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Vitamin B12, folate and iron levels in
primary nocturnal enuresis
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ABSTRACT

Objective: Folate, vitamin B12 and iron are important vitamin and minerals which play role in the
development of nervous system. The aim of this study was looking at the presence of folate, vitamin B12
and iron deficiency among patients with Primary nocturnal enuresis (PNE) and possible relation between
the delay of central nervous system (CNS) development, PNE and folate, vitamin B12 and iron states.
Methods: Consecutively applied forty patients with PNE (23 girls and 17 boys) and otherwise normal thirty
control subjects (17 girls and 13 boys) were included in the study. Average ages (in range) of PNE and the
control group were 9.2(6-12) years and 9.3 (6-12) years accordingly. Age, height, weight, complete blood
count, blood vitamin B12, folate, ferritin and iron values of both groups were recorded and compared to
each other.

Results: Average vitamin B12 and folate levels of patients with PNE were significantly and statistically
lower compared to those of the control group. Average blood iron of patients with PNE was significantly
higher than that of the control group and also average ferritin level of the PNE group was detected to be
higher than the control group but this relation was statistically insignificant.

Conclusion: Primary nocturnal enuresis is related to the delay in CNS maturation so it was thought that low
vitamin B12 and folate which were found in patients with PNE may have role in the delay of CNS maturation.
Additionally, further studies are needed to investigate the role of vitamin B12 and folate either alone or as
combination in treatment of patients with PNE who have low vitamin B12and folate level.
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of age.?

Conservative approach can be considered for
monosymptomatic nocturnal enuresis as the first
level of treatment. A successful urotherapy can save
a patient from excessive medical interventions and
other alternative treatment options.® Biofeedback
method without drug usage which needs active
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parent and child participation can be alternative
treatment modality due to its short-term satisfactory
results in enuresis nocturna.* ICCS endorses the use
of desmopressin as a first-line treatment for primary
nocturnal enuresis of polyuric origin (level 1, grade
A)?

Although PNE is a common disorder with a wide
in psychological influence on afflicted children and
an economic load on the children’s families, the
pathogenesis of enuresis is unclear. It was found
that maturational delay of the central nervous
system is a significant factor in the pathogenesis
of PNE. Previous studies have reported that
PNE is principally correlated with genetic factors,
including insufficiencies in the secretion of arginine
vasopressin, bladder dysfunction, and sleep
awareness disorder, among other factors.” However,
the role of low vitamin B-12 status in cognitive
decrease still remains unclear.® The Yokusoglu et
al. study shows a disturbed autonomic balance in
patients with true iron deficiency anemia (IDA).°
Rodent models demonstrate that iron deficiency
during gestation/lactation changes myelination,
neurotransmitters, neurometabolism, and gene/
protein profiles before and after iron repletion at
delectation. Human infants with IDA test lower in
social-emotional, neurophysiologic, cognitive, and
motor development than collation group infants.”
Vitamin B12 and folate are among important
vitamins playing role in the development of
nervous system.

In this study, our aim was to compare vitamin
B12, folate and iron levels of patients with PNE
and otherwise normal subjects. Also we aimed at
searching the presence of folate, vitamin B12 and
iron deficiency among patients with PNE and
possible relation between delay in central nervous
system (CNS) development, PNE and folate,
vitamin B12 and iron states.

METHODS

Forty PNE patients and 30 otherwise healthy
subjects who consecutively applied to pediatrics
or urology clinics of Bozok University Research
Hospital were included in the study. PNE was
identified as bed-wetting in a child who never
had a dry period for over 6 months according to
the International Children Continence Society
recommendations."! Patients inclusion criteria
included: a frequency of two or more enuretic
episodes per week, not related to day time wetting,
no dry period of more than 3-month duration since
birth, normal pubertal stage for age evaluated by
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the Tanner staging scale.? The study was approved
by the local ethics committee of Bozok University
(604/20-2014).

Detailed physical examination and medical
records including age, weight, and height of all
patients were obtained accordingly. Patients
with any chronic disease, neurologic or urologic
anomalies, previous urinary tract infection were
excluded. All subjects in the study had sterile
urinary culture and normal urinary analysis.
Subjects had normal blood biochemistry and
complete blood count. Vitamin B12, folate, ferritin
and iron levels were measured. Serum folic acid
levels were defined as follows: serum concentration
below<3 ng/ml for deficiency, 3-6 ng/mL for
low levels, and >6 ng/mL for normal values. The
cutoff points used for vitamin B12 was 200 pg/mL,
normal range 200 to 900 pg/mL, and excess>900
pg/mL. The cutoff points used for iron 40ng/dL,
normal range40 to 150pg/dL, and excess>150 pg/
dL. The cutoff points used for ferritin 4 ng/mL,
normal range4 to 200 ng/mL, and excess>200 ng/
mL.

Age, height, weight, complete blood count, blood

vitamin B12, folate, ferritin and iron values of both
PNE and control groups were compared to each
other.
Statistical Analysis: Shapiro-Wilk’s and Levene’s
tests were used to test the normality and variance
homogeneity of the data. Values were expressed
as frequencies and percentages, mean + Standard
deviation or median and 25th-75th percentiles.
To compare parametric continuous variables,
Student’s t-test was used. Age, height, weight,
complete blood count, blood vitamin B12, folate,
ferritin and iron values of both PNE and control
groups were analyzed by using student’s t test.
Statistical analyses were performed using the
statistical package SPSS, version 15.0 (SPSS Inc.,
Chicago IL, USA); a value of P<0.05 was used to
define statistical significance.

RESULTS

Consecutively applied forty patients with
PNE (23 girls and 17 boys) and otherwise normal
thirty control subjects (17 girls and 13 boys) were
included in the study. Average ages (in range) of
PNE and the control group were 9.2 (6-12) years
and 9.3 (6-12) years accordingly. Age, height,
weight, hemoglobin and hematocrit values of both
groups were statistically similar (Table-1). Average
vitamin B12 value of PNE group (396 + 97 pg/mL)
was significantly lower than that of the control



Table-I: Baseline Characteristics of Participants (n = 70).

Variables PNE group  Control group P value
(n=40) (n=30)

Age (year) 92+2 93+2 0.712

Height (cm) 122 +14 127 £15 0.211

Weight (kg) 275+72 283+£79 0.585

12.81£0.79  0.650
381+£323 0.585

Hemoglobin (gr/dl) 12.94+1.26
Hematocrit (%) 39.2+3.61

Not significant (P > 0.05).

group (469 £ 82 pg/mL) (p=0.01). Similarly average
folate value of PNE group (10.1 + 2.2 ng/mlL)
was significantly lower compared to the control
group (12.6 + 3.5ng/mL) (p=0.03). Average blood
iron value of PNE group (95.2 £ 20 pg/dL) was
significantly higher than that of the control group
(76.9£21 ng/dL) (p=0.04). It was found that average
blood ferritin value of PNE group (25 + 5ng/mlL)
was higher than that of the control group (22.2 +
42ng/mL) but this wasn’t statistically significant
(p=0.45)(Table-1I).

DISCUSSION

In our study, it was found that vitamin B12 and
folate needed for CNS maturation was lower among
patients with PNE compared to the control group.
These results were in parallel to the literature and
it implies the role of retardation of CNS maturation
in pathogenesis of PNE and it suggests possible
relation between low vitamin B12 and folate, and
delay in CNS maturation. To our knowledge, there
is no yet reported study in the literature published
in English on the subject of vitamin B12, folate,
and iron among patients with PNE. Therefore, this
study is first in this field.

The pathogenesis of PNE has not yet clearly
been explained, but retardation in CNS
maturation is thought to be an important factor
in the pathogenesis.”**> There are several theories
proposed for the possible reasons of enuresis.
Some of those theories are related to retardation
in CNS maturation, psychogenic and behavioral
components, environmental factors, allergens, low
urinary bladder capacity, deep sleep disorder,
structural anomalies of urinary tract, uninhibited
neurogenic contractions, defects in diurnal secretion
of vasopressin, prostaglandin production disorders
and sleep apnea syndrome.'*"” Retardation in the
growth rate, decreased bone age and bone mineral
density identified inchildrenwithnocturnal enuresis
may reflect delayed maturation of regulatory
central nervous system functions.” It is a well
known fact that vitamin B12 deficiency can result
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Primary nocturnal enuresis vitamin B12 and iron

Table-II: The comparison of vitamin B12, Folate,
Iron, Ferritin levels of Primary nocturnal
enuresis and the control groups.

Variables PNE group  Control group P value

(n=40) (n=30)
396.4+117.2 469.8+125.2 0.099

Mean vitamin
B12 level (pg/mL)
Mean Folate
level (ng/mL)
Mean Iron level
(ng/mL)
Mean Ferritin
level (ng/mL)

Significant (P < 0.05).

10.1+£21 12.6+22 0.035

952+212 769+204 0.041

251+41 222+3.8 0.455

in neurological diseases. Vitamin B12 deficiency
especially effects hematopoietic, epithelial and
nervous tissues but its role in nervous system
metabolism is not totally clear.” In case of vitamin
B12 deficiency, hematologic, dermatologic, mucous
membranes and nervous systems are effected. In
nervous system, especially peripheric nerves, optic
nerve, posterior and lateral columns of spinal cord
and brainstem are damaged. B12 deficiency can
result in wide-range of sign and symptoms from
neural tube defects to cognitive and behavioral
changes.” In our study, it was found that average
vitamin B12 value of PNE group was significantly
lower than that of the control group (p=0.01). Low
vitamin B12 values may retard CNS maturation
and may lead other unknown pathologies which
may be related to the pathogenesis of PNE.

Folateisanessential vitaminfor CNSdevelopment.
Insufficient folate activity during pregnancy can
result in neural tube defects. Folate is especially
important for early stages of brain development.
Folate deficiency can cause megaloblastic anemia,
congestive heart failure, pigmentation, early
graying of the hair, infertility, cervical dysplasia,
endometrial dysplasia, and neuropathy, and
dementia, psychiatric and cognitive disorders.” In
our study, it was found that average folate value in
the PNE group was significantly lower compared
to the control group. Low folate level similar to
low vitamin B12, suggested that folate may also
play role in CNS maturation. Additionally, it may
be possible that CNS pathologies due to low folate
play role in the development of PNE.

Deterioration of autonomic functions in patients
withanemia due to vitamin B12 deficiency, sickle cell
anemia and thalassemia major has been reported,
but we do not have enough knowledge about the
level of autonomic functions in iron deficiency
which is leading cause of anemia. Yokusoglu et
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al. reported increased parasympathetic activity in
case of iron deficiency anemia.® In an animal study,
siblings of animal with gestational iron deficiency
revealed several disorders in the process of central
nervous system development.”? Both acute and
chronic malnutrition including iron and iodine
deficiencies clearly show damage to the brain
development.? Previous studies have reported that
iron deficiency similar to the vitamin B12 and folate
deficiencies effects the brain maturation negatively.
Iron and ferritin levels were expected to be lower
among patients with PNE as in vitamin B12 and
folate, but in reverse we found that average blood
iron value of PNE group was significantly higher
than that of the control group. Average blood
ferritin value in PNE group was higher than that
of the control group but this was not statistically
significant. Although they had higher iron and
ferritin levels, we could not get clear information
whether they experienced such deficiency during
early ages or gestational period. In our patients,
CNS maturation may be disordered due to iron
deficiency during early ages or gestational period.

CONCLUSION

It was suggested that low vitamin B12 and folate
which were found in patients with PNE may have
role in delay of CNS maturation. Additionally,
further larger studies are needed to investigate
the role of vitamin B12 and folate either alone or
in combination may be used in the treatment of
patients with PNE who have low vitamin B12 and
folate level. In this respect, our study is pioneering.

Conflicts of interest: All authors declare no conflicts
of interest.

Source of funding: All authors declare no source of
funding.

REFERENCES

1. Neveus T, von Gontard A, Hoebeke P, Hjalmas K, Bauer S,
Bower W, et al. The standardization of terminology of lower
urinary tract function in children and adolescents: report from
the Standardisation Committee of the International Children’s
Continence Society. ] Urol. 2006;176(1):314-324. doi: 10.1016/
50022-5347(06)00305-3

2. Lottmann HB, Alova I. Primary monosymptomatic nocturnal
enuresis in children and adolescents. Int J Clin Pract Suppl.
2007(155):8-16. doi: 10.1111/j.1742-1241.2007.01464.x

3. Yaziaa CM, Dogan C, NalbantogluB, Malkog E. Can Frequency
of Nocturnal Enuresisin Bladder Diary Predict the Efficacy of
Urotherapy? ] Clin Anal Med. 2013; doi:10.4328 /JCAM.1843

4. Topaloglu N, Alan C, Ersay AR, Eren AE, Bastiirk G, Alan H.
Entirezis Nokturna Tedavisinde Biofeedback AlternatifBir
Tedavi Yontemi Olabilir Mi? J Clin Anal Med. 2014; doi:
10.4328/JCAM.2334

90 PakJ Med Sci 2015 Vol.31 No.1  www.pjms.com.pk

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

[Epub ahead of print]

Nijman R, Bower W, Ellsworth P, Butler U, Tekgul S, Von
Gontard A. Diagnosis and management of urinary incontinence
and encopresis in childhood. Incontinence. 2005;2:965-1058.

Lei D, Ma ], Du X, Shen G, Tian M, Li G. Altered brain activation
during response inhibition in children with primary nocturnal
enuresis: an fMRI study. Hum Brain Mapp. 2012;33(12):2913-
2919. doi: 10.1002/hbm.21411

Yu B, Kong F, Peng M, Ma H, Liu N, Guo Q. Assessment of
memory/attention impairment in children with primary
nocturnal enuresis: a voxel-based morphometry study. Eur ]
Radiol. 2012;81(12):4119-4122. doi: 10.1016/j.ejrad.2012.01.006
Firtina B, Karadas O, Ipekdal IH, Firtina S, Ulas UH, Odabas: Z.
Evaluation of Event Related Potentials in Vitamin B12Deficient
Patients with Functional Cognitive Deterioration. ] Clin Anal
Med 2012; doi: 10.4328/JCAM.1349

Yokusoglu M, Nevruz O, Baysan O, Uzun M, Demirkol S, Avcu
F, et al. The altered autonomic nervous system activity in iron
deficiency anemia. Tohoku ] Exp Med. 2007;212(4):397-402.
Lozoff B, Georgieff MK. Iron deficiency and brain development.
Semin Pediatr Neurol. 2006;13(3):158-165. doi: 10.1016/j.
spen.2006.08.004

Norgaard JP, van Gool JD, Hjalmas K, Djurhuus JC, Hellstrom
AL. Standardization and definitions in lower urinary tract
dysfunction in children. International Children’s Continence
Society. Br J Urol. 1998;81(Suppl 3):1-16.

Tanner JM, Whitehouse RH. Clinical longitudinal standards for
height, weight, height velocity, weight velocity, and stages of
puberty. Arch Dis Child. 1976;51(3):170-179.

Freitag CM, Rohling D, Seifen S, Pukrop R, von Gontard A.
Neurophysiology of nocturnal enuresis: evoked potentials and
prepulse inhibition of the startle reflex. Dev Med Child Neurol.
2006;48(4):2782-2784. doi: 10.1017/50012162206000600
Hallioglu O, Ozge A, Comelekoglu U, Topaloglu AK, Kanik A,
Duzovali O, et al. Evaluation of cerebral maturation by visual
and quantitative analysis of resting electroencephalography
in children with primary nocturnal enuresis. ] Child Neurol.
2001;16(10):714-718.

Karlidag R, Ozisik HI, Soylu A, Kizkin S, Sipahi B, Unal S, et
al. Topographic abnormalities in event-related potentials in
children with monosymptomatic nocturnal enuresis. Neurourol
Urodyn. 2004;23(3):237-240. doi: 10.1002/nau.20031

Natochin YV, Kuznetsova AA. Nocturnal enuresis: correction
of renal function by desmopressin and diclofenac. Pediatr
Nephrol. 2000;14(1):42-47.

Lennert JB, Mowad JJ. Enuresis: evaluation of perplexing
symptom. Urology. 1979;13(1):27-29.

Nuhoglu B, Ayyildiz A, Fidan V, Cebeci O, Kosar U,
Germiyanoglu C. Do children with primary nocturnal enuresis
have a retarded bone age? A cross-sectional study. Int J Urol.
2006;13(2):109-110. doi: 10.1111/j.1442-2042.2006.01241.x
Lovblad K, Ramelli G, Remonda L, Nirkko AC, Ozdoba C, Schroth
G. Retardation of myelination due to dietary vitamin B12 deficiency:
cranial MRI findings. Pediatr Radiol. 1997;27(2):155-158.

Aaron S, Kumar S, Vijayan ], Jacob J, Alexander M, Gnanamuthu
C. Clinical and laboratory features and response to treatment
in patients presenting with vitamin B12 deficiency-related
neurological syndromes. Neurol India. 2005;53(1):55-58.

Gospe SM, Jr., Gietzen DW, Summers PJ, Lunetta JM, Miller JW,
Selhub J, et al. Behavioral and neurochemical changes in folate-
deficient mice. Physiol Behav. 1995;58(5):935-941.

Greminger AR, Lee DL, Shrager P, Mayer-Proschel M.
Gestational iron deficiency differentially alters the structure and
function of white and gray matter brain regions of developing
rats. ] Nutr. 2014;144(7):1058-1066. doi: 10.3945/jn.113.187732
Prado EL, Dewey KG. Nutrition and brain development in early
life. Nutr Rev. 2014;72(4):267-284. doi: 10.1111/nure.12102



