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ABSTRACT

	Background: Chemical pathology (clinical biochemistry) is central to perinatal medicine, delivering objective data from maternal blood, urine, and neonatal samples to detect, monitor, and manage disorders affecting pregnancy and new-born health. Pregnancy induces major physiological changes in renal, hepatic, endocrine, metabolic, and electrolyte systems, requiring trimester-specific reference intervals to distinguish normal adaptations from pathology and prevent diagnostic errors.
Key Diagnostic Applications: Biochemical testing enables early identification of preeclampsia (elevated uric acid, proteinuria), gestational diabetes mellitus (~14–17% global prevalence; glucose tolerance testing), intrahepatic cholestasis of pregnancy (total serum bile acids ≥19 μmol/L non-fasting), thyroid dysfunction (trimester-adjusted TSH/free thyroxine), and hypertriglyceridemia. Timely interventions reduce maternal complications (hypertensive crises, acute kidney injury up to 30%, HELLP syndrome) and foetal/neonatal risks (macrosomia, preterm birth, and stillbirth).
Neonatal and Emerging Roles: Tandem mass spectrometry–based new-born screening detects treatable inborn errors of metabolism and congenital hypothyroidism from dried blood spots, achieving 50–90% reductions in mortality and severe morbidity in affected cases. Postnatal monitoring of glucose, bilirubin, and electrolytes supports high-risk infants. Emerging biomarkers to prenatal exposures (PFAS, phthalates, and heavy metals) are associated with growth restriction and developmental delays.
Evidence and Challenges: Gestational diabetes screening reduces macrosomia and caesarean rates by 20–30%; integrated biochemical care lowers perinatal morbidity by 20–41%. Challenges include inconsistent reference intervals, assay interferences, access disparities in low-resource settings, and limited environmental toxin monitoring. This review advocates standardized guidelines, equity-focused research, AI integration, and expanded screening to optimize global maternal and neonatal outcomes.
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1. INTRODUCTION
Chemical pathology, also known as clinical biochemistry, plays a central role in perinatal medicine by facilitating the measurement and interpretation of biochemical markers in maternal blood, urine, and other biological fluids. These laboratory analyses are essential for the early detection, accurate monitoring, and targeted management of disorders that significantly influence maternal and neonatal health outcomes (Teasdale & Morton, 2018). As pregnancy represents a unique physiological state, biochemical testing provides critical objective data that support clinical decision-making across antenatal, intrapartum, and postnatal care.
Pregnancy induces profound physiological adaptations involving multiple organ systems, including changes in renal function, hepatic enzyme activity, thyroid hormone regulation, glucose metabolism, lipid profiles, and electrolyte balance. These dynamic alterations necessitate the application of trimester-specific reference intervals to distinguish normal physiological adaptations from pathological conditions and to minimize diagnostic errors (Lockitch, 1993; Guo et al., 2020). For example, serum creatinine concentrations typically decrease by approximately 25% due to increased glomerular filtration rate, while deviations from expected trends may indicate renal pathology. Similarly, elevated serum uric acid levels can serve as an early biochemical marker of preeclampsia, and increased bile acid concentrations are diagnostic of intrahepatic cholestasis of pregnancy, both of which are associated with increased maternal and foetal morbidity if not promptly identified and managed (Teasdale & Morton, 2018).
Several common pregnancy complications rely heavily on biochemical screening and monitoring for early diagnosis and risk stratification. Gestational diabetes mellitus, approximately 14 – 17% of pregnancies globally, is identified through glucose tolerance testing and related biochemical assessments, enabling interventions that reduce the risks of foetal macrosomia, preterm birth, and neonatal hypoglycaemia (Metzger et al., 2008). Similarly, preeclampsia remains a leading cause of maternal morbidity and mortality worldwide, and biochemical markers play a crucial role in its early detection and monitoring, thereby reducing the incidence of severe complications such as hypertensive crises and HELLP syndrome (Teasdale & Morton, 2018).
In neonatal care, chemical pathology underpins new-born screening programs that employ tandem mass spectrometry on dried blood spot samples to detect treatable inborn errors of metabolism, congenital hypothyroidism and other endocrine disorders. Early diagnosis through these programs allows timely therapeutic intervention, leading to substantial reductions in neonatal mortality, severe morbidity, and long-term neurodevelopmental impairment (Wilcken & Wiley, 2015). As such, biochemical screening represents one of the most effective preventive strategies in modern child health.
Despite significant advances, several challenges continue to limit the optimal use of chemical pathology in perinatal care. These include inconsistent adoption of pregnancy-adjusted reference intervals, analytical interferences affecting assay accuracy, and disparities in access to advanced biochemical testing, particularly in low-resource settings (Adeli, 2024). Addressing these gaps is essential for improving diagnostic equity and clinical outcomes. This narrative review synthesizes evidence from 2000 to 2025 on the contributions of chemical pathology to improved maternal and neonatal outcomes, highlights key diagnostic applications and emerging innovations, and identifies priorities for future research to strengthen its integration into perinatal healthcare systems globally.
2. METHODS
This narrative review synthesizes literature from January 2000 to December 2025 (with selective inclusion of seminal pre-2000 works) on the role of chemical pathology (clinical biochemistry) in improving maternal and neonatal outcomes. A comprehensive search was conducted in PubMed (MEDLINE), Scopus, Web of Science, and Embase using Boolean combinations of terms for chemical pathology/clinical biochemistry, pregnancy/perinatal contexts, and outcomes/complications (e.g., ("chemical pathology" OR "clinical biochemistry" OR "biochemical markers") AND ("pregnancy" OR "maternal" OR "perinatal") AND ("outcomes" OR "new-born screening" OR "gestational diabetes" OR "preeclampsia" OR "reference intervals")). Synonyms (e.g., biomarkers, HELLP syndrome, bile acids) were included to maximize retrieval. 
Inclusion criteria: peer-reviewed human studies (original research, systematic/meta-analyses, narrative reviews, guidelines) focused on biochemical markers/tests in pregnancy/neonates linked to outcomes, diagnostic accuracy, management, or reference interval establishment (English only). 
Exclusion: case reports, editorials, non-peer-reviewed sources (unless seminal), purely non-biochemical studies, animal/in vitro work without translation, or irrelevant topics. 
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Figure 1; Adapted PRISMA 2020 flow diagram illustrating the literature identification and selection process for this narrative review.
Titles and abstracts were screened, followed by full-text review. Duplicates were removed via reference management software. Snowballing from the reference lists of included articles and reviews identified additional sources. Approximately 150 to 200 core articles were purposively selected, prioritizing high-impact journals (e.g., Clinical Chemistry, The Lancet), recent large cohorts/meta-analyses/guidelines, methodological rigour, confounder adjustment (e.g., gestational age, ethnicity), and clinical relevance (Bohn et al., 2026; Guo et al., 2020; Gregory & Denniss, 2018). Quality appraisal was informal and selective, guided by principles from Newcastle–Ottawa Scale (observational studies), AMSTAR-2 (systematic reviews), and SANRA (narrative/guidelines), emphasizing design, sample size, confounder handling, currency, and applicability to diverse populations (Ferrari, 2015; Baethge et al., 2019; Stang, 2010; Shea et al., 2017). No formal risk-of-bias scoring or meta-analysis was performed, consistent with narrative review methodology and substantial heterogeneity in designs, populations, assays, outcomes, and reporting (Higgins et al., 2019). Synthesis was thematic and narrative, organized under predefined sections: physiological adaptations and trimester-specific reference intervals; diagnostic/monitoring applications in common complications; neonatal care (including new-born screening); diagnostic advances; outcome impacts; and challenges/future directions. Quantitative findings (e.g., risk reductions) were reported descriptively from primary sources or meta-analyses to illustrate effects, without new pooling (Popay et al., 2006). This approach enables clinically oriented integration while highlighting evidence gaps (e.g., inconsistent reference interval adoption, low-resource access disparities). The most influential studies and guidelines that underpin this narrative synthesis are summarized in Table 1.
Table 1; Summary of Key Studies and Guidelines Informing the Narrative Review
	First Author & Year
	Study Type
	Population / Setting
	Key Biochemical Marker(s) or Focus
	Main Findings / Contribution
	Relevance to Section(s)

	Guo et al., 2020
	Large cohort (TMICS)
	Taiwanese pregnant women
	Trimester-specific RIs (creatinine, uric acid, lipids, etc.)
	Established pregnancy-adjusted RIs; decreases in creatinine/urea, rises in lipids
	Trimester-specific reference intervals; renal/lipid adaptations

	Wiles et al., 2025
	Prospective cohort (AKID UK)
	UK pregnant women
	Serum creatinine
	Trimester-specific creatinine RIs: 37–67 (1st), 34–63 (2nd), 34–66 (3rd) μmol/L
	Renal function; preeclampsia monitoring

	The Consortium on Thyroid and Pregnancy—Study Group on Preterm Birth, 2019.
	Review / cohort synthesis
	Various pregnant populations
	TSH / free T4
	Trimester-specific TSH RIs (e.g., 0.03–3.5 mU/L 1st trimester); downward shift in pregnancy
	Thyroid function; hypothyroidism diagnosis

	Alexander et al., 2017
	Guideline (ATA)
	International consensus
	TSH / free T4 in pregnancy
	Recommends trimester-specific or adjusted RIs; upper TSH limit ~4.0 mU/L if unavailable
	Thyroid dysfunction; levothyroxine management

	Geenes et al., 2014
	Prospective cohort
	UK pregnant women with ICP
	Total serum bile acids (TSBA)
	TSBA ≥40 μmol/L associated with preterm birth; ≥100 μmol/L with stillbirth risk
	Intrahepatic cholestasis of pregnancy (ICP)

	Ovadia et al., 2019
	Population-based study / meta-analysis
	Multi-country ICP cohorts
	TSBA levels
	Confirmed dose-dependent risks (preterm, stillbirth); supports TSBA ≥19 μmol/L diagnostic threshold
	ICP diagnosis and outcomes

	Crowther et al., 2005
	RCT (ACHOIS trial)
	Australian pregnant women
	GDM screening & treatment
	Treatment reduces macrosomia (by ~20–30%), cesarean rates, neonatal hypoglycemia
	Gestational diabetes mellitus (GDM) screening & management

	Metzger et al., 2008
	Large cohort (HAPO study)
	International multi-center
	Maternal glucose levels
	Hyperglycemia associated with adverse outcomes (macrosomia, cesarean, neonatal hypoglycemia)
	GDM diagnostic thresholds

	Wilcken & Wiley, 2015
	Review
	Newborn screening programs (global)
	Tandem mass spectrometry (MS/MS) for IEMs
	Expanded screening reduces mortality/morbidity in treatable IEMs (50–90%)
	Neonatal care; newborn screening

	Chace, 2009
	Review
	Newborn screening methodology
	MS/MS for IEMs
	Enabled multiplex screening of >50 conditions from dried blood spots
	Newborn screening advances

	Teasdale & Morton, 2018
	Narrative review
	Pregnant women
	Biochemical changes in pregnancy
	Overview of adaptations (renal, hepatic, thyroid, lipids); need for trimester-specific RIs
	Physiological adaptations; overall biochemical monitoring

	Adeli et al., 2024 / Bohn et al., 2026
	Review (merged)
	International
	Trimester-specific RIs gaps
	Highlights evidence gaps and need for standardized pregnancy RIs
	Reference intervals; challenges

	SOGC Guideline No. 452, 2024
	Guideline
	Canadian context
	TSBA in ICP
	TSBA ≥19 μmol/L diagnostic (non-fasting); severity stratification
	ICP diagnosis & management

	ADA Standards, 2026
	Guideline
	International
	GDM screening
	Recommends 24–28 week screening; thresholds for one-step/two-step approaches
	GDM screening & prevalence (~14–17%)

	Bellos et al., 2020
	Meta-analysis
	Preeclampsia cohorts
	Serum uric acid
	Elevated uric acid prognostic for preeclampsia severity and adverse outcomes
	Preeclampsia monitoring


2.1	Biochemical Adaptations and Monitoring in Pregnancy
2.1.1	Renal and Electrolyte Changes
Pregnancy induces significant renal adaptations to support increased maternal and foetal demands, including expanded plasma volume, enhanced nutrient delivery, and waste clearance. Glomerular filtration rate (GFR) rises by 40–50% above pre-pregnancy levels, peaking in the second trimester and remaining elevated to term (Cheung & Lafayette, 2013; Lopes van Balen et al., 2019). This hyperfiltration, driven by increased renal plasma flow (up to 80%), reduced systemic vascular resistance, and hormones such as relaxin and progesterone, leads to a substantial decline in serum creatinine—typically beginning by 6 weeks gestation, reaching a nadir in the second trimester, then gradually rising toward pre-pregnancy levels in the third. Contemporary trimester-specific reference intervals from large cohorts are: 37–67 μmol/L (first), 34–63 μmol/L (second), and 34–66 μmol/L (third) (Wiles et al., 2025; Guo et al., 2020). Values >77 μmol/L (0.87 mg/dL) are abnormal in pregnancy, as non-pregnant norms overestimate function (Wiles et al., 2019). Serum urea (BUN) shows similar mild decreases.
Uric acid falls early in normal pregnancy (often ≤3 mg/dL in the first trimester) due to increased clearance, then rises gradually to 4–5 mg/dL at term. In preeclampsia, uric acid is frequently elevated disproportionately, reflecting reduced excretion, endothelial dysfunction, oxidative stress, and placental ischemia. Levels correlate with severity and adverse outcomes (Bellos et al., 2020; Piani et al., 2023). The serum uric acid-to-creatinine ratio (SUA/sCr) remains elevated across trimesters in preeclampsia and associates with increased odds of preeclampsia (OR 1.29 in third trimester), preterm birth, and neonatal complications after adjustment (Piani et al., 2023). Elevated uric acid predicts progression from gestational hypertension to preeclampsia and risks such as small-for-gestational-age infants, HELLP syndrome, and acute kidney injury (Livingston et al., 2014; Thangaratinam et al., 2006).
Other electrolytes show milder changes: serum sodium decreases slightly (2–4 mmol/L below non-pregnant levels) due to expanded volume and reset osmostat (osmolality falls ~10 mOsm/kg); potassium, calcium, magnesium, and phosphate remain largely stable, though absorptive hypercalciuria occurs from vitamin D-mediated absorption. Significant deviations (e.g., severe hyponatremia <130 mmol/L or hyperkalemia) warrant investigation for complications like preeclampsia.
Monitoring Implications — Routine renal function (creatinine, urea, uric acid) and electrolyte assessment, interpreted with trimester-specific intervals, enables early complication detection. Spot urine protein:creatinine ratios are preferred for preeclampsia proteinuria monitoring. Elevated uric acid or blunted creatinine decline signals risk, guiding closer surveillance, antihypertensives, or delivery timing to reduce maternal acute kidney injury (up to 30%) and perinatal morbidity.
2.1.2	Liver Function and Cholestasis
Pregnancy alters liver biochemistry due to hemodilution, hormonal effects (estrogen, progesterone), and placental enzyme production, necessitating trimester-specific reference intervals (Teasdale & Morton, 2018; Girling et al., 2020). ALT and AST generally remain stable or slightly decrease (often within/below non-pregnant upper limits; e.g., ALT 2–33 U/L second trimester, 2–25 U/L third). Elevations >1.5–2× ULN are pathologic (Mazzella et al., 2023). GGT decreases in later trimesters; ALP rises markedly (up to 3–4× non-pregnant levels) from placental isoenzyme, peaking in the third trimester (Guo et al., 2020).
Intrahepatic cholestasis of pregnancy (ICP) manifests late second/third trimester with intense pruritus and elevated total serum bile acids (TSBA ≥19 μmol/L non-fasting; diagnosis per SOGC Guideline No. 452, 2024; SMFM 2021). Severity: mild <40 μmol/L, severe ≥40–100 μmol/L, very severe ≥100 μmol/L. Transaminases elevate in 60–80% (mean ALT ~148 U/L), but are not diagnostic and correlate poorly with foetal risk (Ovadia et al., 2019). Risks rise with TSBA: preterm birth >40 μmol/L, stillbirth markedly elevated ≥100 μmol/L (1–3% in severe cases), meconium, respiratory distress, NICU admission (Geenes et al., 2014). Serial TSBA monitoring guides ursodeoxycholic acid (UDCA) therapy; delivery at 37 weeks (mild–moderate) or 36 weeks (severe ≥100 μmol/L) mitigates stillbirth.
HELLP syndrome (third trimester/postpartum) features AST/ALT 200–700 IU/L, LDH >600 IU/L, bilirubin elevation, thrombocytopenia (<100,000/μL) (Tennessee criteria; Sibai, 2023). Differentiation: HELLP shows haemolysis/thrombocytopenia/hypertension (bile acids normal/minimally elevated); ICP is pruritus-dominant with higher bile acids/milder transaminases/no hemolysis. AFLP shows hypoglycemia/coagulopathy/higher ammonia. LDH:AST >22 may distinguish HELLP from TTP (Teasdale & Morton, 2018).
2.1.3	Endocrine and Thyroid Function
Pregnancy alters thyroid physiology via elevated estrogen (increasing TBG), hCG stimulation, and placental deiodinase activity, requiring trimester-specific TSH and fT4 intervals (Alexander et al., 2017; The Consortium on Thyroid and Pregnancy—Study Group on Preterm Birth, 2019). TSH suppresses during the first trimester (often 0.1–0.3 mU/L or lower), with ranges: 0.03–3.5 mU/L (first), 0.4–4.0 mU/L (second), 0.5–4.5 mU/L (third). fT4 rises slightly first trimester, then declines 10–15% by the third. Non-pregnant ranges risk hypothyroidism overdiagnosis.
Untreated overt/subclinical hypothyroidism associates with miscarriage, preeclampsia, preterm birth, low birth weight, and neurodevelopmental impairment. TPOAb positivity increases risks even in euthyroid women. Levothyroxine normalizes TSH (target lower half of trimester range or <2.5 mU/L), mitigating most complications (Negro et al., 2010). Gestational transient thyrotoxicosis (hCG-driven, first trimester) resolves spontaneously; differentiate from Graves' via TRAb negativity. Trimester-specific intervals enable precise diagnosis and monitoring (every 4–6 weeks).
2.1.4	Glucose and Lipid Metabolism
Pregnancy promotes insulin resistance (50–60% decline in late sensitivity) and lipid mobilization via placental hormones. Gestational diabetes mellitus (GDM) affects approximately 14–17% of pregnancies globally (IDF Diabetes Atlas, 2025). Screening (24–28 weeks; earlier in high-risk) uses two-step (50 g challenge + 100 g OGTT) or one-step 75 g OGTT thresholds (fasting ≥92 mg/dL, 1 h ≥180, 2 h ≥153). Management reduces macrosomia (20–30%), cesarean rates (15%), and neonatal hypoglycemia (Crowther et al., 2005; ADA 2026).
Lipids rise progressively: triglycerides surge 2–3-fold (0.66–2.32 mmol/L first to 1.61–6.14 mmol/L delivery), total cholesterol 25–50%. Hypertriglyceridemia (≥500 mg/dL) risks pancreatitis/preeclampsia; management includes low-fat diet, omega-3, fibrates, or plasmapheresis (Basarir et al., 2023).
2.1.5	Other Markers
Trace elements adapt: iron/ferritin decrease, copper rises; deficiencies link to preeclampsia/growth restriction (Guo et al., 2020; Eum et al., 2024). Cardiac biomarkers (BNP/NT-proBNP) remain stable, aiding preeclampsia cardiac strain diagnosis (Dockree et al., 2023).
2.1.6	Emphasis on Trimester-Specific Reference Intervals and Impact
Non-pregnant norms cause misdiagnosis (e.g., 80% of third-trimester triglycerides misclassified abnormal). Optimized intervals improve accuracy and reduce complications (e.g., 20–30% macrosomia reduction via GDM control; 30% AKI decrease via uric acid/lipid monitoring). Future standardization should incorporate ethnicity and environmental factors.
Table 2: Trimester-Specific Reference Intervals for Key Biochemical Analytes in Pregnancy
	Analyte
	First Trimester
	Second Trimester
	Third Trimester
	Notes / Source

	Serum Creatinine (μmol/L)
	37–67
	34–63
	34–66
	Guo 2020; Wiles 2025

	Uric Acid (mg/dL)
	≤3 (often)
	Gradual rise
	4–5
	Elevated in preeclampsia

	TSH (mU/L)
	0.03–3.5
	0.4–4.0
	0.5–4.5
	The Consortium on Thyroid and Pregnancy—Study Group on Preterm Birth, 2019.

	Total Bile Acids (μmol/L)
	Normal <10
	Normal <10
	Diagnostic ≥19 (non-fasting)
	SOGC 2024; recent guidelines

	Triglycerides (mmol/L)
	0.66–2.32
	Progressive rise
	1.61–6.14
	Li 2025


2.2	Chemical Pathology in Neonatal Care
Chemical pathology supports neonatal care by enabling rapid biochemical assessment to prevent irreversible damage in vulnerable new-borns with immature pathways.
2.2.1	New-born Screening Programs
NBS uses dried blood spots (24–48 h post-birth) and tandem mass spectrometry (MS/MS) to detect treatable inborn errors of metabolism (IEMs) and endocrine disorders (Chace, 2009). Expanded panels screen >50 conditions (beyond PKU/CH), preventing crises via early diet/cofactor therapy (e.g., 95% normal outcomes in treated PKU; Gelb et al., 2022). Coverage varies globally; high-resource settings include 29+ core conditions, while LMICs often use selective panels (Therrell & Padilla, 2018). CH screening (TSH/T4) averts cretinism with early levothyroxine (Wilcken & Wiley, 2015). Proposals expand to rare thyroid disorders via LC-MS/MS (Caiulo et al., 2025). MS/MS reduces IEM mortality by 50–90% in treatable cases.
2.2.2	Immediate Postnatal Biochemical Monitoring
POCT monitors glucose (<40–45 mg/dL hypoglycemia in 15–30% at-risk neonates), bilirubin (prevents kernicterus), and electrolytes (hyponatremia/hyperkalemia in preterms) for rapid intervention (American Academy of Pediatrics, 2020; Maisels et al., 2023).
2.2.3	Role in Managing High-Risk Neonates
Preterm/SGA infants require tailored monitoring (serial glucose, calcium, electrolytes) to prevent neuroglycopenia, seizures, and morbidity. Integrated care halves mortality in high-risk groups (Waldemar, 2023).
2.2.4	Emerging Links to Prenatal Exposures
PFAS, phthalates, and heavy metals cross the placenta, associating with low birth weight, preterm birth, oxidative stress, liver injury (OR 1.73–2.21 mixtures), and neurodevelopmental delays (Midya et al., 2022; Philips et al., 2023). Targeted assays (LC-MS/MS) enable early intervention; future NBS expansions could include environmental biomarkers.
2.2.5	Advances in Biochemical Diagnostics and Their Impact
Innovations like NIPT (cfDNA; >97% sensitivity for aneuploidies, expanding to monogenic disorders) reduce invasive testing 50–70%. Biomarkers for exposures and AI/ML models (predicting preeclampsia with AUC up to 0.88–0.97, preterm birth) enhance stratification. Equity-focused AI (bias audits, inclusive data) is essential. Outcomes improve: 20–30% macrosomia reduction (GDM), 30% AKI decrease (preeclampsia biomarkers), 50–90% IEM mortality reduction (NBS), 20–40% overall adverse event reduction.
2.2.6	Evidence of Impact on Maternal and Neonatal Outcomes
Optimized monitoring reduces preeclampsia-related AKI (up to 30%), macrosomia/caesarean (20–30% via GDM), stillbirth (20–30% via ICP management), and IEM mortality (50–90%). Neonatal benefits include lower NICU admissions and perinatal mortality (41% with integrated care). Limitations: assay interferences, inconsistent RIs, LMIC access gaps, small RI study samples, NBS false positives (~0.93%).
2.3	Challenges and Future Directions
Barriers — Lack of universal trimester-specific RIs causes misinterpretation (e.g., 80% third-trimester triglycerides abnormal under non-pregnant norms); resource-intensive establishment and platform variability hinder adoption. Access inequities limit NBS/advanced testing in LMICs, perpetuating higher morbidity/mortality. Environmental toxin monitoring gaps persist due to assay challenges and protocol integration issues.
Future Priorities — Develop standardized, diverse-cohort RIs with international harmonization; integrate AI for predictive modelling (causal inference, diverse datasets); prioritize equity-focused research in LMICs/underrepresented groups; expand NBS to rare/emerging conditions via cost-effective MS/MS/sequencing; advocate global policies for universal access and infrastructure.
3. Discussion
This narrative review synthesizes the pivotal contributions of chemical pathology to perinatal care, demonstrating how trimester-specific biochemical monitoring and targeted screening enable early detection and risk-stratified management of major pregnancy complications. The evidence consistently highlights profound physiological adaptations during pregnancy—including reduced serum creatinine due to increased glomerular filtration rate (Cheung & Lafayette, 2013; Guo et al., 2020), elevated bile acids in intrahepatic cholestasis of pregnancy (ICP) (Geenes et al., 2014; Ovadia et al., 2019), suppressed TSH in early gestation (The Consortium on Thyroid and Pregnancy—Study Group on Preterm Birth, 2019), and progressive hypertriglyceridemia—that necessitate trimester-specific reference intervals to avoid misclassification. Reliance on non-pregnant norms frequently results in overdiagnosis (e.g., hypothyroidism) or under-recognition of pathology (e.g., renal impairment in preeclampsia) (Alexander et al., 2017; Adeli et al., 2024; Wiles et al., 2025).In preeclampsia, elevated serum uric acid serves as a reliable early biochemical marker, with meta-analyses confirming significantly higher levels across trimesters and strong associations with disease severity, progression to HELLP syndrome, and adverse perinatal outcomes (Bellos et al., 2020; Piani et al., 2023). The prognostic utility of uric acid is supported by systematic reviews showing moderate-to-high diagnostic accuracy (sensitivity ≈ 77%, specificity ≈ 80%) for severe complications (Thangaratinam et al., 2006). However, its standalone predictive performance remains limited (AUC typically 0.70–0.85), reinforcing its role as an adjunct to clinical criteria and multimodal assessment rather than a standalone diagnostic tool (Teasdale & Morton, 2018).Gestational diabetes mellitus (GDM) screening and treatment demonstrate robust outcome benefits. Randomized trials and large cohorts show that management reduces macrosomia and caesarean delivery rates by 20–30% and lowers neonatal hypoglycaemia risk (Crowther et al., 2005; Metzger et al., 2008). Recent guidelines and global estimates confirm the rising prevalence (≈ 14–17%) and emphasize the value of 24–28 week screening, with earlier testing in high-risk groups further mitigating large-for-gestational-age infants and operative delivery (American Diabetes Association, 2026).For ICP, total serum bile acids ≥19 μmol/L (non-fasting) is a validated diagnostic threshold, with severe elevations (≥100 μmol/L) associated with markedly increased stillbirth risk (up to 3.4%), preterm birth, and neonatal complications (Geenes et al., 2014; Ovadia et al., 2019). Population-based and prospective studies confirm a clear dose-dependent relationship between bile acid concentration and adverse outcomes, supporting serial monitoring and risk-stratified delivery timing (Society of Obstetricians and Gynaecologists of Canada, 2024). Neonatal tandem mass spectrometry–based newborn screening remains one of the most effective preventive strategies in modern child health, achieving 50–90% reductions in mortality and severe morbidity for treatable inborn errors of metabolism (IEMs) and congenital hypothyroidism in expanded programs (Wilcken & Wiley, 2015; Chace, 2009). Global evaluations highlight improved long-term neurodevelopmental outcomes and cost-effectiveness, although significant coverage gaps persist in low- and middle-income countries (Therrell & Padilla, 2018). Integrated biochemical care yields substantial reductions in perinatal morbidity (20–41%), preventing maternal hypertensive crises, foetal growth disturbances, neonatal metabolic decompensations, and long-term disability (Crowther et al., 2005; Geenes et al., 2014; Wilcken & Wiley, 2015). These benefits are most pronounced when trimester-specific reference intervals are systematically applied, minimizing diagnostic errors that arise from non-pregnant norms (Adeli et al., 2024; Guo et al., 2020). Despite these strengths, the narrative approach has limitations: it precludes formal meta-analysis and may introduce selection bias toward high-impact studies. Substantial heterogeneity in assays, populations, and reference interval derivation limits generalizability (Higgins et al., 2019). Persistent challenges include inconsistent adoption of pregnancy-adjusted intervals, assay interferences, limited access to advanced testing in low-resource settings, and inadequate monitoring of environmental exposures such as PFAS and phthalates (Midya et al., 2022; Philips et al., 2023). Emerging AI-driven predictive models show high performance (AUC 0.88–0.97 for preeclampsia and preterm birth) but require rigorous validation across diverse cohorts to address potential bias (Dockree et al., 2023). 
4. Conclusion
Chemical pathology remains an essential pillar of perinatal medicine, providing objective biochemical data that distinguish normal pregnancy adaptations from pathology and enable timely, evidence-based interventions. Trimester-specific reference intervals for key analytes (creatinine, uric acid, bile acids, TSH, lipids) improve diagnostic accuracy for preeclampsia, gestational diabetes, and intrahepatic cholestasis of pregnancy, thyroid dysfunction, and hypertriglyceridemia. In neonatal care, tandem mass spectrometry–based newborn screening dramatically reduces mortality and neurodevelopmental impairment in treatable inborn errors of metabolism and congenital hypothyroidism (50–90% in affected cases). Emerging biomarkers for prenatal exposures (e.g., PFAS, phthalates) offer new opportunities for early risk stratification.
Optimized biochemical monitoring and screening deliver substantial clinical benefits: 20–30% reductions in macrosomia and caesarean rates (via GDM management), up to 30% decrease in preeclampsia-related acute kidney injury, and 20–41% lower overall perinatal morbidity with integrated care. These gains prevent maternal hypertensive crises, neonatal metabolic decompensations, stillbirth, and long-term disability.
Persistent barriers— inconsistent adoption of pregnancy-adjusted reference intervals, assay interferences, limited access in low- and middle-income countries, and gaps in environmental toxin monitoring—limit full realization of these benefits. Future priorities include:
· international harmonization of trimester-specific reference intervals with diverse, representative cohorts
· expanded, equitable new-born screening and point-of-care testing in resource-limited settings
· integration of AI-driven predictive models with bias mitigation
· targeted research and policy advocacy to close diagnostic equity gaps
With coordinated action by clinicians, laboratorians, professional societies, and global health organizations, chemical pathology can drive further reductions in preventable maternal and neonatal morbidity and mortality worldwide, ensuring safer pregnancies and healthier new-borns across all settings.
ABBREVIATIONS



AAP — American Academy of Paediatrics
ACOG — American College of Obstetricians and Gynaecologists
ADA — American Diabetes Association
AFLP — Acute Fatty Liver of Pregnancy
AI — Artificial Intelligence
AI/ML — Artificial Intelligence/Machine Learning
AKI — Acute Kidney Injury
AKID — AKID UK Prospective Cohort Study
ALP — Alkaline Phosphatase
ALT — Alanine Aminotransferase
AMSTAR — A Measurement Tool to Assess Systematic Reviews
AST — Aspartate Aminotransferase
AST/ALT — Aspartate Aminotransferase/Alanine Aminotransferase Ratio
AUC — Area Under the Curve
BJOG — British Journal of Obstetrics and Gynaecology
BMJ — British Medical Journal
BNP — B-type Natriuretic Peptide
BNP/NT-proBNP — B-type Natriuretic Peptide/N-terminal Pro-B-type Natriuretic Peptide
BUN — Blood Urea Nitrogen
CH — Congenital Hypothyroidism
cfDNA — Cell-free DNA
CRC — CRC Press
GDM — Gestational Diabetes Mellitus
GFR — Glomerular Filtration Rate
GGT — Gamma-Glutamyl Transferase
HELLP — Haemolysis, Elevated Liver Enzymes, Low Platelets
ICP — Intrahepatic Cholestasis of Pregnancy
IDF — International Diabetes Federation
IEMs — Inborn Errors of Metabolism
IFCC — International Federation of Clinical Chemistry and Laboratory Medicine
IU/L — International Units per Litre
JAMA — Journal of the American Medical Association
JCEM — Journal of Clinical Endocrinology & Metabolism
LC-MS/MS — Liquid Chromatography–Tandem Mass Spectrometry
LDH — Lactate Dehydrogenase
LMIC — Low- and Middle-Income Countries
MEDLINE — Medical Literature Analysis and Retrieval System Online
MS/MS — Tandem Mass Spectrometry
NBS — New-born Screening
NICU — Neonatal Intensive Care Unit
NIPT — Noninvasive Prenatal Testing
NT-proBNP — N-terminal Pro-B-type Natriuretic Peptide
OGTT — Oral Glucose Tolerance Test
OR — Odds Ratio
PFAS — Per- and Polyfluoroalkyl Substances
PKU — Phenylketonuria
POCT — Point-of-Care Testing
RI — Reference Interval
SANRA — Scale for the Assessment of Narrative Review Articles
SGA — Small-for-Gestational-Age
SMFM — Society for Maternal-Foetal Medicine
SOGC — Society of Obstetricians and Gynaecologists of Canada
SUA/sCr — Serum Uric Acid-to-Creatinine Ratio
TBG — Thyroid-Binding Globulin
TMICS — Taiwanese Maternal-Infant Cohort Study
TSBA — Total Serum Bile Acids
TSH — Thyroid-Stimulating Hormone
TTP — Thrombotic Thrombocytopenic Purpura
UDCA — Ursodeoxycholic Acid
UK — United Kingdom
ULN — Upper Limit of Normal
WHO — World Health Organization
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