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AbStra Ct Introduction and objective: In addition to coagulation, vitamin K, influences vascular calcification and skeletal mineral
balance. Evaluation of its levels and setting reference ranges are mainly relevant for all populations at risk of osteoporosis.
However, only few reports have focused on the developmental age population. The aim of this study was to assess vitamin
K, levels in children with bone fractures. Materials and methods: The study group consisted of 145 children aged 5-17 years,
hospitalised for suspected metabolic bone diseases. Patients were divided into three groups: healthy children (n = 68),
children with osteogenesis imperfecta (n = 29), and children with traumatic fractures (n = 48). All children were assessed for
physical development using established methods, and had their vitamin K, levels measured with immunoenzymatic assay
(ELISA), using a SunRedBio kit (China). Results: The evaluated group of children showed normal somatic development.
Children with osteogenesis imperfecta showed lower height and body weight compared to the other groups. Vitamin K,
ranged from 0.90 to 12.46 ng/mL in 80% of healthy children. Low vitamin K, levels (2.7 ng/mL for osteogenesis imperfecta
and 2.05 ng/mL for fractures) were found in groups 2 and 3, and did not differ statistically significantly between children
considered healthy and patients with bone fractures, including those with osteogenesis imperfecta. Conclusions: Children
with a history of bone fractures have vitamin K, levels within the reference ranges for this age group, suggesting that bone
fractures in this group are not associated with vitamin K, deficiency.
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Streszczem e Wprowadzenie i cel: Poza ukladem krzepniecia witamina K, wptywa na procesy kalcyfikacji $cian naczyn krwionosnych
i gospodarke mineralng szkieletu. Oznaczanie jej stezenia i wyznaczanie norm referencyjnych dotyczy przede wszystkich
populacji zagrozonych osteoporoza, a niewiele badan przeprowadzono z udzialem populacji wieku rozwojowego. Celem
pracy byla ocena stezenia witaminy K, u dzieci i nastolatkéw ze zlamaniami kosci. Material i metody: Grupe badang
stanowito 145 dzieci w wieku 5-17 lat hospitalizowanych z powodu podejrzenia zaburzen mineralizacji kos¢ca. Pacjentow
podzielono na trzy grupy: dzieci z wrodzong famliwoscia kosci (n = 29), dzieci z co najmniej dwoma zlamaniami
pourazowymi (n = 48) i dzieci zdrowe (1 = 68). U wszystkich badanych przeprowadzono oceng rozwoju fizycznego zgodnie
z przyjetymi metodami i oceniono stezenie witaminy K, metodg immunoenzymatyczng (ELISA) z uzyciem zestawu firmy
SunRedBio (Chiny). Wyniki: Rozwdj somatyczny ocenianej grupy dzieci byt prawidlowy, u dzieci z wrodzong tamliwo$cia
kosci wykazano nizszy wzrost i mniejsza masg ciata w poréwnaniu z pozostatymi grupami. Stezenie witaminy K, u 80% dzieci
zdrowych wynosito 0,90-12,46 ng/ml. Stezenia witaminy K, w grupach II i ITI byly niskie — w grupie z tamliwoscig kosci
2,7 ng/ml, a w grupie ze zlamaniami 2,05 ng/ml - i nie réznily sie istotnie statystycznie miedzy dzie¢mi uznanymi za zdrowe
a pacjentami ze ztamaniami kosci, w tym z wrodzong famliwoscia ko$ci. Wnioski: Stezenie witaminy K, w badanej populacji
dzieci i nastolatkdw ze ztamaniami koéci w wywiadzie miescilo si¢ w granicach uznanych za referencyjne dla tej grupy
wiekowej, co sugeruje, ze u badanych ztamania nie byty zwigzane z niedoborem tej witaminy.

Stowa kluczowe: witamina K,, dzieci, ztamania ko$ci
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INTRODUCTION

The involvement of vitamin K in body’s mineral me-
tabolism has aroused an increasing interest in the
measurement of its various forms in multiple clin-
ical conditions. In addition to coagulation processes, vita-
min K, influences vascular calcification and skeletal mineral
balance. Vitamin K, measurements and attempts at setting
its reference values are primarily done in populations at risk
of osteoporosis, and only few studies have been conducted
in children and adolescents.

Many direct and indirect methods have been used for assess-
ing vitamin K levels in the body. However, uniform standards
are missing, which makes it difficult to accurately determine
its optimal level and compare the results across different stud-
ies, which additionally use different measurement units®.
According to Mager et al,, indirect measurements are sen-
sitive to errors and should therefore be used with cau-
tion®?. Indirect methods include prothrombin time, se-
rum uncarboxylated osteocalcin, matrix Gla protein and
PIVKA-II, i.e. proteins induced by vitamin K deficiency,
as well as urinary vitamin K metabolites (7C-aglycone and
5C-aglycone). Direct measurement of vitamin K and its me-
tabolites is currently the preferred approach®. Direct meth-
ods for determining vitamin K in humans include high-per-
formance liquid chromatography (HPLC) with ultraviolet
(UV) detection, HPLC with fluorescence detection, HPLC
with electrochemical detectors (ECD), and liquid chroma-
tography atmospheric pressure chemical ionization tandem
mass spectrometry (LC-APCI-MS/MS), which shows the
highest sensitivity®.

Although vitamin K levels have been assessed by many
authors using direct approaches, most of the studies have
been conducted in adults. Tsugawa et al. determined the
mean values of MK-4 and MK-7 (menaquinone with 4 and
7 prenyl units) at 0.07-0.1 ng/mL and 4.21-8.42 ng/mL,
respectively, using LC-APCI-MS/MS in a group of wom-
en >30 years of age®. In 2018, Klapkova et al. used HPLC
coupled with fluorescence detection (HPLC-FLD) in post-
menopausal women, and determined the mean MK-4 and
MK-7 at 0.433 £ 0.394 ng/mL and 1.002 + 1.020 ng/mL,
respectively®. Volkan et al. (2018), who used the Human
Vitamin K, Elis immunological kit to determine vitamin K,
in a group of children aged 8-14 years (with or without ce-
liac disease), found that it was 2.64 + 2.1 nmol/L?. In 2022,
Du and Li showed that the median level of vitamin K, was
0.1 ng/mL (interquartile range P25, P75 - 0.1, 0.2) in chil-
dren aged 1-14 years, using high-performance liquid chro-
matography tandem mass spectrometry®.

The aim of this study was to assess vitamin K, levels in chil-
dren and adolescents with bone fractures.

MATERIALS AND METHODS

The study was conducted among 145 children aged 5-17

60 | years who were admitted to the Department of Paediatrics,
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Neonatal Pathology and Bone Metabolic Diseases due to sus-
pected bone mineralisation disorders after fractures or were
considered healthy, with no history of chronic disorders.
The participants were allocated into three groups: children
with fractures in the course of congenital bone fragility in
group 1 (n = 29), children with fractures without metabol-
ic bone disease in group 2 (n = 48), and children considered
healthy in group 3 (controls; # = 68). None of the children
were supplemented with vitamin K prior to the study.

All patients had their medical history taken and under-
went anthropometric measurements (height and weight,
body mass index - BMI). Serum vitamin K, was also de-
termined by enzyme-linked immunosorbent assay (ELISA)
using a kit from SunRedBio (China). The sensitivity of the
kit was 2.225 ng/mL.

R version 4.0.1. was used for statistical analysis. The study
was approved by the Bioethics Committee at the Medical
University of Lodz (no. RNN/116/17/KE).

RESULTS

No statistically significant differences were found between
the three study groups in terms of age, BMI, BMI Z-score
or body mass. For body height, it was shown that the groups
differed significantly both in absolute and Z-score values.
In the case of body weight, the difference between the
groups was statistically significant only for the Z-score.
Post-hoc analysis showed that group 1 was characterised
by a significantly lower mean height and body mass than
groups 2 and 3 (Tab. 1).

The analysis of vitamin K, levels across the groups is pre-
sented in Tab. 2.

Based on the mean and SD values for vitamin K, levels in
group 3, a distribution curve was drawn and an asymmet-
ric, right-sided distribution was obtained (Fig. 1). No ex-
tremely low vitamin K, levels were observed in this group.
This was confirmed by the Shapiro-Wilk test for vitamin K,
levels in this group (p < 0.001) (Fig. 1).

Data distribution other than normal distribution can be
presented using deciles, which are a reference point for
a given result against the background of the entire group.
For this purpose, Tab. 3 presents a decile division for vita-
min K, in group 3. It was found on its basis that after ex-
cluding 20% of children with extreme vitamin K, levels, the
level ranged between 0.90 and 12.46 ng/mL in the remain-
ing 80% of children.

Then, the levels of vitamin K, were assessed across the study
groups. The median vitamin K, level was 2.05 ng/mL in
group 2 and 2.30 ng/mL in group 3. No statistically signifi-
cant difference in vitamin K, levels was confirmed between
the two groups (median - MD = -0.25; 95% CI: —0.80, 0.40;
p=0.575) (Tab. 4).

The median vitamin K, level was 2.70 ng/mL in group 1
and 2.30 ng/mL in group 3. No statistically significant dif-
ference in vitamin K, levels was shown between the two
groups (MD = 0.40; 95% CI: —0.50, 1.30, p = 0.424) (Tab. 5).
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Decile Vitamin K, [ng/mL]
1% 0.90
2 1.00
3 1.37
4 1.70
5t 2.30
6" 3.10
7t 4.08
g 6.06
gt 10.75

Tab. 3. Decile distribution of vitamin K, levels in group 3

Group 2 Group3 | MD(95%Cl) | p
n 48 68
Vitamin K, 2.05 230 —0.25 0575
[ng/mL] (1.10;4.80) | (1.28;5.23) | (—0.80;0.40) |

Data presented as median (Q1; Q3). MD — difference in medians between

both groups with 95% confidence level. Mann—Whitney U test.

Tab. 4. Mean vitamin K, levels in patients with vs. without bone

Variable Total Group1 | Group2 | Group3 p
9.98 + 990+ | 1048+ | 9.66+
Agelvears) | “370 | 372 | 220 | aso | 0488
143.00 127.00* | 144.50° 144.75
Height[cm] | (127.25; | (109.00; | (132.38; | (129.63; | 0.006
157.00) | 146.00) | 160.00) | 157.00)
0.29 —1.14¢ 0.35% 0.65%
Height Z-score | (—0.74; | (=3.92; | (-0.41; | (-0.11; | <0.001
1.01) —0.27) 0.86) 1.64)
) 36.00 29.00 37.50 35.75
Bodpweioht | sso; | (700 | G030 | (633 | 045
9 43.50) 43.50) 45.75) 40.75)
. —0.03 —1.07% 0.20f —0.07¢
Body Welght | (g7, | (207, | (-058 | (~069; | 0021
0.66) 0.27) 0.86) 0.88)
17.23 18.11 17.89 1638
BMI (14.86; (14.72; (15.47; (14.54; | 0.072
20.14) 21.97) 20.13) 18.44)
-0.13 0.12 0.14 —0.41
BMIZ-score | (=1.17; | (=138 | (-0.81; | (=1.19; | 0.157
0.78) 1.23) 0.93) 0.23)
Data presented as arithmetic mean + SD or as median (Q1; Q3), depending
on the normality of distribution. Groups were compared using ANOVA or
Kruskal—Wiallis test with Dunn's post-hoc test. a—h — statistically significant
differences for Dunn’s post-hoc test (a: p = 0.001, b: p = 0.002, ¢, d:
p<0.001, e:p=0.048, f: p=0.004, g: p=0.011).
BMI - body mass index.

Tab. 1. Anthropometric data for the study population by groups

fractures
Group 1 Group3 | MD(95%Cl) | p
n 29 68
Vitamin K, 2.70 2.30 0.40 0.424
[ng/mL] (1.70;4.90) | (1.28;5.23) | (—0.50;1.30) |
Data presented as median (Q1; Q3). MD — difference in medians between two
groups with 95% confidence level. Mann—Whitney U test.

Tab. 5. Comparison of the mean vitamin K, levels between
groups 1 and 3

"E:;'}‘I:‘L;‘Z N | m|so|m| Q|| Min | Max
Total 145 | 3.85 | 3.88 | 240 | 130 | 480 | 040 | 18.10
Goup1 | 29 | 422|386 270|170 | 490 | 0.80 | 15.30
Goup2 | 48 | 348 | 3.55 | 2.05 | 110 | 480 | 0.60 | 16.00

Group1+2 | 77 | 376 | 3.6 | 240 | 130 | 480 | 0.60 | 16.00
Group3 | 68 | 3.94| 413 | 230|128 | 5.3 | 0.40 | 18.10

N — number; M — arithmetic mean; $D — standard deviation; MD — median;
Q1 —first quartile; @3 — third quartile; Min — minimum; Max — maximum.

Tab. 2. Vitamin K, levels in the study population by groups

010 015 020
1

Patients [%], group 3

aos
1

Vitamin K; [ng/mL]

10

Fig. 1. Histogram for vitamin K2 levels in group 3

After combining groups 1 and 2 into one group and com-
paring it with group 3 for vitamin K, levels, no statistically
significant difference was found (MD = 0.10; 95% CI: —0.60,
0.60; p = 0.997) (Tab. 6).
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Groups 1+2 Group 3 MD (95% CI) p
n 77 68
Vitamin K, 2.40 2.30 0.10 0.997
[ng/mL] (1.30; 4.80) (1.28;5.23) | (—0.60;0.60) |
Data presented as median (Q1; Q3). MD — difference in medians between
both groups with 95% confidence level. Mann—Whitney U test.

Tab. 6. Mean vitamin K2 level in patients with bone fractures
(combined groups 1 and 2) vs. group 3

This indicates no relationship between vitamin K, levels and
bone fractures in the study group of children and adoles-
cents (Tab. 6).

DISCUSSION

Vitamin K plays a major role in coagulation, bone metab-
olism and vascular calcification. Many methods have been
developed to measure vitamin K levels in the body. Vitamin
K, levels are used to determine vitamin K status, with a level
of <0.15 pg/L indicating a deficiency. Factors that increase
the risk of deficiency include lipid absorption disorders,
malnutrition, renal dysfunction and cancer, as well as neo-
natal and involutional periods®.

Children considered healthy and those with fractures with-
out significant bone mineralisation disorders were included
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61



62

Maciej Porczyniski, Elzbieta Wozniak, Elzbieta Jakubowska-Pietkiewicz

in the study to assess vitamin K, levels in the developmen-
tal age population. Since eating habits or diet were not as-
sessed, anthropometric measurements were performed in
all patients to rule out malnutrition. This allowed to ex-
clude risk factors for vitamin K, deficiency in the study
population.

Based on the research by van Summeren et al., who were
among the first to assess vitamin K in children and found
that vitamin K, (menaquinones) is more effective than K| in
the context of bone health®!V), a decision was made to de-
termine vitamin K, levels in this study. We used the immu-
noenzymatic ELISA method for this purpose. No reference
values for this method were found for the developmen-
tal age population in either Polish or foreign literature.
Therefore, we created our own reference group, with levels
of 0.90-12.46 ng/mL considered normal.

Various indirect and direct methods for determining vita-
min K levels have been described in the literature. Their di-
versity makes it difficult to obtain uniform norms and refer-
ence values®1319, which arises from the multiple roles of
vitamin K in the pathophysiology of the assessed disorders.
In this study, we made an attempt to determine vitamin K,
levels in children and adolescents with bone fractures since
the vast majority of available literature refers to adults with
osteoporosis. Since vitamin D preparations and selected
forms of vitamin K are used in the prevention of osteopo-
rotic fractures in adults, it seemed reasonable to enquire
whether vitamin K should also be used to reduce the risk of
bone fractures in children.

Attempts to determine serum vitamin K in adults were un-
dertaken by, among others, Fusaro et al., who assessed data
from 387 dialysis patients treated or not with sevelamer.
The authors reported mean levels of MK-4 and MK-7 of
0.45 ng/mL (interquartile range 0.15, 0.67) and 1.15 ng/mL
(interquartile range 0.53, 1.22), respectively!'”. Klapkova
et al. measured vitamin K, in 350 postmenopausal women
(with or without osteoporosis) and found that osteoporotic
women had mean levels of 0.890 + 0.291 ng/mL for MK-4
and 1.002 + 1.020 ng/mL for MK-7, whereas the mean lev-
els in non-osteoporotic patients were 0.825 + 0.266 ng/mL
and 1.186 + 1.076 ng/mL, respectively®. Vitamin K, (mena-
quinone) occurs in multiple forms. Menaquinones contain
an unsaturated side chain with a variable number of prenyl
units, which indicates the type of menaquinone, e.g. MK-4
and MK-7 contain four and seven prenyl units, respective-
ly®®?). These two forms are most commonly used in the treat-
ment of adult osteoporosis.

Much higher levels of vitamin K were shown by Japanese re-
searchers, which is a consequence of high natto intake in this
region. Suhara et al., who assessed osteoporotic and healthy
adults, reported MK-7 levels of 6.37 + 7.45 ng/mL"®. Similar
high values, i.e. 3.82 £ 3.11 ng/mL and 16.27 + 20.58 ng/mL,
were also reported by other researchers>®. These discrep-
ancies, which may arise from diverse dietary habits and geo-
graphical or cultural differences, generate significant chal-
lenges in establishing uniform reference values.

DOI: 10.15557/PiMR.2025.0007

There have been only few studies on the direct determina-
tion of vitamin K in children and adolescents.

Kiirsat et al. measured vitamin K, in healthy Turkish chil-
dren aged 6 months to 6 years who experienced febrile sei-
zures. Although the researchers used the same method
to measure vitamin K, levels as we did (ELISA), they ob-
tained significantly higher mean values, i.e. 675.6 ng/mL{%.
This may be due to the age difference between the study
groups, with a larger proportion of children <17 years in
our study.

The largest group of 1,732 patients aged 1-14 years was as-
sessed by Du and Li, who measured vitamin K, levels us-
ing HPLC (median level was 0.1 and decreased with age
from 0.11 in 1-3-year-olds to 0.08 in 6-14-year-olds).
Additionally, these researchers showed a minor negative
correlation between age and vitamin K, levels (p = 0.031,
r=-0.18)®, which was not found in our study.

In one of the latest reports (2024), Chen et al. measured vi-
tamin K using the HPLC method in 807 healthy children
aged 0-14 years. The researchers determined reference val-
ues for vitamin K, for age groups 0-3 years (0.10-1.73 ug/L)
and 4-14 years (0.09-4.54 pg/L). The reference range for
MK-4 for all children was 0-0.42 ug/LY.

Popko et al. conducted their research in a population similar
to the one described in our paper, i.e. children from north-
eastern Poland who had suffered bone fractures. However,
they indirectly measured vitamin K and described its role
in the pathophysiology of bone fractures by assessing two
forms of osteocalcin using the ELISA approach®.

The cited research shows that the assessment of vitamin K
levels is a difficult and complex process that depends on
multiple factors, including the measurement technique and
purpose, as well as the study group. Additionally, Fusaro et
al. emphasised that the measurement of vitamin K may be
challenging due to lipid interference and its low serum lev-
els, as well as its nonpolar properties, especially in the case
of some forms of MK,

CONCLUSIONS

Vitamin K, levels in the study population of children and
adolescents with a history of bone fractures were within
the reference range for this age group, which suggests that
bone fractures were not associated with a deficiency of this
vitamin.
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