivation during pregnancy
NICU: neonatal intensive care unit; IUGR: intrauterine growth restriction;
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Understanding drug use in 
pregnancy

Pregnancy drastically alters many physiological 
processes that affect drug absorption, distribu-
tion, metabolism and excretion, which must be 
considered in drug dose and therapy manage-
ment (Figure 3). Gastrointestinal (GI) motility 
and stomach emptying slow during pregnancy 
due to hormonal changes and the growing uter-
us. This delay can slow drug absorption, but not 
its magnitude and impact the start of effect for 
orally delivered pharmaceuticals.18-20

The body’s fluids and extracellular fluids in-
crease with plasma volume growth of 30-50 %. 
This “dilutes” plasma medication concentra-
tions, especially hydrophilic medicines. Plasma 
albumin concentration may decrease, reducing 
protein binding and increasing the free (active) 
percentage of highly protein-bound medicines. 
Pregnancy may increase adipose tissue, which 
may impact lipophilic medication distribution. 
These alterations affect tissue partitioning and 
drug plasma concentrations.20, 21 Additionally, 

Figure 2: Maternal mortality according to different region in 2023. According to UNICEF and WHO, 
maternal death ratio is decrease but not nil. Ratio is highest in Sub-Saharan Africa and lowest in 
Australia and New Zealand

At 500 per 100,000 live births, Sub-Saharan Africa 
has the highest maternal mortality ratio (MMR) 
worldwide (Figure 2). Central and Southern Asia 
have improved to 110 MMR, while the Americas 
average 59, with substantial country-level het-
erogeneity. High-income countries like Europe, 
Australia and New Zealand have MMRs of 5-10, 
while Eastern Europe has the largest rate decline 
of 75 % since 2000. North America shows a lit-
tle rising trend, with the US at 21 MMR. The 2030 
SDG goal of an MMR below 70 is still difficult, es-
pecially for low-income nations.12-14

Pharmacotherapy treats hypertension, infections 
and pain to protect the mother and foetus during 
pregnancy. Due to prenatal danger and physio-
logical changes, drug choice and dosage must be 
carefully considered.15, 16 Calcium channel (CC) 
blockers and beta-blockers are used to lower ma-
ternal blood pressure without harming foetus-
es. Some analgesics and antiepileptics can cause 
birth abnormalities or developmental difficulties, 
so use cautiously. Successful pregnancy phar-
macotherapy relies on tailored, evidence-based 
strategies to optimise maternal benefit/foetal 
safety.17

Saroha et al. Scr Med. 2026 Jan-Feb;57(1):103-20.



0000

Figure 3: Different physiological changes and route of drug administration of drug. Effects on pharmacokinetic parameters of drug (ADME)

liver metabolism is complicated and imbalanced. 
CYP3A4 and CYP2D6 inducers improve drug me-
tabolism and clearance. Low-activity enzymes 
such CYP1A2 or CYP2C19 may inhibit caffeine 
metabolism. Other phase II enzymes and UGT 
are also more active. The last outcome is path-
way-specific.21 When renal flow and GFR rise 30–
50 %, the kidneys clear lithium and digoxin more 
effectively. It would also boost tubular reabsorp-
tion. To keep therapeutic drug levels, it calls for 
regular dose changes.21, 22

The placental barrier separates maternal and foe-
tal blood, filtering gasses, nutrients, waste and 
medications. It consists of syncytiotrophoblast, 
cytotrophoblast, connective tissue and foetal 
capillary endothelium, forming a transport and 
selection barrier for various substances. Proper 
foetal development requires this, but it also af-
fects foetus exposure to medications and xenobi-
otics consumed by the mother.23, 24

Several ways allow drugs to pass the placental 
barrier (Figure 4). Passive diffusion is the most 
common transmembrane transport method for 
tiny, lipophilic, non-ionised molecules under 500-
600 Da (Dalton).25, 26 Passive diffusion depends on 
drug lipophilicity, ionisation, size of molecules, 
concentration gradient, placental thickness 
and surface area. Plasma-protein-binding in 
the mother and foetus and maternal blood flow 
to the placenta affect transfer.24, 26  The placenta 
easily transports medications like lidocaine and 
warfarin via passive diffusion.24

Active transport and facilitated diffusion are 
also involved in the transport of hydrophilic or 
low-permeability substances across membranes, 
in addition to passive diffusion. Facilitated diffu-
sion necessitates no energy expenditure and em-
ploys carrier proteins to assist the substance in 
moving down a concentration gradient, whereas 
active transport utilises energy (ATP) to trans-
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Table 1: Different mechanism of drug crossing via placenta

Mechanism Description Examples / features

Simple passive 
diffusion

Facilitated 
diffusion

Active transport

Endocytosis / 
pinocytosis

Para-cellular 
transport

Moving tiny, lipophilic, non-ionised 
medicines along membrane concentration 
gradients.

Energy-free carrier-mediated concentration 
gradient transport.

Protein-mediated energy-dependent
transport versus concentration gradient.

Vesicle-mediated large-molecule or
complex uptake.

Cell junctions restrict movement due to stiff 
barriers.

Molecular dimensions, lipid the solubility 
of and concentration gradient determine 
most common.27, 28

Transporters of glucose and amino 
acids.27

Efflux transporters like P-gp, BCRP; 
uptake transporters.22, 27, 29

Rare; may transport immunoglobulins or 
big peptides.29

Pathological conditions may increase; 
usually minor.29

Figure 4:  Mechanism of drug penetration from placenta to foetus of drug (ADME)

port pharmaceuticals against a concentration 
gradient.23, 24  The placenta expresses a variety 
of transporters, including those from the “solute 
carrier (SLC) and ATP-binding cassette (ABC)” 
superfamilies: “P-glycoprotein (P-gp), breast 
cancer resistance protein (BCRP) and multidrug 
resistance-associated proteins (MRPs)”.24, 

25  They may enhance foetal drug uptake or 
efflux medicines back into maternal circulation, 
safeguarding the foetus from hazardous 
toxins.25 For instance, P-gp limits foetal access to 
dexamethasone and certain antiretrovirals.24, 25

Endo-cytosis and trans-cytosis also happen but 
are more significant for bigger molecules and 
proteins than placental drug transfer.23, 25 Drug 
transfer capacity and directionality can also be 
affected by placental architecture, transport-

er expression and pathological states like pre-
eclampsia (Table 1).25, 26

Drug classification schemes help clinicians and 
patients make prenatal medication safety deci-
sions, but they all have pros and cons (Table 2). 
Most famous is the previous “U.S. Food and Drug 
Administration” (FDA) pregnancy risk category 
system, which categorised drugs as A, B, C, D, or 
X based on animal and human teratogenic risk. 
Controlled trials showed no risk for category A 
medicines, but category X drugs had an evident 
pregnancy risk due to positive foetal damage. 
Categories B, C and D included increasing uncer-
tainty or danger accompanying probable mother 
benefit.30-32

Saroha et al. Scr Med. 2026 Jan-Feb;57(1):103-20.
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There was also tremendous pushback against 
the FDA letter-category system. First, it oversim-
plified complex risk information, producing the 
false impression of a linear risk progression and 
neglecting drug risk differences within a cate-
gory. Second, it ignored exposure time, dose and 
data quality and often combined medicines with 
very different risk profiles. This produced confu-
sion and sometimes incorrect clinical judgments 
because letters were given to medications with 
various safety profiles.33, 34

The “Pregnancy and Lactation Labeling Rule” 
(PLLR) replaced letter categories in 2015 to ad-
dress these constraints. Unlike its predecessor, 
the PLLR employs narrative approaches to por-
tray clinical issues, pregnancy, lactation, repro-
ductive hazards and related statistics. This ap-
proach offers actionable information for patients 
and doctors, risk summaries, evidence-based 
pregnancy registries and actionable information. 
By progressively disconnecting advice from pre-
defined structure to fit to new knowledge, the 
PLLR stresses individual decision making above 
scheduled “data-dropped pointer” grade compu-
tations.32, 35

Table 2: Different drug classification category in pregnancy

Classification 
system Description Strengths Limitations

FDA pregnancy 
categories
(old system)

Since 2015,
FDA PLLR

Anatomical
therapeutic 
chemical (ATC) 
classification

USP drug
classification 
system (USP DC)

DEA/EUDA
controlled
substance
schedules

Drug classes by 
mechanism or 
therapeutic use

Animal and human data-based 
alphabetical medication foetal risk 
categories.

Risk summaries, clinical concerns 
and statistics are provided by 
narrative labelling instead of letter 
categories.

Hierarchical medication
classification by anatomical place 
and therapeutic/pharmacological 
qualities (5 levels).

Chemical and therapeutic USP 
category granular classification.

Schedule I-V: abuse and medical 
use classification.

Classifying pharmaceuticals by 
chemical or therapeutic usage.

Simple, well-known, communicable.

Nuanced, comprehensive, promotes 
informed decision-making.

Worldwide standard; useful for the 
field of epidemiology research and 
drug use.

Detailed, supports safety and
quality standards.

Controls drug usage and abuse.

Medically intuitive; helpful in
prescribing and instruction.

Too basic; lacks risk/benefit
information; misinterpreted
categories; stopped in 2015.

More complicated; physicians must 
interpret; less intuitive than letter 
classifications.

Lacks safety and risk information; 
often indication-specific;
complicated hierarchy.

Designed for regulating and 
compendial usage, not clinical risk 
assessment.

Considering abuse potential rather 
than therapeutic classification or 
pregnancy safety.

Unstandardised classification
criteria; little regulatory guidance.

The PLLR system has issues too. Clinical practi-
tioners must examine extended narratives in-
stead of using short references due to their intri-
cacy. This is particularly challenging in fast-paced 
clinical settings or for practitioners without tera-
tology and medication safety expertise. Australia 
uses ADEC and Sweden uses FASS, hence there 
are international inconsistencies. Studies reveal 
that different systems classify the same medicine 
differently, making global drug safety communi-
cation challenging.33, 34, 36

Common high-risk conditions 
requiring pharmacotherapy

Preventive pharmacotherapy
Folic acid administration in prenatal vitamins 
is a classic example of preventative medication 
(Figure 5). Folate, a B-vitamin, is essential for 
cell division and DNA synthesis. Folic acid be-
fore conception and during early pregnancy has 
been shown to reduce the risk of NTDs including 
spina bifida and anencephaly. The CDC urges all 

FDA: Food and Drug Administration US; PLLR: Pregnancy and Lactation Labeling Rule; DEA: US Drug enforcement Administration; EUDA: The European Union 
Drugs Agency;
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reproductive women to take 400 micrograms of 
folic acid daily for prevention. However, this ap-
proach complicates worldwide drug safety com-
munication.36, 37 Prenatal vitamins contain iron, 
calcium and other minerals essential for mother 
and foetal health.38, 39 Anaemia, bone health and 
PreE risk reduction are the goals of these supple-
ments. Prenatal vitamins and folic acid ingestion 
is a simple, effective way to improve pregnancy 
outcomes worldwide.40-42

Pregnancy immunisations protect mother and 
child from major infectious illnesses.43, 44 The CDC 
strongly recommends flu, Tdap, COVID-19 and 
RSV immunisations during pregnancy.43, 44 When 
administered properly, these vaccinations mi-
nimise the chance of maternal sickness and bad 
pregnancy outcomes and provide passive protec-
tion to newborns during the early months of life, 
when they are most vulnerable.45, 46

Due to the risk of hospitalisation, premature de-
livery and foetal distress, pregnant women must 
receive the flu vaccine annually. The safe deacti-
vated flu vaccine protects mother and child from 

flu-related illness.43 All 27–36-week pregnancies 
should get the Tdap immunisation. The foetus 
receives the highest pertussis (“whooping 
cough”) antibody during this time, protecting 
unvaccinated neonates.43, 47 Recent recommenda-
tions indicate Pfiser’s Abrysvo RSV vaccination for 
pregnant women between 32- and 36-weeks’ ges-
tation during RSV season (usually September to 
January in the US) to avoid serious RSV infection 
in newborns under six months old. This maternal 
immunisation regimen reduces neonatal RSV-as-
sociated infections in the respiratory system.48, 

49  Pregnant women should also get vaccinated 
against COVID-19 to lower the possibility of severe 
sickness, preterm birth and other consequences. 
COVID-19 vaccinations are secure and efficient 
during pregnancy and protect neonates.50 Due 
to foetal dangers, live attenuated vaccines like 
MMR, varicella and LAIV are contraindicated 
during pregnancy. Vaccination before conception 
or postpartum is advised.51 Given individual ex-
posure risk, hepatitis A and B, meningococcal and 
travel-related immunisations may be given if the 
benefits outweigh the dangers.51

Figure 5: Preventive pharmacotherapy in pregnancy. Immunisation, different vitamin, folic acids, iron etc have 
a good impact on prevention of high-risk pregnancy.

Saroha et al. Scr Med. 2026 Jan-Feb;57(1):103-20.
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Common pharmacotherapy 
required high-risk conditions

Hypertensive disorders
Hypertensive disorders of pregnancy (HDP) im-
pact 13 % to 15 % of US pregnancies and 15 % 
of reproductive-age women worldwide.52  The 
spectrum of HDP includes preeclampsia 
(hypertension with proteinuria or organ 
dysfunction), eclampsia (preeclampsia with 
seizures), gestational hypertension (new-
onset hypertension after 20 weeks without 
proteinuria), chronic hypertension (present 
before pregnancy or diagnosed before 20 weeks› 
gestation) and HELLP syndrome (a severe form 
involving haemolysis, elevated liver enzymes and 
low platelets) (Figure 6).52, 53 Between 2007 and 
2018, chronic hypertension nearly doubled, while 
overall HDP in the US rose from 2.7 9% in 1989 to 
8.22 % in 2020.54, 55

Advanced maternal age, obesity, pre-existing 
hypertension, diabetes and racial/ethnic in-
equalities are HDP risk factors and historically 
deprived populations had higher prevalence and 
worse outcomes.53, 54  HDP considerably increase 
the risk of placental abruption, acute renal 
failure, pulmonary oedema, stroke and eclampsia 

Figure 6: Pathophysiological mechanism of hypertension in pregnancy

or HELLP syndrome. Foetal risks include preterm 
birth, intrauterine growth restriction (IUGR), low 
birth weight, stillbirth and neonatal morbidity 
and mortality.52 Untreated or severe hyperten-
sion in pregnancy causes placenta hypo-perfu-
sion, therefore restricting foetal growth and rais-
ing newborn death.54

To prevent serious outcomes, HDP care places a 
strong emphasis on controlling maternal blood 
pressure and preserving uteroplacental perfu-
sion. According to current guidelines, antihyper-
tensive medication should be started as soon as 
blood pressure exceeds 140/90 mmHg and se-
rious cases of hypertension (≥ 160/110 mm Hg) 
should be treated right away.52 Antihyperten-
sives such labetalol, nifedipine and methyldo-
pa are advised for pregnant women due to their 
safety.53  Magnesium sulphate is the standard of 
excellence for preeclampsia seizure prevention 
and treatment.52  Recent CHAP trial studies 
indicate that treatment even mild chronic high 
blood pressure during pregnancy helps to prevent 
serious preeclampsia, abruption of placenta 
and preterm birth without increasing low birth 
weight.54  Regular observation of mother›s and 
foetal condition helps to determine birth timing 
to strike a risk balance. 

Saroha et al. Scr Med. 2026 Jan-Feb;57(1):103-20.
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Methyldopa, labetalol and long-acting nifedipine 
are recommended for persistent hypertension in 
pregnancy due to their safety. For chronic man-
agement and acute severity, labetalol and nifed-
ipine are also utilised, but methyldopa is usually 
the primary choice, especially during pregnan-
cy56, 57 and hypertension episodes.57, 58  Usually, 
hydralazine is administered intravenously for 
acute severe hypertension crises. Because of 
teratogenicity, «angiotensin receptor blockers 
(ARBs)» and «angiotensin-converting enzyme 
inhibitors (ACE inhibitors)» are banned in 
pregnancy.56, 57

Pregnant women with high blood pressure (BP) 
(> 160/110 mm Hg), proteinuria and headaches 
or vision issues after 20 weeks show clear pre-
eclampsia. HELLP syndrome progression may be 
indicated by increased liver enzymes and throm-
bocytopenia. Magnesium sulphate for seizure 
prophylaxis and labetalol for hypertension must 
be started. Foetal monitoring often demonstrates 
placental insufficiency-induced growth limita-
tion. To avoid complications, delivery planning 
often balances mother stabilisation and foetal de-
velopment, producing preterm birth (Table 3).54, 

55, 59

Diabetes mellitus in pregnancy
Due to its potential impact on mother and foetal 
health, pregnancy with diabetes mellitus, includ-

Table 3: Different type of hypertension during pregnancy

Classification 
system Description Key features / diagnostic 

criteria Prevalence / impact Reference

Chronic
Hypertension

Gestational 
Hypertension

Preeclampsia

[60]

[60]

[61]

[60]

[60]

Eclampsia

HELLP
Syndrome

High blood pressure before 
pregnancy or detected before 20 
weeks.

New-onset hypertension after 20 
weeks no proteinuria or
end-organ damage.

Post-20-week hypertension with 
proteinuria or organ impairment.

Uncaused seizures in preeclampsia 
patients.

Severe preeclampsia with
haemolysis, increased liver 
enzymes and low platelets.

BP ≥ 140/90 mm Hg before 
pregnancy or 20 weeks; may 
coincide with preeclampsia.

No proteinuria or systemic
symptoms; BP ≥ 140/90 mm Hg 
after 20 weeks.

BP ≥ 140/90 mm Hg in
combination with proteinuria
(≥ 300 mg/24 h), thrombocyto-
penia, renal/liver dysfunction, or 
cerebral.

Preeclampsia seizures; medical 
emergency.

AST/ALT increase, haemolysis, 
platelet count < 100,000/μL.

In ~1-5 % of pregnancies, it 
raises the risk of preeclampsia 
and severe consequences.

Occurs in 6-17 % of pregnancies; 
a risk factor for preeclampsia and 
preterm birth.

This occurs in ~4-5 % of preg-
nancies and is a major factor in 
maternal/foetal mortality.

Low prevalence (~0.1–0.3 %); 
significant risk of maternal/foetal 
death without treatment.

Only 0.1–0.6 % of pregnancies 
have life-threatening compli-
cations such liver rupture and 
stroke.

ing pregestational diabetes and GDM, presents 
unique challenges.62, 63 GDM results from pancre-
atic function failing to overcome insulin resis-
tance brought on during pregnancy.64 Placental 
hormones such lactogen, oestrogen, progester-
one and cortisol cause insulin resistance, ensur-
ing the foetus gets enough glucose. GDM women 
develop hyperglycaemia because their pancreas 
cannot compensate for insulin resistance.65 For 
best results, pregestational diabetes—pre-exist-
ing type 1 or type 2 diabetes—requires careful 
pregnancy treatment.66

The main goal is to get and keep optimal glycae-
mic control to reduce the risk of mother’s and 
foetal complications.67 Insulin’s effectiveness and 
absence of placental transfer make it a popular 
GDM treatment. Insulin is preferred for GDM con-
trol due to its effectiveness and lack of placental 
transfer. Intermediate-acting insulin (NPH) can 
be taken at night, however lispro and aspart can 
be given before meals.66 Self-monitoring of blood 
glucose (SMBG) results drive insulin dosage mod-
ification. Metformin and glyburide can replace 
insulin. Metformin crosses the placenta despite 
its safety. Glyburide increases newborn hypogly-
caemia risk more than insulin and metformin.68 
Oral medicine policies vary; some recommend 
insulin first.66 SMBG is vital for glucose monitor-
ing and medication adjustments. Ultrasound and 
antepartum testing are needed to assess foetal 

Saroha et al. Scr Med. 2026 Jan-Feb;57(1):103-20.
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well-being.69 For continuing diabetes, postpar-
tum tolerance to glucose testing is suggested. 
Type 2 diabetes risk can be reduced by lifestyle 
changes.66

Thromboembolic disorders
Since physiological changes increase risk of hy-
percoagulability, thromboembolic diseases—es-
pecially venous thromboembolism (VTE)—are 
a major concern during pregnancy. Pathophys-
iology is Virchow’s triad—venous stasis, vascu-
lar injury and hypercoagulability. DVT requires 
Doppler ultrasonography, PE CTPA; diagnosis 
dependent on imaging. Low-molecular-weight 
heparin (LMWH) is the first-line treatment, but 
patients may choose higher dosages or twice-dai-
ly medication.70-72

Venous stasis, endothelial impairment and hy-
percoagulability enhance the risk of VTE during 
pregnancy.72  Increased oestrogen, progestins 
and other hormonal changes during pregnancy 
raise coagulation factors and diminish natural 
anticoagulants.73  The expanding uterus and 
increasing pelvic vein pressure may prevent 
venous return, leading to venous stagnation 
and increased clot formation, especially in the 
lower extremities.74  Hereditary thrombophilias 
including factor V Leiden and prothrombin 
gene mutation may increase VTE risk in some 
women.69, 75

Low molecular weight heparin (LMWH) is the 
anticoagulant of choice for VTE in pregnan-
cy.76  Weight-based dosage can be administered 
once (higher dose) or twice a day.76  Renal 
impairment, malignancy, or major weight 
fluctuations could be used to investigate anti-Xa 
levels.75 In situations of LMWH allergy or if larger 
doses are required, unfractionated heparin could 
be taken into account.76 Oral anticoagulants—
eg rivaroxaban, apixaban are generally avoided 
during pregnancy because of possible placental 
translocation.77

Thrombolytics including streptokinase, alteplase 
etc. Set aside for life-threatening scenarios, in-
clude PE with persistent cardiovascular impair-
ment.75 Vena cava filters may help women who 
cannot be anticoagulated or have recurrent 
VTE.77

Preterm labour
A major contributor to newborn morbidity and 

death is preterm labour, or labour prior to 37 
weeks of gestation.78 Its complex pathophysiology 
includes infection, uterine overdistension and 
hormonal alterations.79  Diagnosis is aided by 
clinical evaluation—including pelvic exams 
and cervical length measurements—and foetal 
fibronectin testing. Tocolytics delay birth; 
corticosteroids develop foetal lungs; and they 
control issues like infection.80

Preterm labour is said to be triggered by intra-
uterine infection and inflammation.81  Too much 
uterine volume, especially in several pregnancies, 
might cause preterm labour.78  Premature 
dilation and labour could result from a short 
cervix.82  Changes in hormonal balance might 
affect uterine activity and start labour.81 Bleeding 
and damage to the placenta can potentially 
trigger preterm labour.58

Tocolytics are medications that lower uterine 
contractions; they are used to delay delivery for 
up to 48 hours. Among these are beta-agonists 
(eg terbutaline), CC blockers (eg nifedipine) and 
prostaglandin inhibitors (eg indomethacin).83 

Corticosteroids, such as betamethasone or dexa-
methasone, are given to the mother to encourage 
foetal lung development and lower the likelihood 
of respiratory distress syndrome in preterm ba-
bies.84 Although antenatal corticosteroids provide 
advantages such as increased lung maturity in 
preterm infants, their usage in pregnancy has 
drawbacks and possible hazards. These include 
potentially low blood sugar in babies, possibility 
for smaller birth weight with repeat doses and a 
possible association between steroids and lower 
academic achievement later in life. There is also 
growing worry about possible damage under non-
standard circumstances, such elective caesarean 
procedures at term, when corticosteroids are 
administered.85, 86 Used as a neuro-protectant 
for preterm newborns, especially those born at 
24-32 weeks’ gestation, magnesium sulphate.87 
Antibiotics could be recommended to prevent or 
manage intrauterine infection if one suspects in-
fection.82

Bacterial, viral and fungal infections
During pregnancy, bacterial, viral and fungal ill-
nesses require cautious management, typically 
medication. Many antibiotics and antivirals are 
safe during pregnancy, while some may harm the 
foetus. Fungal infections may require oral or top-
ical antifungals for prenatal safety.88-90
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Though vaginal clindamycin cream is not advised 
in the third or fourth trimester, Metronidazole 
or clindamycin (oral or vaginal) are suggest-
ed in bacterial vaginosis (BV).91 Azithromycin 
and ceftriaxone are used to treat Chlamydia and 
Gonorrhea, with ceftriaxone being preferred.88, 

92 Penicillin or clindamycin intrapartum antibi-
otic prophylaxis is essential to prevent neonatal 
infections.93 Penicillins, cephalosporins and ni-
trofurantoin are used for UTIs, however fluoro-
quinolones and tetracyclines should be avoided.88 

For Listeria, ampicillin and/or erythromycin are 
administered, although their safety during preg-
nancy should be assessed.94

Acyclovir, valacyclovir and famciclovir reduce 
viral shedding and prevent HSV outbreaks, al-
though its safety during pregnancy is unknown.89 
Varicella-Zoster virus (VZV) infection is treated 
using acyclovir and VZV immunoglobulin; acy-
clovir is preferred.90 Includes surveillance and 
antiviral medication for Hepatitis B and C infec-
tion; some drugs’ safety during pregnancy is un-
known.95 Antiretroviral therapy is essential for 
maternal health and preventing foetal transmis-
sion in HIV/AIDS patients, hence close monitoring 
and care are needed.96

In treatment of vulvovaginal candidiasis (VVC), 
topical azole antifungals are first-line, with oral 
fluconazole considered as a second-line option.97, 

98 Amphotericin B (liposomal) is often utilised in 
the first the first trimester for the management of 
systemic fungal infections because of teratogenic 
concerns with azole antifungals.89

Autoimmune disorders
Pharmacotherapy for autoimmune diseases 
during pregnancy aims to control disease activ-
ity and reduce foetal hazards. Often, this calls for 
a multi-disciplinary team including rheumatol-
ogists and obstetricians. While corticosteroids 
and immune-suppressants could be explored for 
other diseases such immune thrombocytopenia, 
medications such low-dose aspirin and anticoag-
ulants could help manage antiphospholipid syn-
drome. Many doctors also recommend hydroxy-
chloroquine for diseases including systemic lupus 
erythematosus.99, 100

Antiphospholipid syndrome, blood clotting and 
the risk of problems like preeclampsia and foe-
tal death are usually managed with low-dose as-
pirin and anticoagulants.99 Flare-ups of immune 
thrombocytopenia (ITP) may be controlled 

by corticosteroids such as prednisone or 
methylprednisolone. One might also think about 
immunosuppressants such as azathioprine.101 Hy-
droxychloroquine is usually started or sustained 
during pregnancy to treat systemic lupus ery-
thematosus (SLE), therefore controlling disease 
activity and enhancing pregnancy results. Espe-
cially in the second and third trimesters, flares 
may be controlled using corticosteroids.102-104 In 
case of rheumatoid arthritis, corticosteroids may 
be used, but the decision to continue or discon-
tinue other medications (like TNF inhibitors or 
DMARDs) should be made in consultation with a 
rheumatologist, considering the risks and bene-
fits for both the mother and foetus.105, 106 In some 
cases, other immunosuppressants like azathio-
prine may be considered, but careful consider-
ation of the risks and benefits is necessary.107, 108

Mental health disorders
With plasma levels falling all during pregnan-
cy, pregnancy significantly alters the pharma-
cokinetics of both LTG and lithium. Common in 
the management of epilepsy during pregnancy, 
therapeutic drug monitoring of AEDs may also 
be beneficial in the treatment of bipolar illness 
during the perinatal period.109 Brexanolone cer-
tainly helps with depression; it might raise the 
likelihood of somnolence or drowsiness, which 
would call for dose lowering or interruption. Ser-
traline might help with anxiety and depression 
symptoms as well as response and remission. 
Mood stabilisers might lengthen time to recur-
rence and lower recurrence.110 Maternal psycho-
logical disorders throughout pregnancy have 
been connected to premature birth, neonatal 
hypoglycaemia, subpar neurodevelopmental re-
sults and impaired attachment. Among the less 
desirable prenatal outcomes include placental ab-
normalities, small-for-gestational-age foetuses, 
foetal pain and stillbirth.111 Groups of psychiatric 
drugs contraindicated during pregnancy include 
valproates; others are safer, including “selective 
serotonin reuptake inhibitors (SSRIs)” or antipsy-
chotics.112

Drug safety evaluation

Drug safety screening during pregnancy is vi-
tal because drugs can cross the placenta and 
harm the foetus. This examination ensures that 
treatment benefits outweigh foetal dangers 
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and highlights concerns.113  Certain stages of 
foetal development, especially organogenesis 
(organ creation) in the embryonic phase (weeks 
3-8 after conception), are most teratogenic. 
Clarifying this is important because teratogens 
are most dangerous to growing organs and 
systems.114, 115 Category X drugs are well-known 
teratogens and are completely banned during 
pregnancy since they carry a high danger of 
significant birth defects. Among these drugs are 
thalidomide, warfarin, isotretinoin and many 
more.116, 117 Thalidomide, an anti-emetic and anti-
inflammatory, has caused thousands of neonatal 
limb deformities. Warfarin can cause bone and 
mental defects in foetuses. Isotretinoin can cause 
brain, heart and craniofacial abnormalities in 
severe acne.117

Registries, case-studies and post-marketing sur-
veillance offer insights beyond clinical trials. 
Thus, real-world therapeutic efficacy and safety 
are better understood. The only ways to collect 
and analyse real-world data are registries, case 
studies and post-marketing surveillance.118, 119

Risk assessment and clinical 
decision-making

Multidisciplinary management

Prenatal care includes risk evaluation and clin-
ical decision-making, especially in pregnancies 
with maternal or foetal problems. Doctors must 
consider the mother and foetus during preg-
nancy, which is tough. Decisions must balance 
medical intervention with foetal growth risks. 
Methodical and targeted strategies are needed 
to maximise maternal-foetal results and reduce 
damage.113 The process of identifying potential 
risks to mother and foetal health, assessing their 
severity and hence guiding treatment decisions 
is called risk assessment in pregnancy. Beginning 
with the initial prenatal visit and running all the 
way through pregnancy, this approach runs. Med-
ical (eg diabetes, hypertension), obstetric (eg his-
tory of preterm delivery), genetic, environmental, 
or psychosocial could all be risk factors. Doctors 
often categorise patients into low, moderate, or 
high-risk groups using standardised tools and 
procedures, therefore enabling early interven-
tion and multidisciplinary care planning.120

High-risk pregnancies are managed multidisci-
plinary by means of organised cooperation among 
several medical specialists guaranteeing the 
safety of both mother and foetus. Central to this 
strategy is the creation of a customised care plan 
developed by regular case conferences including 
maternal-foetal medicine professionals, neona-
tologists, obstetric anaesthesiologists and other 
pertinent subspecialists. Clearly established in-
tervention thresholds guide risk-specific proto-
cols—such as rigorous glycaemic monitoring for 
diabetic moms, echocardiographic surveillance 
for women with cardiac problems, or serial foetal 
growth scans in cases of foetal growth limitation. 
Essential pharmacologic measures driven by ev-
idence-based practice are timely administration 
of corticosteroids for foetal lung maturity, mag-
nesium sulphate for neuroprotection and proper 
use of antihypertensives or anticoagulants.125

Care logistics, including scheduled birth in a ter-
tiary care institution with NICUs and 24-hour 
multidisciplinary availability, are also critical. 
SBAR (situation, background, assessment, recom-
mendation) and electronic shared records allow 
team members convey information consistently. 
Continuous labour monitoring, emergency surgi-
cal intervention planning and postpartum care 
team participation—especially for chronic con-
dition follow-up—ensure long-term mother and 
newborn health. Audits and simulation-based 
training increase team readiness and patient out-
comes.126, 127

Among maternal hazards are pre-existing ill-
nesses including heart disease,121 renal impair-
ment,122 auto-immune disorders.123 and mental 
health issues,124 any of which could influence 
the course of pregnancy and its outcome. Age 
(under 18 or over 35), obesity, drug use and so-
cioeconomic position may also make pregnancy 
more difficult. These elements affect not only the 
mother’s health but also the safety of medication 
and foetal development. Problems with maternal 
health can have an impact on foetal development 
and cause preterm delivery, low birth weight and 
congenital abnormalities.121
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Special populations and
considerations

Emerging therapies and future 
prospective

Managing high-risk pregnancies in distinct pop-
ulations—such as women with pre-existing med-
ical conditions, adolescent mothers, advanced 
maternal age, or those with restricted access to 
healthcare—necessitates customised strategies 
to ensure maternal and foetal safety. Women 
with chronic hypertension or autoimmune disor-
ders necessitate preconception counselling, med-
ication adjustments and continuous monitoring 
to prevent complications such as preeclampsia or 
intrauterine growth restriction. Older pregnant 
women may require further testing for chromo-
somal abnormalities and cardiac issues, whereas 
adolescent mothers may benefit from emotional 
support, nutritional guidance and understanding 
of newborn care. Patients from underrepresent-
ed or underserved populations require cultur-
ally competent treatment and language-specific 
resources, hence emphasising the necessity of 
accessibility and equity in healthcare delivery. 
Mitigating disparities and improving prenatal 
outcomes across diverse communities mostly re-
lies on the integration of social services, commu-
nity health professionals and targeted outreach 
programs.128, 129

Advancements in pharmacogenomics and tai-
lored medicine show considerable potential for 
improving results in high-risk pregnancies by 
tailoring medications depending on personal 
genetic profiles. Knowing genetic variations in 
medication metabolic enzymes—like CYP450 iso-
enzymes—can help to guide prescription choic-
es and doses, therefore lowering adverse drug 
reactions and optimising efficacy. For instance, 
pharmacogenomic testing can help change anti-
coagulation strategies in pregnant women with 
thrombophilias or tailor antiepileptic drug regi-
mens to reduce teratogenic worries while main-
taining maternal seizure control.130 Including ge-
netic screening into regular prenatal care might 
be very important in controlling complicated 
pregnancies with more accuracy as research in 
this area develops.

Innovative medication delivery techniques, such 
as nanoparticle-based carriers and placenta-tar-
geted therapies, are being explored to enhance 
therapeutic precision and minimise systemic 
side effects during pregnancy. These treatments 
aim to deliver medications directly to maternal 
or foetal compartments, thereby circumventing 
barriers such as the placenta and reducing foetal 
exposure to potentially harmful substances. Li-
posomal formulations of corticosteroids and tar-
geted immunotherapies are under investigation 
as potential therapeutics for foetal growth re-
striction and preeclampsia.131 Such developments 
may change the management of pregnancy-spe-
cific diseases in the near future and promise a 
more secure therapeutic profile.

Ethical issues have traditionally kept pregnant 
women out of scientific studies, so depriving doc-
tors of evidence-based information to manage 
high-risk pregnancies. To close this gap, never-
theless, more and more people are realising that 
pregnant populations should be included in bio-
medical research. Programs by companies like 
the U.S. National Institutes of Health (NIH) and 
regulatory changes are starting to encourage 
ethical involvement of pregnant women in clini-
cal studies for vaccinations, medicines and diag-
nostics.132 Generating strong, pregnancy-specific 
safety and efficacy data depends on this change, 
which will finally help to create better informed 
clinical decisions and fair healthcare for this 
group.

High-risk pregnancies treated with pharmaco-
therapy have to strike a balance between ma-
ternal and foetal health. Informed prescribing 
calls for knowledge of pregnant physiological 
changes and placental drug transfer. While 
vaccinations and nutrition are crucial, compli-
cated disorders like diabetes and hypertension 
call for safe, expert therapies. The multidisci-
plinary approach handles high-risk pregnan-
cy's medical, emotional and logistical compo-
nents. Pharmacogenomics and tailored drug 
delivery could enhance treatment as precision 
medicine develops. Ethically integrating preg-
nant populations in clinical studies helps to fill 
knowledge gaps. These cooperative, scientifi-

Conclusion
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cally motivated strategies offer more success-
ful, fairer and safer high-risk risk pregnancy 
management.

The authors wish to thank Maharishi Mar-
kandeshwar (Deemed to be) University, Mullana, 
India for all necessary facilities.

Acknowledgement

This study was a secondary analysis based on the 
currently existing data and did not directly involve 
with human participants or experimental animals. 
Therefore, the ethics approval was not required in 
this paper. 

Ethics

Conflicts of interest

The authors declare that there is no conflict of 
interest.

This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors. 

Funding

The data that support the findings of this study 
are available from the corresponding author 
upon reasonable individual request.

Data access

Geeta Saroha (GS):
0009-0008-0025-0524
Rina Das (RD):
0000-0002-2535-2729

Author ORCID numbers

Conceptualisation: RD
Methodology:
Software: 
Validation: DKM
Formal analysis: RD, DKM
Investigation: GS
Resources: RD
Data curation: FS
Writing - original draft: GS 
Writing - review and editing: RD, DKM.

Author contributions

References

1.	 Queenan JT, Spong CY, Lockwood CJ. Overview of 
high-risk pregnancy. In: Spong CY, Lockwood CJ, Eds. 
Queenan’s Management of High Risk Pregnancy: An 
Evidence Based Approach. Amsterdam: Elsevier, 2012. 
Pp. 1-3. doi: 10.1002/9781119963783.ch1.

2.	 Cleveland Clinic. High risk pregnancy: age, complica-
tions & management [Internet]. [Cited: 23-Apr-2025]. 
Available at: https://my.clevelandclinic.org/health/
diseases/22190-high-risk-pregnancy. 

3.	 Encyclopaedia Britannica. High risk pregnancy | Com-
plications, Risks & Management [Internet]. [Cited: 23-
Apr-2025]. Available at: https://www.britannica.com/
science/high-risk-pregnancy. 

4.	 Brigham and Women’s Hospital. High risk pregnancy 
overview [Internet]. [Cited: 23-Apr-2025]. Available 
at: https://www.brighamandwomens.org/medical-re-
sources/high-risk-pregnancy. 

5.	 Yilmaz B, Oskay Ü. A current view of care of high 
risk pregnancy. Bezmialem Sci. 2021;9:112–9. doi: 
10.14235/bas.galenos.2020.3815.

6.	 Kuppusamy P, Prusty RK, Kale DP. High risk pregnancy 
in India: prevalence and contributing risk factors – a 
national survey based analysis. J Glob Health. 2023;13. 
doi: 10.7189/JOGH.13.04116.

7.	 Johnson A, Vaithilingan S, Ragunathan L. Quantifying 
the occurrence of high risk pregnancy: a comprehen-
sive survey. Cureus. 2024. doi: 10.7759/cureus.59040.

8.	 Meh C, Sharma A, Ram U, Fadel S, Correa N, Snelgrove 
JW, et al. Trends in maternal mortality in India over two 
decades in nationally representative surveys. BJOG. 
2022;129:550–61. doi: 10.1111/1471-0528.16888.

9.	 Kaur M, Gupta M, Purayil VP, Rana M, Chakrapani V. 
Contribution of social factors to maternal deaths in ur-
ban India: use of care pathway and delay models. PLoS 
One. 2018;13. doi: 10.1371/journal.pone.0203209.

10.	 Chang JJ, Pien GW, Duntley SP, Macones GA. Sleep 
deprivation during pregnancy and maternal and fe-
tal outcomes: is there a relationship? Sleep Med Rev. 
2010;14:107–1.4. doi: 10.1016/J.SMRV.2009.05.001

Dinesh Kumar Mehta (DKM):
0000-0003-4908-7437

Saroha et al. Scr Med. 2026 Jan-Feb;57(1):103-20.



0000

11.	 Saraei M, Shafaat M, Aminian O, Eftekhari S, Hesari 
E, Behkar A, Najafi A. Poor maternal sleep health ad-
versely affects neonatal and pregnancy outcomes: 
an important ignored health issue in prenatal care. 
J Obstet Gynecol Cancer Res. 2024;9:288–94. doi: 
10.30699/jogcr.9.3.288.

12.	 World Health Organization. Maternal mortality ratio 
(per 100 000 live births) [Internet]. [Cited: 23-Apr-
2025]. Available at: https://www.who.int/data/gho/
data/indicators/indicator-details/GHO/maternal-
mortality-ratio-(per-100-000-live-births). 

13.	 UNICEF Data. Maternal mortality rates and statistics 
[Internet]. [Cited: 23-Apr-2025]. Available at: https://
dat a .unicef .org/topic/mater na l-hea lt h/mater-
nal-mortality/. 

14.	 Cresswell JA, Alexander M, Chong MYC, Link HM, Pejchi-
novska M, Gazeley U, et al. Global and regional causes 
of maternal deaths 2009–20: a WHO systematic anal-
ysis. Lancet Glob Health. 2025 Apr;13(4):e626-e634. 
doi: 10.1016/S2214-109X(24)00560-6.

15.	 Hudson RE, Metz TD, Ward RM, McKnite AM, Enioutina 
EY, Sherwin CM, et al. Drug exposure during pregnan-
cy: current understanding and approaches to mea-
sure maternal fetal drug exposure. Front Pharmacol. 
2023;14. doi: 10.3389/fphar.2023.1111601.

16.	 Haas DM, Renbarger JL, Denne S, Ahmed MS, Easter-
ling T, Feibus K, et al. Pharmacotherapy and pregnan-
cy: highlights from the first International Conference 
for Individualized Pharmacotherapy in Pregnancy. 
Clin Transl Sci. 2009;2:11–14. doi: 10.1111/j.1752-
8062.2009.00079.x.

17.	 De Guadalupe Quintana Coronado M, Bravo C, Ál-
varez Mon M, Ortega MA, De León Luis JA. News in 
pharmacology for the main medical pathologies of 
gestation. Front Pharmacol. 2023;14. doi: 10.3389/
fphar.2023.1240032.

18.	 MGH Center for Women’s Mental Health. Medications 
and Pregnancy: A Focus on the Pharmacokinetics[In-
ternet]. [Cited: 23-Apr-2025]. Available at: https://
womensmentalhealth.org/posts/medications-preg-
nancy-focus-pharmacokinetics/. 

19.	 Ward RM, Varner MW. Principles of pharmacokinet-
ics in the pregnant woman and fetus. Clin Perinatol. 
2019;46:383–98. doi: 10.1016/j.clp.2019.02.014.

20.	 Frederiksen MC. Physiologic changes in pregnancy 
and their effect on drug disposition. Semin Perinatol. 
2001;25:120–3. doi: 10.1053/SPER.2001.24565.

21.	 Pinheiro EA, Stika CS. Drugs in pregnancy: pharma-
cologic and physiologic changes that affect clinical 
care. Semin Perinatol. 2020;44. doi: 10.1016/j.sem-
peri.2020.151221.

22.	 Eke AC, Gebreyohannes RD, Fernandes MFS, Pillai VC. 
Physiologic changes during pregnancy and impact 
on small molecule drugs, biologic (monoclonal anti-
body) disposition, and response. J Clin Pharmacol. 
2023;63:S34–S50. doi: 10.1002/jcph.2227.

23.	 Tetro N, Moushaev S, Rubinchik Stern M, Eyal S. The 
placental barrier: the gate and the fate in drug distri-
bution. Pharm Res. 2018;35. doi: 10.1007/s11095-017-
2286-0.

24.	 Kuppusamy G, De A, Jaiswal A, Chatterjee A. Pla-
centa barrier and drug delivery. Res J Pharm 
Technol. 2019;12:2545–52. doi: 10.5958/0974-
360X.2019.00428.1.

25.	 Rubinchik Stern M, Eyal S. Drug interactions at the hu-
man placenta: what is the evidence? Front Pharmacol. 
2012;3:126. doi: 10.3389/fphar.2012.00126.

26.	 Mao Q, Chen X. An update on placental drug transport 
and its relevance to fetal drug exposure. Med Rev. 
2022;2:501–11. doi: 10.1515/mr-2022-0025.

27.	 Pemathilaka RL, Reynolds DE, Hashemi NN. Drug 
transport across the human placenta: review of placen-
ta on a chip and previous approaches. Interface Focus. 
2019;9. doi: 10.1098/rsfs.2019.0031.

28.	 Griffiths SK, Campbell JP. Placental structure, function 
and drug transfer. Continuing Educ Anaesth Crit Care 
Pain. 2015;15:84–9. doi: 10.1093/bjaceaccp/mku013.

29.	 Liu XI, Green DJ, van den Anker JN, Rakhmanina NY, 
Ahmadzia HK, Momper JD, et al. Mechanistic model-
ing of placental drug transfer in humans: how do dif-
ferences in maternal/fetal fraction of unbound drug 
and placental influx/efflux transfer rates affect fetal 
pharmacokinetics? Front Pediatr. 2021;9. doi: 10.3389/
fped.2021.723006.

30.	 Law R, Bozzo P, Koren G, Einarson A. FDA pregnancy 
risk categories and the CPS: do they help or are they 
a hindrance? Can Fam Physician. 2010 Mar;56(3):239-
41. PMID: 20228306.

31.	 Leek JC, Arif H. Pregnancy Medications. StatPearls. 
2023[Internet]. [Cited: 23-Apr-2025]. Available at: 
https://www.ncbi.nlm.nih.gov/books/NBK507858/. 

32.	 Burkey BW, Holmes AP. Evaluating medication use 
in pregnancy and lactation: what every pharmacist 
should know. J Pediatr Pharmacol Ther. 2013;18:247–
58. doi: 10.5863/1551-6776-18.3.247.

33.	 Addis A, Sharabi S, Bonati M. Risk classification sys-
tems for drug use during pregnancy: are they a reliable 
source of information? Drug Saf. 2000;23:245–53. doi: 
10.2165/00002018-200023030-00006.

34.	 Viroga S. Classification system of drugs’ risk during 
pregnancy. J Gynecol Womens Health. 2018;8. doi: 
10.19080/jgwh.2018.08.555726.

35.	 U.S. Food and Drug Administration. Pregnancy and 
lactation labeling resources [Internet]. [Cited: 23-Apr-
2025]. Available at: https://www.fda.gov/drugs/label-
ing-information-drug-products/pregnancy-and-lacta-
tion-labeling-resources. 

36.	 Berglund F, Flodh H, Lundborg P, Prame B, San-
nerstedt R. Drug use during pregnancy and breast 
feeding: a classification system for drug informa-
tion. Acta Obstet Gynecol Scand. 1984;63:1–55. doi: 
10.3109/00016348409156383.

37.	 U.S. Food and Drug Administration. Medicine and preg-
nancy [Internet]. [Cited: 23-Apr-2025]. Available at: 
https://www.fda.gov/consumers/womens-health-top-
ics/medicine-and-pregnancy. 

38.	 Werler MM, Kerr SM, Ailes EC, Reefhuis J, Gilboa SM, 
Browne ML, et al. Patterns of prescription medica-
tion use during the first trimester of pregnancy in 
the United States, 1997–2018. Clin Pharmacol Ther. 
2025;114:836–44. doi: 10.1002/CPT.2981.

39.	 Chitayat D, Matsui D, Amitai Y, Kennedy D, Vohra S, Rie-
der M, Koren G. Folic acid supplementation for pregnant 
women and those planning pregnancy: 2015 update. J 
Clin Pharmacol. 2016;56:170–5. doi: 10.1002/jcph.616.

40.	 Crider KS, Qi YP, Yeung LF, Mai CT, Head Zauche L, 
Wang A, et al. Folic acid and the prevention of birth de-
fects: 30 years of opportunity and controversies. Annu 
Rev Nutr. 2022;42:423–52. doi: 10.1146/annurev-nu-
tr-043020-091647.

41.	 Randhawa MA, Khan AA, Javed MS, Sajid MW. Green 
leafy vegetables: a health promoting source. In: Watson 
RR, Ed. Handbook of fertility: nutrition, diet, lifestyle 
and reproductive health. Cambridge: Academic Press, 
2015; pp. 205–220. doi: 10.1016/B978-0-12-800872-
0.00018-4.

Saroha et al. Scr Med. 2026 Jan-Feb;57(1):103-20.



0000

42.	 Rísová V, Saade R, Jakuš V, Gajdošová L, Varga I, Záhu-
menský J. Preconceptional and periconceptional folic 
acid supplementation in the Visegrad Group countries 
for the prevention of neural tube defects. Nutrients. 
2025;17. doi: 10.3390/nu17010126.

43.	 American College of Obstetricians and Gynecologists. 
Vaccines during pregnancy [Internet]. [Cited: 23-Apr-
2025]. Available at: https://www.acog.org/wom-
ens-health/infographics/vaccines-during-pregnancy. 

44.	 Quincer EM, Cranmer LM, Kamidani S. Prenatal mater-
nal immunization for infant protection: a review of the 
vaccines recommended, infant immunity and future 
research directions. Pathogens. 2024;13. doi: 10.3390/
pathogens13030200.

45.	 Marshall H, McMillan M, Andrews RM, Macart-
ney K, Edwards K. Vaccines in pregnancy: the 
dual benefit for pregnant women and infants. 
Hum Vaccin Immunother. 2016;12:848–56. doi: 
10.1080/21645515.2015.1127485.

46.	 Mackin DW, Walker SP. The historical aspects of 
vaccination in pregnancy. Best Pract Res Clin Ob-
stet Gynaecol. 2021;76:13–22. doi: 10.1016/j.bpo-
bgyn.2020.09.005.

47.	 Ogden SA, Ludlow JT, Waheed A, Alsayouri K, Bour-
jeily D. Diphtheria tetanus pertussis (DTaP) vaccine. 
StatPearls. 2022[Internet]. [Cited: 23-Apr-2025]. 
Available at: https://www.ncbi.nlm.nih.gov/books/
NBK545173/.

48.	 Fleming Dutra KE, et al. Use of the Pfizer respiratory 
syncytial virus vaccine during pregnancy for preven-
tion of RSV associated lower respiratory tract disease 
in infants: recommendations of the Advisory Commit-
tee on Immunization Practices—United States, 2023. 
MMWR Morb Mortal Wkly Rep. 2023;72. doi: 10.15585/
mmwr.mm7241e1.

49.	 Centers for Disease Control and Prevention. RSV vac-
cine guidance for pregnant women [Internet]. [Cited: 
23-Apr-2025]. Available at: https://www.cdc.gov/rsv/
hcp/vaccine-clinical-guidance/pregnant-people.html. 

50.	 Centers for Disease Control and Prevention. Immuni-
zations to Protect Infants | RSV [Internet]. [Cited: 23-
Apr-2025]. Available at: https://www.cdc.gov/rsv/vac-
cines/protect-infants.html. 

51.	 Arora M, Lakshmi R. Vaccines—safety in pregnancy. 
Best Pract Res Clin Obstet Gynaecol. 2021;76:23–40. 
doi: 10.1016/j.bpobgyn.2021.02.002.

52.	 Radparvar AA, Vani K, Fiori K, Gupta S, Chavez P, Fisher 
M, et al. Hypertensive disorders of pregnancy: inno-
vative management strategies. JACC: Adv. 2024;3. doi: 
10.1016/j.jacadv.2024.100864.

53.	 Khedagi AM, Bello NA. Hypertensive disorders of preg-
nancy. Cardiol Clin. 2021;39:77–90. doi: 10.1016/j.
ccl.2020.09.005.

54.	 Traub A, Sharma A, Gongora MC. Hypertensive disor-
ders of pregnancy: a literature review—pathophysi-
ology, current management, future perspectives, and 
healthcare disparities. US Cardiol Rev. 2024;18. doi: 
10.15420/usc.2023.01.

55.	 Bruno AM, Allshouse AA, Metz TD, Theilen LH. Trends 
in hypertensive disorders of pregnancy in the United 
States from 1989 to 2020. Obstet Gynecol. 2022;140:83–
6. doi: 10.1097/AOG.0000000000004824.

56.	 Rismiati H, Lee HY. Blood pressure control in hyper-
tensive disorders of pregnancy. Cardiovasc Prev Phar-
macol. 2022;4:99–105. doi: 10.36011/cpp.2022.4.e16.

57.	 Brown CM, Garovic VD. Drug treatment of hyper-
tension in pregnancy. Drugs. 2014;74:283–96. doi: 
10.1007/s40265-014-0187-7.

58.	 Medscape. Medscape registration [Internet]. [Cited: 
24-Apr-2025]. Available at: https://emedicine.med-
scape.com/article/261435-overview?form=fpf. 

59.	 Sun S, Li W, Zhang X, Aziz AUR, Zhang N. Trends in 
global and regional incidence and prevalence of hy-
pertensive disorders in pregnancy (1990–2021): an 
age period cohort analysis. Sci Rep. 2025;15:1513. doi: 
10.1038/s41598-025-85819-0.

60.	 Garovic VD, Dechend R, Easterling T, Karumanchi SA, 
Baird SMM, Magee LA, et al. Hypertension in preg-
nancy: diagnosis, blood pressure goals, and pharma-
cotherapy: a scientific statement from the American 
Heart Association. Hypertension. 2022;79:E21–E41. 
doi: 10.1161/HYP.0000000000000208.

61.	 Garovic VD, White WM, Vaughan L, Saiki M, Parashur-
am S, Garcia Valencia O, et al. Incidence and long term 
outcomes of hypertensive disorders of pregnancy. 
J Am Coll Cardiol. 2020;75:2323–34. doi: 10.1016/J.
JACC.2020.03.028.

62.	 Plows JF, Stanley JL, Baker PN, Reynolds CM, Vickers 
MH. The pathophysiology of gestational diabetes mel-
litus. Int J Mol Sci. 2018;19. doi: 10.3390/ijms19113342.

63.	 Wang T, Yin W, Huang Y, Zhang Q. Identification of sig-
nificant predictors for the need of insulin therapy and 
onset of postpartum impaired glucose tolerance in 
gestational diabetes mellitus patients. Diabetes Me-
tab Syndr Obes. 2021;14:2609–17. doi: 10.2147/DMSO.
S309618.

64.	 Metzger BE, Lowe LP, Dyer AR, Trimble ER, Sheridan 
B, Hod M, et al. Hyperglycemia and adverse pregnancy 
outcome (HAPO) study: associations with neonatal an-
thropometrics. Diabetes. 2009;58:453–9. doi: 10.2337/
db08-1112.

65.	 Landon MB, Gabbe SG. Gestational diabetes melli-
tus. Obstet Gynecol. 2011;118:1379–93. doi: 10.1097/
AOG.0b013e31823974e2.

66.	 American Diabetes Association. 14. Management of di-
abetes in pregnancy: standards of medical care in di-
abetes—2021. Diabetes Care. 2021;44:S200–S210. doi: 
10.2337/dc21-S014.

67.	 Crowther CA, Hiller JE, Moss JR, McPhee AJ, Jeffries 
WS, Robinson JS. Effect of treatment of gestational di-
abetes mellitus on pregnancy outcomes. N Engl J Med. 
2005;352:2477–86. doi: 10.1056/NEJMoa042973.

68.	 Rowan JA, Hague WM, Gao W, Battin MR, Moore MP. 
Metformin versus insulin for the treatment of gesta-
tional diabetes. N Engl J Med. 2008;358:2003–15. doi: 
10.1056/NEJMoa0707193.

69.	 ACOG practice bulletin. Antepartum fetal surveillance. 
Number 9, October 1999 (replaces Technical Bulle-
tin Number 188, January 1994). Clinical management 
guidelines for obstetrician-gynecologists. Int J Gynae-
col Obstet. 2000 Feb;68(2):175-85. PMID: 10717828.

70.	 Shaver DC. Thromboembolic disease. The Global Li-
brary of Women’s Medicine. 2009. doi: 10.3843/
GLOWM.10113.

71.	 American College of Obstetricians and Gynecologists. 
Practice Bulletin No. 196: Thromboembolism in Preg-
nancy. Obstet Gynecol. 2018;132:e1–e17. doi: 10.1097/
AOG.0000000000002706.

72.	 Dado CD, Levinson AT, Bourjeily G. Pregnancy and pul-
monary embolism. Clin Chest Med. 2018;39:525–37. 
doi: 10.1016/j.ccm.2018.04.007.

73.	 Samfireag M, Potre C, Potre O, Tudor R, Hoinoiu T, An-
ghel A. Approach to thrombophilia in pregnancy—a 
narrative review. Medicina (Kaunas). 2022;58. doi: 
10.3390/medicina58050692.

Saroha et al. Scr Med. 2026 Jan-Feb;57(1):103-20.



0000

74.	 Ionita I, Grigorita L, Miloicov CB, Petre I, Bernad E, 
Craina M, et al. The role of thrombophilia in pregnancy. 
Rev Chim. 2016;67:2643–7. doi: 10.1155/2013/516420.

75.	 Varrias D, Spanos M, Kokkinidis DG, Zoumpourlis 
P, Kalaitzopoulos DR. Venous thromboembolism in 
pregnancy: challenges and solutions. Vasc Health Risk 
Manag. 2023;19:469–84. doi: 10.2147/VHRM.S404537.

76.	 Singh C, Jain A, Tandon R, Malhotra P. Management of 
thromboembolic disorders during pregnancy in re-
source‑constrained settings: an Indian perspective. 
Indian J Med Res. 2023;157:533–42. doi: 10.4103/ijmr.
ijmr_1858_21.

77.	 Kearsley R, Stocks G. Venous thromboembolism in preg-
nancy—diagnosis, management, and treatment. BJA 
Educ. 2021;21:117–23. doi: 10.1016/j.bjae.2020.10.003.

78.	 Quinn JA, Munoz FM, Gonik B, Frau L, Cutland C, 
Mallett‑Moore T, et al. Preterm birth: case defini-
tion & guidelines for data collection, analysis, and 
presentation of immunisation safety data. Vaccine. 
2016;34:6047–56. doi: 10.1016/j.vaccine.2016.03.045.

79.	 Clothier B, Stringer M, Jeffcoat MK. Periodontal disease 
and pregnancy outcomes: exposure, risk and interven-
tion. Best Pract Res Clin Obstet Gynaecol. 2007;21:451–
66. doi: 10.1016/j.bpobgyn.2007.01.005.

80.	 Gondane P, Kumbhakarn S, Maity P, Kapat K. Recent 
advances and challenges in the early diagnosis and 
treatment of preterm labor. Bioengineering (Basel). 
2024;11. doi: 10.3390/bioengineering11020161.

81.	 Schleußner E. The prevention, diagnosis and treat-
ment of premature labor. Dtsch Arztebl Int. 2013. doi: 
10.3238/arztebl.2013.0227.

82.	 Simhan HN. Practice Bulletin No. 171: management of 
preterm labor. Obstet Gynecol. 2016;128:e155–e164. 
doi: 10.1097/AOG.0000000000001711.

83.	 Higby K, Xenakis EMJ, Pauerstein CJ. Do tocolytic 
agents stop preterm labor? A critical and comprehen-
sive review of efficacy and safety. Am J Obstet Gynecol. 
1993;168:1247–59. doi: 10.1016/0002-9378(93)90376-
T.

84.	 Roberts D, Brown J, Medley N, Dalziel SR. Antena-
tal corticosteroids for accelerating fetal lung mat-
uration for women at risk of preterm birth. Co-
chrane Database Syst Rev. 2017;2017:CD004454. doi: 
10.1002/14651858.CD004454.pub3.

85.	 Van Der Heijden JEM, Van Hove H, Van Elst NM, Van 
Den Broek P, Van Drongelen J, Scheepers HCJ, et al. 
Optimization of the betamethasone and dexametha-
sone dosing regimen during pregnancy: a combined 
placenta perfusion and pregnancy physiologically 
based pharmacokinetic modeling approach. Am J Ob-
stet Gynecol. 2025;232:228.e1–228.e9. doi: 10.1016/J.
AJOG.2024.05.012.

86.	 Baghlaf H, Snelgrove JW, Li Q, Huszti E, McDonald SD, 
Asztalos E, et al. One vs 2 courses of antenatal corti-
costeroids in pregnancies at risk of preterm birth: 
a secondary analysis of the MACS trial. Am J Ob-
stet Gynecol MFM. 2023;5:101002. doi: 10.1016/J.
AJOGMF.2023.101002.

87.	 Shepherd ES, Goldsmith S, Doyle LW, Middleton P, Mar-
ret S, Rouse DJ, et al. Magnesium sulphate for women at 
risk of preterm birth for neuroprotection of the fetus. 
Cochrane Database Syst Rev. 2024;2024:CD004661. 
doi: 10.1002/14651858.CD004661.pub4.

88.	 Rac H, Gould AP, Eiland LS, Griffin B, McLaughlin M, 
Stover KR, Bland CM, Bookstaver PB. Common bacte-
rial and viral infections: review of management in the 
pregnant patient. Ann Pharmacother. 2019;53:639–51. 
doi: 10.1177/1060028018817935.

89.	 Gould AP, Winders HR, Stover KR, Bookstaver PB, 
Griffin B, Bland CM, Eiland LS, Murray M. Less com-
mon bacterial, fungal and viral infections: review of 
management in the pregnant patient. Drugs Context. 
2021;10:2021-4-3. doi: 10.7573/dic.2021-4-3.

90.	 Müllegger RR, Häring NS, Glatz M. Skin infections 
in pregnancy. Clin Dermatol. 2016;34:368–377. doi: 
10.1016/J.CLINDERMATOL.2016.02.009.

91.	 McDonald HM, Brocklehurst P, Gordon A. Antibiot-
ics for treating bacterial vaginosis in pregnancy. Co-
chrane Database Syst Rev. 2007;2007:CD000262. doi: 
10.1002/14651858.CD000262.pub3.

92.	 Lee H, Lee K, Chong Y. New treatment options 
for infections caused by increasingly antimi-
crobial‑resistant Neisseria gonorrhoeae. Ex-
pert Rev Anti Infect Ther. 2016;14:243–56. doi: 
10.1586/14787210.2016.1134315.

93.	 Ben M’Barek I, Landraud L, Desfrere L, Sallah K, Couf-
fignal C, Schneider M, Mandelbrot L. Contribution of 
vaginal culture to predict early onset neonatal infec-
tion in preterm prelabor rupture of membranes. Eur 
J Obstet Gynecol Reprod Biol. 2021;261:78–84. doi: 
10.1016/J.EJOGRB.2021.04.016.

94.	 Kumar M, Saadaoui M, Al Khodor S. Infections and 
pregnancy: effects on maternal and child health. Front 
Cell Infect Microbiol. 2022;12:873253. doi: 10.3389/
fcimb.2022.873253.

95.	 Richardson AN, Pollak EA, Williams D, Smith MA. In-
trauterine infection. In: Comprehensive Toxicology, 
2nd ed. Amsterdam: Elsevier; 2010. p.239–58. doi: 
10.1016/B978-0-08-046884-6.01523-2.

96.	 Li N, Wen S, Zhu F, Liu G, Zhu D. Efficacy and safety of 
an Albuvirtide‑based regimen for preventing moth-
er‑to‑child transmission of multidrug‑resistant HIV: 
a case report. BMC Pregnancy Childbirth. 2025;25:61. 
doi: 10.1186/s12884-025-07156-4.

97.	 Young G, Jewell D. Topical treatment for vaginal candi-
diasis (thrush) in pregnancy. Cochrane Database Syst 
Rev. 2001;2001:CD000225. doi: 10.1002/14651858.
cd000225.

98.	 US Pharmacist. Infectious diseases in pregnancy [In-
ternet]. [Cited: 23-Apr-2025]. Available at: https://
www.uspharmacist.com/article/infectious-diseas-
es-in-pregnancy. 

99.	 Paizis K. Immunomodulatory drugs in pregnancy and 
lactation. Aust Prescr. 2019;42:97–101. doi: 10.18773/
austprescr.2019.026.

100.	Tincani A, Nalli C, Khizroeva J, Bitsadze V, Lojacono A, 
Andreoli L, et al. Autoimmune diseases and pregnancy. 
Best Pract Res Clin Endocrinol Metab. 2019;33:101322. 
doi: 10.1016/J.BEEM.2019.101322.

101.	Ferreira IJMCF, Sousa F, Vasco EM, Areia ALF, Moura 
JPAS, Carda J, Ribeiro L. Severe immune thrombocyto-
penia in pregnancy treated with Eltrombopag – a case 
report. J Gynecol Obstet Hum Reprod. 2018;47:405–8. 
doi: 10.1016/J.JOGOH.2018.06.010.

102.	Pollinzi A, Mirdamadi K, Pour NK, Asthana‑Nijjar R, Lee 
D, Nevo O, Piquette‑Miller M. Decreased expression of 
P‑glycoprotein in the placenta of women with autoim-
mune disease. Drug Metab Dispos. 2025;53:100031. 
doi: 10.1016/J.DMD.2024.100031.

103.	Alkhodier AA, Alsaif AS, Alqntash NH, Alanazi RB, 
Alotaibi G, Alrashid A. Pregnancy and inflammato-
ry rheumatological diseases: a single‑center retro-
spective cohort study. Cureus. 2023. doi: 10.7759/cu-
reus.47277.

Saroha et al. Scr Med. 2026 Jan-Feb;57(1):103-20.



0000

104.	Mollerach FB, Scolnik M, Catoggio LJ, Rosa J, Soriano 
ER. Causes of fetal third‑degree atrioventricular block 
and use of hydroxychloroquine in pregnant women 
with Ro/La antibodies. Clin Rheumatol. 2019;38:2211–
7. doi: 10.1007/s10067-019-04556-8.

105.	Temprano KK, Bandlamudi R, Moore TL. Antirheu-
matic drugs in pregnancy and lactation. Semin Arthri-
tis Rheum. 2005;35:112–21. doi: 10.1016/J.SEMAR-
THRIT.2005.05.002.

106.	de Steenwinkel FDO, Dolhain RJEM, Hazes JMW, Hok-
ken‑Koelega ACS. Does prednisone use in pregnant 
women with rheumatoid arthritis induce insulin resis-
tance in the offspring? Clin Rheumatol. 2023;42:47–54. 
doi: 10.1007/s10067-022-06347-0.

107.	Colla L, Diena D, Rossetti M, Manzione AM, Marozio L, 
Benedetto C, Biancone L. Immunosuppression in preg-
nant women with renal disease: review of the latest ev-
idence in the biologics era. J Nephrol. 2018;31:361–83. 
doi: 10.1007/s40620-018-0477-3.

108.	Mizejewski GJ. Autoimmune disorders during pregnan-
cy: effects of biomarkers on maternal serum screen-
ing and course of disease. Curr Womens Health Rev. 
2016;12:95–104. doi: 10.2174/157340481266616072
7122345.

109.	Deligiannidis KM, Byatt N, Freeman MP. Pharmaco-
therapy for mood disorders in pregnancy: a review 
of pharmacokinetic changes and clinical recom-
mendations for therapeutic drug monitoring. J Clin 
Psychopharmacol. 2014;34:244–55. doi: 10.1097/
JCP.0000000000000087.

110.	Viswanathan M, Middleton JC, Stuebe A, Berkman N, 
Goulding AN, McLaurin-Jiang S, et al. Maternal, fetal, 
and child outcomes of mental health treatments in 
women: a systematic review of perinatal pharmaco-
logic interventions [Internet]. Rockville (MD): Agency 
for Healthcare Research and Quality (US); 2021 Apr. 
Report No.: 21-EHC001. PMID: 33950611.

111.	Abdelhafez MMA, Ahmed KAM, Ahmed NAM, Ismail 
MH, Bin Mohd Daud MN, Ping NPT, et al. Psychiatric 
illness and pregnancy: a literature review. Heliyon. 
2023;9:e20958. doi: 10.1016/J.HELIYON.2023.E20958.

112.	Gruszczyńska‑Sińczak I, Wachowska K, Bliźniews-
ka‑Kowalska K, Gałecki P. Psychiatric treatment in 
pregnancy: a narrative review. J Clin Med. 2023;12. doi: 
10.3390/jcm12144746.

113.	Beigi RH, Noguchi L, Brown G, Piper J, Watts DH. Per-
forming drug safety research during pregnancy and 
lactation: biomedical HIV prevention research as a 
template. J Womens Health (Larchmt). 2016;25:761–6. 
doi: 10.1089/jwh.2013.4398.

114.	Alwan S, Chambers C. Identifying human teratogens: 
an update. J Pediatr Genet. 2015;4:39–41. doi: 10.1055/
s-0035-1556745.

115.	Aral H, Vecchio‑Sadus A. Lithium: environmental pol-
lution and health effects. In: Encyclopedia of Environ-
mental Health. 2011:116–25. doi: 10.1016/B978-0-
444-63951-6.00531-3.

116.	Helbock MJ. How does the FDA classify teratogenic 
drugs? Melinda J. Helbock, APC San Diego [Internet]. 
[Cited: 24-Apr-2025]. Available at: https://www.hel-
bocklaw.com/fda-classify-teratogenic-drugs/. 

117.	Barr KL. Vertical transmission of positive‑sense sin-
gle‑stranded RNA viruses in plants as a model for 
arboviral induced teratogenesis. Curr Opin Virol. 
2017;27:42–7. doi: 10.1016/j.coviro.2017.11.010.

118.	Dang A. Real‑world evidence: a primer. Pharmaceut Med. 
2023;37:25–36. doi: 10.1007/s40290-022-00456-6.

119.	Mofid S, Bolislis WR, Kühler TC. Real‑world data in the 
postapproval setting as applied by the EMA and the US 
FDA. Clin Ther. 2022;44:306–22. doi: 10.1016/J.CLIN-
THERA.2021.12.010.

120.	Lu MC, Lu JS. Prenatal care. In: Haith MM, Benson JB, 
Eds. Encyclopedia of Infant and Early Childhood De-
velopment. 3‑Volume Set. Cambridge: Academic Press, 
2008;2. Pp. 591–604.

121.	Hossin MZ, Kazamia K, Faxén J, Rudolph A, Johansson 
K, Sandström A, Razaz N. Pre‑existing maternal car-
diovascular disease and the risk of offspring cardio-
vascular disease from infancy to early adulthood. Eur 
Heart J. 2024. doi: 10.1093/eurheartj/ehae547.

122.	Barrett PM, McCarthy FP, Kublickiene K, Cormican 
S, Judge C, Evans M, et al. Adverse pregnancy out-
comes and long‑term maternal kidney disease: a 
systematic review and meta‑analysis. JAMA Netw 
Open. 2020;3:e1920964. doi: 10.1001/jamanetworko-
pen.2019.20964.

123.	Merz WM, Fischer‑Betz R, Hellwig K, Lamprecht G, 
Gembruch U. Pregnancy and autoimmune disease: 
diseases of the nervous system, connective tissue, and 
the bowel. Dtsch Arztebl Int. 2022;119:145–56. doi: 
10.3238/arztebl.m2021.0353.

124.	Sūdžiūtė K, Murauskienė G, Jarienė K, Jaras A, 
Minkauskienė M, Adomaitienė V, et al. Pre‑existing 
mental health disorders affect pregnancy and neona-
tal outcomes: a retrospective cohort study. BMC Preg-
nancy Childbirth. 2020;20. doi: 10.1186/s12884-020-
03094-5.

125.	Chandraharan E, Arulkumaran S. Obstetric and intra-
partum emergencies: a practical guide to management. 
Cambridge: Cambridge University Press; 2013.

126.	World Health Organization. Standards for improving 
quality of maternal and newborn care in health facil-
ities. Geneva: WHO; 2016. 73 p. ISBN:9789241511216.

127.	Albar OH, Maghfuri LMH, Alhadri HYS, Albahli FHF, 
Bin Omairah MHM, Albahli HMH, et al. Innovations 
in maternal‑fetal medicine and neonatology: a multi-
disciplinary approach to enhancing care for high‑risk 
pregnancies and premature infants. J Ecohumanism. 
2024;3:12904–14. doi: 10.62754/joe.v3i8.6155.

128.	World Health Organization. WHO recommendations on 
antenatal care. Geneva: WHO; 2016. Pp. 172.

129.	Cunningham FG, Leveno KJ, Bloom SL, Dashe JS, Hoff-
man BL, Casey BM, Spong CY, editors. Williams Obstet-
rics, 25th ed. Sao Paulo: McGraw Hill Brasil; 2021.

130.	Briggs GG, Freeman RK, Towers CV, Forinash AB. 
Briggs: drugs in pregnancy and lactation: a reference 
guide to fetal and neonatal risk. Philadelphia: Lippin-
cott Williams & Wilkins; 2021.

131.	Carter D, Better M, Abbasi S, Zulfiqar F, Shapiro R, En-
sign LM. Nanomedicine for maternal and fetal health. 
Small. 2023. doi: 10.1002/smll.202303682.

132.	Blehar MC, Spong C, Grady C, Goldkind SF, Sahin L, Clay-
ton JA. Enrolling pregnant women: issues in clinical re-
search. Womens Health Issues. 2013 Jan;23(1):e39-45. 
doi: 10.1016/j.whi.2012.10.003.

Saroha et al. Scr Med. 2026 Jan-Feb;57(1):103-20.


