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Introduction

The importance of vitamin D in bone develop-
ment during childhood has been known since the
beginning of the last century. As early as 1554,
Thedosius published an observation of rickets
taken from an individual, but its relationship to
vitamin D was not established until 1917, when
McCollum et al. isolated an anti-rickets factor in
cod liver oil and suggested the term vitamin D'.

Since then, the disease has been extensively
studied. In addition to the nutritional cause, gene-
tic causes and resistance to vitamin D have been
discovered, as well as its relation with hypophos-
phatemia.

However, in the course of the study of adult
osteoporosis, low levels of vitamin D have also
been found to endanger the bone, without neces-
sarily reaching levels that produce osteomalacia
(the equivalent of rickets in adults). Although this
aspect will be discussed more fully elsewhere in
this paper, it has been established that vitamin D
values below 30 ng/ml may be detrimental to
bone metabolism in adults. However, can these
limits be applied to the growing individual? In
other words, is vitamin D deficiency the same in
children as in adults? Throughout this paper, we
will discuss various issues regarding hypovitami-
nosis D in children and adolescents.

Since the cited studies offer values of 25-
hydroxy vitamin D in different units (either ng/ml,
or nmol/ D, to give uniformity to the review all
results are shown in ng/Ml, after converting them
according to the equivalence 1 ng/ml=2.5 nmol/L.

Rickets and vitamin D deficiency

In rickets, bone deformities occur with increased
risk of fractures, decreased growth, muscle weak-
ness, delayed motor development, as well as hypo-

calcemia and its consequences (tetany, epilepsy,
dilated cardiomyopathy). It is not the only cause,
but vitamin D deficiency is one of the most fre-
quent, along with low intake of calcium in the diet.
The prevalence of rickets currently remains
high in Africa, Asia and the Middle East, mainly
due to nutritional causes, but is increasing in coun-
tries where there is no nutritional deficit, such as
the United States, Australia, New Zealand, the
Netherlands Denmark or the United Kingdom?*:.
Today, it is generally accepted that with signi-
ficant vitamin D deficiency (<10 n/ml of 25-
hydroxy vitamin D serum) the mineralization alte-
ration characteristic of rickets or osteomalacia,
defined as severe vitamin D deficiency, are obser-
ved. A study by Ramavat et al. 80% of newborns
with rickets studied reported levels of 25-hydroxy
vitamin D below 20 ng/ml. It is possible that the
disease will occur with levels>10 ng/ml if this is
similar to a significant deficit in calcium intake®’.
However, inadequate levels, though not so low
as to produce these diseases, may also be detrimen-
tal to bone health. As in adults, low levels of vita-
min D may lead to secondary hyperparathyroidism
that releases calcium from the bone to maintain cal-
cemia, with consequent effect on bone mass, as
shown by several studies®. Outila et al. also found
an association between vitamin D levels, parathor-
mone (PTH) and bone mineral density (BMD) in
adolescent girls"®, as did Cheng et al.". However,
other authors did not find this association in adoles-
cent girls between 16 and 20 years of age'*®. Stein
et al.,, in a study of girls aged 4 to 8 years obtained
adequate vitamin D levels, but did not find a positi-
ve correlation with BMD, although it did with
BMD". A recent study with a total of 4,532 children
of both sexes aged 0 to 7 years found a correlation
between their levels of 25-hydroxy vitamin D and



BMD measured by quantitative ultrasound (QUS)
(OR=0.984; 95% CI: 0.977-0.991, p<0.001)". Another
cross-sectional study published in the same year
and conducted in Sweden on 120 children aged 8-9
years of both sexes found that 50% of them had
levels of 25-hydroxy vitamin D <20 ng/ml, and only
5% had levels above 30 ng/ml. However, 82% had
a BMD measured by dual radiological absorptio-
metry (DXA) with a Z-score >0.0, so that no corre-
lation was found between both parameters, vitamin
D and BMD. The authors concluded that the vitamin
D deficiency did not affect these children’s bone
health, although they recognize that the long-term
effects should be studied®. The disparity of results
may reflect the lack of uniformity in the populations
studied (age, sex) and methods and locations of
BMD measurement. However, there is insufficient
evidence that, in the absence of rickets, the mere
existence of low levels of vitamin D affects BMD,
and unless the risk of fracture increases,”” conti-
nued research in this area is required to obtain cle-
arer conclusions and, above all, to see if there can
be a later effect in adulthood.

Do we define vitamin D deficiency in children
as we do in adults?

According to the recommendations published in
2011 by the Institute of Medicine, serum values
>30 ng/ml of 25-hydroxy vitamin D are considered
ideal for maintaining calcium homeostasis, and
levels between 21 and 29 ng/MI are insufficient,
those below 20 ng/ml being deficient®. These
limits are assumed and accepted by much of the
scientific community”. However, these definitions
are not without controversy today, even for adults.
There are no data from children's populations that
can support the levels that are sufficient, insuffi-
cient or deficient in children, so data are extrapo-
lated from adult studies®. In 2008, the American
Academy of Pediatrics recommended that, among
children, serum concentrations of 25-hydroxy vita-
min D should be maintained above 20 ng/mL,
considering lower numbers as deficient. Although
it did not establish the limit between sufficiency
and insufficiency, recognizing that this figure is
determined on the basis of recommendations
made for adults, and that, as at present, there was
no consensus on children®.

In a consensus paper by Muns et al., published
in 2016, the recommendations on classification of
vitamin D status were sufficient for values >20
ng/ml, insufficiency for values between 16-20
mg/ml and deficiency to values <16 mg/ml’. These
recommendations were based on studies that sho-
wed an increase in the incidence of nutritional ric-
kets with values <16 ng/ml**,

Binkley et al. conclude that the basis for these
different criteria may be attributed to the lack of
standardization of vitamin D measurements, a pro-
blem that must be overcome beforehand, and it
seems reasonable that the studies focus first on
establishing the vitamin D values are associated
with rickets or osteomalacia and are identified as
severe vitamin D deficiency?”.
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However, the description of cases of rickets
with numbers >30 ng/ml on the one hand, and the
fact that most children with <30 ng/ml are
asymptomatic, causes researchers to doubt the
establishment of this limit as true for diagnosing
rickets. As we wrote at the outset, some authors
point out that vitamin D deficiency should be con-
sidered as important as calcium deficiency in inta-
ke, which may justify the previous contradiction’.

Prevalence of vitamin D deficiency in
childhood and adolescence

Aside from cases of rickets not produced by vita-
min D deficiency, nutritional deficiencies and
those of genetic cause, rickets would reflect the
prevalence of vitamin D deficiency. However, we
have already pointed out that not always rickets
and vitamin D deficiency levels go together, even
though there is no other cause than vitamin D
deficiency. Furthermore, a large number of studies
in healthy children have shown low levels of 25-
hydroxy vitamin D in a high percentage throug-
hout the world and from previous times to date,
similar to studies carried out in adults.

It is expected that populations living in areas
with limited sunlight or suffering food deficiencies
present a high prevalence of vitamin D deficiency.
However, the situation goes further. In the large
sample (n=6,275) of children and adolescents
aged 1 to 21 studied in the US National Health
Surveillance Program NHANES (National Health
and Nutrition Examination Survey 2001-2004), 9%
values <15 ng/ml, and in 61% they were between
15-29 ng/ml*.

In our country, a prevalence of vitamin D defi-
ciency (values <20 ng/ml) was detected in winter
in a study of 423 healthy children and adolescents
with no nutritional deficiency between 3 and 15
years of age and both sexes and spring of 19.3%
and 15.5%, respectively, figures that decreased
considerably in summer (3.6%). However, only
24.7% presented values >30 ng/ml in spring®.
Another study carried out in Italy (country at a
similar latitude to Spain) shows similar results.
Vierucci et al. determined serum 25-hydroxy vita-
min D in 652 children and adolescents of both
sexes aged between 2 and 21 years of age in
Tuscany (Northern Italy) and who did not suffer
from diseases that could affect the metabolism of
vitamin D. The percentage of subjects with values
below 20 ng/ml was 45.9%. In addition, 9.5% had
levels <10 ng/ml. It is also noteworthy that in sum-
mer the mean level of 25-hydroxy vitamin D was
27.1 ng/mL>.

If we go to less favorable latitudes, the results
are equally disheartening, as might be expected.
We have previously commented on the study con-
ducted in Sweden by Videult et al., who found 25-
hydroxy vitamin D levels <20 ng/ml in 50% of the
children studied, and only during the months of
July to September media levels were higher than
this figure, but even then it was <30 ng/ml (24.8
mg/mD*. In a study of 376 Finnish children aged
6 to 8 years and both sexes, Soininen et al. repor-
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ted mean levels of 25-hydroxy vitamin D of 27.4
ng/ml, below the sufficient level and 19.5% had
values <20 ng/ml, with no significant differences
between the sexes®. In Iceland, Bjarnadottir et al.
considered 278 healthy children aged 7 years and
both sexes and found that 65.2% had mean levels
of 25-hydroxy vitamin D <20 ng/ml. Whereas
mean levels in September were 23.95 ng/ml and
in November 15.04 ng/ml, a difference that was
very significant (p<0.001)*. As a final example,
Munasinghe et al. measured 25-hydroxy vitamin D
levels in 2,270 Canadian children and adolescents
of both sexes (3-18 years). 5.6% had values <12
ng/ml, and only 23.5% showed values 30 mg/ml.
Percentages increased and decreased, respecti-
vely, in winter (14.6% and 12.3%, respectively)®.

A large study in China by Zhao et al. reported
that 5,571 children aged 1 to 3 years and both
sexes showed that 16.1% had levels of 25-hydroxy
vitamin D <20 ng/ml, and 38.8% between 20 and
30 ng/ml*.

In the northeastern US, Weng et al. carried out
a study in 382 healthy children and adolescents of
both sexes and between 3 and 21 years old, publis-
hed in 2007. The mean levels of 25 (OH) vitamin D
were 28 ng/ml, and the percentage of children with
levels <30 ng/ml was 55%%. Also in the USA
(Pittsburgh), a study of 237 children and adoles-
cents aged 8-18 years of both sexes showed that the
mean levels of 25 (OH) vitamin D were 19.4 ng/ml,
and that 55.7% had figures <20 ng/ml*.

On the other hand, studies in populations loca-
ted in more sunny latitudes do not show better
results. Bener et al. determined the levels of 25-
hydroxy vitamin D in 458 healthy children and
adolescents of Qatar (<16 years of age) of both
sexes. Of these, 315 (approximately 68.8%) had
values lower than 20 ng/ml, without showing dif-
ferences with respect to sex (153 males/162 fema-
les). However, when grouped by age, the group of
adolescents (between 11 and 16 years old) sho-
wed the highest prevalence of vitamin D defi-
ciency (61.6%), followed by the group of 5 to 10
years (28.9%), being that of children under 5 years
of age the lowest prevalence of deficiency (9.5%)>
Santos et al. carried out a study in the south of
Brazil that included 234 healthy girls and adoles-
cents between the ages of 7 and 18 years. In 36.3%
of them 25-hydroxy vitamin D levels were below
20 ng/ml, and 54.3% had values considered insuf-
ficient (between 29 and 20 ng/mD). Only 9.4% mat-
ched or exceeded 30 ng/ml. In this study, howe-
ver, they did not find significant differences in 25-
hydroxy vitamin D values with regard to age?.

In Mexico, 1,025 children aged 2 to 12 years
and both sexes were found by Flores et al. to have
a mean level of 37.84 ng/ml, 16% of which had
values <20 ng/ml and 39% <30 ng/ml. Bearing in
mind the age, children younger than 5 years sho-
wed values lower than those of 6 or more years,
reaching values <20 ng/ml 20% of these smaller
and <30 ng/ml 50% of them®.

Rovner et al., in a review published in 2008 to
assess vitamin D deficiency in US children, conclu-

ded that, although vitamin D deficiency was not
very common, there was a frequent occurrence of
insufficiency®. It should be taken into account that
most studies analyzed marked the deficiency limit
in serum 25-hydroxy vitamin D values well below
20 ng/ml (15, 12, 11 and even some, 5 ng/ml)
currently considered to be deficient, which leads
us to believe that the prevalence of deficiency,
according to currently accepted criteria, would
have been much higher. Recently published,
Kraimi and Kremer discuss in another review the
widespread presence of vitamin D deficiency
worldwide, and especially in a sunny country like
Israel, demonstrating that the infant population is
also at high risk of vitamin D deficiency®.
Analyzing studies carried out in Europe, Braegger
et al. reported in a review that, even considering
the limitations of the observed studies (small sizes,
different designs, different definitions of defi-
ciency), a considerable number of children and
adolescents in Europe may be expected to have
vitamin D deficiency".

Without losing sight of the limitation of lack of
consensus on vitamin D deficiency and uniformity
of 25 (OH) vitamin D determinations, there is
widespread recognition that, as in the case of
adults, the child population does not have ade-
quate levels of vitamin D. Most researchers agree
that poor sun exposure, caused on the one hand
by decreased outdoor activity and on the other by
measures of prevention of skin cancer, is identi-
fied as the main cause of this high prevalence of
vitamin D deficiency, aggravated by racial and cul-
tural considerations.

Special mention should be made of the neona-
tal population. Several authors indicate that new-
borns are at high risk of vitamin D deficiency,
since their inability to produce it during gestation
makes their levels dependent on those of the
mother. But also after birth the risk can be main-
tained, since breast milk is not rich in vitamin D%,
Therefore, vitamin D levels in mothers during ges-
tation and lactation will be transcendent to main-
tain adequate levels in their children during these
periods. However, studies in pregnant women
have detected a high prevalence of vitamin D defi-
ciency in these women. Elsori et al. note that stu-
dies in sunny countries such as Ethiopia, India,
Kuwait and Qatar found that 80%, 66%, 75% and
48% respectively of pregnant women were vitamin
D deficient due to several reasons, including low
sun exposure (clothing, staying at home) and pre-
dominance of dark skin®.

A recently published study conducted in
Odense (Norway) analyzed 2,082 umbilical cord
blood samples taken during delivery of serum 25
(OH) vitamin D. Of these, 16.7% showed values
<10 ng/Ml, and in 41.0% the values were between
10 and 20 mg/ml. Considering the criterion of vita-
min D deficiency in values <20 ng/ml, 57.7% of
the samples showed deficient levels®.

Even in a very recently published study, a rela-
tionship has been found between the mother's
BMD and the presence of rickets in her children*.



It is concluded that, as in adults, the infant popu-
lation (from infants to adolescents) throughout the
world shows a considerable prevalence of vitamin D
deficiency, and it seems clear that the causes can be
identified as the same in adulthood. We do not know
if these low levels of vitamin D may be affecting
developing bones, but it seems logical to think that
it is not a favorable environment for bone health.

Hypovitaminosis D and other diseases
As in adults, vitamin D deficiency has been asso-
ciated with various diseases in children and ado-
lescents®. Let us consider here the most relevant.

Obesity and metabolic syndrome

The most studied relationship in this respect is
between vitamin D deficiency and obesity, as well
as the metabolic syndrome?.

In a 2008 study of 127 obese children aged 10
to 16 years to find a relationship between obesity
and calciotropic hormones, 74% of the children had
serum values of 25-hydroxy vitamin D <30 ng/ml,
and 32.3%, <20 mg/ml. But these children also pre-
sented a higher body mass index (BMD), greater fat
mass, higher intact PTH levels and a lower quanti-
tative insulin sensitivity index (QUICKD than the
group of children with levels >30 ng/ml (p=0.0D).
There was a negative correlation of fat mass with
levels of 25-hydroxy vitamin D (r=-0.40, p<0.0001)
and positive with intact PTH (1=0.46, p<0001)
without racial or ethnic influences. In addition, 25-
hydroxy vitamin D correlated positively with QUIC-
KI (r=0.24, p<0.01), but negatively with glycosyla-
ted hemoglobin, HbAlc (r=0.23, p<0.0D)".
Currently, Flores et al., in a study of 2,695 children
aged 1 to 11, found that obese or overweight scho-
ol-age children (<5 years) were at increased risk of
vitamin D deficiency compared to children of nor-
mal weight (OR=2.23, 95% CI: 1.36-3.66, p<0.05)*.
In our country, Durd-Travé et al. have recently
published a study of 546 children of both genders
and ages between 3 and 15 years old, in which they
observed a high prevalence of hypovitaminosis D
(values of 25-hydroxy vitamin D <20 ng/ml) among
children with severe obesity (81.1%) and obese
(68.2%), whereas it was lower in the group of over-
weight (55%) and normal weight (58.1%) (p=0.001).
In addition, children with obesity (simple or seve-
re) had more prevalence of hyperparathyroidism
than overweight or normal weight children
(p=0.001). There was a negative correlation betwe-
en vitamin D and BMI (r=0.198), and positive corre-
lation between PTH and BMI (Z-score) (r=0.268)7.

This relationship between vitamin D deficiency
and obesity has been found in many studies on
the prevalence of hypovitaminosis D in children
and adolescents®#%%* However, when the popu-
lation studied had non-obesity criteria the resear-
chers found no correlation between weight and
serum levels of 25-hydroxy vitamin D'©#%357 and
even some found that the BMI correlated positi-
vely with the values of 25-hydroxy vitamin D%,

Vitamin D deficiency associated with obesity is
caused by its deposition in adipose tissue, leading
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to a decrease in its bioavailability48, but it has also
been observed that obese children with vitamin D
deficiency have lower insulin sensitivity44,49, and
increased risk of metabolic syndrome, and there-
fore, increased cardiovascular risk49,50-52.

Autoimmune diseases

Furthermore, autoimmune diseases have been
associated with vitamin D deficiency levels.
Because of the immunomodulatory role attributed
to vitamin D, diseases such as juvenile idiopathic
arthritis (JIA), systemic lupus erythematosus (SLE),
and Hashimoto's thyroiditis (HT) and diabetes
mellitus type 1 (DM-1) have been studied for pos-
sible relations.

Comak et al. studied 47 children with JIA with
a mean age of 9.3+3.9 years and both sexes, and
found an inverse relationship between 25 (OH)
vitamin D levels and disease activity (p=0.01,
r=0.37). Mean JADAS-27 (disease activity calcula-
tor) score was significantly higher in patients with
levels of 25 (OH) vitamin D <15 ng/ml than those
with levels >15 ng/ml (p=0.003)*. Stagi et al. com-
pared the vitamin D levels of 152 patients with JTA
(16.2+7.4 years) to a control group of similar age
and sex ratio. Patients with JIA had values of 25-
hydroxy vitamin D significantly lower than those
in the control group (p <0.001). Among patients,
those with the highest activity of their disease had
lower numbers than those without active disease
(p<0.005)*".

Dagdeviren-Cakir et al. did not find a link to
JIA activity, but found that vitamin D levels were
lower in sick (n=64) than in healthy subjects
(n=100): 18.9+11 ng/ml and 18.6+9.2 ng/ml during
periods of disease activity and remission respecti-
vely, vs 26.7+10.5 ng/ml in healthy children®.
Similar results were obtained by Garf et al. When
they studied 70 children with SLE in front of 40
healthy children®, as well as Perracchi et al.”. Stagi
et al. also found lower levels of vitamin D in chil-
dren, adolescents and young people with SLE
compared with healthy subjects®. In a study of 221
children with SLE who participated in the APPLE
(Atherosclerosis Prevention in Pediatric Lupus
Erythematosus) clinical trial, the authors found
that vitamin D deficiency is common among
pediatric patients with this disease, and was inde-
pendently associated to high levels of C-reactive
protein, marker for inflammation®.

On the other hand, other studies, such as the
one carried out by Pelajo et al. in 156 patients with
a mean age of 10.6+4.5 years®, and de Sousa et
al. performed in 50 patients of 13.4+4 years®, did
not show this association. A recently published
study obtained the same results®.

In a meta-analysis published by Nisar et al. in
2013, there was no clear evidence of a relations-
hip between vitamin D and JIA®.

Finally, a study of 56 children and adolescents
with Hashimoto's autoimmune thyroiditis (TH)
versus 56 healthy subjects found that the mean
level of 25-hydroxy vitamin D was significantly
lower than that of the control group (6.48+3.28 vs
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13.56+5.08 ng/ml, p<0.001), and that 25 (OH) vita-
min D values correlated positively with those of
free thyroxine. They conclude that, although low
levels of 25 (OH) vitamin D were an independent
risk factor for HT, they could not be considered as
an independent factor for the progression of HT
towards hypothyroidism after adjusting for other
confounding factors, such as age, sex and BMI*.
In another study, the authors determined the
levels of 25-hydroxy vitamin D in 90 patients with
HT of 12.32+2.87 years of middle age and 79
healthy children and adolescents of the same age
(11.85£2, 28 years), observing that the prevalence
of deficiency (<20 ng/ml) was higher among HT
patients (71.1%) than in healthy children (51.9%)
(p=0.025) and that the mean value of 25-hydroxy
vitamin D in the patient group was significantly
lower than in the control group (16.67+11.% vs
20.99+£9.86 ng/ml, p=0.001)". These findings were
similar to those found by Sonmezgodz et al.®.

Studies to observe the influence of maternal
vitamin D deficiency during pregnancy on the risk
of DM-1 in children show contradictory fin-
dings”*. A recent study by Sgrensen et al. carried
out in 113 mothers of diabetic children compared
to 220 mothers of healthy children, observed that
during pregnancy, levels of the vitamin D trans-
porter protein and 25-hydroxy vitamin D decrea-
sed in the 3rd trimester, and that their values ten-
ded (without becoming significant) to be lower in
the mothers of children with DM-1 compared to
controls®.

However, a recent study found that the use of
multivitamin supplements with vitamin D in preg-
nant women did not reduce the risk of DM 1 in
their offspring™, which calls into question the pos-
sible effect of vitamin D on infant DM-1.

Mental diseases
Vitamin D deficiency has also been associated in
children with mental illness, such as depression™.
Vitamin D is an environmental factor that plays a
role in cerebral homeostasis and neurodevelop-
ment, and at a higher level has been suggested to
have an impact on the risk of autism. The preva-
lence of autism in the USA is higher in regions
where doses of solar UV radiation are lower™.
There has also been an increased risk of autism in
preterm infants with vitamin D deficiency in
mothers during pregnancy, which may act as a
risk factor for preterm birth and cause abnormal
brain development in the child and an increased
risk of alterations in language development™”.
An interesting study conducted in Sweden by
Fernell et al. recruited 58 pairs of siblings, one of
whom had autism. From the blood samples taken
during the neonatal period for metabolic scree-
ning and stored, vitamin D levels were determi-
ned. Children with autism had lower vitamin D
levels than their siblings, even taking into account
Different seasons of the year in which they were
born75. This relationship between vitamin D defi-
ciency and autism has been explained by several
mechanisms*”.

Hypovitaminosis D in childhood:

a real problem?

The importance of vitamin D in musculoskeletal
development and in calcium homeostasis is
beyond discussion. Rickets are still a health pro-
blem in many countries with nutritional deficien-
cies, but the scarce exposure to the sun that the
population of countries without nutritional pro-
blems suffers causes the disease to spread to the
whole world.

However, much remains to be determined. It is
vitally important to define consistently the limits
that mark hypovitaminosis D as a situation of defi-
ciency (which would imply an impairment in
health) and insufficiency (which would be a risk
situation), as well as vitamin D limits considered
as healthy, suitable and therefore desirable. More
robust and more homogeneous designs are nee-
ded to help us achieve this goal.

Even so, it is not arguable that a considerable
percentage of the infant population present low
vitamin D values, and although its clinical effect is
yet to be elucidated, it seems reasonable to conclu-
de that, if maintained over time, they may not only
affect bone health but also to promote the appea-
rance of various chronic diseases in adulthood.

Since the main causes of these low levels of
vitamin D are easily treatable (adequate sun expo-
sure, high calcium and vitamin D), efforts should
be directed at promoting outdoor activities on
sunny days and fortifying foods with calcium and
vitamin D (especially in countries with low insola-
tion), while supplements should be considered in
those individuals or populations at high risk (preg-
nant, lactating, very little or no sun exposure for
geographical, ethnic or cultural reasons)?671930314041,
In this sense, and as an example, there is interna-
tional consensus among societies and pediatric
institutions on supplementing all newborns and
children under 1 year of age with 400 1U/day of
vitamin D3 (cholecalciferol) as a preventive mea-
Sure().7.l().”il,77'79.
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