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Abstract. The relationship between elevated lactate levels, 
oxidative stress (OS) and DNA damage in neonates remains 
unclear; however, neonates with high lactate levels in umbil‑
ical cord gases may exhibit increased OS and DNA damage, 
thus serving as an indirect indicator of OS and DNA damage. 
The present study evaluated the relationship between elevated 
umbilical cord blood lactate levels, OS and DNA damage 
in term neonates. The present prospective, single‑center 
study included 61 term newborns, categorized into a study 
group (n=38) with cord blood lactate levels of ≥5 mmol/l, 
and a control group (n=23) with lactate levels of <5 mmol/l. 
Blood samples of the study and control groups were obtained 
within the first 12 h for measurements of total oxidant status 
(TOS), total antioxidant capacity (TAC) and DNA damage. 
Second samples and measurements were obtained at 72‑96 h 
after lactate levels fell to <5 mmol/l in the study group and 
samples for the control group were also obtained at postnatal 
72‑96 h for TOS and TAC measurements. Results in the first 
12 h were referred to as TOS1/TAC1, while results at 72‑96 h 
were referred to as TOS2/TAC2. The most accurate lactate 
cut‑off for predicting pH ≤7.2 was 5.005 mmol/l (sensitivity, 
92.9%; specificity, 48.9%). TOS1, TOS2, TAC1 and TAC2 
levels were significantly higher in the study group (P<0.001). 
DNA damage was also higher in neonates with elevated lactate 
levels (P=0.01). Furthermore, lactate was negatively correlated 
with pH and base excess, and was positively correlated with 
DNA damage, TOS2 and TAC. In conclusion, these findings 

indicated that newborns with high umbilical cord lactate levels 
experience increased OS and DNA damage, even after lactate 
normalization. Therefore, lactate may serve as an indirect 
indicator of neonatal OS, warranting further investigation into 
its long‑term implications.

Introduction

Umbilical cord blood gas analysis, first proposed by 
James et al (1) in 1958 as a marker of intrapartum hypoxia, 
is now recommended in all high‑risk deliveries by 
Armstrong  and  Stenson  (2) and the American College of 
Obstetricians and Gynecologists Committee (3). As well as 
confirming the acid‑base status of newborns at birth, umbilical 
cord blood gas gives immediate insight into perinatal events 
and potential longer‑term risk such as neurodevelopmental 
impairments  (4). Among its parameters, arterial lactate 
has consistently outperformed pH and base deficit (BE) 
in predicting early neonatal morbidity, hypoxic‑ischemic 
encephalopathy (HIE) and the need for intensive care (5‑11).

Oxygen is vital for all living organisms, yet it can exert 
harmful effects on cells by forming reactive oxygen species 
(ROS). Under normal physiological conditions, the body 
counteracts these deleterious effects via enzymatic and 
non‑enzymatic antioxidant mechanisms (12). Neonates expe‑
rience a significant oxidative stress (OS) burden during the 
transition from the intrauterine hypoxic environment to the 
relatively hyperoxic postnatal environment. This abrupt shift 
results in increased free radicals, which may contribute to 
oxidative tissue damage and play a crucial role in the patho‑
genesis of numerous neonatal disorders (13). The production 
of antioxidant enzymes commences in the fetal period, with 
a notable surge occurring in the last trimester (14). However, 
premature neonates may exhibit an inadequate antioxidant 
response, predisposing them to OS‑related complications. OS 
can damage various cellular components, ultimately leading to 
DNA damage (15).

In neonates, lactate levels in umbilical cord blood gas 
are considered a key parameter in assessing hypoxic condi‑
tions. Several studies have indicated that elevated lactate 
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levels are associated with increased neonatal morbidity and 
mortality  (5,6,11,16). Furthermore, OS and DNA damage 
markers have been linked in the development of neonatal 
diseases such as respiratory distress syndrome (RDS), intra‑
uterine growth restriction, retinopathy of prematurity (ROP), 
necrotizing enterocolitis (NEC) and HIE (15‑20).

Due to the fact that intrapartum lacticemia mirrors both 
the intensity and duration of tissue hypoxia, it has been 
hypothesized that neonates with high umbilical cord lactate 
levels may also demonstrate a parallel rise in systemic OS and 
early DNA damage. Establishing such a relationship would 
support the use of cord lactate as a pragmatic, rapidly avail‑
able surrogate marker for oxidative injury and aid early risk 
stratification. Accordingly, the present study evaluated the 
relationship between neonates with elevated umbilical cord 
blood gas lactate levels, and markers of OS and DNA damage. 
The findings were compared with neonates exhibiting normal 
lactate levels to explore potential clinical implications, and to 
establish a better understanding of neonatal OS and its impact 
on perinatal outcomes.

Materials and methods

Study population. The present study was designed as 
a prospective study and focused on total oxidant status 
(TOS)/total antioxidant capacity (TAC) and DNA damage 
in neonates with high lactate levels in umbilical cord blood 
gas analysis. Cord blood gas analysis is routinely performed 
for all babies born at Haseki Training and Research Hospital 
(İstanbul, Türkiye). High lactate levels can cause anion‑gap 
metabolic acidosis, with acidosis typically becoming 
concerning at lactate levels of ~45 mg/dl (5.0 mmol/l) (21). 
Labrecque  et  al  (22) demonstrated by receiver operating 
characteristic (ROC) curve analysis that the best cut‑off for 
prediction of a pH ≤7.20 is a lactate value of 4.9 mmol/l. 
Several studies have evaluated the definition of normal cord 
blood gases, but there is no global consensus (23‑27). The 
Turkish Neonatal Society Guidelines recommend hospital‑
ization and monitoring of newborns with serum pH <7.2, as 
this may affect cardiac contractility, cause pulmonary vaso‑
constriction, and be associated with pulmonary hypertension, 
hyperkalemia, tachypnea, lethargy and coma (28). Hence, 
neonates with lactate levels of ≥5 mmol/l in cord blood gas are 
routinely hospitalized and there is close follow‑up for infants 
in the neonatal intensive care unit (NICU). Babies with lacti‑
cemia (elevated lactate without metabolic acidosis) or lactic 
acidosis (elevated lactate causing metabolic acidosis) in their 
cord blood gas are admitted to the NICU and are monitored 
for potential morbidities such as hypoglycemia, sepsis, hyper‑
bilirubinemia and respiratory problems. The present study 
included newborn babies with lacticemia or lactic acidosis 
who did not develop any complications (such as sepsis, fever, 
hypoglycemia, jaundice, respiratory distress and asphyxia) 
during follow‑up. Term infants born with a lactate level of 
≥5 mmol/l in cord blood gas who were hospitalized in the 
NICU of Haseki Training and Research Hospital between 
August 31, 2022, and April 30, 2023, were enrolled in the 
present study. Infants of mothers with preeclampsia, infants 
of mothers with chorioamnionitis or fever (≥38˚C), and 
infants with fever, congenital heart disease, stage 2‑3 HIE, 

hyperbilirubinemia, hypoglycemia, congenital malformation 
and septicemia were excluded. Additionally, infants whose 
second blood sample could not be obtained between 72 and 
96 h after inclusion in the study were excluded. A total of 
38 term infants for whom written informed consent was 
obtained from the parents were included as the study group.

The control group comprised consecutive healthy term 
newborns matched for gestational age with cord blood gas 
lactate levels of <5 mmol/l who had normal antenatal scans, 
were followed up at the maternity ward and were discharged 
without postnatal problems. A total of 23 term infants for 
whom written informed consent was obtained from the parents 
were included as the control group.

Demographic features such as sex, gestational week, birth 
weight, birth height, head circumference, 1‑ and 5‑min Apgar 
scores and maternal features, such as maternal age, gravida 
and mode of delivery, were recorded for all infants.

Cord blood gas analysis. Newborns were handed to a pediatric 
physician or nurse after the first cord clamp was applied by 
obstetricians 30‑40 sec after birth, following routine clinical 
practice. After a second cord clamp was placed at 4‑5 cm from 
the navel, the physician or nurse performed the sampling and 
1 ml blood was collected into Monovette lithium heparin tubes 
(Sarstedt, Inc.). The samples were transferred to the labora‑
tory for cord blood gas analysis. The samples were promptly 
analyzed using a Siemens Rapidlab 1265 electrolyte and blood 
gas analyzer (Siemens AG). Newborns with a cord blood gas 
lactate level of ≥5 mmol/l who met the inclusion criteria were 
enrolled as the study group in the present study. The babies 
born with high lactate levels in the study group were routinely 
followed‑up by monitoring blood gas analysis until the lactate 
level was <5 mmol/l after NICU admission. During this moni‑
toring for a fall in lactate levels to <5 mmol/l, the change in 
lactate levels was referred to as Δlactate, which was calculated 
as ‘baseline lactate level minus first lactate level <5 mmol/l’.

OS and DNA damage analysis. For neonates included in 
the study, blood samples were collected within the first 12 h 
after birth for follow‑up and control purposes. The serum 
was separated for TAC and TOS analysis after centrifuga‑
tion at 2,500 x g for 5 min at room temperature and stored 
at ‑80˚C for all samples. Blood gas analysis of newborns in 
the study group with lactate levels >5 mmol/l was routinely 
monitored until a fall to <5 mmol/l was observed. When 
the lactate levels were <5 mmol/l, the plans for the second 
sampling of TOS2 and TAC2 were made and samples were 
taken at the 72‑96th h after lactate levels fell <5 mmol/l. 
Second sampling of TAC2 and TOS2 in the control group 
was performed according to the timing of cord blood 
gas analysis after 72‑96 h. Blood samples were collected 
in yellow gel biochemistry tubes and were centrifuged 
at 2,500 x g for 5 min at room temperature, and then the 
supernatant was transferred to Eppendorf tubes for TAC, 
TOS and 8‑hydroxy‑2'‑deoxyguanosine (8‑OHdG) analyses. 
These samples were stored at ‑80˚C and transported on 
dry ice (‑78.5˚C) for laboratory analysis. TAC and TOS 
samples taken at 12 h were labeled as TOS1‑TAC1, and 
those collected at 72‑96 h were labeled as TOS2‑TAC2. 
8‑OHdG analysis of DNA damage was performed only on 
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the samples obtained within the first 12 h. TOS results were 
converted from pg/ml to U/ml for OS index (OSI) calcu‑
lation, with OSI values derived from the TOS/TAC ratio 
(OSI1=TOS1/TAC1, OSI2=TOS2/TAC2). ΔTOS referred to 
TOS1 minus TOS2. ΔTAC referred to TAC1 minus TAC2. 
ΔOSI referred to OSI1 minus OSI2.

TAC analysis. TAC levels were measured using commercially 
available kits (cat. no. 201‑12‑2200; Rel Assay Diagnostics). 
The assay is based on a double‑antibody sandwich ELISA 
principle. Briefly, serum samples and standards were added 
to wells pre‑coated with human T‑AOC monoclonal antibody, 
followed by 10 µl biotin‑labeled T‑AOC antibody (diluted with 
120 µl standard diluent) and 50 µl streptavidin‑HRP incuba‑
tion for 60 min at 37˚C. After washing, Chromogen Solutions 
A and B were added for incubation for 10 min at 37˚C, and the 
reaction was stopped with stop solution. The optical density 
was measured at 450 nm within 15 min, and concentrations 
were calculated using a standard curve according to the manu‑
facturer's protocol. The assay sensitivity was 0.5 U/ml, with an 
assay range of 0.7‑85 U/ml, intra‑assay CV (SD/mean x100) 
<8% and inter‑assay CV <11%. TAC results are expressed in 
U/ml.

TOS analysis. TOS levels were measured using commercially 
available kits (cat. no. 201‑12‑5539; Rel Assay Diagnostics). 
The assay is based on an ELISA principle. Briefly, serum 
samples and standards were added to wells pre‑coated 
with human TOS monoclonal antibody, followed by 10 µl 
biotin‑labeled TOS antibody (diluted with 120 µl standard 
diluent) and 50 µl streptavidin‑HRP incubation for 60 min 
at 37˚C. After washing, Chromogen Solutions A and B were 
added for incubation for 10 min at 37˚C, and the reaction was 
stopped with stop solution. The optical density was measured 
at 450 nm within 15 min, and concentrations were calculated 
using a standard curve according to the manufacturer's 
protocol. The assay sensitivity was 0.177 pg/ml, with an assay 
range of 0.2‑60 pg/ml, intra‑assay CV <10% and inter‑assay 
CV <12%. TOS results were initially expressed in pg/ml and 
later converted to U/ml.

DNA damage analysis. DNA damage was assessed using a 
Human 8‑OHdG ELISA kit (cat. no. 201‑12‑1437; Shanghai 
Sunred Biological Technology Co., Ltd.) based on a competi‑
tive ELISA. Briefly, serum samples and standards were added 
to wells pre‑coated with human 8‑OHdG monoclonal antibody, 
followed by 10 µl biotin‑labeled 8‑OHdG antibody (diluted 
with 120 µl standard diluent) and 50 µl streptavidin‑HRP incu‑
bation for 60 min at 37˚C. After washing, Chromogen Solutions 
A and B were added for incubation for 10 min at 37˚C, and the 
reaction was stopped with stop solution. The optical density 
was measured at 450 nm within 15 min, and concentrations 
were calculated using a standard curve according to the manu‑
facturer's protocol. The assay sensitivity was 0.558 ng/ml, 
with an assay range of 1‑100 ng/ml, intra‑assay CV <10% and 
inter‑assay CV <12%. Results are expressed in ng/ml.

Statistical analysis. Statistical analysis was performed 
using IBM SPSS Statistics for Windows, Version 25.0 (IBM 
Corp.). Descriptive statistics were presented as counts and 

percentages for categorical variables, while continuous 
variables were summarized using mean ± SD for normally 
distributed data and median (IQR: 25‑75th percentile) for 
non‑normally distributed data. Data normality was assessed 
using the Kolmogorov‑Smirnov test. Categorical variables 
were compared between groups using Fisher's exact test due 
to small sample sizes. Continuous variables were compared 
between the study and control groups using the Mann‑Whitney 
U test due to small sample sizes. For paired non‑normally 
distributed numerical data Wilcoxon signed‑rank test was 
applied (TOS1‑2, TAC1‑2, OSI1‑2). Bonferroni corrections 
were performed after each of these tests. Correlation analysis 
between numerical variables was conducted using Spearman 
correlation analysis when parametric assumptions were not 
met. ROC curve analysis was performed to assess the predic‑
tive ability of cord blood gas lactate levels for identifying 
newborns with pH ≤7.2. The optimal cutoff value was deter‑
mined using the Youden index, and sensitivity, specificity, 
positive predictive value and negative predictive value were 
calculated accordingly. P<0.05 was considered to indicate a 
statistically significant difference.

Based on the assumption that a large effect size differ‑
ence (effect size, 0.8) between groups would be considered 
significant, the sample size was calculated to be 41 newborn 
for the study group and 21 newborn for the control group 
(total, 62  cases; power, 90%; significance level, P<0.05; 
patient:control ratio, 2:1).

Results

Study population. Of the 61 newborns included in the study, 
32 (52.5%) were male, with a mean gestational week of 
39.1±1.0 weeks, birth weight of 3,277±363 g, birth height of 
51.6±2.0 cm and head circumference of 35.0±1.4 cm. The 
median 1‑min Apgar score was 9 (IQR 8‑9) and the median 
5‑min Apgar score was 10 (IQR 9‑10) for all newborns. The 
study group had lower 1‑ and 5‑min Apgar scores compared with 
the control group. When ROC curve analysis was performed 
for the cord blood gas lactate value of all newborns, the best 
lactate cut‑off value for predicting pH ≤7.2 was calculated as 
5.005 mmol/l with a sensitivity of 92.9% and specificity of 
48.9% (Fig. S1). The mean lactate value of the study group 
(n=38) was 6.09±0.93 mmol/l, while that of the control group 
(n=23) was 2.64±0.63 mmol/l (P<0.001). Comparative demo‑
graphic and maternal characteristics of the study and control 
groups, and cord blood gas data are given in Table I.

When the control blood gas values were obtained once the 
lactate levels of the study group fell to <5 mmol/l, the mean 
pH was 7.40±0.04, CO2 35.2±4.8 mmHg, BE‑2.0±2.3 mmol/l, 
HCO3 22.6±1.9 mmol/l and lactate 3.1±0.8 mmol/l (minimum 
1.23, maximum 4.70). The Δlactate value was 2.9±1.2 mmol/l 
and the mean percentage change in lactate value was 
46.8±15.9% (data not shown).

OS and DNA damage. Comparisons made between the study 
and control groups are shown in Table II. TOS1 and TOS2 
values were significantly higher in the study group compared 
with those in the control group. TAC1 and TAC2 values in 
the study group were also significantly higher when compared 
with those in the control group. In addition, DNA damage was 
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significantly higher in the study group compared with that in 
the control group. By contrast, there was no significant differ‑
ence between OSI1 and OSI2 values in the study and control 
groups. ΔTOS (1.40±3.31 vs. 3.83±8.00; P=0.169), ΔTAC 
(2.90±8.98 vs. 1.39±6.81; P=0.847) and ΔOSI (0.01±0.16 vs. 
0.10±0.37; P=0.783) were not significantly different between 
the study and control groups (data not shown). While the 
TOS2 value was significantly decreased in the study group 
and control group compared with the initial admission TOS1 
value, TAC and OSI values did not change over time in both 
groups (Table II).

In all groups, the lactate level was negatively correlated 
with pH (ρ, ‑0.722) and BE (ρ, ‑0.699), and positively correlated 
with DNA damage (ρ, 0.257), TOS2 (ρ, 0.362; P=0.004), TAC1 
(ρ, 0.326; P=0.01) and TAC2 (ρ, 0.329; P=0.01), but not with 
TOS1 (ρ, 0.183; P=0.158) (data not shown). Furthermore, there 
was a positive correlation between DNA damage and TOS1 
(ρ, 0.699), DNA damage and TOS2 (ρ, 0.660), DNA damage 
and TAC1 (ρ, 0.619), and DNA damage and TAC2 (ρ, 0.784) 
in the study group (P<0.001 for all). TOS1 and 1‑min Apgar 
scores were negatively correlated. Correlation analyses results 
of DNA damage, TOS1, TOS2, TAC1, TAC2, OSI1 and OSI2 
in the study group are provided in Table III.

Discussion

In the present study, the relationship between elevated cord 
blood lactate levels (>5 mmol/l) and OS and DNA damage 
in term newborns was investigated. The results demonstrated 
that newborns with high cord blood lactate levels exhibited 
significantly increased TOS and TAC levels compared with 
those with lower lactate levels. Additionally, DNA damage 
was significantly higher in the high‑lactate group. These find‑
ings suggested that elevated lactate levels in cord blood may 
be indicative of increased OS and potential cellular damage 
in neonates.

The optimum lactate cut‑off value for predicting pH ≤7.2 
in the present study was determined to be 5.005 mmol/l with a 
sensitivity of 92.9% and specificity of 48.9%. This is consistent 
with previous studies, such as those of Labrecque et al (22) 
and Ridenour et al (29); this previous study reported similar 
cut‑off values for lactate in cord blood gas analysis to predict 
neonatal acidosis. In a previous study, cord blood lactate was 
shown to be at least as good as pH and BE for the evaluation 
of the development of perinatal asphyxia in newborns (6). 
Similarly, in other studies, the lactate value is accepted as an 
indicator of neurological complications such as tissue hypoxia 

Table I. Comparison of demographic and maternal characteristics, and cord blood gas data of the study and control groups.

Variable	 Study group (n=38)	 Control group (n=23)	 P‑value

Demographic features			 
  Sex, n (%) 			   0.621
    Female	 19 (50)	 10 (43.5)	
    Male	 19 (50)	 13 (56.5)	
  Gestational age, weeksa 	 39.2±1.0	 39.1±1.0	 0.895
  Weight, ga	 3,256±400	 3,312±295	 0.568
  Height, cma	 51.4±2.1	 52.0±1.8	 0.255
  Head circumference, cma	 34.9±1.6	 35.2±1.2	 0.328
  Apgar scoreb	 		
    1 min	 8 (7‑9)	 10 (9‑10)	 0.007
    5 min	 9 (9‑9)	 10 (10‑10)	 0.019
Maternal features			 
  Maternal age, yearsa	 26.3±6.2	 28.9±5.6	 0.106
  Gravidab	 2 (1‑3)	 3 (2‑5)	 <0.001
  Mode of delivery, n (%)			   0.232
    Cesarean section	 4 (10.5)	 3 (13.0)	
    Vaginal	 26 (68.5)	 19 (82.6)	
    Assisted vaginal birth	 8 (21.2)	 1 (4.3)	
Cord blood gasesa	 		
  pH	 7.23±0.08	 7.35±0.04	 <0.001
  Lactate, mmol/l  	 6.09±0.93	 2.64±0.63	 <0.001
  CO2, mmHg  	 49.3±12.3	 39.5±5.5	 <0.001
  HCO3, mmol/l 	 17.4±1.8	 20.6±1.4	 <0.001
  Base deficit, mmol/l 	 ‑7.6±2.1	 ‑3.7±1.6	 <0.001
  Hemoglobin, g/dl 	 16.2±2.5	 15.8±1.7	 0.557
  Hematocrit, %	 48.1±4.6	 46.6±5.0	 0.250

aData are presented as the mean ± SD; bdata are presented as the median (IQR 25‑75).
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and encephalopathy in the early neonatal period  (30,31). 
An important advantage of using lactate instead of BE to 
assess acidosis in cord blood gas is that BE is a calculation 
or algorithm‑dependent estimate; due to the methodological 
complexity involved in the calculation of BE, lactate may 
replace BE as an acid‑base outcome parameter at birth, espe‑
cially since lactate is a directly measured value (32). Lactic 
acid in fetal blood is thought to be primarily of fetal origin (33), 
when fetal acidosis is caused by maternal acidosis and lactic 
acid is produced by mechanisms other than those encountered 
during asphyxia, measurements of metabolic acidosis may 
not be specific. Studies have reported that increased maternal 

lactate production under conditions of labor and delivery 
may affect the rate of net transfer from fetus to mother. It is 
estimated that only 6% of fetal acidosis is due to maternal 
acidosis (30,34). In the present study, mothers with fever and 
severe infections such as chorioamnionitis were not included, 
so the presented results are not considered to be related to 
maternal acidosis. In the present study, cord blood gas lactate 
was correlated with pH and BE and it was thought that it may 
reflect the OS status of the newborn in the antenatal period 
and DNA damage better than BE or pH. The present study 
showed that TOS and TAC levels were higher in newborns 
with lactate levels of ≥5 mmol/l in cord blood gas compared 

Table II. Comparisons of TOS1 vs. TOS2, TAC1 vs. TAC2, OSI1 vs. OSI2 and DNA damage in the study and control group.

Variable	 Study group (n=38)	 Control group (n=23)	 P‑valuea

TOS1, U/ml 	 18.47±10.26	 16.43±13.07	 0.042
TOS2, U/ml	 17.07±9.62	 12.60±6.42	 0.002 

P‑valueb	 0.04	 0.002	
TAC1, U/ml 	 31.99±15.44	 23.33±11.86	 0.004
TAC2, U/ml 	 29.09±12.55	 21.93±14.59	 0.002 

P‑valueb	 0.572	 0.402	
OSI1 	 0.59±0.13	 0.71±0,43	 0.844 

OSI2 	 0.58±0.11	 0,61±0.14	 0.572 

P‑valueb	 >0.99	 >0.99	
DNA damage, ng/ml	 38.05±24.88	 28.52±13.50	 0.02 

aComparisons between study and control groups were made using the Mann‑Whitney U test; bComparisons of TOS1 vs. TOS2, TAC1 vs. TAC2 
and OSI1 vs. OSI2 in the study and control group were made using the Wilcoxon signed‑rank test. Bonferroni corrections were performed after 
each of these tests. Data are presented as the mean ± SD. TOS, total oxidant status; TAC, total antioxidant capacity; OSI, oxidative stress index.

Table III. Correlation analyses of DNA damage, TOS1, TOS2, TAC1, TAC2, OSI1, and OSI2 in the study group.

	 DNA damage	 TOS1	 TOS2	 TAC1	 TAC2	 OSI1	 OSI2
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 ρ	 P‑value	 ρ	 P‑value	 ρ	 P‑value	 ρ	 P‑value	 ρ	 P‑value	 ρ	 P‑value	 ρ	 P‑value

TOS1	 0.699	 <0.001												          
TOS2	 0.660	 <0.001	 0.790	 <0.001										        
TAC1	 0.619	 <0.001	 0.784	 <0.001	 0.714	 <0.001								      
TAC2	 0.784	 <0.001	 0.735	 <0.001	 0.693	 <0.001	 0.694	 <0.001						    
OSI1	 0.082	 0.624	 0.194	 0.242	 0.016	 0.925	 ‑0.345	 0.034	 0.042	 0.802				  
OSI2	 0.028	 0.866	 0.291	 0.077	 0.484	 0.002	 0.243	 0.142	 ‑0.152	 0.361	 0.099	 0.553		
Apgar	 ‑0.142	 0.402	 ‑0.340	 0.040	 ‑0.315	 0.057	 ‑0.167	 0.324	 ‑0.214	 0.202	 ‑0.050	 0.768	 ‑0.125	 0.463
(1‑min)
Apgar	 ‑0.151	 0.371	 ‑0.251	 0.135	 ‑0.238	 0.157	 ‑0.197	 0.242	 ‑0.220	 0.191	 ‑0.029	 0.866	 ‑0.153	 0.365
(5‑min)
pH	 0.127	 0.446	 0.166	 0.320	 0.090	 0.591	 0.137	 0.413	 0.120	 0.474	 0.223	 0.178	 0.111	 0.508
Base deficit 	 0.034	 0.841	 ‑0.078	 0.646	 ‑0.020	 0.905	 ‑0.078	 0.645	 0.002	 0.991	 ‑0.204	 0.226	 ‑0.140	 0.410
CO2	 0.150	 0.375	 0.016	 0.923	 0.013	 0.941	 0.057	 0.739	 0.065	 0.701	 ‑0.026	 0.878	 0.019	 0.911
HCO3	 0.146	 0.396	 0.029	 0.869	 ‑0.001	 0.995	 0.095	 0.582	 0.069	 0.690	 ‑0.011	 0.949	 0.081	 0.637
Lactate	 ‑0.032	 0.848	 ‑0.088	 0.597	 0.102	 0.543	 ‑0.006	 0.971	 ‑0.139	 0.407	 ‑0.189	 0.255	 0.184	 0.269

TOS, total oxidant status; TAC, total antioxidant capacity; OSI, oxidative stress index.
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with those in newborns with lactate levels of <5 mmol/l. It 
has previously been shown that newborns are exposed to 
high levels of OS in the early postnatal period. However, in 
the present study, TOS was found to be higher in newborns 
with high lactate levels compared with in the control group 
in the present study, even when lactate levels had decreased 
to <5 mmol/l in the follow‑up of these babies. In addition, 
although TOS2 had decreased compared to TOS1 in the study 
group, it was still significantly higher than the control group. 
These findings indicated that lactate levels may be valuable 
in terms of showing that these babies continue to be exposed 
to OS. Buonocore et al  (35) investigated OS in premature 
newborns at birth and 7 days after birth, and the plasma levels 
of hypoxanthine, total hydroperoxide and advanced oxidation 
protein products were higher in hypoxic newborns at birth and 
on day 7 compared with those in control infants; these results 
were similar to those of the present study. Both oxidative and 
antioxidative parameters are elevated in neonates with birth 
asphyxia, which may represent an attempt to re‑establish redox 
homeostasis in the immediate postnatal period. This dual 
elevation underscores the delicate balance between oxidative 
insult and defensive response in neonatal adaptation. Thus, 
data in the present study support the notion that a high‑lactate 
environment not only reflects anaerobic metabolism but also 
initiates a systemic oxidative response, wherein both oxidant 
burden and antioxidant capacity are upregulated as part of a 
transient yet critical neonatal adaptation mechanism. Another 
key observation in the present study was the increased DNA 
damage in newborns with higher cord blood lactate levels. 
This may be an indirect indicator of enhanced OS in these 
infants. OS‑induced DNA damage has been implicated in 
various neonatal conditions, including RDS, HIE, ROP and 
NEC (17‑20). The persistence of OS despite the resolution of 
acidosis raises concerns regarding potential long‑term effects 
on neurodevelopment, warranting further investigation.

Labor is an inherently oxidative process, and the 
intrauterine‑to‑extrauterine transition exposes newborns 
to a relatively hyperoxic environment  (13). This exposure, 
combined with the physiological stress of birth, can lead to 
excessive free radical production (36). Free radicals can be 
produced by various mechanisms such as hypoxia, develop‑
ment of reperfusion after ischemia, hyperoxia, neutrophil 
and macrophage activation, mitochondrial dysfunction, the 
Fenton reaction, endothelial cell damage and prostaglandin 
metabolism (37,38). Neonates are at high risk for free radical 
damage as there is an imbalance between the antioxidant and 
oxidant‑producing systems that causes oxidative damage. 
Neonatal plasma possesses antioxidant substances including 
several enzymes, proteins and vitamins (39), and ROS are 
removed from cells and tissues by the antioxidant mecha‑
nisms. The production of antioxidant enzymes starts during 
the fetal period and the levels of antioxidant enzymes and 
non‑enzymatic antioxidant substances increase in the third 
trimester. In the present study, it was found that TAC levels 
were higher in newborns with cord blood gas lactate levels of 
>5 mmol/l than in newborns with lactate levels of <5 mmol/l.

A few studies have evaluated the neurodevelopmental 
outcomes of patients and their association with lactate levels 
in cord blood gas analysis. Yilmaz et al (40) evaluated the 
Ages and Stages Questionnaire, Third Edition, developmental 

screening questionnaire in infants with high cord lactate levels 
(>5 mmol/l) and low lactate levels (<5 mmol/l), and found that 
the high lactate group had lower fine motor, problem‑solving 
and personal‑social development scores compared with those in 
the normal lactate group. Furthermore, Malak et al (41) showed 
that cord blood gas was associated with low pH, sucking reflex, 
tonic neck reflex, attention deficit and general motor develop‑
ment according to the development score (Brazelton Neonatal 
Behavioral Assessment Scale, 4th edition). However, while no 
short‑term neurological morbidity was observed in the present 
study, there are no data on the long‑term neurodevelopmental 
outcomes of these newborns.

The present study has several strengths, including its 
prospective design and the homogeneous study population 
of term newborns. Multiple factors (such as infant sex, 
maternal age, gestational week, meconium in amniotic 
fluid and oxytocin use) have been reported to affect lactate 
levels in the literature; therefore, all the participants were 
matched according to gestational age. When the results of 
the present study were evaluated, it was shown that vari‑
ables such as maternal age, infant sex and mode of delivery, 
which may affect lactate level, were similar in the study 
group and control group; however, there are some limita‑
tions. First, preterm newborns were not included, as they 
are already known to have increased OS, which could have 
confounded the results. Second, there is a lack of long‑term 
neurodevelopmental follow‑up data, which would have 
provided more insight into the clinical implications of the 
findings. Third, only a single 8‑OHdG measurement was 
obtained within the first 12 h after birth to capture acute 
oxidative injury. Other perinatal studies have similarly used 
cord‑blood 8‑OHdG as an early marker of hypoxic damage 
(with samples taken at birth) (42,43) After initial resuscita‑
tion and lactate normalization, ongoing oxidative injury 
is expected to have subsided, so repeating 8‑OHdG may 
not add clinically actionable information. Furthermore, 
8‑OHdG levels substantially fall over the first week of life, 
which may interfere with lactate decline (44). Finally, as a 
single‑center study, the generalizability of the results of the 
current study may be limited.

In conclusion, the present study demonstrated that 
newborns with cord blood lactate levels of ≥5 mmol/l may 
experience increased OS and DNA damage compared with 
in those with lower lactate levels (<5 mmol/l). Notably, OS 
was shown to persist even after lactate levels decreased, 
highlighting the need for further research into the long‑term 
consequences of perinatal OS. Future studies should focus on 
the neurodevelopmental outcomes of these infants and explore 
potential interventions to mitigate oxidative damage in the 
early neonatal period.
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