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Vitamin K2 deficiency associated with short @
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Abstract

Background Short stature in children is a common concern that can result from various underlying conditions.
While factors such as growth hormone deficiency and nutritional deficiencies are well-known contributors, the role
of vitamin K2 (VK2) in the development of short stature remains underexplored. This study aimed to investigate the
association between VK2 status and short stature in children.

Methods A total of 730 children aged 3-16 years were enrolled and divided into three groups: short stature group
(n=191), near-short stature group (n=357), and normal stature group (n=182). Clinical characteristics and growth-
related indicators including serum VK2 levels, bone mineral density (BMD), insulin-like growth factor 1 (IGF-1), and
25-hydroxyvitamin D (25-(OH)D) were collected. VK2 was analyzed both as a categorical variable (VK2 deficiency
vs. normal status) and as a continuous variable, logistic regression models were applied to assess the association
between VK2 status and short stature using both approaches. Correlations between VK2 status and other growth-
related indicators were also examined.

Results The prevalence of VK2 deficiency was higher in children with short stature (80.6%) and near-short stature
(64.7%) compared to those with normal stature (32.4%) (P < 0.05). Multiple logistic regression models showed that
higher serum VK2 levels were significantly associated with a decreased risk of short stature (@OR=0.005, 95% Cl:
0.001-0.036) and near-short stature (@OR=0.023, 95% Cl: 0.006-0.085); and VK2 deficiency was significantly associated
with increased risk of short stature (aOR=5.934, 95% Cl: 3.372-10.443) and near-short stature (aOR=3.233, 95% Cl:
2.095-4.989) after adjusting for covariates. Additionally, serum VK2 levels were positively correlated with IGF-1-SDS
and 25(0OH)D (P< 0.05).

Conclusions VK2 deficiency was significantly associated with an increased risk of short stature in children. Further
longitudinal studies are warranted to elucidate the causal relationship between VK2 deficiency and growth disorders
in pediatric populations.
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Background

Short stature in children is a significant health concern
with both physical and psychological consequences. It
is clinically defined as a height that falls below the third
percentile or more than two standard deviations below
the mean for age, sex, and ethnicity under comparable
environmental conditions [1]. Globally, it is estimated
that 149 million children under 5 experience growth con-
cerns [2], with approximately 3.2% of children in China
diagnosed with short stature, equating to roughly 7 mil-
lion affected children [3]. Alarmingly, less than 5% of
these children receive standardized treatment [4]. The
consequences of untreated short stature extend beyond
physical growth deficits, affecting social interactions,
self-esteem, and overall quality of life [5]. The underly-
ing causes of short stature are multifactorial, including
genetic factors, endocrine disorders, chronic diseases,
and nutritional deficiencies [6]. While growth hormone
deficiency and other hormonal imbalances have long
been recognized as major contributors to short stature,
emerging evidence have indicated that micronutrients—
especially fat-soluble vitamins—may play an essential
role in regulating growth and skeletal development [7-9].

Vitamin K2 (VK2) is a crucial fat-soluble vitamin with
a wide range of roles in human health. Numerous stud-
ies have demonstrated a broadly positive correlation
between VK2 supplementation and improved health
outcomes [10-13]. VK2 plays a pivotal role in bone
health, activating osteocalcin (OC) and matrix Gla pro-
tein, which is fundamental for proper skeletal develop-
ment and growth in children [14, 15]. In addition, VK2
has been shown to influence other biological processes,
including cellular growth, apoptosis, and angiogenesis,
which may have indirect implications for overall develop-
ment [16]. Therefore, VK2 deficiencies may hinder bone
mineralization, impairing bone density and potentially
leading to growth retardation [14, 17, 18]. VK2 is primar-
ily found in fermented foods such as natto (fermented
soybeans), cheese, and other dairy products, as well as
animal-based foods like liver, egg yolks, and certain meats
[19]. However, due to regional dietary patterns and shifts
in eating habits, the intake of VK2 varies significantly
among populations, which may influence its biological
effects on growth and development. Additionally, chil-
dren and adolescents have particularly high requirements
for VK2, given that bone formation is most active during
these stages [20]. Approximately 90% of peak bone mass
is attained by the age of 18 or 19, with nearly 25% accru-
ing during the two-year period surrounding the peak
height velocity phase of bone growth [21, 22].

Although emerging evidence suggests a possible asso-
ciation between VK2 deficiency and short stature, cur-
rent research remains limited and inconclusive [23, 24].
Most existing studies are conducted in populations with
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different dietary backgrounds, which complicates the
generalization of findings across regions [25]. Moreover,
variations in dietary intake and regional differences in
VK2 levels may influence the outcomes [26], highlight-
ing the need for region-specific studies to determine
whether a significant association exists. Therefore, this
cross-sectional study aims to investigate the association
between VK2 deficiency and short stature in children in
Guilin, China, and examining whether lower VK2 con-
centrations correlate with reduced growth outcomes in
children diagnosed with short stature.

Methods

Study design and participants

This cross-sectional study was conducted at the Guilin
Maternal and Child Health Hospital between September
2022 and September 2024. A total of 730 children aged
3 to 16 years were enrolled and categorized into three
groups: short stature, the near-short stature, and the nor-
mal stature, based on standardized height percentiles.
The short stature group comprised children who met
the diagnostic criteria for short stature as outlined in the
“Guidelines for the Diagnosis and Treatment of Children
with Short Stature” [27], published by the Subspecialty
Group of Endocrinologic, Hereditary, and Metabolic Dis-
eases, The Society of Pediatrics, Chinese Medical Asso-
ciation. The near-short stature group included children
whose height was between the 3rd and 25th percentiles,
while the normal stature group consisted of children with
height above the 25th percentile for their age and sex,
and who did not have any known growth disorders or
medical conditions that could affect growth.

The inclusion criteria were as follows: [1] children aged
3-16 years; [2] normal newborn size; [3] normal hearing
and speech abilities; [4] no severe neurological or con-
genital organ/tissue abnormalities; and [5] no history of
chronic illness or genetic conditions affecting growth,
such as genetic bone metabolism disorders, myelodys-
plastic syndromes, or parathyroid dysfunction. Children
with physical disabilities, recent use of medications (e.g.,
cyclophosphamide, vinorelbine) that inhibit bone mar-
row or erythropoiesis, recent illness or significant dietary
changes within two weeks prior to the blood test, or
participation in other clinical trials were excluded. This
study was approved by the Ethics Committee of the Gui-
lin Maternal and Child Health Hospital, and informed
consent was obtained from both the children and their
legal guardians.

Data collection

Data on clinical characteristics and growth-related indi-
cators were collected for all participants. Clinical char-
acteristics included age, sex, height, weight, body mass
index (BMI), parents’ height, family history, and results
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from a general physical examination. Growth-related
indicators included VK2, insulin-like growth factor 1
(IGF-I), 25-hydroxyvitamin D [25(OH)D], and bone min-
eral density (BMD) Z-score.

Measures
Physical measurements of all participants were recorded
according to standard procedures. Height was measured
using a standardized height-measuring instrument,
according to the “Chinese Child Physical Growth Evalua-
tion Recommendations” by the Chinese Pediatric Society.
Measurements were taken three times, and the aver-
age value was recorded to a precision of 0.1 cm. Weight
was recorded using a calibrated electronic scale, with an
accuracy of 0.1 kg, while participants were in a fasting
state and wearing light clothing without shoes. BMI was
calculated using the formula: weight (kg) / height® (m?).
Serum samples were meticulously collected from all
participants and subsequently analyzed to evaluate the
levels of VK2, IGF-I, and 25(OH)D. Serum VK2 levels
were measured using high-performance liquid chroma-
tography coupled with mass spectrometry (AB SCIEX
Jasper HPLC MS TRIPLE QUAD 4500MD), a highly
sensitive and specific analytical method that allows for
precise measurement of low-concentration analytes in
complex biological matrices [28]. The cutoff for VK2 defi-
ciency (<0.10 ng/mL) was derived from MDI Laboratory
reference values and has been previously used in studies
involving pediatric populations [17]. IGF-I concentra-
tions were measured using microparticle chemilumines-
cence immunoassay (Autobio A6200), and the IGF-1 SDS
was determined by comparing IGF-1 levels to those of
Chinese children of the same age and sex [29]. 25(OH)
D levels were determined by high-performance liquid
chromatography-tandem mass spectrometry (HPLC-
MS/MS), 25(OH)D insufficiency was defined as serum
levels between 12 and 20 ng/ml, and sufficiency as lev-
els above 20 ng/ml [30]. BMD Z-score was assessed using
dual-energy X-ray absorptiometry (DXA). To ensure the
accuracy of the measurements, quality control speci-
mens were randomly tested daily, maintaining an error

Table 1 Baseline characteristics of study populations (n=730)

Variable n (%)/ M (SD)
Age (year) 7.29(2.97)
Sex (n, %)
Male 491 (67.3)
Female 239 (32.7)
BMI (kg/m?) 1513 (2.21)
BMI-SDS -0.79 (1.09)
Height of father (cm) 167.30 (4.47)
Height of mother (cm) 155.15 (3.99)

BMI, body mass index; SD, standard deviation; SDS, standard deviation score
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rate within 5% and guaranteeing both the integrity of the
measuring instruments and the reliability of the data.

Statistical analysis
Missing data was handled using Multiple Imputation.
Continuous variables were summarized as means with
standard deviations (SD) for normally distributed data,
or medians with interquartile ranges (IQR) for non-
normally distributed data. Categorical variables were
presented as frequencies (n) and proportions (%). For
univariate analysis, one-way ANOVA was used for con-
tinuous variables, while chi-square tests or Fisher’s exact
tests were applied for categorical variables. The associa-
tions between serum VK2 levels and growth-related indi-
cators were evaluated using Pearson correlation analysis.
Multiple logistic regression was employed to deter-
mine the independent contribution of VK2 to short stat-
ure since ordered logistic regression was unsuitable for
multivariate analysis due to parallel lines test violations
(P<0.05). VK2 was evaluated both as a continuous vari-
able as well as a categorical variable, it was then entered
into distinct multiple logistic regression models in each
form rather than simultaneously to avoid multicollinear-
ity. Variables that were statistically significant in uni-
variate analyses were included as covariates in multiple
models. Results are presented as adjusted odds ratios
(aORs) with 95% confidence intervals (Cls). All statistical
analyses were performed using SPSS 26.0 software and
R software (version 4.4.2; https://www.r-project.org/). A
two-tailed P value of <0.05 was considered statistically
significant.

Results

Characteristics of study populations

A total of 730 children participated in this study, com-
prising 191 (26.2%) with short stature, 357 (48.9%) with
near short stature, and 182 (24.9%) with normal stature.
The mean age of the participants was 7.30 (2.98) years,
with a predominance of male subjects (67.3%). The BMI
and SDS for BMI of study populations were 15.13 (2.21)
kg/m? and -0.79 (1.09), and parents’ heights of study
populations were 167.30 (4.47) cm and 155.15 (3.98) cm
for father and mother, respectively (shown in Table 1).
The VK2 status and other growth-related indicators were
summarized in Table 2.

Univariate association between study variables and short
stature

The results of the univariate analyses are presented in
Table 3. The mean age of the short stature group was
significantly higher than that of the normal stature
group (P<0.001), while no significant difference was
observed between the near-short stature and normal
stature groups (P>0.05). BMI and height of father were
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Table 2 Distribution of growth-related indicators (n=730)
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Table 4 Differences in VK2 levels among study populations

Variable n (%)/ M (SD) (h=730)

BMD Z-score 0.85 (0.85) Variable Short Near-short  Normal P

IGF-1 (ng/ml) 61.50 (89.46) stature stature stature value

IGF-1-5DS 057 (103) (n=191)  (n=357)  (n=182)

25(0H)D (ng/mi) 3110(859) VK2 (ng/ml) 009(0.15) 011011  023(023) <0001

25(0H)D group VK2 group (n, %) <0001
Sufficiency 679 (93.0) Normal 37(194) 126 (35.3) 123 (67.6)
Insufficiency 51(7.0) Deficiency 154 (80.6) 231 (64.7) 59 (32.4)

VK2 (ng/ml) 0.14 (0.16) VK2, Vitamin K2

VK2 group
Normal 286 (39.2) Table 5 Multiple logistic regression analyses in VK2 levels
Deficiency 444 (60.8) among study populations (n=730)

BMD, bone mineral density; IGF-1, insulin-like growth factor 1; 25(OH)D,
25-hydroxyvitamin D; SD, standard deviation; SDS, standard deviation score;
VK2, vitamin K2

Table 3 Univariate analyses between baseline characteristics
and short stature (n=730)

Variable Short Near-short Normal P
stature stature stature value
(n=191) (n=357) (n=182)
Age (year) 6.57(3.09) 742(2.78) 7.84(3.10) <0.001
Sex (n, %) 0273
Male 134 (70.2) 243 (68.1) 114 (62.6)
Female 57 (29.8) 114 (319) 68 (374)
BMI (kg/mz) 14.73 (1.54) 1499 (1.96) 15.86(2.99) <0.001
BMI-SDS -0.85(1.01) -0.76(1.10) -0.77 (1.16) 0.603
Height of father (cm)  166.61 167.24 168.13 0.004
(4.59) (4.51) (4.14)
Height of mother 154.18 155.28 155.89 <0.001
(cm) (4.01) (391 (3.93)
BMD Z-score 0.61(091) 095(0.80) 0.89(0.85) <0.001
IGF-1 (ng/ml) 110.65 161.70 213.32 <0.001
(69.93) (84.90) (88.72)
IGF-1-SDS -1.21(091) -055(0.96) 0.06(0.84) <0.001
25(0OH)D (ng/ml) 28.79(791) 2942 (7.95) 36.80(7.91) <0.001
25(0OH)D group 0.822
Sufficiency 174 (91.1) 328(91.9) 165 (90.7)
Insufficiency 17 (8.9) 29 (8.1) 17 (9.3)

BMI, body mass index; BMD, bone mineral density; IGF-1, insulin-like growth
factor 1; 25(0H)D, 25-hydroxyvitamin D; SDS, standard deviation score

significantly different between the short stature and nor-
mal stature groups, as well as between the near-short
stature and normal stature groups (P<0.05); for height
of mother, significant differences were observed between
the short stature and normal stature groups, as well as
between the short stature and near-short stature groups
(P<0.05). For growth-related indicators, BMD Z-score
were significantly different between the short stature
and normal stature groups, as well as between the short
stature and near-short stature groups (P<0.05); 25(OH)
D levels were significantly different between the short
stature and normal stature groups, near-short stature and
normal stature groups (P<0.05). The IGF-1 levels and

Variable Short stature (n=191) Near-short stature
(n=357)
B aOR(95%Cl) B aOR(95%Cl)
VK2 (ng/ml) -5.39 0.005 -3.77 0.023
(0.001-0.036) (0.006-0.085)
VK2 group 1.78 5.934 1173 3.233
(3.372-10.443) (2.095-4.989)

VK2, Vitamin k2; aOR, adjusted odds ratio; Cl, confidence interval; Normal
stature group was the reference group

IGF-1-SDS differed significantly across the three groups
(P<0.05).

Differences in VK2 status

Table 4 summarize the differences in VK2 status among
three groups. There were significant differences in serum
VK2 levels between the short stature and normal stature
groups, as well as between the near-short stature and
normal stature groups (P<0.001). In addition, the preva-
lence of VK2 deficiency was significantly higher in chil-
dren with short stature (80.6%) and near-short stature
(64.7%) compared to the normal stature group (32.4%)
(P<0.05).

Multiple logistic regression analyses between VK2 and
short stature

The results of the multiple logistic regression analyses
examining the association between VK2 status and short
stature are presented in Table 5. VK2 was evaluated both
as a continuous variable as well as a categorical variable,
with VK2 deficiency defined as <0.10 ng/mL based on
reference ranges. Variables that were statistically sig-
nificant in univariate analyses—including age, parents’
height, BMD Z-score, IGF-1-SDS, and 25(OH)D—were
included as covariates in the multiple models. After
adjusting for these covariates, higher VK2 levels were sig-
nificantly associated with a decreased risk of short stat-
ure (aOR=0.005, 95% CI: 0.001-0.036) and near-short
stature (aOR=0.023, 95% CIL: 0.006-0.085); and VK2
deficiency was significantly associated with increased risk
of short stature (aOR =5.934, 95% CI: 3.372—-10.443) and
near-short stature (aOR =3.233, 95% CI: 2.095-4.989).
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Correlation between serum VK2 levels and growth-related
indicators

The correlation between serum VK2 levels and growth-
related indicators is shown in Table 6. BMI (r=0.10,
P=0.005), IGF-1 (r=0.20, P<0.001), IGF-1-SDS (r=0.26,
P<0.001) and 25(OH)D (r=0.15, P<0.001) were signifi-
cantly correlated with serum VK2 levels. However, there
was no significant correlation between serum VK2 levels
and BMD Z-score (P>0.05), indicating that VK2 levels
may not show a direct association with BMD, despite its
known biological role in bone metabolism.

Discussion

This study identified a significant association between
VK2 deficiency and short stature in children. The preva-
lence of VK2 deficiency was significantly higher among
children with short stature (80.6%) and near-short stature
(64.7%) compared to those with normal stature (32.4%).
Children in the short stature and near-short stature
groups also exhibited markedly lower serum VK2 lev-
els than their normal-stature counterparts, suggesting
that VK2 deficiency may contribute to impaired growth.
Additionally, serum VK2 levels showed a positive corre-
lation with key growth-related indicators, such as IGF-1
and 25(OH)D, supporting the potential role of VK2 in
skeletal development. These findings suggest that VK2
deficiency may disrupt longitudinal bone growth. The
novelty of this study lies in identifying VK2 as a poten-
tially modifiable factor associated with childhood growth,
offering new perspectives for nutritional or therapeutic
interventions aimed at addressing growth disorders.

The results of this study were consistent with prior
studies linking VK2 with bone health and growth [8, 15,
20]. Previous studies have highlighted the role of VK2 in
bone metabolism, with several showing that VK2 plays
a critical role in OC activation, which is essential for
bone mineralization and overall bone health [14, 31]. For
example, Kim et al. [32] reported that VK2 supplementa-
tion effectively counters vitamin C, enhances bone den-
sity, and offers neuroprotective, hepatoprotective, and
anti-inflammatory benefits. A study conducted by Xie et
al. [33] also reported that VK2 exhibited effects on main-
taining or increasing lumbar spine BMD, and influencing
the balance of carboxylated osteocalcin (cOC) and uncar-
boxylated osteocalcin (ucOC). However, studies specifi-
cally exploring the relationship between VK2 deficiency
and short stature in children remain limited. Most of the
current research focuses on the role of VK2 in preventing
osteoporosis and increasing bone density in elderly and
postmenopausal women [13, 25, 34], but similar studies
in children are scarce [23]. Therefore, this study extends
this body of evidence by suggesting that VK2 deficiency
could impact growth and contribute to short stature in
pediatric populations.
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Table 6 Correlation between serum VK2 levels and growth-
related indicators among study populations (n=730)

Variables r (VK2) Pvalue
BMI 0.10 0.005
BMI-SDS -0.03 0454
BMD Z-score 0.02 0.674
IGF-1 0.20 <0.001
IGF-1-SDS (ng/ml) 0.26 <0.001
25(CH)D (ng/ml) 0.15 <0.001

BMD, bone mineral density; BMI, body mass index; IGF-1, insulin-like growth
factor 1; 25(0H)D, 25-hydroxyvitamin D; SDS, standard deviation score

Additionally, the relationship between VK2 and short
stature remained significant after adjusting for key
covariates such as age, IGF-1, and 25(OH)D levels. These
adjustments are critical because both 25(OH)D and other
growth factors have been shown to influence bone health
and linear growth in children [35-37]. By controlling for
these factors, we were able to more clearly isolate the
independent effect of VK2 on growth. The persistence
of the observed associations after adjusting for poten-
tial confounders suggests that VK2 may have an inde-
pendent, protective effect on height development. This
strengthens the argument that VK2 is not merely a bio-
marker reflecting bone health, but an active participant
in regulating growth.

Furthermore, this study explored the relationship
between VK2 and other biomarkers associated with
growth, particularly IGF-1, BMD, and 25(OH)D levels.
VK2 plays a crucial role in bone health through its acti-
vation of OC, a protein that binds calcium to the bone
matrix, promoting bone mineralization [38, 39]. More-
over, VK2 is also involved in regulating the growth hor-
mone axis, particularly in its interaction with IGF-1 [40],
a critical factor for longitudinal bone growth [37]. This
study demonstrated a positive correlation between serum
VK2 levels and IGF-1, suggesting that VK2 deficiency
might impair IGF-1 signaling, thus inhibiting proper
bone growth. In addition, VK2 is also thought to influ-
ence BMD and the mechanical properties of bones, mak-
ing it an essential nutrient for skeletal development [32,
41]. However, in this study, no significant correlation was
found between VK2 and BMD, which suggests that VK2
may not directly influence BMD in the study popula-
tion. Although previous studies have suggested that VK2
contributes to bone health through its effects on BMD,
this study did not find a significant correlation between
serum VK2 levels and BMD. This discrepancy may be
due to the cross-sectional nature of the study, age vari-
ability, or differences in BMD measurement sensitivity
in children. It is also possible that VK2 influences bone
health through other mechanisms not captured solely
by BMD, such as improving bone quality or influencing
bone metabolism markers. Future longitudinal studies
incorporating a broader range of bone health indicators
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may provide more clarity. Additionally, this study found
that higher serum VK2 levels were associated with higher
25(OH)D levels, reinforcing the idea of a synergistic rela-
tionship between VK2 and Vitamin D in bone health [42].
As Vitamin D is crucial for calcium absorption, and VK2
enhances calcium binding in the bone matrix, the combi-
nation of these two vitamins appears to play a critical role
in skeletal development [43]. This potential disruption in
bone metabolism and growth processes could explain the
association between VK2 deficiency and short stature.

However, this study has some limitations to consider.
Firstly, this was a cross-sectional study, which cannot
establish a causal relationship between VK2 deficiency
and growth, longitudinal studies are needed to clarify
causality. Secondly, we only measured serum VK2 lev-
els at a single time point, and potential fluctuations over
time may influence its relationship with growth. Thirdly,
this study did not collect data on pubertal stage (e.g.,
Tanner staging), age at menarche in girls, all of which are
important factors influencing growth potential, future
studies could address these limitations to validate and
refine our results. Moreover, the generalizability of our
findings may be limited by the specific population, fur-
ther studies in diverse populations, including children
from different ethnic backgrounds and regions, would be
valuable to confirm the broader applicability.

Conclusions

This study demonstrates a significant association between
VK2 deficiency and short stature, suggesting its potential
role in height growth. The persistent association after
covariates adjustment warrants further investigation into
its therapeutic potential. Longitudinal and interventional
studies are needed to confirm causality and explore ther-
apeutic applications of VK2 for growth disorders.
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