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Abstract: Vitamin K deficiency bleeding (VKDB) in infancy is a serious but preventable cause
of mortality or permanent disability. Lack of epidemiologic data for VKDB in sub-Saharan
Africa hinders development and implementation of effective prevention strategies. We used
convenience sampling to consecutively enroll mothers delivering in a southwestern Uganda
Hospital. We collected socio-demographic and dietary information, and paired samples of maternal
venous and neonatal cord blood for the immunoassay of undercarboxylated prothrombin
(PIVKA-II), a sensitive marker of functional vitamin K (VK) insufficiency. We used univariable
and multivariable logistic regression models to identify predictors of VK insufficiency. We detected
PIVKA-II of ě0.2 AU (Arbitrary Units per mL)/mL (indicative of VK insufficiency) in
33.3% (47/141) of mothers and 66% (93/141) of newborns. Importantly, 22% of babies had PIVKA-II
concentrations ě5.0 AU/mL, likely to be associated with abnormal coagulation indices. We found
no significant predictors of newborn VK insufficiency, including infant weight (AOR (adjusted odds
ratio) 1.85, 95% CI (confidence interval) 0.15–22.49), gender (AOR 0.54, 95% CI 0.26–1.11), term birth
(AOR 0.72, 95% CI 0.20–2.62), maternal VK-rich diet (AOR 1.13, 95% CI 0.55–2.35) or maternal
VK insufficiency (AOR 0.99, 95% CI 0.47–2.10). VK insufficiency is common among mothers and
newborn babies in southwestern Uganda, which in one fifth of babies nears overt deficiency. Lack of
identifiable predictors of newborn VK insufficiency support strategies for universal VK prophylaxis
to newborns to prevent VKDB.
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1. Introduction

Vitamin K Deficiency Bleeding (VKDB) in infancy is a rare but potentially serious worldwide
problem with a high risk of mortality or permanent disability, primarily due to the high incidence
of intracranial haemorrhage (ICH) of the later onset syndrome [1–5]. It is a disease of breastfeeding
infants [1,6–9] and can be prevented by administration of vitamin K (VK) to newborns shortly after
birth [1,9–12]. VKDB is classified according to the age of presentation as early, classical and late [1].
Early VKDB occurs in the first 24 h after birth, it is generally rare and often associated with maternal
anticoagulant and or anticonvulsant usage during pregnancy. Classical and late VKDB occur between
days 2 to 7, and days 8 to 6 months of life, respectively [9]. In classical VKDB, bleeding typically
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occurs from the gastrointestinal tract, umbilicus, skin, nose or after circumcision [1,9,10] while in
late VKDB, bleeding predominantly occurs within the brain with prevalence rates of ICH as high as
60%–80% [2,3]. Reported incidence rates of classical and late VKDB over the last 50 years in infants
who have not been given VK prophylaxis vary widely across different countries.

Apart from reflecting the lack of standardization for case definitions [4,10], there is evidence that
the incidence of VKDB reflects economic and nutritional status [6,8,9], social customs such as male
circumcision [6,13], and probably genetic variations such as those known to influence the metabolism
and intracellular recycling of VK [14]. For classical VKDB, the extremely high incidence rates of
1.7% in Cincinnati, USA in the 1960s [6] and 0.8% in Addis Ababa, Ethiopia from 1982–1991 [8] are
noteworthy for the economic deprivation of the populations studied. Incidence rates were strongly
influenced by male circumcision in the Cincinnati study [6] but not in the Addis Ababa study where
circumcision occurred after 7 days of age and outside the window of classical VKDB [8]. In contrast,
the incidence of classical and late VKDB from national surveys in two European countries (Germany
and the British Isles) in the late 1980s reveal a markedly lower incidence of 4–7 cases per 105 births in
infants given no VK prophylaxis [9,10,15]. A much higher prevalence of late VKDB has been reported
in countries of South East Asia (e.g., Japan, Thailand, Malaysia, Vietnam and China) with incidence
rates ranging from 11 to 116 cases per 105 births [3,4,9,16]. There is no data for the prevalence of late
VKDB in sub-Saharan Africa. Apart from exclusive breastfeeding [1,6–9], other known risk factors
for classical and late VKDB are diarrhea, prolonged antibiotic use and the presence of underlying
diseases (e.g., biliary atresia, alpha-1-antitrypsin deficiency, cystic fibrosis) causing malabsorption of
VK [1,5,17,18]. Feeding infants with milk formulas (both unsupplemented and supplemented) offers
a high protection against VKDB owing to their higher VK content compared to breast milk [19,20]
resulting in a greatly superior VK status of formula-fed infants [21].

The lack of data about the epidemiology of VKDB in sub-Saharan Africa has limited the
development and implementation of guidelines for prevention of VKDB. As such, VK is not
typically listed as a priority drug for children by programmatic organizations such as in the World
Health Organization’s Model Medicines list for children [13]. To estimate the incidence of neonatal
haemorrhage in Uganda, we performed a retrospective chart review from June–August 2010 at
Mbarara Regional Referral Hospital (MRRH) in Southwestern Uganda where VK prophylaxis is not
routinely administered to newborns at birth. We found a 6.6% incidence of haemorrhage among all
neonatal admissions to the Hospital during the observation period (unpublished data). This was
higher than the neonatal haemorrhage prevalence previously reported by Lulseged in Ethiopia [8].
Based on this high prevalence of newborn haemorrhage, we conducted a study to determine the
epidemiology and predictors of functional VK insufficiency among mothers and their newborns at
MRRH. We define “functional VK insufficiency” as a nutritional state in which the hepatic stores
of vitamin K are insufficient to ensure full gamma-glutamyl carboxylation of the VK-dependent
procoagulant proteins, factors II (prothrombin), VII, IX and X. In states of VK insufficiency,
functionally defective undercarboxylated species of factors such as prothrombin are released into
the bloodstream where they can be measured [9,22]. Historically the collective name for these
undercarboxylated species is PIVKA (Proteins Induced by vitamin K Absence or Antagonism). In the
present study functional VK insufficiency was assessed by the measurement of undercarboxylated
prothrombin (PIVKA-II) which has been shown to be a highly sensitive and selective functional
marker of VK status with respect to its coagulation function [9,22]. Our choice of PIVKA-II has
several advantages over traditional biomarkers of VK status. First, global coagulation tests such as the
prothrombin time (PT) or activated partial thromboplastin time (APTT) are insufficiently sensitive to
detect early VK insufficiency. As reviewed by Suttie [23], a 1–2 second increase in the PT only occurs
when the percent of active (carboxylated) prothrombin has dropped to below 50% of normal whereas
immunoassays of PIVKA-II can readily detect undercarboxylated species of prothrombin when there
are no observable changes in the PT. For example, even when the concentration of active prothrombin
is as high as 90% there is a 20-fold increase in the concentrations of PIVKA-II as measured by an
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immunoassay such as that used in our study [23]. Second, a prolonged PT lacks specificity for VK
insufficiency: for example in a VK supplementation trial carried out in 98 preterm infants, 21 infants
who had a significantly prolonged PT were shown to have satisfactory VK status as assessed by
serum PIVKA-II and phylloquinone measurements [24]. Thus while a prolonged PT (and APTT)
are expected findings in advanced vitamin K deficiency, they have important limitations as early
biomarkers of VK insufficiency.

2. Experimental Section

2.1. Enrollment and Study Procedures

We consecutively enrolled mothers delivering during daytime hours on the peripartum ward at
MRRH. Women in active labour were consented before the onset of second stage of labor and were
followed until delivery for blood collection at birth. Women with self-reported liver disease, visible
jaundice or taking warfarin were excluded [25,26]. We used interviewer administered structured
questionnaires to collect socio-demographic data. We also recorded gestational age, newborn weight,
and newborn gender. We assessed maternal diet using a 22-item non-validated, and non-quantitative
food frequency questionnaire to determine intake frequency of VK rich food [27]. Participants stated
daily, weekly and monthly frequency with which they ate VK-rich foods using an interviewer
administered food frequency questionnaire. We defined a frequent VK rich food intake as five or
more servings per week of green vegetables and or peas.

2.2. Blood Collection and Laboratory Procedures

Maternal venous blood from the brachial vein and newborn cord blood were collected
immediately at birth in the delivery room. Serum was separated and stored at negative 70 degrees
Celsius. At the conclusion of study procedures, samples were transported by courier on dry ice to the
Centre for Haemostasis and Thrombosis, Guy’s and St. Thomas’ Hospital Foundation Trust in London
for analysis. We measured undercarboxylated prothrombin (factor II) also known as Protein Induced
by vitamin K Absence-II (PIVKA-II) serum concentrations using a conformation-specific PIVKA-II
monoclonal antibody with a sandwich ELISA [22,28–30]. Concentrations of PIVKA-II were expressed
as Arbitrary Units per mL (AU/mL) with 1 AU/mL being equivalent to 1 µg of multiple species
of uncarboxylated or partially carboxylated prothrombin purified by electrophoresis [22,28–30].
Using this same immunoassay, PIVKA-II concentrations in healthy VK replete adults and infants
are <0.20 AU/mL. Newborn babies with PIVKA-II values ě0.20 AU/mL are defined as having
vitamin K insufficiency with values ě5.0 AU/mL approaching a state of overt VK deficiency that
are likely to be associated with abnormal coagulation indices and which are clinically relevant to
bleeding risk [22]. However, it was not possible to perform any coagulation tests (e.g., prothrombin
time) in our study.

2.3. Statistical Analyses

Our primary outcome was VK insufficiency at birth as defined by PIVKA-II of greater than or
equal to 0.2 AU/mL. Exposures of interest were newborn weight, gender, gestational age [31] and
maternal intake of VK rich foods [25]. We fitted univariable and multivariable logistic regression
models to estimate associations between the primary outcome of interest (raised PIVKA-II) and
exposures of interest. All variables for which we had a priori reason to consider as potential
confounders or correlates of vitamin K insufficiency were maintained in the multivariable model.
A p-value of less than or equal to 0.05 was considered statistically significant [32]. Data analysis was
performed with Stata Version 12 (Statcorp, College Station, TX, USA).
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2.4. Ethics Statement

All participants gave signed informed consent. All babies received intramuscular prophylactic
VK after blood sample collection. The study procedures were reviewed and approved by Mbarara
University Faculty of Medicine Research and Ethics committee, the Institutional Review Committee
at the Mbarara University of Science and Technology and the Uganda National Council for Science
and Technology.

3. Results

We enrolled 141 mother-baby pairs over a period of 4 months (June–September). The median
maternal age was 25 years (Interquartile range: 21–29 years). All mothers approached to participate
in the study, gave their written consent. All samples analyzed yielded useable laboratory values.
Sixty six percent (93/141) of mothers came from town/urban settings mainly from Mbarara
town where MRRH is located. Ninety six (136/141) of the women were married, 57.5% had no
secondary education, and 33.3% were primigravidae. Sixty four percent of babies (90/141) were male,
9% (13/141) were preterm (born before 37 completed weeks of amenorrhea) and 3% (4/141) had low
birth weight (<2.5 kg). The median birth weight was 3.2 kg (IQR: 2.9–3.8 kg). Spontaneous vaginal
delivery accounted for 75% (107/141) of deliveries, caesarian section, 23.4% (33/141) and only one
baby was delivered by vacuum extraction. VK insufficiency defined by a detectable PIVKA-II of
ě0.2 AU/mL was present in 33% (47/141) of mothers and 66% (93/141) of babies as shown in Table 1.
Six sets of twins were enrolled in the study, there was no PIVKA-II value-category difference between
twin siblings, therefore, for the purposes of this study, the PIVKA-II value of the first-born twin were
used for analysis. Highly elevated, concentrations of PIVKA-II (ě5.0 AU/mL) indicative of likely
abnormal coagulation [22] were found in 22% (31/141) of newborns but in none of their mothers.
No newborn babies had detectable postpartum bleeding before hospital discharge. However, all
newborn babies received intramuscular vitamin K within one hour of delivery during the period of
the study irrespective of study enrolment status.

Table 1. Maternal dietary habits and newborn characteristics at birth for the total cohort and by
presence of vitamin K (VK) insufficiency.

Variable Total Cohort
(n = 282)

PIVKA-II ě 0.2
AU/mL έ (n = 140)

PIVKA-II < 0.2
AU/mL π (n = 142) p-Value

Mothers, % (n) 100 (141) 33 (47) 67 (94)
Newborn babies, % (n) 100 (141) 66 (93) 34 (48)
Female newborn, % (n) 36 (51) 57 (29) 43 (22) 0.086

Low birth weight (<2.5 kg), % (n) 3 (4) 75 (3) 25 (1) 0.699
Preterm, % (n) 9 (13) 62 (8) 38 (5) 0.724

Maternal VK-rich intake *, % (n) 40 (56) 32 (18) 68 (38) 0.808

* Vitamin K-rich intake as defined by intake of greens and or peas five or more times a week; έ PIVKA-II:
Protein induced in vitamin K absence, with a level ě 0.2 Arbitrary Units indicative of vitamin K insufficiency;
π PIVKA-II level < 0.20 AU/mL indicative of normal vitamin K status. AU/mL: Arbitrary Units per mL.

We found no significant predictors of newborn VK insufficiency among newborn or maternal
characteristics including: infant weight (AOR (adjusted odds ratio) 1.85, 95% CI (confidence interval)
0.15–22.49), gender (AOR 0.54, 95% CI 0.26–1.11), term birth (AOR 0.72, 95% CI 0.20–2.62), maternal
VK-rich diet (AOR 1.13, 95% CI 0.55–2.35) and maternal VK insufficiency (AOR 0.99, 95% CI 0.47–2.10)
as shown in Table 2.
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Table 2. Univariate and multivariate logistic regression models of correlates of vitamin K (VK)
insufficiency in newborns, as defined by a PIVKA II concentration ě 0.2 AU/mL.

Univariable
Logistic Regression

Multivariable
Logistic Regression

Characteristic AOR (95% CI) p-Value AOR (95% CI) p-Value

Female newborn 0.54 (0.26–1.09) 0.088 0.54 (0.26–1.11) 0.093
Low birth weight (<2,500 g) 1.57 (0.16–15.48) 0.701 1.85 (0.15–22.49) 0.630

Preterm (<37 weeks of gestation) 0.81 (0.25–2.62) 0.725 0.72 (0.20–2.62) 0.619
Maternal VK insufficiency 1.00 (0.48–2.09) 1.000 0.99 (0.47–2.10) 0.983
Maternal VK-rich intake * 0.915 (045–1.88) 0.808 1.13 (0.55–2.35) 0.737

* Vitamin K rich intake as defined by intake of greens and or peas five or more times a week; PIVKA-II:
Protein induced in vitamin K absence, with a level ě 0.2 Arbitrary Units indicative of vitamin K insufficiency.
AOR: adjusted odds ratio; CI: confidence interval.

Up to 61.5% (8/13) of all premature babies had detectable PIVKA-II and 23% (3/13) had highly
elevated PIVKA-II values (ě5 AU/mL).

4. Discussion

Among mothers delivering at a publicly-operated referral hospital in rural southwestern
Uganda, VK insufficiency is very common in both mothers (33%) and their newborns (66%).
Our study is the first to characterize the prevalence of VK insufficiency in a Sub-Saharan Africa
setting using the gold standard measurement (PIVKA-II assay) for functional VK insufficiency with
respect to its coagulation function. We found no maternal or infant clinical or dietary predictors of
VK insufficiency, implying that routine, prophylactic VK administration should continue to be the
standard of care for prevention of VKDB in newborns. Given the high prevalence of VK insufficiency
and potential devastating effects of VKDB, availability of VK should be prioritized in resource-limited
settings, and especially in health facilities that perform perinatal care.

The 33% prevalence of functional VK insufficiency among mothers in our study is notable and
higher than other previous reports. For example, using the same PIVKA-II assay, Chuansumrit et al.,
found a prevalence of VK insufficiency of 12% among mothers delivering at Ramathibodi hospital
in Thailand [22], a country in which the incidence of VKDB was estimated to be 72 cases per
105 births before universal prophylaxis was introduced [3]. Lower dietary intakes of VK by Ugandan
mothers compared to Thai mothers may explain the high prevalence of VK insufficiency in our
study population. However, the two studies used different methods to measure VK intake, limiting
direct comparability.

Similarly, the prevalence of detectable PIVKA-II of 66% in newborn babies in our study was
much higher than the 16% prevalence in the Thai study [22] or the 23% prevalence in a study of
preterm infants in England [29], all done with the same PIVKA-II assay. Another notable difference
between this Ugandan and the Thai study was that 22.0% (31/141) of Ugandan babies had clinically
significant PIVKA-II concentrations (ě5.0 AU/mL) compared to 1.5% (10/683) of Thai babies despite
the fact that both cohorts were comparable in their birth characteristics. PIVKA-II concentrations
greater than 5 AU/mL are likely associated with abnormal coagulopathy and an increased risk for
spontaneous bleeding [22].

We found no consistent correlation between the presence or absence of detectable PIVKA-II in
cord blood with its presence or absence in the respective paired sample from the mother. In other
words, the concentration of PIVKA-II in the mother was not predictive of the concentration in her
newborn baby. We should emphasize however that while highly raised PIVKA-II concentrations
(ě5.0 AU/mL) were found in 22% of newborns, none of their mothers showed evidence of such
a similarly severe degree of VK insufficiency. In addition, the frequency of intakes of VK-rich
foods in mothers was not predictive of the functional VK status of their newborns. This lack of
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correlation between maternal and newborn vitamin K status has been reported previously in a much
smaller European study of PIVKA-II measurements in 22 infant-mother pairs [33], but the reasons
for this disparity remain unexplained. Certainly, case reports have linked severe maternal dietary
VK deficiency to intracranial bleeding in fetal life showing the importance of maintaining adequate
maternal intakes of vitamin K during pregnancy [34,35]. Importantly, the lack of clear predictors
or correlates of VKD in women or their babies reinforce the need for routine VK administration to
newborn babies independent of maternal or newborn factors to help prevent VKDB.

We acknowledge limitations to our study, most importantly the use of a non-standardized
dietary questionnaire for determination of VK intake. It should also be noted that our sample size
and confidence intervals did not exclude the possibility of a type II error. For example, our estimated
adjusted odds of VK insufficiency for each kilogram of birth weight was 1.85 (95% CI 0.15–22.49),
suggesting that a significant effect of birth weight on VK insufficiency might have been detected
with a larger sample size. To address these shortcomings and further explore these relationships, we
intend to conduct a multicenter clinical study to measure VK intakes using a more accurate dietary
assessment method (e.g., weighed dietary records) and the prevalence of VK insufficiency in pregnant
women and their newborn babies in Sub-Saharan Africa. This additional data will broaden our
understanding of the epidemiology of VK intake and deficiency, and help guide recommendations for
VK requirements and administration in the region. The study also is characterized by a convenience
sampling method in a regional referral Hospital located in an urban area in southwestern Uganda,
which might affect generalizability to mothers in rural areas or those without means to reach a
referral hospital.

5. Conclusions

Functional VK insufficiency evidenced by raised PIVKA-II is common among mothers and
newborn babies in southwestern Uganda. Worryingly, 22% of babies had highly elevated PIVKA-II
concentrations that are likely to be associated with an increased risk of bleeding. We found no
predictors of newborn VK insufficiency, supporting a strategy of universal administration of newborn
vitamin K prophylaxis to prevent VKDB.

Acknowledgments: We would like to thank Mbarara University of Science and Technology, The German
Academic Exchange Service and the Centre for Haemostasis and Thrombosis, St. Thomas’ Hospital, London for
funding different aspects of this study either directly or indirectly. Additionally, we wish to thank Kieran Voong
of the Centre for Haemostasis and Thrombosis, St Thomas’ Hospital for performing the PIVKA-II assays.

Author Contributions: Santorino Data: Data took the lead in study conception and design, data and sample
collection and analysis, led data analysis, wrote the first draft of the manuscript, and participated in editing
of subsequent drafts. Unni Wariyar: Wariyar assisted in study conception, editing of manuscript drafts and
approved the final version for submission. Martin Shearer: Shearer advised on study methodology, supervised
analysis and interpretation of PIVKA-II measurements, edited manuscript drafts and approved the final version
for submission. Juliet Mwanga-Amumpaire: Mwanga-Amumpaire helped in supervision and quality control
during data collection, edited manuscript drafts and approved the final version for submission. Mark Siedner:
Siedner assisted in data analysis, interpretation, edited manuscript drafts and approved the final version
for submission. Dominic Harrington: Harrington assisted in sample analysis, edited manuscript drafts and
approved the final version for submission.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lane, P.A.; Hathaway, W.E. Vitamin K in infancy. J. Pediatr. 1985, 106, 351–359. [CrossRef]
2. Loughnan, P.M.; McDougall, P.N. Epidemiology of late onset haemorrhagic disease: A pooled data analysis.

J. Paediatr. Child Health 1993, 29, 177–181. [CrossRef] [PubMed]
3. Chuansumrit, A.; Isarangkura, P.; Hathirat, P. Vitamin K deficiency bleeding in Thailand: A 32-year history.

Southeast Asian J. Trop. Med. Public Health 1998, 29, 649–654. [PubMed]

8550

http://dx.doi.org/10.1016/S0022-3476(85)80656-9
http://dx.doi.org/10.1111/j.1440-1754.1993.tb00480.x
http://www.ncbi.nlm.nih.gov/pubmed/8517996
http://www.ncbi.nlm.nih.gov/pubmed/10437973


Nutrients 2015, 7, 8545–8552

4. Danielsson, N.; Hoa, D.P.; Thang, N.V.; Vos, T.; Loughnan, P.M. Intracranial haemorrhage due to late onset
vitamin K deficiency bleeding in Hanoi province, Vietnam. Arch. Dis. Child Fetal Neonatal Ed. 2004, 89,
F546–F550. [CrossRef] [PubMed]

5. Elalfy, M.; Elagouza, I.; Ibrahim, F.; Abdelmessieh, S.; Gadallah, M. Intracranial haemorrhage is linked
to late onset vitamin K deficiency in infants aged 2–24 weeks. Acta Paediatr. 2014, 17, 12598. [CrossRef]
[PubMed]

6. Sutherland, J.M.; Glueck, H.I.; Gleser, G. Hemorrhagic disease of the newborn: Breast feeding as a necessary
factor in the pathogenesis. Am. J. Dis. Child 1967, 113, 524–533. [CrossRef] [PubMed]

7. Greer, F.R. Vitamin K status of lactating mothers and their infants. Acta Paediatr. Suppl. 1999, 88, 95–103.
[CrossRef] [PubMed]

8. Lulseged, S. Haemorrhagic disease of the newborn: A review of 127 cases. Ann. Trop. Paediatr. 1993, 13,
331–336. [PubMed]

9. Shearer, M.J. Vitamin K deficiency bleeding (VKDB) in early infancy. Blood Rev. 2009, 23, 49–59. [CrossRef]
[PubMed]

10. Von Kries, R.; Hanawa, Y. Neonatal vitamin K prophylaxis. Report of Scientific and Standardization
Subcommittee on Perinatal Haemostasis. Thromb. Haemost. 1993, 69, 293–295. [PubMed]

11. Martin-Lopez, J.E.; Carlos-Gil, A.M.; Rodriguez-Lopez, R.; Villegas-Portero, R.; Luque-Romero, L.;
Flores-Moreno, S. Prophylactic vitamin K for vitamin K deficiency bleeding of the newborn. Farm Hosp.
2011, 35, 148–155. [CrossRef] [PubMed]

12. Watson, R.R.; Grimble, G.; Preedy, V.R.; Zibaldi, S. Nutrition in Infancy; Springer Science: New York, NY,
USA, 2013.

13. Plank, R.M.; Steinmetz, T.; Sokal, D.C.; Shearer, M.J.; Data, S. Vitamin K deficiency bleeding and early infant
male circumcision in Africa. Obstet. Gynecol. 2013, 122, 503–505. [CrossRef] [PubMed]

14. Shearer, M.J.; Fu, X.; Booth, S.L. Vitamin K nutrition, metabolism, and requirements: Current concepts and
future research. Adv. Nutr. 2012, 3, 182–195. [CrossRef] [PubMed]

15. McNinch, A.W.; Tripp, J.H. Haemorrhagic disease of the newborn in the British Isles: Two year prospective
study. BMJ 1991, 303, 1105–1109. [CrossRef] [PubMed]

16. Choo, K.E.; Tan, K.K.; Chuah, S.P.; Ariffin, W.A.; Gururaj, A. Haemorrhagic disease in newborn and older
infants: A study in hospitalized children in Kelantan, Malaysia. Ann. Trop. Paediatr. 1994, 14, 231–237.
[PubMed]

17. Van Hasselt, P.M.; Kok, K.; Vorselaars, A.D.; van Vlerken, L.; Nieuwenhuys, E.; de Koning, T.J.;
de Vries, R.A.; Houwen, R.H. Vitamin K deficiency bleeding in cholestatic infants with alpha-1-antitrypsin
deficiency. Arch. Dis. Child Fetal Neonatal Ed. 2009, 94, 3. [CrossRef] [PubMed]

18. Miyao, M.; Abiru, H.; Ozeki, M.; Kotani, H.; Tsuruyama, T.; Kobayashi, N.; Omae, T.; Osamura, T.;
Tamaki, K. Subdural hemorrhage: A unique case involving secondary vitamin K deficiency bleeding due to
biliary atresia. Forensic Sci. Int. 2012, 221, 16. [CrossRef] [PubMed]

19. Haroon, Y.; Shearer, M.J.; Rahim, S.; Gunn, W.G.; McEnery, G.; Barkhan, P. The content of phylloquinone
(vitamin K1) in human milk, cows’ milk and infant formula foods determined by high-performance liquid
chromatography. J. Nutr. 1982, 112, 1105–1117. [PubMed]

20. Von Kries, R.; Shearer, M.; McCarthy, P.T.; Haug, M.; Harzer, G.; Gobel, U. Vitamin K1 content of maternal
milk: Influence of the stage of lactation, lipid composition, and vitamin K1 supplements given to the mother.
Pediatr. Res. 1987, 22, 513–517. [CrossRef] [PubMed]

21. Greer, F.R.; Marshall, S.; Cherry, J.; Suttie, J.W. Vitamin K status of lactating mothers, human milk, and
breast-feeding infants. Pediatrics 1991, 88, 751–756. [PubMed]

22. Chuansumrit, A.; Plueksacheeva, T.; Hanpinitsak, S.; Sangwarn, S.; Chatvutinun, S.; Suthutvoravut, U.;
Herabutya, Y.; Shearer, M.J. Prevalence of subclinical vitamin K deficiency in Thai newborns: Relationship
to maternal phylloquinone intakes and delivery risk. Arch. Dis. Child Fetal Neonatal Ed. 2010, 95, 11.
[CrossRef] [PubMed]

23. Suttie, J.W. Vitamin K and human nutrition. J. Am. Diet. Assoc. 1992, 92, 585–590. [PubMed]
24. Clarke, P.; Mitchell, S.J.; Sundaram, S.; Sharma, V.; Wynn, R.; Shearer, M.J. Vitamin K status of preterm

infants with a prolonged prothrombin time. Acta Paediatr. 2005, 94, 1822–1824. [CrossRef] [PubMed]
25. Booth, S.L.; Centurelli, M.A. Vitamin K: A practical guide to the dietary management of patients on

warfarin. Nutr. Rev. 1999, 57, 288–296. [CrossRef] [PubMed]

8551

http://dx.doi.org/10.1136/adc.2003.047837
http://www.ncbi.nlm.nih.gov/pubmed/15499152
http://dx.doi.org/10.1111/apa.12598
http://www.ncbi.nlm.nih.gov/pubmed/24528309
http://dx.doi.org/10.1001/archpedi.1967.02090200056003
http://www.ncbi.nlm.nih.gov/pubmed/6071586
http://dx.doi.org/10.1111/j.1651-2227.1999.tb01308.x
http://www.ncbi.nlm.nih.gov/pubmed/10569231
http://www.ncbi.nlm.nih.gov/pubmed/7506879
http://dx.doi.org/10.1016/j.blre.2008.06.001
http://www.ncbi.nlm.nih.gov/pubmed/18804903
http://www.ncbi.nlm.nih.gov/pubmed/8470054
http://dx.doi.org/10.1016/j.farmae.2010.05.001
http://www.ncbi.nlm.nih.gov/pubmed/21111646
http://dx.doi.org/10.1097/AOG.0b013e31828b2f5c
http://www.ncbi.nlm.nih.gov/pubmed/23884276
http://dx.doi.org/10.3945/an.111.001800
http://www.ncbi.nlm.nih.gov/pubmed/22516726
http://dx.doi.org/10.1136/bmj.303.6810.1105
http://www.ncbi.nlm.nih.gov/pubmed/1747578
http://www.ncbi.nlm.nih.gov/pubmed/7825997
http://dx.doi.org/10.1136/adc.2008.148239
http://www.ncbi.nlm.nih.gov/pubmed/19414430
http://dx.doi.org/10.1016/j.forsciint.2012.04.018
http://www.ncbi.nlm.nih.gov/pubmed/22607980
http://www.ncbi.nlm.nih.gov/pubmed/7086539
http://dx.doi.org/10.1203/00006450-198711000-00007
http://www.ncbi.nlm.nih.gov/pubmed/3684378
http://www.ncbi.nlm.nih.gov/pubmed/1896278
http://dx.doi.org/10.1136/adc.2009.173245
http://www.ncbi.nlm.nih.gov/pubmed/19822527
http://www.ncbi.nlm.nih.gov/pubmed/1573141
http://dx.doi.org/10.1080/08035250500268233
http://www.ncbi.nlm.nih.gov/pubmed/16421045
http://dx.doi.org/10.1111/j.1753-4887.1999.tb01815.x
http://www.ncbi.nlm.nih.gov/pubmed/10568341


Nutrients 2015, 7, 8545–8552

26. Mager, D.R.; McGee, P.L.; Furuya, K.N.; Roberts, E.A. Prevalence of vitamin K deficiency in children with
mild to moderate chronic liver disease. J. Pediatr. Gastroenterol. Nutr. 2006, 42, 71–76. [CrossRef] [PubMed]

27. Kowalkowska, J.; Slowinska, M.A.; Slowinski, D.; Dlugosz, A.; Niedzwiedzka, E.; Wadolowska, L.
Comparison of a full food-frequency questionnaire with the three-day unweighted food records in young
Polish adult women: Implications for dietary assessment. Nutrients 2013, 5, 2747–2776. [CrossRef]
[PubMed]

28. Belle, M.; Brebant, R.; Guinet, R.; Leclercq, M. Production of a new monoclonal antibody specific to human
des-gamma-carboxyprothrombin in the presence of calcium ions. Application to the development of a
sensitive ELISA-test. J. Immunoass. 1995, 16, 213–229. [CrossRef]

29. Clarke, P.; Mitchell, S.J.; Wynn, R.; Sundaram, S.; Speed, V.; Gardener, E.; Roeves, D.; Shearer, M.J.
Vitamin K prophylaxis for preterm infants: A randomized, controlled trial of 3 regimens. Pediatrics 2006,
118, 13. [CrossRef] [PubMed]

30. O’Shaughnessy, D.; Allen, C.; Woodcock, T.; Pearce, K.; Harvey, J.; Shearer, M. Echis time,
under-carboxylated prothrombin and vitamin K status in intensive care patients. Clin. Lab. Haematol. 2003,
25, 397–404. [CrossRef] [PubMed]

31. Salonvaara, M.; Riikonen, P.; Kekomaki, R.; Vahtera, E.; Mahlamaki, E.; Kiekara, O.; Heinonen, K.
Intraventricular haemorrhage in very-low-birthweight preterm infants: Association with low prothrombin
activity at birth. Acta Paediatr. 2005, 94, 807–811. [CrossRef] [PubMed]

32. Hosmer, D.W.; Lemeshow, S. Applied Logistic Regression; Wiley: New York, NY, USA, 1989.
33. Von Kries, R.; Shearer, M.J.; Widdershoven, J.; Motohara, K.; Umbach, G.; Gobel, U.

Des-gamma-carboxyprothrombin (PIVKA II) and plasma vitamin K1 in newborns and their mothers.
Thromb. Haemost. 1992, 68, 383–387. [PubMed]

34. Kawamura, Y.; Kawamata, K.; Shinya, M.; Higashi, M.; Niiro, M.; Douchi, T. Vitamin K deficiency
in hyperemesis gravidarum as a potential cause of fetal intracranial hemorrhage and hydrocephalus.
Prenat. Diagn. 2008, 28, 59–61. [CrossRef] [PubMed]

35. Eventov-Friedman, S.; Klinger, G.; Shinwell, E.S. Third trimester fetal intracranial hemorrhage owing to
vitamin K deficiency associated with hyperemesis gravidarum. J. Pediatr. Hematol. Oncol. 2009, 31, 985–988.
[CrossRef] [PubMed]

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open
access article distributed under the terms and conditions of the Creative Commons by
Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

8552

http://dx.doi.org/10.1097/01.mpg.0000189327.47150.58
http://www.ncbi.nlm.nih.gov/pubmed/16385257
http://dx.doi.org/10.3390/nu5072747
http://www.ncbi.nlm.nih.gov/pubmed/23877089
http://dx.doi.org/10.1080/15321819508013559
http://dx.doi.org/10.1542/peds.2005-2742
http://www.ncbi.nlm.nih.gov/pubmed/17101711
http://dx.doi.org/10.1046/j.0141-9854.2003.00547.x
http://www.ncbi.nlm.nih.gov/pubmed/14641145
http://dx.doi.org/10.1080/08035250510025978
http://www.ncbi.nlm.nih.gov/pubmed/16188793
http://www.ncbi.nlm.nih.gov/pubmed/1448768
http://dx.doi.org/10.1002/pd.1903
http://www.ncbi.nlm.nih.gov/pubmed/18058978
http://dx.doi.org/10.1097/MPH.0b013e3181c3a8bc
http://www.ncbi.nlm.nih.gov/pubmed/19956025

	Introduction 
	Experimental Section 
	Enrollment and Study Procedures 
	Blood Collection and Laboratory Procedures 
	Statistical Analyses 
	Ethics Statement 

	Results 
	Discussion 
	Conclusions 

