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ABSTRACT

Aim: In this study, we aimed to compare the levels of vitamin B12 and folate in children with Attention Deficit and Hyperactivity Disorder
(ADHD) and Attention Deficit and Hyperactivity Disorder-Not Otherwise Specified (ADHD-NOS).

Materials and Methods: This study was planned as a cross-sectional, retrospective study. Patients were recruited between January 2012 and
January 2013 and 205 case records were evaluated. The ADHD and ADHA-NOS groups were compared according to vitamin B12 and folate levels.
Symptom severity was evaluated by the Turgay DSM-IV-Based Child and Adolescent Behavior Disorders Screening and Rating scale. Anxiety
symptom severity was assessed by The Screen for Anxiety Related Emotional Disorders.

Results: The average age of the children in the ADHD group was 10.88+3.02 (n=99) years, and the average age of the children in the ADHD-NOS
group was 9.93+2.49 (n=106) years. There was no statistically significant difference between two groups in terms of Vitamin B12 level and folate
level (p>0.05). A statistically significant negative correlation between the total number of diagnoses of a child and vitamin B12 levels was found.
Folate levels correlated significantly with anxiety total scores generalized anxiety subscale.

Conclusion: Vitamin B12 levels may be affected in children with impairing ADHD symptoms and increased comorbidities. The results of the
study should be supported by future studies.
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Introduction Otherwise Specified (ADHD-NOS) was defined for disorders
with inattention/ hyperactivity-impulsivity that do not fully
meet the criteria for ADHD in Diagnostic and Statistical
Manual of Mental Disorders, 4™ Edition, Text Revision (DSM-
IV-TR) (4). It was replaced with ADHD- Unspecified in DSM-5
(1) and seems to be used as a diagnosis for conditions where

Attention Deficit Hyperactivity Disorder (ADHD) is
a neurodevelopmental disorder having different clinical
symptoms including inattention, hyperactivity, and
impulsivity. It is also frequently related to cognitive deficit

(1). It has been reported that the prevalence of ADHD children have moderate attention problems in school,
ranges between 8.0-12.0% worldwide (2). The prevalence which can be better characterized as difficulties in children’s
of ADHD was found to be 8.1% in school-age children in learning or executive function (4). In addition, rather than

Turkey (3). Attention Deficit Hyperactivity Disorder-Not being categorized as ADHD Other Specified and Unspecified
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types, many young people are defined as having borderline
or subclinical levels of ADHD instead. Pharmacotherapy
including stimulants and atomoxetine is the first choice in
the treatment of both disorders (2).

The etiology of ADHD is complex and has not yet been
identified. There is no specific definable factor, ADHD is
multi-component (5). Its heritability was found to differ
between 76.0% and 80.0%. Thus, it is one of the highest
hereditary neuropsychiatric disorders (6,7). Although the
exact reason is not known, exposure to heavy metals
and toxins in the prenatal and perinatal period, socio-
psychological stress, diet, gene variants and abnormalities
of the brain, neurotransmitter deficiency and dysfunction
in the frontostriatal, as well as fronto-cerebellar
catecholaminergic circuits, were reported to contribute to
the etiology (2,6,8).

Psychiatric symptoms related to vitamin B12 and
folate deficiencies may consist of irritability, agitation,
negativism, disorientation, confusion, amnesia, problems
of concentration and attention and insomnia. It is
considered that vitamin B12 and folate in the carbon
transfer metabolism (i.e. methylation) play a significant
role in psychiatric symptoms. They are also essential in
the production of dopamine, serotonin, other monoamine
neurotransmitters and catecholamines (9). Basal ganglia,
which is considered to play a significant role in ADHD,
may be especially vulnerable to deficiencies of vitamin
B12 and folate. Studies on the relationship of ADHD with
folate and related metabolic pathways have focused on the
consequences of folate deficiency in the prenatal period
(10). A recent study from Turkey also reported that ADHD
may be related to methylene tetrahydrofolate reductase
polymorphisms (11).

The lack of vitamin B12 and folate levels in the diet were
associated with ADHD (12). It was reported that there is
a relationship between maternal folate deficiency during
early pregnancy and childhood hyperactivity (10). The serum
levels of vitamin B12 were conversely related to depression
in some studies (13-15) but not in others (16,17). Although
major depressive disorder and anxiety disorder are common
comorbid diseases, the effect of serum vitamin B12 and
folate levels in anxiety has been investigated in few studies.

We aimed to compare the levels of vitamin B12 and
folate in children with ADHD and ADHD-NOS in this study.
We also aimed to assess the relationship between ADHD
symptom severity, and anxiety symptom severity with
vitamin B12 and folate levels.
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Materials and Methods

Study Center and Time-frame

This studywas planned as a cross-sectional, retrospective
study. It was conducted at the outpatient department
of Child and Adolescent Psychiatry in Abant izzet Baysal
University Faculty of Medicine. Patients were recruited
between January 2012 and January 2013 and 205 case records
were evaluated. The diagnoses of 205 patients’ records and
their comorbid psychiatric disorders were made clinically by
the consensus of child psychiatry residents and the clinical
supervisor according to DSM-IV-TR criteria (4).

Inclusion criteria were a primary diagnosis of ADHD
or ADHD-NOS according to DSM-IV-TR criteria, adequate
information on laboratory values and psychometric
measures in patient records, and application to the
outpatient department between the specified time-frame.
Patients with comorbid medical and psychiatric disorders
were included. Both ADHD and ADHD-NOS groups received
methylphenidate treatment at 1 mg/kg/day. Patients with
inadequate records were excluded.

The Ethics Committee approval of the study was
obtained from Bolu Abant izzet Baysal University Clinical
Trials Ethics Committee (date: 16.05.2018, number: 164).

Measures

Turgay DSM-IV-Based Child and Adolescent Behavior
Disorders Screening and Rating scale: This scale was
developed by Turgay by transforming the DSM-IV criteria
(T-DSM-IV-S) into questions without changing their
meanings. It includes 4Titems (attention deficit = 9 items,
hyperactivity = 6 items, impulsivity = 3 items, oppositional
defiant disorder = 8 items, and conduct disorder =15 items).
Each item is rated on a scale of O = none, 1= occasional, 2 =
much, and 3 = very much. When subscales are evaluated, 2
to 3 points per item are assessed as symptomatic (1), while
0 to T are assessed as not symptomatic (0) (18). The validity
and reliability study of this scale was established previously
(19).

The Screen for Anxiety Related Emotional Disorders
(SCARED): There are 41 items to determine anxiety
symptom severity in the previous three months in this
scale. Participants may choose a score between O (not true
or hardly ever true) and 2 (very true or often true) (20).
When the subscales are evaluated, 2 points per item is
assessed as symptomatic (1), while O to 1are assessed as not
symptomatic (0). It was used according to both the child
and their parent’s report. The scale also includes generalized
anxiety, somatic/panic, social anxiety, separation anxiety



Oztiirk et al.
Vitamin B12 and Folate Levels in ADHD

and school fear subscales. The validity and reliability for the
SCARED Turkish form was established by Cakmakci (21).

The Clinical Global Impression-severity scale (CGl-
S): CGI-S is a clinician-rated measure which is used for
treatment-related changes in functioning (22). The CGI-S
score varies between 1 (normal) and 7 (most severely
patients). CGI-S is mostly used in Turkish Child and
Adolescent Psychiatry outpatient clinics. There are many
Turkish clinical studies which have used this scale. CGI-S
was used to indicate symptom severity in the present study.

Statistical Analysis

Statistical analysis of the data for this study was carried
out using the Statistical Package for the Social Sciences
(SPSS 22.0) software. Number values and percentages
were used in the evaluation of some study and control
group socio-demographic and clinical categorical variables.
Continuous variables are presented using summary
statistics. This (unless otherwise stated) refers to the
number of patients (n), mean and standard deviation.
Categorical data are presented using either absolute or
relative frequencies. Yates' and Fisher’s corrections were
applied when required. The Kolmogorov-Smirnov method
was used for the evaluation of data distribution. As the data
distribution was found to be normal, the Parametric t-test
or one-way ANOVA, depending on group numbers, was used
to evaluate paired groups. Pearson correlation analysis was
used to determine the relationship between continuous
variables. All tests were two-tailed with p values <0.05
considered significant.

Results

The records of 205 patients were analyzed. Of these, 99
(48.29%) patients were ADHD and 106 (51.71%) patients
were ADHD-NOS. Comparison of sociodemographic data
of the ADHD-NOS and ADHD groups is shown in Table I.
T- DSM-IV-S-parent subscales, SCARED subscales and CGI-S
scores between the two groups are presented in Table II.

Comorbid psychiatric disorder was detected in 144 cases
(70.24%) of the 205 cases included in the study. It was
found that conduct disorder (28.29%) and specific learning
difficulties (21.95%) were the most common comorbid
psychiatric disorders. While 71 of these 144 cases had
one comorbid psychiatric disorder, others had multiple
comorbid psychiatric disorders. It was found that 76 cases in
the ADHD group and 68 cases in the ADHD-NOS group had
comorbid psychiatric disorders. No statistically significant
difference was found between the two groups in terms of
comorbid psychiatric disorders (p=0.531).

Vitamin B12 levels were measured in 89 of 205 patients
participating in the study. Folate levels were measured in
82 of 205 patients participating in the study. There was no

Table I. Comparison of sociodemographic data of the attention
deficit and hyperactivity disorder and attention deficit and
hyperactivity disorder-not otherwise specified groups

ADHD-NOS group | ADHD group | p
(n=99) (n=106)
Age 10.88+3.02 9.93+2.49 0.015
Gender
Male 65 72
0.73
Female 34 34
Family history
Positive 54 45 0.095
Negative 45 61
Medical disease history
Positive 48 51 0.958
Negative 51 55

ADHD: Attention deficit and hyperactivity disorder, ADHD-NOS: Attention
deficit and hyperactivity disorder-not otherwise specified, n: Number of patients

Table Il. Comparison of T-DSM-IV-S-parent subscales, screen
for anxiety related emotional disorders subscales and clinical
global impression-severity scale scores of the attention
deficit and hyperactivity disorder-not otherwise specified and
attention deficit and hyperactivity disorder groups

ADHD-NOS | ADHD p
group group
(n=99) (n=106)
T-DSM-IV-S-parent
Attention 2.41£1.72 6.28+2.15 <0.001
Hyperactivity 1.40+1.85 4.52+318 <0.001
Opposition-defiance | 1.45+2.02 3.56+2.99 <0.001
CcD 0.11£0.46 0.56+1.22 0.001
Total score 21.34+11.41 42.37+17.02 <0.001
SCARED
Somatic/panic 1.85+2.31 2.29+2.47 0.441
Generalized anxiety | 1.32+1.98 3.11+2.64 0.001
Separation anxiety 1.43£1.68 2.68+1.92 0.003
Social anxiety 2.09+1.95 2.85+2.22 0.106
School phobia 0.53+1.31 1.15+.142 0.050
Total score 25.89+12.86 34.00+12.89 0.007
CGI-S 3.39+0.74 4.55+0.64 <0.001
ADHD: Attention deficit and hyperactivity disorder, ADHD-NOS: Attention

deficit and hyperactivity disorder-not otherwise specified, n: Number of
patients, SCARED: Screen for anxiety related emotional disorders, CGCI-S:
Clinical global impression-severity scale
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statistically significant difference between the groups in
terms of Vitamin B12 and folate levels (p=0.989, p=0.855;
respectively) (Table Ill).

When the relationship between B12 vitamin levels
and comorbidity was evaluated, vitamin B12 levels were
355.02+157.32 in the non-comorbid group, 342.14+159.25
in the single comorbid group and, 294.22+120.38 in the
multiple comorbid group. No statistically significant
difference was determined between the three groups in
terms of vitamin B12 levels (p=0.218). When the relationship
between folate levels and comorbidity was evaluated, folate
levels were 9.14£2.09 in the non-comorbid group, 7.91+2.38
in the single comorbid group and, 8.63+2.82 in the multiple
comorbid group. There was no statistically significant
difference between the three groups in terms of folate
levels (p=0.217). When the relationship between the total
number of diagnosis and vitamin B12, folate was assessed,
a statistically significant negative correlation was found
between the total number of diagnoses and vitamin B12
levels (r=-0.214, p=0.044), but the same relationship with
folate levels was not obtained (p>0.05).

When the relationship between the symptoms of ADHD
and vitamin B12 and folate was evaluated, no relationship
was found between the symptoms of ADHD and either
Vitamin B12 or folate (Table IV). However, when the
relationship between SCARED scores and vitamin B12 and

Table Ill. Comparison of vitamin B12 and folate levels of
the attention deficit and hyperactivity disorder-not otherwise
specified and attention deficit and hyperactivity disorder groups

ADHD-NOS ADHD p
group group

Vitamin B12, pg/mL

(r:187-883 pg/ml) | S20-28+126.97

327.84%159.61 0.989

Folate, ng/mL

(rr: 3.1-20.5 ng/mL) 8.64+2.56

8.54+2.46 0.855

rr: Reference range, ADHD: Attention deficit and hyperactivity disorder, ADHD-
NOS: Attention deficit and hyperactivity disorder-not otherwise specified

Table IV. Examination of the relationship between attention
deficit and hyperactivity disorder symptoms and vitamin B12
and folate levels (Pearson correlation analysis)

‘ ‘ Vitamin B12 level | Folate level

T-DSM-IV-S-parent

, ro|-0159 -0.157
Attention p |0.169 0.192
» ro|-0.092 -0.043
Hyperactivity p | 0428 0.721
Total score L 000
p | 027 0.898
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folate levels was evaluated, while no relationship was found
between B12 levels and SCARED subscales and total scores
(p>0.05), a significant relationship was found between
folate and SCARED total score and the generalized anxiety
disorder (GAD) subscale (respectively p=0.050, p=0.039)
(Table V).

Table V. Examination of the relationship between screen for
anxiety related emotional disorders subscales and total score
and Vitamin B12 and folate levels (pearson correlation analysis)
Vitamin B12 | Folate
level level
SCARED
Somatic/panic r 0151 0.091
P p | 0346 0.5%

) . r 0.227 0.345
Generalized anxiety b 0154 0.039
Separation anxiet r 0.163 0.320

P v p | 0309 0.057
Social anxiet r 0162 0322
Y p | 0.3M 0.055
. r 0.223 0.194
School phobia b 0172 0.265
Total score r 0.146 0329
p 0.364 0.050

SCARED: Screen for anxiety related emotional disorders

Discussion

In this retrospective study, we aimed to compare the
levels of vitamin B12 and folate in children with ADHD
and ADHD-NOS, and to assess the relationship between
ADHD symptom severity and anxiety symptom severity
with vitamin B12 and folate levels. While we did not find
a significant difference between ADHD and ADHD-NOS
groups in terms of Vitamin B12 and folate levels, we found
a statistically significant negative correlation between the
total number of diagnoses and vitamin B12 levels. We also
found a significant correlation between folate levels and the
SCARED total score and GAD subscale.

The main outcome of this study is a significant negative
correlation between the total number of psychiatric
disorder diagnoses with ADHD and ADHD-NOS and
vitamin B12 levels. This means that as the vitamin B12
level decreases, the number of psychiatric diagnoses
increases. Vitamin B12 deficiency affects many systems. It
has been shown to cause megaloblastic anemia, glossitis,
atrophic gastritis, neuropathy, and demyelination in the
nervous system (23,24). Moreover, previous studies have
demonstrated the association of deficiency in vitamin
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B12 with numerous neurological and psychiatric disorders
(25,26). The association between vitamin B12 deficiency and
neurodevelopment was reported in observational studies
in children (27-29). In North Indian children, it was found
that their vitamin B12 level was related to lower scores on
the mental development scale in a study (28). Ssonko et al.
(30) found that low serum vitamin B12 was common among
inpatient psychiatric patients. They also suggested routine
screening of serum vitamin B12 for hospitalized psychiatric
patients. Both the previous results and our findings suggest
a probable relationship between vitamin B12 deficiency and
psychopathology, including neurodevelopmental disorders
such as ADHD.

We also observed a significant correlation between
folate levels and the SCARED total score and GAD subscale.
This means that as folate levels increase, anxiety symptom
severity increases. Folate is a fundamental nutrient. It
regulates apoptosis, neural stem cell proliferation and
differentiation, various biochemical pathways such as
DNA biosynthesis, neurotransmitter and myelin synthesis,
regulation of gene expression, amino-acid synthesis
and metabolism (31,32). In a meta-analysis study, it was
suggested that low folate levels may be associated with
depression (33). In previous studies, there were few studies
examining the effect of serum vitamin B12 and folate
levels in anxiety (34,35). Mgllehave et al. (34) found no
association between serum vitamin B12 and folate levels
with depression and anxiety symptoms. In another study,
it was found that while plasma folate level was related to
depression, it was not related to anxiety (35). Although
we found an association between folate levels and anxiety
symptoms, there is a need for further study in this area
because the number of samples and the information in the
literature are inadequate.

Another finding we have in our study is that there is
no significant difference between ADHD and ADHD-NOS
groups concerning vitamin B12 and folate levels. Our study
may be a contribution to the literature on this subject.
There is no study in the literature assessing the association
between ADHD and ADHD-NOS in terms of vitamin B12 and
folate levels. In previous studies, ADHD was compared with
autism spectrum disorder (ASD) and healthy controls with
regard to vitamin B12 and folate levels (36,37). Bala et al.
(36) compared vitamin and hormones levels in ADHD, ASD
and healthy control groups. They found that the vitamin
B12 level in the ADHD group was 371.72+160.63 [minimum
(min)= 156/maximum (max)= 924], and the folate level in
the ADHD group was 10.16+2.93 (min= 4/max= 15). They
also found the lowest vitamin B12 level in the ASD group

and statistically significant differences between the three
groups. However, there was no difference in folate levels
between the three groups. More studies are needed to
evaluate the association of ADHD with vitamin B12 and
folate levels.

Study Limitations

Our findings should be evaluated within the context
of certain limitations. Firstly, this study was retrospective
and depended on information recorded routinely in clinical
records. This dependence led to missing data which
may have affected our results. Secondly, this study was
conducted on a clinical sample evaluated at a single center
and may not reflect patient populations in other centers
or the community. Thirdly, the laboratory evaluations
were conducted as part of the baseline examination prior
to commencing pharmacotherapy at the study center.
However, due to a dependence on patient charts, we could
not ascertain whether the patients were drug naive or were
receiving treatment at the time of their evaluations. Despite
these limitations, this is the only study that we are aware of
evaluating the psychometric features and laboratory values
of children diagnosed with ADHD and ADHD-NOS.

Conclusion

In conclusion, it has been shown in our study that there
a negative relationship between the number of psychiatric
diagnoses and vitamin B12 levels for ADHD patients.
This finding suggests that assessing vitamin B12 levels in
children with ADHD may be beneficial if the number of
psychiatric diagnoses is high. We have also shown a positive
relationship between folate levels and anxiety symptom
severity. However, there is a need for further study in this
area because our findings and literature information are
inadequate to generalize our findings.
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