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ARTICLE INFO ABSTRACT
Arn’c{e History: Background: Neonatal vitamin K deficiency (VKD) is a known risk factor for vitamin K deficiency bleeding
Received 5 June 2025 (VKDB), a potentially life-threatening condition. However, maternal risk factors for VKD at birth remain

Received in revised form 30 August 2025

poorly understood.
Accepted 9 September 2025

Objective: This study aimed to identify maternal factors associated with neonatal VKD at birth, with a focus
on prepregnancy obesity.

Methods: We conducted a retrospective matched case—control study of neonates admitted to our hospital
between 2018 and 2023. VKD was defined as serum protein induced by vitamin K absence-II (PIVKA-II) levels
>1000 mAU/mL on day 0 of life before vitamin K administration. For each VKD case, two gestational age- and
sex-matched controls were selected. Maternal background characteristics were compared, and multivariate
logistic regression was performed to identify independent risk factors for neonatal VKD.

Results: Among 64 neonates with VKD and 128 controls, maternal prepregnancy obesity (body mass index
>25) was significantly more common in the VKD group. Multivariate analysis identified prepregnancy obe-
sity as an independent risk factor for neonatal VKD (odds ratio 3.97, P < 0.001). Additionally, maternal pre-
pregnancy BMI was positively correlated with neonatal PIVKA-II levels at birth (r = 0.285, P < 0.0001).
Conclusions: Maternal prepregnancy obesity is independently associated with an increased risk of VKD in
neonates at birth. These findings suggest that targeted evaluation and vitamin K management strategies are
warranted in pregnancies complicated by maternal obesity.
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Introduction

Neonates are often born with vitamin K deficiency (VKD),
which is especially evident in preterm and low birth weight
infants, making them more susceptible to vitamin K deficiency
bleeding (VKDB) than otherwise healthy infants [1]. Neonatal
VKDB is categorized into early, classic, and late types based on the
timing of onset [2]. All forms of VKDB can be severe for neonates,
highlighting the need for accurate assessment of neonatal VKD to
ensure appropriate prevention measures. PIVKA-Il, a protein
induced by vitamin K absence, is commonly used as a marker for
VKD. Since PIVKA-II levels increase with the severity of deficiency,
it allows for the detection of VKD and related coagulation disorders
before they become clinically significant [3]. In our facility, we
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routinely measure PIVKA-II levels at birth to screen for VKD [4]. It
is well established that VKDB can be prevented by promptly
administering vitamin K preparations in cases of VKD [5]. Further-
more, a recent study by Perrone et al. demonstrated that oral sup-
plementation of phylloquinone (VK1) after discharge significantly
reduced PIVKA-II levels in exclusively breastfed term infants [6].
Identifying the risk of VKD before delivery would enable the imple-
mentation of more effective VKDB prevention strategies. Therefore,
understanding maternal factors during pregnancy that contribute
to neonatal VKD risk is crucial for preventing VKDB.

Several case reports have documented the occurrence of VKDB
during the fetal period in infants born to mothers with malnutri-
tion-related conditions, such as hyperemesis gravidarum [7], eat-
ing disorders [8], and Crohn’s disease [9]. Additionally, neonatal
VKDB in the early postnatal period has been reported in infants
born to mothers who used vitamin K antagonists, including
anticoagulants (coumarin and warfarin), antiepileptic drugs

0899-9007/© 2025 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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(carbamazepine, phenytoin, and barbiturates), or antituberculosis
agents (rifampin and isoniazid) [10,11]. In contrast, studies on neo-
natal VKD observed immediately after birth and its maternal risk
factors are limited. The only available report is of a small-scale
case-control study from China that investigated the prevalence
and risk factors of vitamin K, deficiency in neonates and identified
antenatal steroid administration as an independent risk factor
[12]. Interestingly, in adults, obesity is known to increase the risk
of fat-soluble vitamin deficiencies, and it has been suggested that
adipose tissue may influence the plasma concentrations, metabo-
lism, and organ-specific actions of fat-soluble vitamins [13].

Furthermore, studies have reported that vitamin K concen-
trations in adipose tissue are higher than those observed in
other organs, indicating a negative correlation between body
fat percentage and vitamin K levels. Additionally, PIVKA-II lev-
els were significantly higher in individuals with a higher body
fat percentage than in those with a lower body fat percentage
[14]. However, it remains unclear whether maternal prepreg-
nancy obesity is a risk factor for neonatal VKD in the early
postnatal period.

Therefore, this study aimed to identify maternal risk factors for
neonatal VKD using a matched case-control study. Furthermore,
we sought to elucidate the impact of maternal prepregnancy obe-
sity on elevated PIVKA-II levels immediately after birth.

Methods

We included neonates admitted to our hospital between June 1,
2018, and September 30, 2023, for whom PIVKA-II levels were
measured at birth. Maternal information was extracted from elec-
tronic medical records, including age at pregnancy, gestational age
(weeks), parity, delivery mode, presence of premature rupture of
membranes (PROM), use of antenatal steroids, use of antibiotics,
presence of placental abnormalities, prepregnancy weight (kg),
prepregnancy BMI (kg/m?), weight gain during pregnancy, pres-
ence of underlying conditions (endocrine diseases, psychiatric or
neurological disorders, collagen-related diseases, hypertensive dis-
orders of pregnancy, gestational diabetes, malnutrition, and gas-
trointestinal diseases), history of medication use during pregnancy
(anticoagulants and antiepileptic drugs), and laboratory data ana-
lyzed within 2 weeks of delivery. Neonatal information, including
gestational age, sex, birth weight, and small for gestational age
(SGA), was also extracted. Day 0 PIVKA-II level (before vitamin K
administration) >1000 mAU/mL was defined as VKD. Based on pre-
viously published criteria, a serum PIVKA-II level >1000 mAU/mL
represents an unequivocally abnormal accumulation of undercar-
boxylated prothrombin and has been used in laboratory studies as
a marker of experimental VKD [4,15]. The exclusion criteria were
multiple pregnancies, neonatal cases transferred from other facili-
ties without maternal medical records, and cases lacking maternal
weight information.

A matched case-control study was conducted using electronic
medical records. For each VKD case, two non-VKD cases were
selected as controls, forming the VKD and control groups, respec-
tively. Specifically, for each case in the VKD group, two non-VKD
neonates admitted during the same period with the same gesta-
tional age and sex and whose birthdates were closest to those of
the patient with VKD were selected as controls. To prevent dupli-
cation, once a control case was selected, it was removed from the
pool for subsequent selections. First, maternal background factors
were compared between the two groups to identify factors con-
tributing to the occurrence of neonatal VKD. Next, multivariate
analysis was performed to determine independent risk factors
associated with neonatal VKD occurring shortly after birth. In the

multivariate analysis, logistic regression was conducted using
maternal background factors that showed significant differences
between the two groups in the univariate analysis, as well as fac-
tors identified in previous studies as risk factors for maternal vita-
min deficiency (e.g., maternal age at pregnancy and history of
previous deliveries) as independent variables. The presence or
absence of neonatal VKD (defined as a PIVKA-II level
>1000 mAU/mL on day 0) was used as the dependent variable.
Finally, a correlation analysis was performed to investigate the
relationship between the maternal background factors identified
in the multivariate analysis and neonatal PIVKA-II levels at birth
(prior to vitamin K administration).

Blood samples were obtained directly from the neonates imme-
diately after birth (not from the umbilical cord) and promptly cen-
trifuged. PIVKA-II levels were measured using a two-step
sandwich CLEIA with the LumipulsePresto PIVKAII-N kit (SEKISUI
MEDICAL Inc., Japan), as previously described [4]. The data are
expressed in arbitrary units, with 1 AU corresponding to 1 pg of
purified prothrombin. The vitamin K prophylaxis method in our
hospital involves administering vitamin K, (menatetrenone) intra-
venously, if available, or orally within 24 hours of birth (1 mg for
infants with birthweight <1500 g and 2 mg for infants with birth-
weight >1500 g). The second dose (2 mg) is administered intrave-
nously or orally at 4 days of age in all cases [4]. Antenatal steroids,
such as betamethasone 12 mg (up to two doses), were adminis-
tered intramuscularly. Placental abnormalities were defined as the
presence of any of the following findings: placenta previa, placen-
tal abruption, or pathological findings such as chorioamnionitis,
funisitis, placental hemangiomatosis, or placental infarction. SGA
was defined as a birth weight below the 10th percentile for the
corresponding gestational age [16]. Advanced maternal age was
defined as 35 years or older. Prepregnancy obesity was defined as
a BMI > 25 kg/m?. Cases in which intravenous fluid therapy was
required during pregnancy due to hyperemesis gravidarum or
similar conditions were classified as having nutritional deficiency
during pregnancy.

Data are presented as median [range], mean + SD, or number
(%), as applicable. The Mann—Whitney nonparametric rank test,
chi-square test, and Fisher’s exact test were used to compare data
between the two groups, as appropriate. Logistic regression analy-
sis was used for multivariate analysis. Correlations between two
variables were assessed using Spearman’s rank correlation coeffi-
cient. Statistical significance was set at P < 0.01. Analyses were
performed using GraphPad Prism 10 software (GraphPad Software,
Inc., La Jolla, CA, USA) and EZR (Saitama Medical Center, Jichi Medi-
cal University, Saitama, Japan), a graphical user interface for R 4.3.1
(R Foundation for Statistical Computing, Vienna, Austria). The
study was conducted according to the guidelines of the Declaration
of Helsinki and approved by the Ethics Committee at Kobe Univer-
sity Graduate School of Medicine (IRB approval number: B240085,
August 7, 2024). All parents provided written informed consent for
the use of their children’s personal medical data.

Results

From June 1, 2018 to September 30, 2023, 2694 neonates were
admitted to our institute. We excluded 235 neonates without
PIVKA-II level measurements on day O (prior to vitamin K adminis-
tration). Of the remaining patients, 96 neonates had PIVKA-II levels
>1000 mAU/mL on day 0. After excluding twin pregnancies (6),
patients without maternal medical records (6), and patients with-
out maternal weight information (20), 64 patients were included
in the VKD group (Fig. 1). For comparison, 128 neonates were cho-
sen as the control group.
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Patients admitted to NICU between
January 2018 and December 2023

(n=2694)
Excluded:
No PIVKA-II measurement at birth
(nw235)
Measured serum PIVKA-II level
on day 0 of life
(n=2459)
Neonates with Neonates with
PIVKA-II 2 1000 mAU/mL PIVKA-II < 1000 mAU/mL
n=96 =
( ) Excluded: (hez353)
Twin pregnancies (n=6)
No matemnal medical records (n=6)
Missing maternal weight data (n=20)
VKD group Control Group
(n=64) (n=128)

Fig. 1. Flowchart of patient selection.Of 2694 neonates admitted between January 2018 and December 2023, 2459 had serum PIVKA-II level measurements at birth. After
applying the exclusion criteria, 64 neonates with PIVKA-II >1000 mAU/mL were extracted to form the VKD group. The control group comprised 128 neonates without VKD,
matched for gestational age and sex. VKD, vitamin K deficiency; PIVKA-II, protein induced by vitamin K absence or antagonist-II.

Comparison of maternal characteristics between the two groups

A comparison of maternal characteristics between the VKD and
control group revealed no significant differences in maternal age
(VKD group: 32 [20—47] years vs. control group: 33.5 [19-45]
years), primiparity (41 cases [64%] vs. 82 cases [64%]), Cesarean
section rate (32 cases [50%] vs. 50 cases [39%]), incidence of prema-
ture rupture of membranes (11 cases [17%] vs. 34 cases [27%]), use
of antenatal steroids (2 cases [3%] vs. 3 cases [2%]), use of antibiot-
ics (36 cases [56%] vs. 70 cases [55%]), presence of placental abnor-
malities (31 cases [74%] vs. 51 cases [71%]), weight gain during
pregnancy (8.6 [—7.6—25] kg vs. 10.1 [-1.7-20.5] kg), or incidence
of SGA (7 cases [11%] vs. 10 cases [8%]) (all P > 0.01). However, sig-
nificant differences were observed in the prepregnancy weight
(57.5 [42—-115] kg vs. 51 [38-108] kg, P < 0.01) and BMI (20.5
[16.5—41.8] kg/m? vs. 19.3 [14.8—40.2] kg/m?, P < 0.01) between
the groups. Regarding maternal comorbidities, a significant differ-
ence was found in the proportion of mothers with malnutrition
and gastrointestinal diseases (6 cases [9%] vs. 1 case [1%], P < 0.01).
Regarding medication history, there were no significant differences
in the proportions of mothers using anticoagulants or antiepileptic
drugs (Table 1).

Similarly, no significant differences were found in blood test
parameters between the two groups (Table 2).

Maternal factors contributing to neonatal VKD at birth

Logistic regression analysis was conducted to identify maternal
background factors that contributed to neonatal VKD at birth
(defined as PIVKA-II levels >1000 mAU/mL on day 0, prior to vita-
min K administration). Independent variables included maternal
background factors that showed significant differences in the uni-
variate analysis (prepregnancy obesity [BMI > 25 kg/m?], presence
of nutritional deficiencies during pregnancy, or a history of gastro-
intestinal diseases), as well as maternal factors previously identi-
fied as risk factors for vitamin deficiency in multiple studies
(advanced maternal age and history of previous deliveries).
Furthermore, maternal factors previously identified by Liu et al.
as independent risk factors for VKD—specifically antenatal cortico-
steroid administration, delivery by cesarean section, and the

presence of SGA—were also incorporated into the analysis [12].
Logistic regression analysis identified prepregnancy obesity
(P < 0.001, odds ratio [OR] 3.97) as a maternal background factor
that contributes to neonatal VKD at birth (Table 3).

Correlation between maternal prepregnancy BMI and neonatal
PIVKA-II levels

A positive correlation was observed between maternal prepreg-
nancy BMI and neonatal PIVKA-II levels on day 0 (before vitamin K

Table 1
Comparison of maternal characteristics between the VKD and control groups.
VKD group Control group Pvalue
(n=64) (n=128)
Age at pregnancy (years) 32(20-47) 33.5(19-45) 0.99
Gestational age at birth (weeks) 39(26-41) 39(26-41) 1.00
Primiparity 41/64 (64%) 82/128 (64%) 1.00
Cesarean section rate 32/64 (50%) 50/128 (39%) 0.17
Premature rupture of membranes, 11/64 (17%) 34/128 (27%) 0.21
PROM
Use of antenatal steroids 2/64 (3%) 3/128 (2%) 1.00
Use of antibiotics 36/64 (56%) 70/128 (55%) 0.88
Placental abnormalities 31/42 (74%) 51/72 (71%) 0.83
Small for gestational age, SGA 7164 (11%) 10/128 (8%) 0.59
Prepregnancy weight (kg) 57.5(42-115) 51(38-108) <0.01

Prepregnancy BMI (kg/m?) 20.5(16.5-41.8)19.3 (14.8-40.2) <0.01

BMI<18.5 (kg/m?) 464 (6%) 19/128 (15%) 0.10
BMI>18.5, BMI<25 (kg/m?) 36/64 (56%)  90/128 (70%) 0.08
BMI>25 (kg/m?) 24/64 (38%)  19/128 (15%) <0.01
Weight gain during pregnancy (kg) 8.6 (—7.6to25) 10.1 (-1.7 to 20.5) 0.08
Gestational diabetes 7/64 (11%) 17/128 (13%) 0.82
Hypertensive disorders of pregnancy4/64 (6%) 12/128 (9%) 0.59
Endocrine disorders 15/64 (23%) 21/128 (16%) 0.25
Psychiatric or neurological disorders 10/64 (16%) 16/128 (13%) 0.66
Collagen-related diseases 12/64 (19%) 20/128 (16%) 0.68
Malnutrition and gastrointestinal ~ 6/64 (9%) 1/128 (1%) <0.01
diseases
Use of anticoagulants 1/64 (2%) 0/128 (0%) 0.33
Use of antiepileptic drugs 1/64 (2%) 3/128 (2%) 1.00

VKD, vitamin K deficiency; PROM, premature rupture of membranes; SGA, small for
gestational age; BMI, body mass index.
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Table 2
Comparison of maternal laboratory data between the VKD and control groups
VKD group Control group Pvalue
(n=64) (n=128)
CBC
WBC count (/L) (n =62, n = 128) 8450 (4400—-15500) 8100 (3300-27200) 0.35
Neutrophil (/L) (n =61, n=123) 6621 (3126-13464) 6030 (1934-24208) 0.27
Eosinophil (/uL) (n=61,n=123) 58 (0—378) 62 (0-670) 0.27
Basophil (/L) (n=61,n=123) 25(0-90) 29(0-193) 0.48
Monocyte (/iL) (n=61,n=123) 416 (213-806) 415 (102-1904) 0.97
Lymphocyte (/uL) (n=61,n=123) 1390 (272-2705) 1351 (655—2899) 0.51
Platelets (x 10%/uL) (n =62, n = 128) 23(10-38) 22 (10-44) 0.30
RBC count (x 108/puL) (n =62, n = 128) 3.87(2.81-5.18) 3.83(2.88-5.21) 0.84
Hemoglobin (g/dL) (n =62, n=128) 11.2(7.3-14.0) 11.0(8.1-15.2) 0.80
Hematocrit (%) (n = 62, n = 128) 33.8(25.0-41.7) 33.5(25.8-43.7) 0.95
MCV (fL) (n=62,n = 128) 87.5(73-102) 88.0 (67-104) 0.53
MCH (pg) (n=62,n=128) 28.8(21.7-35.3) 29.3(19.7-35.7) 0.49
MCHC (%) (n =62, n = 128) 32.8(24.4-35.4) 33.0(26.1-35.1) 0.42
Reticulocytes (%) (n =49, n=95) 2.1(1.4-7.1) 2.2(1.4-4.1) 0.96
Coagulation status
APTT (sec) (n =62, n=128) 28.3(24.3-61.2) 28.1(23.3-56.8) 0.60
PT-INR (n =62, n = 128) 0.97 (0.86—1.16) 0.96 (0.81-1.10) 0.17
Fibrinogen (mg/dL) (n = 60, n = 126) 403 (170-702) 417 (151-636) 0.45
Antithrombin Il (%) (n=61, n = 128) 84(61-112) 85 (54-363) 0.41
D-Dimer (pg/mL) (n=62,n=128) 2.40 (0.8—-24.4) 2.45(0.6-10.0) 0.76
Biochemistry
TP (g/dL) (n=61,n=125) 6(5.3-7.2) 6(3.5-6.9) 0.60
ALB (g/dL) (n =61, n=125) 3(2.2-3.9) 3(1.1-3.7) 0.40
CRP (mg/dL) (n =62, n = 126) 0.27 (0.01-4.65) 0.16 (0.01-5.21) 0.11
AST (IU/L) (n = 62, n = 126) 17 (10-403) 17 (10-113) 0.33
ALT (IU/L) (n =62, n = 128) 10 (4-755) 10 (4-110) 0.53
v-GTP (U/L) (n=62,n = 127) 10(4-374) 9(5-74) 0.85
ALP (U/L) (n =60, n=120) 157 (77-587) 155 (18-316) 0.88
LD (U/L) (n=62,n=126) 186 (125-434) 183 (113-575) 0.44
CK (U/L) (n=62,n=125) 46.5(10-1627) 51.0(11-231) 0.87
ChE (U/L) (n=51,n=106) 233.0(129-383) 240.5 (95-503) 0.51
Na (mEq/L) (n = 62, n = 126) 137 (134—140) 137 (126—140) 0.27
K (mEq/L) (n=62,n=126) 3.9(3.3-4.6) 4.0(3.3-5.1) 0.20
Cl (mEq/L) (n =62, n = 126) 107 (100-111) 107 (99-114) 0.93
Ca(mg/dL) (n=59,n=117) 8.6(7.8-94) 8.5(6.4-9.7) 0.66
P (mg/dL) (n=51,n=97) 3.6(23-5.6) 3.4(22-42) 0.05
BUN (mg/dL) (n = 62, n = 126) 7.75 (4.3-16.5) 8.7(3.1-22.1) 0.05
Cre (mg/dL) (n=62,n=126) 0.51(0.31-0.90) 0.52(0.32-1.07) 0.29
eGFRcre (mL/min/1.73m? (n = 62, n = 126) 109.35 (58.0-196.4) 108.7 (45.5—-175.6) 0.39
UA (mg/dL) (n = 62, n = 126) 445(2.3-8.2) 4.50(1.9-8.9) 0.30
T-BIL (mg/dL) (n =61, n=122) 0.6(0.3-1.1) 0.6 (0.3-1.0) 0.73
D-BIL (mg/dL) (n=57,n=117) 0.1(0.1-0.2) 0.1(0.1-0.2) 0.07
T-Chol (mg/dL) (n =51, n =95) 267 (163-395) 276 (28-1030) 0.71
HDL (mg/dL) (n = 49, n = 94) 79 (40-128) 83(36-146) 0.40
TG (mg/dL) (n =49, n=94) 308.0 (154-604) 257.5(55-4639) 0.04

VKD, vitamin K deficiency; CBC, complete blood count; WBC, white blood cell; RBC, red blood cell; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; APTT, activated partial thromboplastin time; PT-INR, prothrombin time-international normalized ratio; TP, total protein;
ALB, albumin; CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; y-GTP, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase;
LD, lactate dehydrogenase; CK, creatine kinase; ChE, cholinesterase; Na, sodium; K, potassium; Cl, chloride; Ca, calcium; P, phosphorus; BUN, blood urea nitrogen; Cre, creati-
nine; eGFRcre, estimated glomerular filtration rate based on creatinine; UA, uric acid; T-BIL, total bilirubin; D-BIL, direct bilirubin; T-Chol, total cholesterol; HDL, high-density

lipoprotein; TG, triglycerides.

Table 3
Multivariate logistic regression analysis for risk factors associated with VKD

Odds  95% confidence P value
ratio  interval (CI)

Advanced maternal age 0.623 0313-1.24 0.17
Multiparity 1.16 0.58-2.34 0.67
Prepregnancy obesity 3.97 1.90-8.34 <0.01
Malnutrition and gastrointestinal diseases  14.6 1.59-134.00 0.02
Use of antenatal steroids 0.992 0.302-3.26 0.99
Cesarean section rate 13 0.662-2.55 0.44
SGA 164  0.508-5.32 0.41

Prepregnancy obesity was defined as BMI > 25 kg/m?2. Advanced maternal age was
defined as maternal age > 35 years. SGA was defined as birth weight below the
10th percentile for gestational age.

VKD, vitamin K deficiency; SGA, small for gestational age; BMI, body mass index; CI,
confidence interval.

administration) (Spearman’s rank correlation coefficient = 0.285, P
< 0.0001) (Fig. 2).

Discussion

In this study, we found that maternal prepregnancy obesity
independently predicted VKD development in neonates at birth.
Additionally, maternal prepregnancy BMI showed a weak positive
correlation with neonatal PIVKA-II levels on day O (prior to vitamin
K administration).

To date, few large-scale studies have investigated the maternal
risk factors associated with neonatal VKD at birth. To the best of
our knowledge, the only study that has addressed the prevalence
and risk factors for neonatal vitamin K, deficiency is a case—control
study conducted in China [12]. In that study, vitamin K, levels were
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Fig. 2. Correlation between BMI and PIVKA-II levels.BMI correlates with PIVKA-II
levels (mAU/mL, r = 0.285, P < 0.0001); PIVKA-II, protein induced by vitamin K
absence or antagonist-II.

measured within 24—72 hours after birth in 200 neonates, and
multivariate logistic regression analysis identified antenatal
corticosteroid administration, cesarean delivery, and SGA status as
significant independent risk factors for subclinical VKD. In contrast,
our study did not find antenatal corticosteroid use, cesarean deliv-
ery, or SGA to be significant predictors of VKD at birth. Instead,
we identified maternal prepregnancy obesity as an independent
risk factor, suggesting a different risk profile from that previously
reported. In our previous report analyzing 1759 newborns admit-
ted between June 2018 and March 2022, the proportion of infants
with serum PIVKA-II levels >1000 mAU/mL at birth was 3.7%
(n =65/1759), with a mean value of 216 + 1072 mAU/mL [4]. This
incidence provides important context for interpreting the maternal
risk factors identified in the present study. In the study by Liu et al.,
serum vitamin K levels were used as the indicator of deficiency.
However, circulating vitamin K concentrations do not necessarily
reflect its bioavailability or utilization in target tissues. Further-
more, owing to the extremely low endogenous levels of vitamin K,
its measurement is technically challenging [17]. In fact, Liu et al.
reported that vitamin K, levels were below the limit of detection
in 24 neonates. In contrast, our study used serum PIVKA-II levels as
a marker of VKD, which offers a more practical and sensitive
method that requires only a small sample volume. PIVKA-II was
detectable in all neonates included in our study. Moreover, the Liu
study lacked matching between the VKD and control groups in
terms of baseline neonatal characteristics. Our study employed a
matched case—control design, matching gestational age and sex
between the groups, thereby minimizing bias and potential con-
founders during control selection. Additionally, Liu et al. evaluated
a limited set of maternal background factors, whereas we included
detailed maternal data, including prepregnancy weight and labora-
tory parameters, allowing for a more comprehensive analysis of
potential risk factors.

To our knowledge, this is the first study to demonstrate that
maternal prepregnancy obesity independently predicts VKD occur-
rence in neonates at birth. A nationwide Finnish study by Kuitunen
et al. that analyzed the incidence of obesity and morbid obesity
among pregnant women, as well as the effects of maternal obesity
on delivery mode, perinatal and neonatal mortality, and neonatal
outcomes, reported that neonates born to mothers with morbid
obesity (BMI > 40 kg/m?) had increased rates of intensive care unit
admissions (aOR 2.21; 95% CI: 2.10—2.32), higher perinatal mortal-
ity (aOR 1.65; 95% CI: 1.28-2.14), and higher neonatal mortality
(aOR 1.68; 95% CI: 1.04—-2.72) [18]. Additionally, a study by Bodnar

et al. that evaluated the independent effects of prepregnancy BMI
on maternal and neonatal 25-hydroxyvitamin D [25(0H)D] levels
found that women with obesity (BMI > 30 kg/m?) had significantly
lower adjusted mean serum 25(OH)D concentrations at 4-22
weeks of gestation compared to those without obesity (BMI < 25
kg/m?) (56.5 vs. 62.7 nmol/L, P < 0.05), with a higher prevalence of
vitamin D deficiency (61% vs. 36%, P < 0.01). Furthermore, neo-
nates born to mothers with obesity had lower adjusted mean 25
(OH)D levels at birth (50.1 vs. 56.3 nmol/L, P < 0.05) [19]. These
findings underscore the known impact of maternal obesity on neo-
natal outcomes and vitamin status. However, to the best of our
knowledge, no previous study has reported an association between
maternal obesity and neonatal VKD.

It has been previously reported that fat-soluble vitamins are
concentrated and stored in human adipose tissue [20—24]. In adult
populations, obesity is associated with an increased risk of fat-sol-
uble vitamin deficiency. It has been suggested that adipose tissue
may influence the circulating concentrations, metabolism, and tis-
sue-specific actions of fat-soluble vitamins [13]. For example, obe-
sity-related vitamin D deficiency has been suggested to result from
the sequestration of vitamin D in adipose tissue, thereby limiting
its bioavailability [25]. Ravera et al. reported that vitamin K, levels
were significantly lower in obese patients undergoing dialysis [24].
Similarly, Shea et al. found that individuals with higher body fat
percentages had significantly elevated PIVKA-II levels compared to
those with lower body fat [14]. These findings suggest that vitamin
K may be stored and accumulated in adipose tissue and that
increased body fat may be associated with VKD. In mothers with
prepregnancy obesity, the sequestration of fat-soluble vitamins in
adipose tissue may lead to a state of subclinical VKD, potentially
increasing the risk of VKD in the fetus and the neonate at birth.

Maternal prepregnancy BMI showed a weak positive correla-
tion with neonatal PIVKA-II levels on day O (before vitamin K
administration). To the best of our knowledge, no previous studies
have reported an association between maternal prepregnancy BMI
and neonatal PIVKA-II concentrations. Dahlberg et al. investigated
the prevalence of subclinical VKD using PIVKA-II in 35 periopera-
tive neurosurgical patients and reported a positive correlation
between BMI and PIVKA-II levels (r = 0.62, P < 0.001) [26]. In the
present study, the correlation coefficient between maternal pre-
pregnancy BMI and neonatal PIVKA-II levels on day O of life
was r = 0.285, which is lower than the correlation reported by
Dahlberg et al. in adult neurosurgical patients (r = 0.62). This
weaker correlation may be attributed to the nature of our anal-
ysis, which examined the intergenerational relationship
between maternal BMI and neonatal PIVKA-II levels, as opposed
to the direct relationship between an individual’'s BMI and
PIVKA-II levels in previous studies. Furthermore, our cohort
included mothers with comorbid conditions, such as malnutri-
tion and gastrointestinal diseases—known risk factors for VKD
[27]—which may be associated with elevated PIVKA-II levels
despite low maternal BMI, potentially confounding the
observed association. Consistent with this, when these six cases
were excluded from the analysis, the correlation between
maternal BMI and neonatal PIVKA-II levels improved (Spear-
man'’s rank correlation coefficient = 0.310, P < 0.0001; unpub-
lished data).

Our findings indicate that maternal prepregnancy obesity is an
independent risk factor for neonatal VKD immediately after birth,
suggesting the possibility of identifying infants at an increased risk
for VKDB as early as the fetal period. In pregnancies complicated
by maternal obesity, assessing maternal coagulation status antena-
tally and considering vitamin K supplementation on a case-by-case
basis may be reasonable, given the observational links between
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higher adiposity and lower vitamin K status (e.g., higher PIVKA-II)
in adults and the limited placental transfer of vitamin K [14,26,28].
However, to our knowledge, no trials have shown that antenatal
vitamin K supplementation in mothers with obesity improves neo-
natal clinical outcomes or reduces VKDB. Although supplementa-
tion lowered cord PIVKA-II among women who were receiving
enzyme-inducing antiepileptic drugs [29] and a recent RCT demon-
strated improved maternal and neonatal coagulation parameters
following antenatal vitamin K administration before elective cesar-
ean sections [30], systematic reviews and policy statements have
concluded that prenatal supplementation does not reduce neonatal
bleeding in the general population [1,31]. Prospective trials are
needed to determine whether targeted antenatal strategies against
maternal obesity improve neonatal outcomes.

This was a single-center retrospective observational study
involving a limited number of patients with VKD. Detailed data
regarding maternal nutritional intake during pregnancy and vita-
min K kinetics in the body were not available. Further confirmation
through large-scale prospective studies incorporating these factors
is warranted. Moreover, because this study assessed VKD only at
birth, it cannot address the potential long-term effects of maternal
obesity on neonatal vitamin K status or the risk of VKDB during
infancy. Previous studies have indicated that maternal and neo-
natal PIVKA-II levels do not necessarily correlate. For example,
Chuansumrit et al. reported that neonates with overt vitamin K
deficiency (PIVKA-II >5.0 AU/ml [equivalent to 5000 mAU/mL])
were often born to mothers with undetectable or minimal PIVKA-II
levels, and the association between detectable maternal and neo-
natal PIVKA-II did not reach statistical significance [32]. This may
partly explain why the absence of maternal PIVKA-II measure-
ments in our study does not detract from the validity of our neona-
tal findings. Longitudinal follow-up studies are necessary to clarify
these associations.

In conclusion, this study demonstrated that maternal prepreg-
nancy obesity is independently associated with VKD in neonates at
birth. Careful assessment of coagulation status may be warranted
in infants born to obese mothers.
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