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Abstract

The reduction of brain parenchymal volume than expected per age is the hallmark of brain atrophy. While the condition is
most prevalent in elderly, it is currently increasingly observed in pediatric ages.

Despite the scattered lists of the determinants of brain atrophy worldwide; their Preferential magnitude of influence in caus-
ing childhood atrpohy has not been elicited in local and global literature.

It was the goal of this research to investigate the influence and percentage contribution of various risk factors thought to be
common in Northern Tanzania that may provoke premature reduction in brain volume of the growing children less than 18
years of age.

The study was a cross sectional hospital based focusing on the use of Neuro-imaging tools in which 209 children were exam-
ined by Brain CT scanners from the year 2013 to 2019. The Brain findings were reviewed by four linear radiological measure-
ments involving sulcal width, Evans index, lateral ventricular body width and diagonal brain fraction. Medical records were
retrieved and mothers were interviewed for birth and medical histories of their children.

Additional tests such as HIV serological tests were complemented.

Results showed a significant number of brain atrophy with male children preponderance. Varied percentages of risk factors
influences were showed in which infections of the central nervous system influenced the study population by 29.72% while
head and neck radiotherapy influenced the least among ten categories of the considered determinants.

In conclusion; Infections of the central nervous system, space occupying lesions, birth injury and head trauma are the four

cardinal and influential determinants of childhood brain atrophy in the Northern Tanzania.
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Introduction

The brain as many other organs in human body is
known to respond by losing its normal volume when subjected
to unfavorable conditions for tissue growth and maintenance.
The common atrophic process is that which related to age
degenerative changes and this process occurs in advanced age

otherwise known as senile brain atrophy [1].

The senile brain atrophy is known to occur from the
age of 50s and above after the plateau stage of brain development
which happens after 40 years of age [2]. Both age and Body Mass
Index (BMI) are known to be associated with the decrease in
brain volume [3]. When this pattern of normal brain develop-
ment and involution is considered in timeline, it is unusual for
atrophic process to occur in childhood or at any time below 40
years since this is the plateau phase of human brain development
[4]. Therefore, when such manifestations occur, they should al-
ways be considered pathological and an intensive search for of-

fending cause is vital.

In Tanzania just as many other Sub-Saharan African
countries, there have been many cases of brain atrophy among
children whose causes have not been exhaustively scrutinized
and reported in order to lay down plans of interventions and
mitigation [5]. Scattered information about brain atrophy is re-
ported. The findings of pediatric brain atrophy cases in Ibadan,
Nigeria have been reported to about 10.6% among children [5].
Therefore, as much as development and prevalence of head inju-
ries are increasing, brain atrophy is ceasing to be rare in children
and this press for further investigations on the causes and pre-

vention of this pre-mature brain volume loss.

Among others, various causes for brain atrophy have
been reported in different global regions include prematurity
[6], central nervous system infections such as meningitis, HIV
encephalopathy [7] and cerebral malaria [8]. Other causes in-
clude head trauma especially in incidences associated with loss
of consciousness [9], metabolic disorders such as Cushing syn-
drome [10], drug related causes such as antiepileptics usage,
chemotherapy for cancers [11], maternal alcoholism especially
more than 300ml/day during pregnancy [12], convulsive disor-
ders especially status epilepticus [13], radiation induced brain
injury [14], perinatal hypoxic ischemic encephalopathy or birth
asphyxia and birth injury by instrumental delivery [15]. Others

includes, malnutrition both protein energy malnutrition and avi-

taminosis-B is associated with reversible causes of brain atrophy
[16]; however vitamin B1 and B12 levels in blood are too dynam-
ic with unstable state in continual evaluation of non-vegetarian
population [17]. Therefore, the determinants of brain atrophy
are so diverse depending on the location. They can hence forth
be studied in categories. It was therefore the aim of this study
to scrutinize and quantify the burden of the trending causes of
brain atrophy among children in Northern Tanzania ranging be-

tween the ages of 0 to 18 years of age.

This study was so significant and timely so that mitiga-
tion plans may be developed according to the causes of brain at-
rophy which were not formerly investigated and measured in the
study area. The results of this study are important in enabling the
stakeholders in medical fields in countries with similar problems
to pro-actively formulate and optimize their standard operating
procedures in safeguarding the mental health of the growing
children.

Methods
Study health facilities

A total of four health facilities namely Agakhan health
center, Arusha Lutheran Medical Center, Afyamax diagnostic
center and Kilimanjaro Christian Medical Center were includ-
ed in the study. The centers were purposively selected based
on availability and accessibility to CT scan imaging services
for people residing within the Northern Tanzania. The two re-
gions namely Tanga and Manyara did not have CT scan facilities
during this study period. However, their patients were captured

within the named facilities through referral system.
Recruitment of subjects

A total of 209 children who were presented in radiology
departments of the four health facilities in the Northern Tan-
zania and performed brain CT scan examinations between the
years 2013 and 2019 were recruited. The images were reviewed
and passed by a radiologist and ensured to be of diagnostic qual-

ities.

The inclusion criteria involved a consideration of all
children with age ranged between 0- 18 years, children born and
raised within Northern Tanzania, accessibility of mothers for
birth and early childhood history provision and availability of
quality CT scan images of the patients.
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Children whose mothers were not accessible, children
born and raised outside the Northern part of Tanzania and those
whose CT scan images were not of diagnostic quality were ex-
cluded in the study.

Image acquisition

All patients underwent CT scan brain using the stan-
dard axial scans whose protocol included slice thickness of 5mm
and increment of 2mm. All the images were taken along the stan-

dard radiological baseline.

CT Scan Image Analysis

The Brain CT scan images were scrutinized by a ra-
diologist where by the three known radiological linear methods
namely sulcal width, lateral ventricular body width and Evans
index were measured in order to determine presence or absence
of brain atrophy. Thereafter, along with visual qualitative analysis
the subtypes of brain atrophy were differentiated as global atro-
phy, central atrophy, cortical atrophy, focal atrophy and hemi-at-
rophy.

The diagonal multi linear technique also known as Di-

agnonal Brain Fraction (DBF) was as well calculated to the sub-

jects who were eligible for the utility of this method (Figure 1).

DIAGONAL BRAIN FRACTION
(DBF)

cid

>0.75
NORMAL

<0.75
ATROPHY

Figure 1: Application of the Diagonal Brain Fraction formula to classify brain status

The DBF multi linear radiological method by Sungura,
et al., 2020 (article in press) differentiates between normal brain
fraction and atrophied brain. The atrophied brains can further be

classified basing on severity as the DBF becomes lower.

Additional pathologies such as space occupying lesions
including tumors, abscesses and hemorrhages were reported and

considered in this scrutiny of brain atrophy causation.
Data collection method for the determinants of brain atrophy

The collection of data involved questionnaires that were
set to check for the presence of 10 categories of risk factors using
primary information from mothers of children spanning from
antenatal to adolescence medical history, examination of obvi-

ous risk factors through image analysis such as tumor and sec-

ondary data were also considered in hospitals with computerized
archives where history of laboratory tests for conditions such as
HIV, Meningitis and cerebral malaria were extracted and used.
Children, whose results for HIV tests not found, were subjected

to these tests after consent from their parents.

All data were collected with informed consent after the
study had obtained ethical clearance from KNCHREC on behalf
of the National Institute of Medical Research (NIMR) with refer-
ence no:KNCHREC 0010.

Statistical analysis
Data were collected in Excel and analysis was done us-

ing R-Statistical tool version -3.6.1 where descriptive statistics

were extracted. The Risk model development was done by Logis-
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tic Regression Analysis. Magnitude of influence of each determi-
nant was estimated. Relationships of variances among variables

were tested by Principal Component Analysis (PCA).
Results

A total of 209 children who underwent Brain CT scan
examinations for various reasons were recruited in this study.
The findings obtained from this study are presented in texts, fig-

ures and tables.

Social Demographic Characteristics

The overall gender distribution in the studied popula-
tion, males was predominant (58.9%) (Table 1). Both gender and
age distribution of the study population was significant (P<0.05).
Arusha region contrary to Tanga and Manyara had the highest
proportion of individuals included in the study (Table 1).

Tablel: The proportion of individuals by age and gender from the four regions

Regions
Variable Arusha Kilimanjaro Manyara Tanga Totals P-value
Gender
Males (%) 58.7 69.0 30.0 66.7 58.9
Frequency (n) 98 20 3 2 123 0.010¢
Females (%) 41.3 31.0 70.0 33.3 41.1
Frequency (n) 69 9 7 1 86
Age 11.899+5.115 | 10.910+5.059 | 10.588+4.955 | 8.333+4.725 | 11.648+5.093 <0.0001°
(meanzsd)
Note: Statistical tests: Chi-square (c); t-test (b) at 5% confidence level
High proportion of children availed for CT scan exam-
ination came from Arusha (80%) with majority (55%) of children
at the age between 13-18 years availed for CT scan examination
compared to early and middle childhood and the difference was
statistically significant (p=0.000) (Table 2).
Table 2: Distribution of cases by age groups and locations
Variable Arusha Kilimanjaro | Manyara | Tanga | Totals P-value
Age (years) 0.00°
0-6(n, %) 34,20.4 7,24.1 3,333 1,33.3 |[45,215
7 -12 (n, %) 38,22.8 8,27.6 1,10.0 2,66.7 |49,23.4
13- 18 (n, %) 95, 56.9 14, 48.3 6, 60.0 - 115, 55.0

Descriptive statistics are produced (frequency, percentage), Chi-square test used to compare the

group difference at 5% confidence level.

The distribution of children in the study population
during analysis was further amplified to show percentage dis-
tribution of children and their brain status by gender and loca-

tion. Majority of children with brain atrophy were males (59.9%)

compared to females (41.1%). Brain atrophy was significantly
associated with males (P=0.027) compared to females (Table 3).
However, majority of cases came from Arusha and Kilimanjaro

regions.
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Table 3: Percentage distribution of brain status by gender and regions

Regions

Variable | Arusha Kilimanjaro | Manyara Tanga Totals P-value
DBF Status (Atrophy)

Males (%) 60.4 75.0 30.0 100.0 58.9

Frequency (n) 55 12 3 1 123 0.027¢
Females (%) 39.6 25.0 70.0 - 41.1

Frequency (n) 36 4 7 - 86

DBF Status (Normal)

Males (%) 56.0 61.5 - 50.0 55.83

Frequency (n) 42 8 - 1 51 0.173¢
Females (%) 44.0 38.5 - 50.0 44.17

Frequency (n) 33 5 - 1 39

Age (meanz+sd) 11.89945.115 | 10.910+5.059 | 10.588+4.955 | 8.333+4.725 | 11.648+5.093 | <0.0001°

Note: Statistical tests: Chi-square (c); t-test (b) at 5% confidence level

The descriptive statistics such as proportions in regions  predominant and thus statistical significance was not observed
wise and means across the regions were calculated. The analy-  (P>0.05) (Table 4).

sis of variance on the determinants regional-wise, none was

Table 4: The distribution of the Brain Atrophy determinants across the regions

Regions
Variable Arusha | Kilimanjaro | Manyara | Tanga | Mean | Total | Fisher’s test P-value

Birth outside
No 67.3 13.5 4.8 1.9 21.875 87.5 1.755 0.157
Yes 12 0.5 0 0 3.125 12.5

Malnutrition
No 73.1 13.9 4.8 1.4 23.3 93.3 1.028 0.381
Yes 6.2 0 0 0.5 1.675 6.7

CNS infection
No 57.2 10.6 3.4 1.4 19.825 79.3 0.145 0.933
Yes 22.1 3.4 1.4 0.5 5.15 20.7

Trauma
No 63.5 11.1 34 1.9 19.975 79.8 0.533 0.660
Yes 15.9 2.9 14 0 5.05 20.2
Metabolic
No 74 12.5 4.3 1.9 23.175 92.8 0.304 0.660
Yes 5.3 14 0.5 0 1.8 7.2
Drug Convulsions
No 66.3 10.6 2.9 14 20.3 81.2 1.414 0.240
Yes 13 3.4 1.9 0.5 4.7 18.8
SOL & ICP
No 69.2 13.5 4.8 1.9 22.35 89.45 1.340 0.262
Yes 10.1 0.5 0 0 2.65 10.6
Birth injury

No 71.6 13 34 1.9 22.475 89.9 1.733 0.161
Yes 7.7 1 1.4 0 2.525 10.1
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Risk Model Development and Analysis

The risk model was developed using ten risk factors
thought to be associated with brain atrophy development repre-
sented by DBE. The factors include birth outside health facility,
premature delivery before term, central nervous system infec-
tions such as meningitis, cerebral malaria and HIV encephalitis.
Others included malnutrition related conditions such as kwash-
iorkor and marasmus, head trauma with associated loss of con-

sciousness, metabolic conditions such as maternal alcoholism

and smoking in pregnancy, convulsive disorders and drugs like
antiepileptic and anti-cancers. Also, radiation injury from head
and neck radiotherapy, space occupying lesions such as brain tu-
mors, abscesses and hydrocephalus were factored. Birth injury
including birth asphyxia and instrumental deliveries was anoth-

er category of considered in the model.

The univariate analysis of the brain atrophy determi-
nants found that immaturity, CNS infection, trauma, drug relat-
ed and SOL&ICP were statistically significant associated with the
occurrence of brain atrophy (P<0.05) (Table 5).

Table 5: Univariate analysis for the determinants of brain atrophy

Variable Coefficient () | P-value Odds ratio (CI-95%)
Birth Outside facility | 0.612 0.174 1.845(0.763-4.459)
Immaturity -1.535 0.00 0.215(0.103-0.451)
CNS infection 1.488 0.000 4.427(2.129-9.205)
Malnutrition 1.092 0.102 2.981 (0.806-11.02)
Trauma 0.796 0.034 2.216 (1.062-4.624)
Metabolic 0.454 0.423 1.574 (0.518-4.779)
Drug& Convulsions | 0.804 0.038 2.234 (1.045-4.778)
Radiation injury -0.274 0.847 0.761(0.047-12.329)
Birth injury 0.981 0.066 2.667 (0.938-7.580)
SOL &ICP 1.353 0.018 3.870 (1.261-11.874)

Univariate regression analysis was done at 5% confidence level

From the univariate analysis, it is found that,
determinants such as CNS infection, trauma, drugs & convulsions
and SOL&ICP are statistically significant at the confidence level
of 0.05. But for the sake of keeping important determinants we

increased the confidence level to 0.1 and found that, birth injury

is statistically significant. Therefore, the significant factors at the

later confidence interval were used for multivariate analysis.

The final model for brain atrophy included the birth in-
jury, CNS infection, immaturity, trauma, drugs and SOL&IP.

Table 6: A multivariate logistic regression

Variable Coeflicient () | P-value | Odds ratio (CI-95%)
Birth injury 1.248 0.029 3.483(1.135-10.692)
CNS infection 1.551 0.000 4.717(2.202-10.107)
Trauma 0.737 0.071 2.090(0.939-4.652)
Drug &Convulsions | 0.264 0.542 1.302(0.558-3.039)
SOL& ICP 1.454 0.016 4.282(1.306-14.046)

Multivariate regression analysis was done at 5% confidence level
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From the multivariate analysis, it is observed that, DBF
determinants such as birth injury, CNS infection and SOL&ICP
were statistically significant at the confidence level of 0.05. It
seems also that trauma factor is very close to be significant at
the confidence level of 5% but it is statistically significant at 10%
confidence level (Data not shown). Rather, drugs& convulsions
factor is not significant at the confidence level of 5% to the DBF
development. Furthermore, it also observed that, factors such as
CNS infection and SOL&ICP have great positive effect towards
DBF followed by trauma and drug & convulsions factors. But the
immaturity determinant has the negative impacts towards DBF

occurrence (Table5).

5.00

(5]

29.72%
30.00

2500 21.94%

20.00

Odds ratios

Birth injury CN5 infections

There are various risk factors associated with brain at-
rophy in children. In the current study top five determinants of
brain atrophy in children were found and their influences are
hereby presented according to percentage of contribution in this
neurological disorder for growing children in Northern Tan-
zania. These factors include birth injury, CNS infections, head
trauma, drugs and convulsive disorders and also intracranial
space occupying lesions (Figure 2). From the records, the major
CNS infections included meningitis, HIV encephalitis and cere-

bral malaria (data not shown).

26.98%

13.17%
8.2%

Trauma Dmgs&Convalsions SOLE&ICP

CNS infections mark the peak among determinants of brain atrophy. Other conditions that lead to brain atrophy include, space
occupying lesions, birth injury, trauma and trivial contribution from drugs and convulsive disorders.

Figure 2: Determinants of Brain Atrophy and their influence

Most determinants of brain atrophy are not visible ra-
diologically. Past medical, social history and laboratory investi-
gations help clinicians to build knowledge on the trending causes
of brain atrophy in children. Nevertheless, some determinants
and their corresponding effects may be clearly visualized in neu-

roimaging. Among other things are space occupying lesions,

congenital malformations that may in addition associate with
convulsions (Figure 3) and increased intracranial pressure such
as hydrocephalus (Figure 4) can be well demonstrated through
cross section imaging modalities including CT scan and Magnet-

ic Resonance Imaging.
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A: Bi-lateral planum sphenoidale meningioma in 16 years boy with extracranial extension through the optic tract resulting
into mild cerebral cortical atrophy. B: left frontal scalp abscess with frontal sinusitis with mild cerebral cortical atrophy. C:
Left parietal focal brain atrophy in connection with history of trauma. D: White cerebella sign with bitemporal hypoatten-
uation due to birth asphyxia.

Figure 3: Varying additional determinants of Brain atrophy effects

A: Enlarged lateral ventricles due to severe hydrocephalus with failed shunt. High reading of Evans index >0.3 is evident. B: Brain re-ex-
pansion to normal volume or mild atrophy after successful shunt. Borderline sulcal width and ventricular width is shown. C: Severe

brain volume loss despite

Figure 4: Hydrocephalus and possible outcomes after interventions ventriculo-peritoneal shunt (VPS) due to de-
layed intervention. More enlarged cortical sulcal width is shown indicating severe cortical brain atrophy

The Risks Distribution Within the Northern Tanzania

The risk distribution was visualized using principal
component analysis to examine dimensionality and direction-
ality of data distribution among determinants of brain atrophy
(Figure 5)

JScholar Publishers Eur ] Med Res Clin Trials 2021 | Vol 3: 103



Variables - PCA

1.0~

L

|
1
[}
I
1
]
I
I
[
1
I
I
1
1
i
L
&

[ =]

Dim2 (14.4%)

i

=]

i
'

-1.0-

-1.0 0.5

E

E

Metabolic

Ay ]

0.0 05 1.0

Dim1 (18.2%)

Figure 5: Principal component analysis of the determinants of brain atrophy and DBF

The figure above (PCA) shows the variances contributed
by each variable. The total variance explained by PCA1(18.2%)
and PCA2(14.4%) is 32.6%. The most contributors are Birth
outside and Trauma followed by malnutrition, drug related, birth
injury CNS infection, SOL/ICP maturity and less contributed by

radiation injury and metabolic.

Further scrutiny of the principal component data dis-
tribution by regions and gender was made and transpired inter-
esting results in the overall disease trend within the four regions
of Tanzania with their male to female risk distribution in the

study population (Figure 6).

In the over view of risk factors distribution by region,
the central nervous system infections, space occupying lesions,
head trauma and birth asphyxia were predominantly distributed
in Arusha region. Additional determinants found to dominate
this region were malnutrition, events of birth outside health fa-

cilities, drug effects and convulsive disorders (Figure 6A)

Kilimanjaro region had wider distribution of cases with
metabolic related conditions and specifically maternal alcohol-
ism. Maternal cigarette smoking was not found in the sampled
population. Manyara region of Tanzania had more distribution
of cases related premature deliveries while Tanga region present-
ed with one case of brain atrophy in relation to head and neck

radiotherapy (Figure 6A).

When gender analysis was made; the infections of the
central nervous system, head trauma associated with loss of con-
sciousness, birth injury, and metabolic conditions with the focus
to maternal alcoholism, radiation injury, premature deliveries,
drugs and convulsive disorders were widely distributed among
male children. Furthermore, this category showed more risk of
space occupying lesions, malnutrition and birth outside health
facilities were profoundly distributed among female children of
the studied population (6B).
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A: The PCA figure above shows that, Arusha region is affected by all the factors followed by Kilimanjaro region and Man-

yara. Tanga region is less affected despite its exposure to trivial radiation injury. B: PCA shows that female are exposed

more by most contributing factors of brain atrophy compared to male individuals.

Figure 6: Regional and gender distribution of the determinants of brain atrophy
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When the brain volume were considered categorically,
its was noted that the districbution of the risk factors had sig-
nificant difference among cases of brain atrophy from those of
normal brain volume in that the individuals with brain atrophy

were overwhelmed by the risk factors exposure among them

(Figure 7). The brain volume was determined by diagonal brain
fraction (DBF) in which the cases of brain atrophy had the the
DBF (Mean =+ Sd) of 0.69+0.04 while the normal individuals had
the mean score of 0.79+0.03 (Table 7).
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PC1 (18.2% explained var.)

Figure 7: PCA showing distribution of the determinants of brain atrophy among cases and controls
The figure above shows exposure distribution of risk factors among the normal and atrophied brain. Most factors point

toward the atrophied brain compared to normal brain

A significant difference in mean brain volume is shown
among cases of brain atrophy and their normal counterpart in
which individuals with atrophied brains are overwhelmed by

risk factors.

Table 7: comparison of brain volume score among cases of brain atrophy and normal controls

Table: Comparison between Normal and effected brain

Variable

Normal

Atrophy

t-value

P-value

DBF-value (Mean =+ Sd)

0.79+0.03

0.69+0.04

19.81

0.0001™

Descriptive statistics (mean+sd) is computed, the DBF mean differences between normal and effected brain (atrophy) is compared

using t-test at 5% confidence level and found that they are mostly significant different.
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Discussion
Socio-Demographic Characteristics

In this study Arusha region contrary to Tanga and
Manyara had the highest contribution of the participants due to
the high availability and accessibility to CT scan imaging facili-
ties. The dominant population is represented by male children
compared to female children such that male children are 58.9%
while females are 41.1%. These results reconcile very well with
the trends and pattern of the use of computerized tomography
among children in Catalonia as seen in the year 1991 to 2013
in which male children again dominated the study population
at the rate of 56.9% for male children while 43.3% were female
children [18]. Similarly another study in Italy showed a higher
male children attendance in CT scan services to about 68% in
connection with trauma [19]. Apart from trauma related con-
ditions, another study likewise showed higher number of male
children who attended facilities in connection with long stand-
ing headache in which 53% were male children [20]. Therefore,
the magnitude of male children hospitalization with the pressing
need for radiological imaging overrides the female children for

the similar conditions.
Risk Model Development and Analysis

Even though there are many other determinants of brain
atrophy such as congenital neuro- developmental malformations
such as Sturge-Weber syndrome [21] and blood dyscrasias such
as sickle cell haemoglobinopathy [22], this study addresses ten
categories of highly possible trending causes of brain atrophy in

children in Northern Tanzania.

The central nervous system infections including men-
ingitis, cerebral malaria and HIV encephalopathy are the leading
infective causes of brain atrophy in children. This category col-
lectively represents 29.72% of the studied determinants of brain
atrophy in Northern Tanzania. Even though, there is no statistical
equivalent of this category but many studies have shown increas-
ing contribution of brain atrophy in children with these condi-
tions. A study by Han, et al. 1985, revealed brain atrophy as a
subsequent result of bacterial meningitis in infants [23]. Further
studies suggests that the mechanism resulting into brain atrophy
is the onset of cerebral infarction caused by bacterial meningitis
that may later lead to loss of volume [24]. Cerebral malaria is

another cause of brain atrophy in this category, the study done in

Malawi using MRI revealed presence of brain atrophy in children
who survived cerebral malaria due to induced necrotic changes
in brain parenchyma [8]. HIV encephalopathy is another trend-
ing cause of brain atrophy among children in which studies sug-
gests that along with the central type of brain atrophy, there is
different pattern of brain finding when compared to adults with
similar condition (Safriel, et al., 2000). The findings presented
by Safriel, et al.,2000, is in alignment with the findings of this
study (Data not shown) in which among children we observed
presenting with HIV encephalopathy there was no child present-
ed with white matter demyelinative changes which commonly
present as progressive multifocal leukoencephalopathy (PML)
in adults with CNS manifestations of HIV [25]. This condition
has as well being described to be the uncommon pathology in
children [26]. This observation could be attributed by the fact
that there is high rate of white matter development in children
evidenced by progressive myelination and hence overriding the
demyelination process induced by the JC viruses responsible
for progressive white matter demyelination [27]. Therefore, the
extraordinary rate of myelination process in childhood is what
possibly accounts for why PML is not common white matter de-

generative condition in young children with HIV.

In the category of space occupying lesion and increased
intracranial pressure (SOL&ICP) 26.97% of brain atrophy cases
were represented. These conditions included brain tumors such
as meningioma, glioma, medulloblastoma and retinoblastoma.
Others include abscesses. Further studies have shown strong as-
sociation between malignant glioma and brain atrophy among
survivors of this SOL [28]. The SOL mechanism of action in
causing brain atrophy is thought to be related to pressure effect
and competing nutritional demand with the native brain tissues
as most malignant tumors have high mitotic activities necessitat-
ing high demand of nutritional and energy supply [29]. Also tu-
mor may induce Wallerian degeneration of the axons leading to
unilateral brain atrophy [30]. Hydrocephalus is another determi-
nant of brain atrophy. It presents as intraventricular or extraven-
tricular type [31]. This condition may be congenital or acquired
but it has its mechanism of brain tissue injury through pressure
effect which causes ischemia of brain tissues and thereafter tis-
sue necrosis and phagocytosis [32]. While timely intervention by
ventriculo-peritoneal shunting (VPS) of CSF and ventriculosto-
my have been known to relieve the brain from pressure necrosis
and cause brain re-expansion to normal volume, patients with-
out this interventions undergo brain atrophy with corresponding

thickening of the bony calvarium as a compensatory mechanism
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[33]. Many other cases of hydrocephalus end up with brain atro-
phy due to tissue ischemia even after VP shunting due incorrect
timing for intervention [34]. Head trauma has also been associ-
ated with acquired forms of hydrocephalus when mechanism of
injury involves intraventricular hemorrhage. The collected blood
within the ventricle causes CSF obstruction through inflamma-
tion and fibrosis [35]. The right timings for intervention of hy-
drocephalic brain need to be ascertained in order to formulate

strategic interventions and mitigation of brain atrophy.

Birth asphyxia and birth injury has appeared as one of
the common determinants of brain atrophy in the under 5 chil-
dren in the current study with influence of 21.94%. Other studies
have shown as well a close association between birth asphyxia
and resultant brain atrophy [45]. In the study by Windle, (1970),
it was shown that, apart from cerebral hemorrhage which is an
immediate finding of birth-asphyxia, brain atrophy was a subse-
quent finding(46). In general, studies have shown different forms
of injuries happening in birth asphyxia. A study by Swarte, et
al.,(2009) suggests six different patterns of brain injuries that in-
clude deep grey-matter injury with limited cortical injury, deep
grey matter with associated cortical watershed injury, isolated in-
jury of white matter, and cortical necrosis [47]. In neonates, hy-
poxic ischemic injury of birth asphyxia is not only limited to ce-
rebral part of the brain but also involves the cerebellum especially
the vermis part and most imaging modalities may demonstrate
atrophic change in this part of brain as in the study by Sargent, et
al., (2004) [48]. A 5 years follow up study for neonates who en-
countered neonatal hypoxic ischemic injury revealed motor and
cognitive dysfunction as depicted by EEG continuous recording
[49] Some children in this study have cross over to the age above
10 years with brain atrophy resulted from birth asphyxia suggest-
ing that this condition is largely irreversible, although some stud-
ies have suggested that the use of citicoline injection have shown
neuroprotective effect on brain tissues that have been subjected
to ischemia. This future potential treatment has been proven in
animal models when 300mg/kg dose of citicoline was adminis-
tered two weeks after ischemic insult [41]. Despite this and other
future treatment possibilities, more efforts are called to improve
antenatal and intrapartum care of pregnant mothers in order to
strengthen primary prevention of brain atrophy resulting from
anoxic brain changes due to prolonged labor, obstructed labor

and instrumental deliveries.

Head trauma is an outstanding cause of brain atrophy
scoring 13.17% of the influence of brain atrophy among children

with high propensity to male children than it is in females. This

observation can be attributed by behavioral component of the
risk factors for brain injury and then atrophy. Many studies have
shown that in both accidental and non-accidental head trauma,
male children were overwhelmingly more involved than female
children. A study by Iranmesh, 2009, showed the male: female
ratio of 3:1 in Iran [36]. Almost a similar trend is shown in non-
accidental injury where male children predominance remained
highly observed at 2:1 male: female ratio [37]. Remarkable find-
ings by MacKenzie, et al., (2002), showed closer association of
brain atrophy and severe form of brain injury and that it takes
about eleven months for brain atrophy to manifest after traumat-
ic brain injury that was associated with loss of consciousness [38].
Ventricular enlargement measured using Evan’s index ia another
way of assessing brain atrophy post trauma. In the study by Poca,
et al., (2005) showed significant ventriculomegaly related to low
Glasgow Coma Scale post head injury as early as 2 weeks post
trauma [38]. Irrespective of the importance of ventricular size in
studying brain atrophy, the finding can as well be confounded by
trivial intraventricular hemorrhage that may result in blockage
of CSF flow through the ventricular system leading to post hem-
orrhagic hydrocephalus(ventriculomegaly) which may be con-
fused with brain atrophy [39]. The brain atrophy that is related
to trauma can be well studied by considering a comprehensive
evaluation of intracranial structures involving brain parenchy-
ma and CSF spaces including ventricles using methods such as
brain parenchymal fraction (BPF) [40]. Head injury accelerates
brain atrophy such that the effects of age and injury acts syn-
ergistically in causing neurocognitive dysfuction [41]. There are
various mechanisms of neuronal injuries of brain post trauma
and among others, activation of oxygen-dependent free radical
is a known mechanism at molecular level in which through mi-
togen- activated protein kinase cascades at the cell membrane,
unleashes neuronal damage through apoptotic like cell death
[42]. Further studies have shown that unselective reaction of the
macrophages whose goal is to engulf the injured neurons tend
to affect the innocent brain cells leading to further reduction in
brain volume [32]. This observation can be complemented by the
rareness of focal subtype of brain atrophy as well as presence of
hemiatrophy since most atrophic brains presents as symmetrical
diffuse pattern than asymmetrical brain atrophy as presented in
cases of brain hemiatrophy [43]. It is therefore, thought that the
interference of phagocytic activities of these macrophages may
be vital in the future therapeutic mitigation of brain atrophy. In
addition, studies have shown different other possibilities of pro-
tecting neuronal cells from further damage by activating amyloid
precursor protein through the use of minocycline. This endoge-

nous protein is said to have neuroprotective role from the effects
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of trauma [44]. Therefore, multi model approach is likely to be
the future of neural protection against traumatic triggered brain

atrophy.

Convulsive disorders and antiepileptic drugs have been
implicated in causing brain atrophy [50]. In this study drugs and
convulsive disorders as one category have influenced the popu-
lation by 8.2% in causing brain atrophy. While statistical signifi-
cance is shown in both conditions, it is still not clear which one
causes the other between brain atrophy and convulsions since
anti- epileptic or anticonvulsive drugs therapeutic goal is to sta-
bilize neuronal conductivity and stop convulsions [51]. Their use
as anticonvulsant therapies are still controversial to be implicat-
ed in causing brain atrophy as a convulsive state like status epi-
lepticus is said to cause high consumption of energy [52] at the
epileptic epicenter of the brain leading depletion of energy in the
form of Adenosine Triphosphate (ATP) which thereafter leads to
focal brain tissues necrosis and hence loss of volume [53]. The
process of controlling convulsions using anti-epileptic therapy
such as carbamazepine and phenobarbitone would be expected
to salvage the brain from the necrotic effects induced by the con-
vulsions and therefore become neuroprotective just as reported

in the animal study using levetiracetum [54].

Malnutrition appears to have surprisingly contributed
to low influence in brain atrophy development within the scope
of this study with statistical insignificancy in univariate analysis
at p-value of 0.102. This category of brain atrophy determinants
is highly dynamic and known to be reversible. Many studies have
shown evidence brain re-expansion after a course of food supple-
ments in malnourished children who were found to have brain
atrophy. A study by Gupta, et al., (2016) showed gross recovery
of brain volume in children with brain atrophy who presented
with infantile tremor syndrome [55]. A similar result was experi-
enced in a case of vitamin B12 deficiency in patient with demen-
tia [56]. The therapeutic reversal of brain atrophy goes as deeper
as to cases of inborn errors of metabolism sighting an example of
the study by Bousounis, et al., (1993), who demonstrated rever-
sal of brain volume to a patient with biotinidase deficiency after
supplementing with Biotin [57]. There is however, a challenge in
associating vitamin levels with brain atrophy since most neuro-
trophic vitamins including Vitamin B1 and B12 are water soluble
and lack stable state in human body. In this study, protein energy
malnutrition was therefore, the main focus. Nevertheless, from
the light of literature, protein energy malnutrition rarely occurs

alone rather it almost always accompanies avitaminosis [58]. An-

other challenge that needs attention is that the results can possi-
bly be presenting an iceberg phenomenon due to the challenges
of determining the presence and quantification of levels of mal-
nutrition as physical features of general body weight in relation
to the imaging changes of the brain volume. Many studies in-
cluding Gunstad, et al., (2008), have shown that there is indepen-
dent relation between body mass index (BMI) and brain volume
on imaging [59]. The observed results can also be supported by
the high likelihood of the difference in tissues tolerance levels
in nutritional deficiencies between the brain and other body tis-
sues like muscles. Taking example of oxygen deficiency; the brain
can tolerate up to maximum of 3 minutes of anoxic state before
serious tissues damage while muscles can withstand anaerobic
respiration for longer time [60]. In addition, the brain is made
to almost exclusively depend on glucose as nutrition for metabo-
lism while other body parts can depend on alternative pathways
[61]. Therefore, the instability of serum vitamins levels, the mis-
matching between BMI and brain volume together with the na-
tional nutrition support programs have possibly contributed to a

relatively low contribution of brain atrophy from this category.

The pediatric brain atrophy related to antenatal mater-
nal alcoholism has just a trend in inducing brain atrophy among
newborns but without statistical significance. The results are not
well reconciled with some studies. In the study by Guio, et al.,
(2014), the group with antenatal exposure to maternal alcohol-
ism had 16% of their brain volume reduced [62]. Compared to
the results of this study, the number is far from our study and the
most possible explanation is the possibility that ethnicity, mater-
nal weight, age and duration of alcohol intake during pregnancy
needed to be factored. In addition, the former study used auto-
matic MRI based image analysis with possible variation with the
CT scan technology used in this study. Nevertheless, a number
of mothers with alcoholic life style during pregnancy presented
with children with normal brain volume. From these results the
most plausible explanation is that the effects of alcohol can be
individualized depending on individual metabolism and genetic
makeup [63]. Alcohol is metabolized by first pass effect in the liv-
er; depending on individual’s metabolic rate, the fetal toxic val-
ues of alcohol can be disintegrated faster by the cytochrome P450
rendering suboptimal concentration of alcohol to cross through
the placenta to the fetus [64]. Hence, the diverse pattern of alco-
hol metabolism is the result of unpredictable effect on alcoholic

and non-alcoholic mothers in causation of newborn brain atro-

phy.
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The Risks Distribution Within Northern Tanzania

In the distribution of the determinants of brain atro-
phy among children in Northern Tanzania, it is observed that
overwhelming risks are trending within the Arusha region. In
which risk factors such as central nervous system, trauma, space
occupying lesions, birth asphyxia, malnutrition and birth out-
side facilities are leading in this region. This observation can be
due to higher general population level together with increased
accessibility to the cross-sectional imaging centers such as CT
scan and MRI in comparison to other regions in this zone of the

country.

The Kilimanjaro region is leading in cases of meta-
bolic related brain atrophy in connection to antenatal maternal
alcoholism. Studies have shown that alcoholism reduces brain
growth, and that parental alcoholism may induce similar behav-
ior to offspring by genetics or environmental conditions [65]. In
comparison to socio-cultural issues studied in other regions, al-
coholism is connected to overall higher economic status of the
people in this region with gender equality while in most other re-
gions alcoholism is most restricted to middle aged and old adults
with preference to men [66]. The outcomes of this study is sup-
ported by the study by Saffitz, (2010), that reported high alcohol-
ism rate in Kilimanjaro region which also is associated with gen-
der violence [67]. Furthermore, alcoholism starts from among
young individuals at the level of secondary school age. In the
study done among breast feeding mothers 39% were consuming
alcohol during pregnancy and lactating period [68]. Apart from
brain atrophy presented by most studies, other consequence of
alcoholism among pregnant women in Kilimanjaro region in-
cluded cases of neonatal low birth weight [69]. Therefore, this
together with other studies discourages alcoholism during preg-

nancy and lactation periods.

Even though Manyara and Tanga regions were trending
more in distribution of brain atrophy associated to premature
deliveries and radiation therapy respectively which have overall
statistical insignificancy, these regions had limited accessibility
to CT scan services and henceforth their contributions in this
study population were also low. A close scrutiny of data show
that, some determinants including central nervous system in-
fections, trauma, birth asphyxia, drugs and convulsive disorders
have shown predilection to male gender while space occupying

lesions, immaturity (premature delivery), and malnutrition have

widely been distributed in female children more than male of the
study population. From the light of other studies, male children
have been closely associated with infections and head trauma due
to behavioral and socio-cultural activities. The study in Germany
and many other developed countries have shown increased trend
of head injuries in male children up to 58% (70). A study by Luo,
et al., (2014) suggested that the central nervous system infections
among hospitalized children was 2:1 male to female ratio due to
increased exposure to risks in this group [71]. Both trauma and
central nervous system infections have synergistic effects to each
other and the study by Boque, et al., (2000) suggests that head
trauma has 4% risks to the central nervous system infections but
this risk increases to 50% when there is leakage of cerebro-spinal
fluid [72]. Therefore, male preponderance in principal compo-
nent analysis of the availed data of this study leans more toward

behavioral mediated risks.

A different picture is observed in the distribution of
brain atrophy determinants among female children in which
malnutrition and premature deliveries were the most spread
risks within this gender. When socio-cultural behavior is consid-
ered, female children in the study population have the tendency
to be confined within domestic areas in close intimacy with their
mothers hence they are less vulnerable to trauma and other me-
chanical injuries. Nevertheless, in pastoralist communities like
Maasai, female children remaining at home may be deprived
of certain nutrition like meat and milk in dry seasons as male
children are involved in social mobility with adults migrating
far for grazing cattle rendering female children and their moth-
ers in nutritional decline as per study done in Kajiado, Kenya
[73]. A study done in Maasai pastoral community in Simanji-
ro district of Manyara region showed that men and boys were
served with meals in priority during times of food insecurity
[74]. The intra-household decision and bargaining power on nu-
trition habits conflicts significantly the maternal and child health
programs [75]. On the other hand, the social intimacy between
mothers and daughters has resulted to be of protective advantage
to female children against events of head trauma. Studies have
shown that most mothers were concerned more on prevention of
risk behavior to trauma among their female children than male
counterparts [76]. Therefore, gender difference dictates a certain
distribution pattern of the determinants of brain atrophy among
children.
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Conclusions

Infections of the central nervous system, space occupy-
ing lesions, birth injury and head trauma are the cardinal deter-
minants of childhood brain atrophy in the Northern Tanzania.
Brain atrophy resulting from the most profound determinants in
Northern Tanzania, is almost irreversible, hence prevention and
early detection is key in long term intervention against child-

hood brain Atrophy.

Neonatal Pre-maturity and Radiotherapy related brain
injury are rare causes of pediatric brain atrophy in the studied

population.

The white matter demyelinative changes such as Pro-
gressive Multifocal Leukoencephalopathy (PML), is unlikely
presentation of childhood HIV encephalopathy despite brain
atrophy.

Recommendations

The study recommends plans to improve accessibility
to neuro-imaging facilities as a vital step to ensure mental health
of children as timely intervention of some determinants of brain
atrophy may salvage the brain from cascade of atrophic process.
The study recommends sustainable development and dispensa-
tion of improved antenatal and intrapartum care as the pro-ac-

tive way of preventing early neonatal brain atrophy.
What Is Already Known

Brain atrophy is rare in childhood and it is a common
condition in elderly. There are many determinants of brain atro-
phy including malnutrition, head trauma, central nervous sys-

tem infection and birth asphyxia.
What Is Added From This Study

Brain atrophy is increasingly becoming common in
childhood depending on the trending causes of premature vol-
ume loss. There are five most influential determinants of child-
hood brain atrophy that include infections of the central nervous
system, space occupying lesions, birth asphyxia and head trauma

when Northern Tanzania is considered at sighted example.
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