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ABSTRACT

Background: Early differentiation between respiratory distress syndrome (RDS) and transient tachypnea of the
newborn (TTN) remains clinically challenging, particularly in settings where imaging and advanced diagnostics may
be delayed. Lactate dehydrogenase (LDH) is a marker of cellular injury and hypoxic stress and may assist in early
etiologic discrimination. Objectives of the study were to evaluate the diagnostic performance of serum LDH measured
within the first 12 hours of life in differentiating RDS from TTN, and to examine whether LDH provides independent
diagnostic value beyond gestational age and birthweight.

Methods: In this prospective diagnostic study, 151 neonates were enrolled: 50 normal controls, 63 with TTN, and 38
with RDS. Serum LDH levels were measured within 12 hours of birth. Group comparisons were performed using
appropriate parametric or non-parametric tests. Diagnostic performance was assessed using receiver operating
characteristic (ROC) analysis. Univariable and multivariable logistic regression models were constructed to evaluate
the independent association of LDH with RDS.

Results: LDH levels differed significantly across groups, demonstrating a stepwise increase from normal neonates to
TTN and RDS (p<0.001). In symptomatic infants (TTN versus RDS), LDH showed good discriminatory accuracy
(AUC=0.84; 95% CI: 0.75-0.92). A cutoff of 657 U/l yielded 97.4% sensitivity and 69.8% specificity. In univariable
analysis, LDH predicted RDS (OR per 100 U/I=1.25; 95% CI: 1.08-1.45; p=0.003). However, after adjustment for
gestational age and birthweight, LDH was no longer independently associated with RDS.

Conclusions: Serum LDH demonstrates good early discriminatory performance for differentiating RDS from TTN and
shows a biologically plausible gradient across disease severity. However, its association is largely mediated by
prematurity and illness severity. LDH may serve as a useful adjunctive biomarker but should be interpreted in
conjunction with perinatal and clinical parameters.

Keywords: RDS, TTN, Transient tachypnea of the newborn, LDH, Neonatal biomarkers

INTRODUCTION

Respiratory disorders in neonatal period are the most
common and challenging clinical presentations that
contributing significantly to neonatal morbidity and
mortality. Respiratory distress syndrome (RDS) and
transient tachypnea of the newborn (TTN) were the most

common causes of these disorders. The overlapping
clinical manifestations of these disorders make early
differentiation difficult, especially at the borderline
gestational ages. Precise distinction between the two
disorders is crucial, as their underlying pathophysiology,
progression, and management strategies  differ
significantly .13
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RDS primarily caused by surfactant deficiency and
structural lung immaturity, leading to progressive alveolar
atelectasis, impaired gas exchange, ventilation perfusion
mismatch, and progressive hypoxemia.* TTN, by contrast,
is largely a benign and self-limited condition caused by
delayed resorption of fetal lung fluid, typically occurring
in term or late-preterm infants.> Although TTN often
resolves with supportive care, RDS may require timely
interventions such as continuous positive airway pressure
(CPAP), surfactant therapy, or mechanical ventilation.
Thus, early and accurate discrimination is essential to
avoid both overtreatment of TTN and delayed life-saving
therapy in infants with RDS.%7

Biomarkers that reflect lung injury, hypoxia, cellular
stress, or inflammation may enhance the diagnostic
accuracy of early neonatal assessment. Lactate
dehydrogenase (LDH), a cytosolic enzyme present in
almost all tissues, is released into the circulation during
cellular injury or metabolic stress and therefore represents
a plausible early biochemical indicator of lung
involvement. LDH isoenzymes show distinctive tissue
distributions, and neonatal studies indicate that LDH-5,
which has strong pulmonary expression, tends to peak
within the first 24-48 hours of life, particularly in the
presence of hypoxia or alveolar—capillary membrane
injury.8® Injured type | and type Il pneumocytes in RDS
release LDH in greater amounts compared with neonates
experiencing TTN, whose pathology is primarily related to
transient fluid retention rather than structural damage.*°

Emerging data support LDH as a potential early
discriminator between neonatal respiratory disorders.
Animal model studies have shown elevated LDH levels in
premature subjects with experimentally induced
respiratory distress.™ Point-of-care LDH measurement has
also been explored as a rapid diagnostic tool in human
neonates and demonstrated promise in differentiating
forms of respiratory distress shortly after birth.'? Further
studies conclude that elevated LDH was associated with
other conditions like bronchiolitis, indicating its sensitivity
to lung injury and epithelial disruption.® Other studies that
investigate the oxidative stress in RDS correlate elevated
LDH as part of the biochemical cascade associated with
alveolar injury and inflammatory process.* Moreover,
novel diagnostic approaches such as lung fluid
quantification and metabolomic profiling emphasize the
growing interest in biomarkers for early prediction of
respiratory disease severity, highlighting the need for
simple, low-cost laboratory markers applicable at the
bedside.> 1°

Distinguishing RDS from TTN at the earliest possible
stage is clinically imperative. Misclassification may result
in unnecessary administration of surfactant, inhaled nitric
oxide, or mechanical ventilation in TTN, or conversely,
delayed intervention and higher morbidity in true RDS
cases. LDH being widely available, simple to measure, and
rapidly obtainable may provide neonatologists with an
adjunctive tool to support clinical judgment, radiologic

evaluation, and other laboratory markers during the critical
first hours of life.

Accordingly, the present study investigates the diagnostic
value of serum LDH levels measured within the first 12
hours of life as an early biomarker and its potential role to
distinguish RDS from TTN in neonates presenting with
respiratory distress.

METHODS
Study design and setting

This was a prospective hospital-based observational
diagnostic study conducted at the neonatal care unit (NCU)
of the Regional Pediatrics Hospital, Najaf, Iraq, over a 6-
month period from May 2024 to October 2024. The study
was designed to evaluate the diagnostic performance of
serum LDH measured within the first 12 hours of life in
differentiating RDS from TTN.

A total of 151 neonates were enrolled, 63 neonates were
admitted to the NCU and diagnosed with TTN and 38
neonates were admitted to the NCU and diagnosed with
RDS and 50 healthy newborn infants were enrolled as a
normal group from those delivered in the hospital.

Diagnostic criteria

The diagnosis of RDS and TTN was established based on
a combination of clinical presentation and radiological
findings in accordance with standard neonatal practice.

RDS was diagnosed in preterm neonates presenting with
early-onset respiratory distress (tachypnea, grunting, chest
retractions, and oxygen requirement) accompanied by
characteristic chest radiograph findings, including reduced
lung volumes, diffuse reticulogranular (ground-glass)
appearance, and air bronchograms.

TTN was diagnosed in neonates with respiratory distress
occurring shortly after birth, typically in term or late-
preterm infants, with chest radiographic findings
suggestive of retained fetal lung fluid (prominent central
vascular markings, fluid in interlobar fissures,
hyperinflation, and mild cardiomegaly) and a self-limited
clinical course without evidence of surfactant deficiency.

All chest radiographs were interpreted by experienced
neonatologists in conjunction with clinical findings.

Neonates with major congenital anomalies, structural
malformations, meconium aspiration syndrome, perinatal
asphyxia, sepsis, pneumonia, or those with incomplete
clinical or laboratory records due to early discharge or
missing data were excluded.

Data were collected prospectively using a structured
questionnaire designed by the researcher, comprising both
maternal and neonatal variables.
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Neonatal parameters included the gestational age, sex and
birth weight and the clinical features (Oxygen saturation,
the use of nasal cannula, CPAP, or endotracheal tube,
Apgar scores at 1 and 5 minutes, requirement for neonatal
resuscitation at birth and the duration of respiratory
support duration of admission. While maternal parameters
included maternal age, mode of delivery (vaginal,
caesarean).

A 1 ml venous blood sample was collected from each
newborn infant within the first 12 hours after delivery
using sterile technique. AIll samples were labeled,
centrifuged to obtain serum, and stored at -20°C in the
hospital laboratory biorepository. Serum samples were
subsequently analyzed, and LDH levels were measured,
recorded and integrated into each patient’s data sheet.

The study proposal was approved by the ethical committee
of pediatrics, Iraqi Board for Medical Specializations.
Verbal informed consent was obtained from parents prior
to sample collection. All patient information was treated
confidentially. Administrative approval was granted by
Al-Zahraa Teaching Hospital.

Statistical analysis

Data were analyzed using statistical package for the social
sciences (SPSS), version 27 (IBM Corp., Armonk, NY,
USA).

Continuous variables were assessed for normality using
the Shapiro—Wilk test and visual inspection of histograms.
As serum LDH and several clinical variables demonstrated
non-normal distribution, continuous data were expressed
as median and interquartile range (IQR). Comparisons
between the three study groups (normal, TTN, and RDS)
were performed using the Kruskal-Wallis test for
continuous variables, followed by Bonferroni-adjusted
pairwise comparisons when appropriate. For comparisons
between two groups (TTN versus RDS), the Mann—
Whitney U test was used.

Categorical variables were expressed as frequencies and
percentages and compared using the Chi-square test or
Fisher’s exact test when expected cell counts were <5.

Correlation between serum LDH and clinical parameters
was assessed using Spearman’s rank correlation
coefficient (p).

The diagnostic performance of LDH in differentiating
RDS from TTN was evaluated using receiver operating
characteristic (ROC) curve analysis. The area under the
curve (AUC) with 95% confidence intervals (Cl) was
calculated. The optimal cutoff value was determined using
Youden’s index.

Sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were calculated.

To evaluate the association between LDH and RDS,
univariable logistic regression analysis was first
performed. Subsequently, a multivariable logistic
regression model was constructed including gestational
age and birthweight as a priori confounders to assess
whether LDH independently predicted RDS. Odds ratios
(ORs) with 95% confidence intervals were reported. All
statistical tests were two-tailed, and a p value <0.05 was
considered statistically significant.

RESULTS

A total of 151 neonates were included in the study: 50
normal newborns, 63 diagnosed with TTN, and 38
diagnosed with RDS. Baseline characteristics differed
significantly among the three groups. Neonates with RDS
had significantly lower gestational age and birthweight
compared with both TTN and normal infants (p<0.001).
Apgar scores at 1 and 5 minutes were also significantly
lower in the RDS group (p<0.001). Duration of oxygen
therapy and length of hospital stay were progressively
longer from normal to TTN to RDS (p<0.001). There were
no statistically significant differences in sex distribution or
mode of delivery between groups (Table 1).

Table 1: Clinical characteristics and comparison of

the study groups.

. Normal TTN RDS P
Variables (n_50)"  (1=63) (n=38) value
Gestation

37.25 37 (37— 32 (32—
al age <0.001
ik (37-38)  38) 34)
Birth- 3200 3000 1900
weight (q) (3100—  (2800- (1625-  <0.001
gnti9) 3375 3200)  2100)
APGATL g8  6(67) 5(46) <0001
Apgar 5 9.5 (9-
min 10) 8(8-8) 7(6-8) <0.001
Oxygen
duration  0(0-0) 2(2-3) 5(3-7) <0.001
(days)
Admission 5(3-
duration 0 (0-0) 2(2-3) 7.75) <0.001
(days) '
391 601 868.5
LDH (U/l) (342— (548—  (748-  <0.001
447) 717) 1060)
Male sex, 38
N (%) 22 (44) (60.3) 19 (50) 0.214
Caesarean

; 49 32
section, N 39 (78) 0.705
(%) (77.8)  (84.2)

Serum LDH concentrations demonstrated a significant
difference across the three groups (p<0.001), with a clear
stepwise increase corresponding to disease severity.
Median (IQR) LDH values were: normal group: 391 U/I
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(342-447), TTN group: 601 U/l (548-717), RDS group:
868 U/l (748-1060).

Post-hoc pairwise comparisons confirmed significant
differences between all groups (normal versus TTN,
normal versus RDS, and TTN versus RDS; all p<0.001)
(Table 1).

In the symptomatic cohort (TTN and RDS combined),
serum LDH showed significant associations with clinical
parameters. LDH correlated negatively with: gestational
age (p=—0.606, p<0.001), birthweight (p=—0.612,
p<0.001) and positively with duration of oxygen therapy
(p=0.652, p<0.001) and length of hospital stay (p=0.639,
p<0.001) (Table 2).

Receiver operating characteristic (ROC) analysis
demonstrated that LDH has good discriminative accuracy
for distinguishing RDS from TTN, with an area under the
curve (AUC) of 0.84 (95% ClI: 0.75-0.93), p<0.001. The
optimal LDH cutoff identified by Youden’s index was 657
U/l, with  sensitivity=97.4%,  specificity=69.8%,
PPV=66.1% and NPV=97.8% (Table 3).

In univariable logistic regression, LDH was a significant
predictor of RDS. For every 100-U/l increase in LDH, the
odds of having RDS increased by 25% (OR: 1.25, 95% CI:
1.08-1.45, p=0.003). In multivariable model (adjusted for
gestational age and birthweight), LDH was not

independently significant, gestational age and birthweight
were significant predictors. This indicates that the
association between LDH and RDS is largely mediated by
prematurity (Table 4).

Table 2: Spearman correlation between LDH and
clinical variables.

Variables _p (Spearman) P value
Gestational age —0.606 <0.001
Birthweight —0.612 <0.001
Apgar 1 min —0.467 <0.001
Apgar 5 min —-0.526 <0.001
Oxygen duration 0.652 <0.001
Admission duration  0.639 <0.001

Table 3: LDH cutoffs, sensitivity and specificity.

:;'u?;f Sensitivity  Specificity PPV NPV
i % (%) (%) (%)

600 974 1 49.2 536 96.9

650 97.4 66.7 63.8 97.7

657 97.4 69.8 66.1 978

(optimal)

700 86.8 73.0 66.0 90.2

800 60.5 81.0 657 77.3

Table 4: Univariable and multivariable logistic regression analysis for predictors of RDS (versus TTN).

Univariable OR

Adjusted OR* (95%

Variables Unit of increase

LDH Per 100 U/I 1.25 (1.08-1.45) 0.003  1.04(0.94-1.16) 0.41
Gestational age Per 1 week — — 0.42 (0.31-0.57) <0.001
Birthweight Per 100 g — — 0.75 (0.68-0.83) <0.001
Male sex Reference: female 0.66 (0.30-1.47) 0.31 0.79 (0.32-1.96) 0.61
Cesarean delivery Reference: vaginal 1.49 (0.50-4.42) 0.47 1.28 (0.37-4.45) 0.70

DISCUSSION

In this prospective hospital-based diagnostic study, we
demonstrated that serum LDH measured within the first 12
hours of life exhibits a biologically coherent and
statistically robust gradient across normal neonates, TTN,
and RDS. LDH showed good discriminatory performance
for differentiating RDS from TTN (AUC=0.84), with very
high sensitivity at clinically relevant thresholds.
Consistent with the established pathophysiological
distinctions between these two conditions, neonates with
RDS exhibited significantly lower gestational age, lower
birth weight, poorer Apgar scores, and substantially
prolonged hospital and oxygen therapy durations
compared with infants diagnosed with TTN or healthy

newborns, these findings align with existing literature.*
4,13,14

However, after adjustment for gestational age and
birthweight, LDH was no longer independently associated

with RDS. This finding should not be interpreted as a
failure of LDH as a biomarker, but rather as evidence that
LDH reflects the biological consequences of prematurity
and pulmonary immaturity. In this sense, LDH functions
as a marker of disease severity rather than an etiologically
independent discriminator.

Our findings align with previous evidence linking LDH
elevation to oxidative stress and epithelial disruption in
neonatal respiratory pathology. Negi et al demonstrated
associations between oxidative biomarkers and RDS
severity, while more recent work has emphasized
metabolic injury pathways in preterm lung disease.*1516
Furthermore, metabolomic analyses of gastric fluid in very
preterm infants have shown biochemical signatures
predictive of surfactant requirement, underscoring the
metabolic component of RDS pathophysiology.*°

Recent studies have reported elevated LDH in neonates
with RDS compared to TTN. Moustafa et al confirmed
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higher LDH levels in preterm infants with RDS and
suggested diagnostic utility in early differentiation.
Similar diagnostic patterns have been reported in earlier
work by An et al, who found that LDH reliably
differentiated RDS from TTN in Korean neonates, and by
Lee et al, who demonstrated LDH's effectiveness to
correlate with increasing severity of neonatal respiratory
distress.'68 Moreover, Elfarargy et al identified LDH
among several promising biochemical markers capable of
distinguishing RDS from TTN in early neonatal life.}"-20

However, many prior studies relied primarily on
unadjusted comparisons or ROC analysis. Our study
extends this literature by incorporating multivariable
logistic regression adjusting for gestational age and
birthweight—two dominant biological determinants of
RDS. The attenuation of LDH’s independent association
after adjustment provides a more nuanced interpretation
and avoids overestimating its standalone diagnostic value.

In parallel, recent advances in neonatal diagnostics
increasingly emphasize multimodal approaches. Lung
ultrasound scoring systems have shown strong diagnostic
performance in differentiating TTN from RDS,
particularly in preterm populations.?’ Studies have shown
that combining biochemical markers such as LDH, CRP,
and inflammatory  cytokines enhances etiologic
differentiation of neonatal respiratory distress.?%??
Furthermore, De Bernardo et al demonstrated that
incorporating umbilical cord blood gas analysis may
promote early prediction of RDS risk in vulnerable
newborns. 2% These studies collectively support a paradigm
shift toward integrated risk stratification rather than
reliance on a single marker.

Within this evolving framework, LDH retains practical
relevance because of its universal availability, low cost,
and rapid turnaround time—especially in low-resource or
time-sensitive settings. LDH may assist in triaging
newborns who are more likely to require aggressive
interventions such as CPAP, surfactant administration, or
mechanical ventilation interventions strongly associated
with clinical outcomes in RDS.2%*

The high sensitivity (97.4%) and negative predictive value
(97.8%) observed at the optimal LDH cutoff suggest that
LDH may function effectively as a rule-out biomarker for
RDS during the early postnatal period. In neonates
presenting with respiratory distress and LDH values below
approximately 650 U/I, the probability of RDS appears
low, potentially reducing unnecessary early surfactant
administration or invasive ventilation.

Early differentiation between TTN and RDS remains
challenging, particularly in late-preterm infants where
clinical and radiographic overlap is common. An
adjunctive biochemical marker that correlates with illness
burden may assist clinicians in early triage and monitoring
decisions, especially when imaging access is delayed.

Moreover, the observed correlations between LDH and
oxygen requirement and hospitalization duration suggest
that LDH may also serve as an early indicator of
respiratory severity and resource utilization.

To our knowledge, few studies have simultaneously
evaluated intergroup biochemical gradients, ROC-based
discriminatory performance, correlation with illness
severity markers and multivariable adjustment for
prematurity-related  confounders within a single
prospective neonatal cohort. This integrated analytical
framework enhances interpretive robustness and reduces
the risk of oversimplifying biomarker utility.

Limitations

Several limitations warrant consideration. First, the
significant gestational age difference between RDS and
TTN groups may introduce residual confounding despite
statistical adjustment. Second, LDH is a nonspecific
marker of cellular injury and may be elevated in other
neonatal conditions such as sepsis or perinatal hypoxia.
Third, this was a single-center study, potentially limiting
generalizability. Fourth, incremental predictive value
beyond gestational age was not formally assessed using net
reclassification improvement or integrated discrimination
indices. Future multicenter studies incorporating
biomarker panels, lung ultrasound scoring, and machine
learning—based predictive modeling may further clarify the
incremental contribution of LDH within comprehensive
diagnostic algorithms.

CONCLUSION

In conclusion, serum LDH measured within the first 12
hours of life demonstrates a biologically plausible and
clinically meaningful gradient across normal neonates,
TTN, and RDS. Although LDH shows good early
discriminatory accuracy, its elevation appears largely
mediated by prematurity and pulmonary immaturity. LDH
should therefore be interpreted as an adjunctive severity
marker rather than a standalone diagnostic determinant.
When integrated with gestational age, birthweight, and
clinical assessment, LDH may enhance early risk
stratification and support evidence-informed respiratory
management in neonates with respiratory distress.
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