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ABSTRACT
Background
Vitamin K deficiency may cause life threatening haemorrhages in infancy. In contrast with breastfed 
infants, who receive multiple doses of vitamin K to prevent VKDB after the first week of life (late 
VKDB), formula fed infants rely on the protection offered by formula. In this study we assessed 
whether the risk of VKD(B) in formula fed cholestatic infants is associated with certain formula types, 
in particular hypoallergenic formula.

Methods
Infants born in the Netherlands between January 1991 and December 2006 with cholestatic jaundi-
ce due to biliary atresia (BA) and alpha-1-antitrypsin deficiency (A1ATD) were identified through 
the Netherlands Study group for Biliary Atresia Registry (NeSBAR) and the Dutch A1ATD registry, 
respectively. The relative risk of VKD(B) for each type of formula used was calculated. The influence 
of partial breastfeeding was also assessed. 

Results
Of 118 formula fed infants, 8 infants presented with VKD. Six (75%) of these infants received hypoal-
lergenic formula (whey based hydrolysate in 4, casein based hydrolysate in 1, soy based in 1). Only 2 
received regular feeding. One infant on whey based hydrolysed formula presented with VKDB. Risk 
factor analysis revealed that infants on hydrolysed, in particular whey based, formula, had a strongly 
increased risk of VKD (Relative Risk 25.0 (6.4-97.2), p<0.001) compared with infants receiving regular 
formula. 

Conclusion
Cholestatic infants receiving (whey based) hydrolysed formula are at risk of developing VKD, which 
may lead to overt bleeding. Therefore, infants on whey based hydrolysed formulas might need 
additional vitamin K prophylaxis, similar to breastfed infants.  
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INTRODuCTION
Vitamin K deficiency (VKD) causes life threatening hemorrhages in infancy, known as vitamin K 
deficiency bleeding (VKDB). To prevent VKDB, all newborns receive vitamin K directly after birth. 
Formula fed infants, in contrast with breastfed infants, do not receive additional doses of vitamin K 
in the first months of life and thus depend on the protection offered by formula feeding. 
 Although the degree of protection offered by formula feeding is generally very high,187 

this may not be true for all types of formula.112,172 The majority of formula fed infants that developed 
a VKDB received hypoallergenic soy- or hydrolysed formula. 112,118,134,172 These observations suggest 
a suboptimal protection against VKDB by these types of formula, but do not warrant more definite 
conclusions. Insight into this putative risk factor has gained importance in view of the increased use 
of hydrolysed formulas to reduce the risk of allergic disease.66

 We recently reported the use of national registries for the two most prevalent causes of 
cholestatic jaundice in infancy (BA and A1ATD) to delineate the risk of VKDB in cholestatic infants 
under various prophylactic regimens.187,188 While more than 80 percent of exclusively breastfed 
infants presented with VKDB, biochemical VKD was absent in the vast majority of (partially) formula 
fed infants. However, VKD did occur in formula fed infants. Interestingly, the degree of deficiency in 
those formula fed infants presenting with VKD was significant and even resulted in VKDB.187

 We hypothesized that the occurrence of VKD in formula fed cholestatic infants could be 
explained by the use of hypoallergenic formula. Here, we combined data from the Dutch registries 
for BA and A1ATD to compare the risk of VKD(B) in infants on hypoallergenic formula with those 
on regular infant formula. Furthermore, we evaluated whether the vitamin K content of various 
commercially available formulas could serve as an explanation for such an increased risk of VKD(B).
 
METHODS
Patients
Infants born in the Netherlands between January 1991 and December 2006 with cholestatic jaundi-
ce due to BA and A1ATD were retrieved from the Netherlands Study group for Biliary Atresia Registry 
(NeSBAR) and the databases from the five laboratories in the Netherlands which perform alpha-1-
antitrypsin phenotyping/genotyping, respectively.187,188 Inclusion criteria were 1) cholestatic jaundi-
ce (defined as a conjugated bilirubin>30 mcmol/l; conjugated fraction>20%), 2) gestational age 
above 37 weeks, birthweight above 2000 grams, 3) born in the Netherlands, 4) documented feeding 
type, 5) age at diagnosis of cholestasis after the age of 8 days and before 6 months of age. Infants 
with A1ATD who had an older sib with A1ATD were excluded because this knowledge should lead 
to an intensified vitamin K prophylaxis.
 Patient files were reviewed to obtain relevant clinical and biochemical characteristics. In 
addition, the type of feeding and clinical and biochemical indications for a VKD were documented 
at the time cholestatic jaundice was first recognized, as described previously.188

Type of feeding 
Types of formula were defined based on the feeding received at the time cholestasis was first 
diagnosed and were divided as follows. Regular formula - all cow milk based formulas, including 
those for hungry babies; hydrolysed formula - all formulas containing partially or extensively hydro-
lysed milk proteins (subdivided in whey and casein based) and soy based formula. Since partial 
breastfeeding may increase the risk of VKD additional risk factor analysis was performed on the use 
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of breastfeeding; any combination of breastfeeding and formula, a recent switch from breastfee-
ding (<2 weeks before presentation), and formula for at least 2 weeks. 

Vitamin K deficiency
The Prothrombin ratio (PR) was used to assess the presence of a VKD, as described previously.8 
When prothrombin time (PT) expressed in seconds was available the PR was determined as follows: 
PR = PTpatient: PTcontrol. If a PTcontrol was not determined by the laboratory, it was defined as 
the mean of the provided reference range. Otherwise, the International Normalized Ratio (INR) was 
used as PR. In line with our previous study VKD was defined as a PR above 1.5, while a PR of more 
than 4 was designated as severe VKD.187 VKDB was defined in line with an established case defini-
tion as bruising, bleeding or intracranial hemorrhage in combination with a PR more than 4 in any 
infant between 8 days and six months of age not due to an inherited coagulopathy or disseminated 
intravascular coagulation.171

Vitamin K determination in commercially available formulas
The amount of vitamin K species (vitamin K1, MK4, MK5, MK7) in the 9 different formulas (2 regular, 
4 whey based (2 partially hydrolysed, 2 intensively hydrolysed), 2 casein based, 1 soy) was measured 
using reversed phase HPLC as described previously.148 All samples were measured in duplicate.

Statistical analysis
SPSS 15.01 was used for statistical analysis. Risk factor analysis in the combined population of 
cholestatic infants was performed by calculating relative risks and 95% confidence intervals and 
corresponding p-values. 
 
RESulTS
Patients
A total of 222 infants with BA (166) and A1ATD (56) were identified. Forty three infants were exclu-
ded because of a place of birth outside the Netherlands and hence exposure to a different Vitamin 
K profylactic regimen (8), a positive family history for A1ATD (7), prematurity (6), a diagnosis of 
cholestasis before age 7 days (15), and incomplete documentation on type of feeding given (7). 
Sixty-one infants were exclusively breastfed and were also excluded. Of the remaining 118 infants 
that were (partially) formula-fed VKD was documented in 8 infants (6.8%) and manifested as a VKDB 
in one (0.8%). 

Risk of VKD in infants on hypoallergenic formula compared with regular formula. 
To assess the risk of VKD in infants on hypoallergenic formulas we calculated the relative risk (RR) 
of each type of formula compared with regular formula. Risk factor analysis was restricted to the 
59 infants in whom detailed information on the formula type used could be retrieved. As shown in 
table 1, the absolute risk of VKD in infants on hydrolysed formula was 5/6 (83%), significantly higher 
than found in infants on regular formula (2/50: 4%), RR 20.8 (95% CI 5.1-84.8). Whey based hydroly-
sate was associated with the highest risk of VKD as well as the highest absolute PR values (figure 1). 
VKDB was found in 1/4 of these infants (p=0.07, compared with regular formula). Soy based formula 
was associated with VKD in 1/3 infants.
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Table 1: Risk of viatmin K deficiency in infants with BA and A1ATD on hypoallergenic formulas compared with infants on 
regulasr formula

VKD 
(n%)

RR 
(95% CI)

p-value Severe VKD 
n (%)

p-value VKDB 
n (%)

p-value

Regular (n=50) 2 (4) 1.0 0 (0)

Hydrolysed (n=6) 5 (83) 20.8 (5.1-4.8) <0.001 2 (33) 0.01 1 (17) 0.11

Whey based (n=4) 4 (100) 25.0 (6.4-7.2) <0.001 2 (50) 0.004 1 (25) 0.07

Casein based (n=2) 1 (50) 12.5 
(1.8-87.0)

0.11 0 (0) 0 (0)

Soy-based (n=3) 1 (33) 8.3 (1.0-67.9) 0.16 0 (0) 0 (0)

Total (n=50) 8 (13) 2 (3.3) 1 (1.7)

The risk in infants on regular formula was used to determine the RR in infants on different types of hydrolysed formula. 
p-value was determined by Fisher exact test (2-sided).

To our surprise, partial breastfeeding was not significantly associated with VKD(B) (table 2). However, 
a significant association with VKDB was found when breastfeeding was combined with a (whey 
based) hydrolysate (p=0.02).

Figure 1: Protthrombin ratio in infants 
with BA or A1ATD at initial presentation by 
formula type
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Table 2: Risk of viatmin K deficiency in infants with BA and A1ATD with a positive breastfeeding history

VKD 
(n%)

RR 
(95% CI)

p-value Severe VKD 
n (%)

p-value VKDB 
n (%)

p-value

Negative breastfeeding 
history (n=28)

2 (4) 1.0 0 (0)

Positive breast-feeding 
history (n=31)

5 (83) 20.8 
(5.1-4.8)

<0.001 2 (33) 0.01 1 (17) 0.11

Partial 
breastfeeding(n=9)

4 (100) 25.0 
(6.4-7.2)

<0.001 2 (50) 0.004 1 (25) 0.07

Switch from   breastfee-
ding < 2   wks (n=7)

1 (50) 12.5 
(1.8-87.0)

0.11 0 (0) 0 (0)

Switch from breastfee-
ding > 2 wks (n=15)

1 (33) 8.3 
(1.0-67.9)

0.16 0 (0) 0 (0)

The risk in infants on regular formula was used to determine the RR in infants on different types of hydrolysed formula. p-value was 
determined by Fisher exact test (2-sided).

Comparison of the Vitamin K content of regular and hypoallergenic formulas
It has been suggested that the association between hypo-allergenic formulas and VKDB is related 
to a lower vitamin K content of these formulas.113 Therefore, we analysed the vitamin K content in 
9 different commercially available formulas. All but one formula contained 50µg/L of vitamin K1 or 
more, arguing against this explanation (Table 3). In addition, the other analysed vitamin K species, 
with similar biological properties, were found to be present in comparable quantities, and therefore 
can not explain the differences observed between the relative risk of different fomulas. 

DISCuSSION
The present data indicate that the use of hydrolysed formula, in particular whey based hydrolysed 
formula, is a significant risk factor for VKD in infants with unrecognized cholestatic jaundice. More 
than 80 percent of infants on hydrolysed formula presented with VKD, contrasting with only 4% of 
infants fed regular formula. The discrepant risk of VKD could not be explained by a lower vitamin 
K content of commercially available hypoallergenic formulas as compared with regular formulas. 
 For this study we combined data from national registries for the two most prevalent 
causes of cholestatic jaundice in infancy in the Netherlands (BA and A1ATD), from a birth cohort 
of more than 3 million live borns. The lack of efficacy of the Dutch prophylactic regimen (which 
remained unchanged since its introduction in 1990) in cholestatic infants,187,188 enabled us to study 
the protection offered by hypoallergenic formulas. 
The exact formula type was unknown in a significant proportion of infants, a problem associated 
with the retrospective design of our study. We conservatively excluded infants in whom the formula 
type was not clearly stated from risk factor analysis. Since none of the infants on ‘unknown formula’ 
had VKD this may have led to an underestimation of the true risk posed by hydrolysed formula. 
Although we cannot exclude the possibility that hypoallergenic formula served as a confounder for 
allergic enteritis, it seems more likely that the poor growth commonly associated with fat malab-
sorption due to cholestasis induced changes in type of feeding and formula. 
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Table 3: Vitamin K content in commercially available regular and hypoallergenic formula’s

Whey Casein Vitamin K1 (μg/L) MK4 (μg/L) MK5 (μg/L) MK7 (μg/L)

Regular formula A 65.4 1.5 9.3 0.0

Regular formula B 68.0 1.7 7.3 3.6

Partially hydrolysed A + + 128.2 57.0 1.7 0.0

Partially hydrolysed B + 59.3 2.2 6.7 0.0

Intensively 
hydrolysed A

+ 66.1 13.1 9.6 0.0

Intensively
hydrolysed B

+ 101.0 3.3 12.1 0.0

Very ntensively hydrolysed A + 73.3 2.9 5.7 4.2

Very intensively hydrolysed B + 38.3 0.3 0.9 0.0

Soy 72.4 1.8 12.5 1.5
 
Previous, mostly casuistic, reports have suggested an association between hypoallergenic formula 
and VKDB. 112,113,118,172 The rarity of these events, however, precluded more definite conclusions. In 
this study we hypothesized that biochemical VKD, although harmless in itself, could be viewed as a 
marker for an increased risk of VKDB, which may potentially be life threatening. We used a prothrom-
bin ratio above 1.5 as an index for probable VKD. As described previously, a PR above 1.5 after the 
first week of life is unlikely to stem from other causes than VKD.5 By using this strategy in a large 
birth cohort, we were able to underpin hydrolysed formula as a risk factor for VKD in infants with 
unidentified cholestasis. 
 In view of the high risk of VKDB in exclusively breastfed infants the lack of association 
between VKD and the use of (partial) breastfeeding is surprising. Most likely, this highlights the 
protection offered by regular formula, even when used for short periods of time or in combination 
with breastfeeding. Our data suggest that when such a protective effect is absent - as appears to be 
the case for hydrolysed formula - coagulation abnormalities associated with the use of breastfee-
ding are not resolved, may get worse and may even result in a VKDB. 
 The explanation for the higher risk of VKD in infants on hypoallergenic formula remains 
elusive. We did not find support for a previous suggestion that this can be explained by a lower 
vitamin K content.134 We suspect that hydrolysed formulas decrease the absorption of vitamin K. 
First, the shortened transit time observed in infants on hydrolysed formula116 has been associated 
with decreased vitamin K absorption in experimental studies.64 Secondly, hydrolysation of the 
protein content of formula might reduce absorption of vitamin K by impeding emulsification.162 

 In conclusion, cholestatic infants recweiving hydrolysed, especially whey based, formula 
are at a substantial risk of developing VKD(B). These data suggest that infants fed with hydrolysed 
formula, especially when combined with breastfeeding, should receive additional doses of vitamin K. 
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