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ABSTRACT

Background: Iron plays an essential role in many importantch&mical processes. As with
all nutrients, the requirement for iron is greatiuring periods of rapid growth and
differentiation such as in the late fetal and néalnperiod. Poor iron homeostasis during this
period can result in disordered development. Inadegtissue iron levels can lead to reduced
erythropoiesis and poor oxygen carrying capacitige Thervous system, which develops
rapidly during the late fetal and early neonataiquk seems to be particularly susceptible to

iron deficiency.

Objective: To assess neurodevelopment of low birth weighdnts in relation to their iron

status.
Methodology

Hospital based descriptive cross-sectional stdd76 infants who were born premature/low
birth weight aged less than 12 months, attendirghifgh-risk children clinic, whose mothers
consented. Infants were recruited on Mondays andays during their clinic visit using
convenient sampling technique. Infants with knovamgenital anomalies, born with birth
asphyxia, meningitis and jaundice and those wheevaeutely ill during the clinic visit were
excluded from the study. Bayley Mental Developmki@eoring was done on all infants
recruited in the study, along with a thorough mgthysical examination and laboratory tests
including serum ferritin and complete blood cour@@ognitive, motor and language
development scores were considered normal withesabr85 and poor with score of <85.

Iron deficiency were considered if serum ferritinsa12u/dl.
Results

Of the 270 infants, 124 (45.9%) were male and B46106) were female providing a male to

female ratio of 0.8:1.

The prevalence of poor cognitive, motor and langudgvelopment were 90%, 88.2% and

59.2% respectively. Poor cognitive, language andomalevelopment were noted with
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increasing age with p=0.0001 in all categories.dumge and motor development were more
poorly developed in females than males with p=@u0& p= 0.006 respectively.

Infants with iron deficiency and poor cognitive pemtile score were 37% compared with 18%
of iron deficient infants with normal cognitive gentile scores (p=0.007). More infants with
poor language percentile scores (35%) were obseinvedon deficient infants than iron

sufficient infants (p=0.04). Motor development ptile score was not significantly affected

among the iron deficient infants

Infants with a history of not receiving iron supplentation had poor cognitive, language and
motor development with p=0.006, 0.001, and 0.0@&3pectively.

The prevalence of iron deficiency was 34.1%. Tlom istatus of the baby was significantly
associated with the gestational age (p=0.0004)bttie weight (p=0.0013) and the nutrition
status of the infant (p=0.013).

Whereas maternal age, gestation age and matemedtezh were not significantly associated
with poor neurodevelopment outcomes, birth weightitritional status and iron

supplementation status were significantly assodiat#th neurodevelopment. Infants born
with very low birth weight of 0.8-1.49kg were sifjoantly associated with poor cognitive
development. However, wasting was a positive ptediaf poor motor development and not

predictive of the status of cognitive and langudgeelopment.
Conclusion and Recommendations

Neurodevelopment was poor among infants born watw birth weight and was more
pronounced among iron deficient infants. Neurodgwelent was significantly associated with
birth weight, iron deficiency and wasting. Therefothe study recommends early
neurodevelopment assessment done on all pretermbiotv weight infants to identify
neurologically challenged infants and to direct nthefor further stimulation and

supplementation, in order to improve neurodevelagme
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The study also recommends an improvement in iropplementation program through
universal iron supplementation in the right dosed appropriate duration to all low birth
weight infants as well as exploring for other causkpoor neurodevelopment and intervening

as needed.
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1.0 INTRODUCTION AND LITERATURE REVIEW

1.1 Background and definition of low birth weight nfant and prematurity .

Low birth weight (LBW; birth weight of <25009) isud to prematurity, and or intrauterine
growth retardation (IJUGR, also referred to as SGAgterm birth is birth before 37 weeks of
gestatioh and a "premature” infant is one that has not yetched the level of fetal
development that generally allows life outside W@mb. In the normal human fetus, several
organ systems mature between 34 and 37 weeksharidttis reaches adequate maturity by the
end of this period. Therefore, a significant oaprlexists between preterm birth and
prematurity: generally, preterm babies are preneatund term babies are mature. Prematurity

and IUGR are associated with increased neonataidityr and mortality?

1.2 Epidemiology of preterm delivery and low birthweight infant.
Many infants in developing countries are not wetyla¢ birth. However, available data from

100 developing countries, reports a low birth weigtte below 10 per cefit.

An estimated 18 million babies worldwide are boaeleyear with low birth weight 9.3 million

in South Asia and 3.1 million in sub-Saharan Afritaw-birth weight babies face a greatly
increased risk of dying during their early monttislie. Those who survive have impaired
immune function and face increased risk of diseasfyding that of diabetes and heart disease
later in life. They are also likely to remain malmished, have lower intelligence Quotient (IQ)
and cognitive disabilities leading to school fadland learning difficultied.

The incidence of low birth weight (LBW) in Dar eal@am is 16%it is higher among female
infants and infants born to parents of a low scmio@mic status. Similarly, based on the
demographic health survey of Tanzania done in 2B, the incidence of the low birth
weight infants countrywide was found to be 10 p&0 live births® Factors associated with low
birth weight in Dar es Salaam are first pregnanzynother, short stature of the mother,
multiple pregnancy, and "toxemia" of pregnancy. Séhéactors influence the growth velocity
of the fetus leading to an increased incidencevalsfor-dates infant$.Low maternal age and
antepartum hemorrhage mainly affect the duratiogestation and lead to a preponderance of

preterm appropriate-for-gestational-age?



In developing countries, approximately 70% of LBWaints have IUGR. Infants with [UGR
have greater morbidity and mortality than do appetely grown, gestational age —matched
infants

1.3 Neurodevelopment in the low birth weight and peterm infants

The developing brain is one of the organs in thendnmu body most sensitive to damage.
Functional manifestations ranging from frank meméirdation to milder learning disabilities
are the most common class of birth defects. Theuration of the central nervous system
requires a more complex sequence of processesatnamther structure, making this organ
uniquely vulnerable to environmental influenceBhe low birth weight infants usually have
mild to severe neurodevelopmental abnormalitiesnartor, cognitive, behavioral and language
skills'®. Premature birth in itself may prejudice later elepment. The greater the immaturity
and the lower the birth weight, the greater thelitood of intellectual and neurologic deficit;
as many as 50% of 500-750 g infants have a signifineurodevelopmental impairment
(blindness, deafness, mental retardation, cergiaialy)’. Many surviving LBW infants have
hypotonia before 8 months corrected age, which avgs by the time they are 8 months—1 yr
old. This transient hypotonia is not a poor prodicosigrn. Thirty to fifty percent of VLBW
children have poor school performance at 7 yr & @gpeat grades, special classes, learning
disorders, poor speech and language), despiteraahd®*>> Iron deficiency is common in
low birth weight infants and it has been suggedtethave role on poor neurodevelopment
performance. The other factors posing a risk foorpacademic performance include birth
weight below 750 g, severe intraventricular hemagdy periventricular leukomalacia,
bronchopulmonary dysplasia, cerebral atrophy, mesthrhagic hydrocephalus, IUGR, low

socioeconomic status, and, possibly, low thyroavels.
1.4. Role of iron in neurodevelopment

The regulation of the availability of micronutrienis particularly critical during periods of
rapid growth and differentiation such as the fetadl neonatal stages. Iron deficiency during
the early weeks of life can have severe effectmearodevelopment that may persist into
adulthood and may not be corrected by restoratioroomal iron levels.



Iron deficiency anemia has been conclusively seedelay psychomotor development and

impair cognitive performance of infants in Costa#i' >, and the USA®

Iron plays an essential role in many important b&mical processes.As with all nutrients,
the requirement for iron is greater during periofisapid growth and differentiation such as
late fetal and neonatal period. Consequently, poor homeostasis during this period can
result in disordered development. Inadequate tissoe levels can lead to reduced
erythropoiesis and poor oxygen-carrying capaCitfthe nervous system, which develops
rapidly during the late fetal and early neonataiqik seems to be particularly susceptible to
iron deficiency. Consequently, iron deficiency, @ or iron excess can have severe effects
on neurodevelopment. The mechanism by which irditidacy affects brain development is
incompletely understood, but it may involve genemaétabolic deficiencies, disordered
myelination, disordered synaptogenesis, changespecific monoamine neurotransmitter
synthesis, neuronal and glial cell energy metabolis hippocampus of the neondteNeural
assessment of effects of iron deficiency includsstéor speed of processing (myelination),
changes in motor and affect (monoamines), and réttog memory'. Since the myelination,
synapse formation, neuronal and glial energy méitahaat hippocampus begins before term/
birth; the premature infants with iron deficiency iuteral will be having impaired
neurodevelopment. In the other study looking foe #ffects of micronutrient effects on
neurodevelopment noted that the iron deficiencyassociated with delay in cognitive

developmert .

Iron status can be considered as a continuum frammal iron status with varying amount of
iron, then iron deficiency with no anemia and ieficiency with anemia. Iron deficiency is
the result of long-term negative iron balance. Isiares in the form of haemosiderin and

ferritin are progressively diminished and no longeret the needs of normal iron turno%er.

Iron deficiency is the most common single-nutrideticiency disease in the world: While iron
deficiency was once presumed to exert most of éetdrious effects only if anemia was
present’, it is now clear that many organs show morpholaigishysiological, and biochemical
changes before there is any drop in hemoglobineunatiors®



In the brain the iron is mostly found in the nudeaccumbens, substantial nigra, deep
cerebellar nuclei, the red nucleus and portionghef Hippocampus and can approach the
concentration of iron seen in the liV&r.The functions of iron in the brain include

neurodevelopment, metabolic activity and neurodegsive pathologies associated with
agind’. Oligodendrocytes are cell predominantly contajnimon which is required for

myelination of the spinal cord and white matterttod cerebellar folds and is a cofactor for
enzymes involved in neurotransmitter synthesiduding tryptophan hydroxylase and tyrosine
hydroxylase. Iron is also responsible for the calialn of neurotransmitters and works as
cofactor for ribonucleotide reductase, the ratating step in DNA synthesis. Iron deficiency

in infancy is associated with alteration in affestd activity, as a result infant has poor

neurodevelopmetit

1.5 Iron deficiency

In study done in Dar es salaam-Tanzania 1994,dssitiency was the most common cause of
severe anemia in the first one year of life. Ir@fidency was prevalent in both severe anemic
group (89.3%) and in a group who didn’t have sewremia (78.6%) at the end of their first
year of lifé®. The estimated prevalence of anemia in childrennger than 4 years in
developing countries is 46-66%, and iron deficiermemia accounted for half of these
childrerf®

Dietary iron deficiency results in biochemical cgas in the blood and reduced concentrations
of iron in tissues. Iron deficiency without anenmsagenerally considered to correspond to a
degree of dietary iron deficiency sufficient to bp ferritin stores and to decrease iron
concentrations in some tissues, but not sufficientreduce hemoglobin to the point of

developing anemia. Individuals with depleted irtores and hemoglobin concentrations below
the 10th percentile of a normally distributed p@piain are generally considered to have iron

deficiency anemf&.

Iron deficiency is public health important neamyavery country in the world. Programmes for
the prevention of iron deficiency, particularly mrgupplementation for pregnant women, were
being implemented in 90 of 112 countries that reggbto WHO in 199%. A study in Niger



randomized second trimester mothers to receiveereitbOmg elemental iron throughout the
remainder of their pregnancies or a placebo. Ireatinent reduced iron deficiency, serum
ferritin concentrations were higher in infants obmen in the iron supplemented group and

their neurodevelopment was significantly bettentttee infants of placebo treated moth&rs.

Cochrane review of routine iron supplementatiopregnancy did not draw conclusions about
either beneficial or harmful effects to mother mfant? .Iron deficiency is highly prevalent in
many malaria-endemic regions of Africa, and it lisac that many infants, particularly those
born prematurely or with low birth weight, have Ioatal body iron, and is at particular risk of
iron deficiency during the first six months of lif& short period of iron supplementation in the
first few months of life might replenish iron sterat a time when there is less pressure from

infectious diseases such as maldtia.

Iron supplementation has been seen to have itdgrrdlee process of motor development. The
supplementation of iron has beneficial effects nfant motor development and cognitive

development?

Since the premature infants are prone to get the deficiency by the mechanism of high
utilization of iron in the fast growing and regaigibody weight, then they are likely to have
poor neurodevelopment score. The evidence of causgtionship of the poor

neurodevelopment due to iron deficiency is mosttrked well in the animal models than in

human®.

1.6 Neurodevelopment assessment of infants
The neurodevelopment assessment is done using dlykeyBscale of infant and toddler

development version lll. .
The Bayley Scales of Infant and Toddler DevelopmenT hird Edition (Bayley-III)

The Bayley Scales of Infant and Toddler Developmé€hird Edition (Bayley-lll) is a revision
of the frequently used and well-known Bayley Scale#nfant Development—Second Edition

(BSID-II; Bayley, 1993). Like its prior editionshe Bayley-Ill is an individually administered



instrument designed to measure the developmemtatifuning of infants and toddlers. Other
specific purposes of the Bayley-Ill are to identipssible developmental delay, inform
professionals about specific areas of strength eakwess when planning a comprehensive
intervention, and provide a method of monitoringelald’s developmental progress. The
Bayley-lll is appropriate for administration to hen between the ages of 1 month and 42

months (although norms extend downward to age ¥6)da
Description of the Bayley-lll Scales

The most significant revision to the Bayley-lll tise development of five distinct scales (as
compared to three scales in the BSID-Il) to be mbest with areas of appropriate
developmental assessment for children from birtrage 3. Whereas the BSID-II provided
Mental, Motor, and Behavior scales, the BayleyrBVision includes Cognitive, Language,

Motor, Social-Emotional, and Adaptive Behavior ssal
Cognitive

The Cognitive scale of the Bayley-Ill contains 72 of the 178 items that were previously

included in the mental scale of the BSID-Il. Additally, 19 new items were added to the
Cognitive scale, resulting in a total of 91 iterRerty-five of the items from the Mental scale

were completely removed from the Bayley-lll, whexé¢he remaining items either remained
the same or were slightly modified and moved tafferent scale (i.e., 27 items were moved to
the Expressive Communication subtest of the Langsagle, 23 items were moved to the Fine
Motor subtest of the Motor scale, and 11 items weowed to the Receptive Communication

subtest of the Language scale).
Language

Recognizing the significance of assessing a childiguage development, the Bayley-lll
added a Language scale consisting of Receptiv&Egpessive Communication subtests. Items
in the Receptive Communication subtest are desigoegrovide information regarding the

child’s auditory acuity and ability to understanddarespond to verbal stimuli. This subtest



includes 11 items (some slightly modified) from 88ID-11 Mental scale and an additional 38
new items. The Expressive Communication subtestsass the individual’s ability to vocalize,

name pictures and objects, and communicate witarstiThis subtest contains 27 items from
the BSID-II (some slightly modified) and 21 newnts.

Motor

The Bayley-Ill Motor scale, consisting of Fine Mptand Gross Motor subtests, is similar to
the Motor scale of the BSID-II. The Fine Motor seditcontains 66 items (18 items are new)
and is supposed to measure skills associated wth raovements, perceptual- motor
integration, motor planning, and motor speed. Thes& Motor subtest contains 72 items (4

items are new) and is designed to measure moveragtite limbs and torso.
Social-Emotional

The Behavior Rating scale in the BSID-II was reptady the Greenspan Social-Emotional
Growth Chart: A Screening Questionnaire for Infaasl Young Children (Greenspan, 2004)
and is intended to be completed by the child’s primcaregiver. For each of the 35 items,
which measure emotional development and relatedviets, the respondent selects one of six
ratings: O (can’t tell), 1 (none of the time), &ifse of the time), 3 (half of the time), 4 (most of

the time), or 5 (all of the time).
Adaptive Behavior

A significant addition to the Bayley-lll is thealusion of the Adaptive Behavior Assessment
System—Second Edition as a measure of adaptivés.sBly having the child’s primary
caregiver complete the ABAS-Il, estimates of thealdth functioning in the areas of
Communication, Community Use, Health and Safetyisure, Self-Care, Self-Direction,
Functional Pre-Academics, Home Living, Social, avidtor can be obtained. (Children
younger than 1 year do not receive scores in teasaof Community Use, Functional Pre-
Academics, or Home Living.) Within the ABAS-II, @givers indicate the extent to which the

child performs the adaptive skills when needed.pBese options include O (is not able), 1



(never when needed), 2 (sometimes when neede@) (aways when needed). The inclusion
of the ABAS-II facilitates a more comprehensiveegssnent as caregivers are more involved in
completing the ABAS-II than they would be in contpig the BSID-II.

Materials

Whereas many of the Bayley-lll stimulus materiall lwok familiar to a user of the BSID-II,
the current edition contains additional items sasha bank, a bear, a bracelet, a connecting
block set, a lacing card, memory cards, a set wérselucks, and a wider stepping path. Some
notable items not contained in this edition include map, sugar pellets, jumping rope, pull
toy, and separate visual stimulus cards. Examinarst provide more materials than were
required for a BSID-II administration, includingcfal tissue, five small coins, food pellets,
several blank 3 x 5 in. index cards, safety scgssammd blank unlined white paper. The stimulus
book of this edition is more user-friendly in thtatontains a built-in easel that folds low to the
table, which aids in assessing an examinee’s raggoand allows for ease in switching
between tasks. A wider stepping path is includedl isnconsidered an improvement over the
previous edition, providing a more developmentalypropriate guide for assessing gross

motor skills.
Administration and Scoring Procedures

Examiners who administer the Bayley-Ill should kmmiliar with and have training in

developmental assessment and interpretation. Theaage for which the measure is designed
requires that the examiner have the ability to isia and maintain rapport with infants,

toddlers, and caregivers. Because of these faaaesniners should have completed relevant
graduate training or professional experiences thatude formal individual assessment
preparation and supervision so that the measuresbeaadministered consistent with the
Standards for Educational and Psychological Tesfliiggain an accurate impression of an
infant or toddler's optimal performance and to avamegative behavioral reactions to
separation, a caregiver (generally a parent) is@waged to remain in the testing room for the

duration of the Bayley-lll administration. Howevecaregivers should not encourage,



influence, or interfere with item administrationtte point that standardization procedures are

violated.

Administration times range from approximately 50nnior children aged 12 months and
younger to 90 min for children aged 13 months aligro Consistent with the BSID-II, the
examinee’s chronological age (adjusted for prenitgtifrnecessary) corresponds to a starting
point, designated by a letter A through Q. Thiseleshould be used to determine the starting
item for the Cognitive, Language, and Motor scatesch scale has an identical requirement for
establishing basal and ceiling levels: The firste¢hitems administered must be correct
(examinees receive credit for un administered iteelew the basal), and scoring of the scale
should discontinue when the examinee receives aditcon five consecutive items. In the
event that a basal is not established with the timee items administered, the examiner must
reverse to the previous starting point and contiadministration until the ceiling criterion is
met. Although it may be necessary to reverse teatier starting point on one scale, the
examiner should use the original age-determinedirsgaletter to determine the starting point
for subsequent scales. No items should be re-adtared during the course of a testing
session; however, if a correct response was ntaligi elicited but is observed later in a
session (e.g., during the Gross Motor subtest mrestems on the Expressive Communication
subtest), some items may then be scored as coB®mting for every item is either 1 (credit) or
0 (no credit). The item scoring in this editionni®re straightforward and manageable than in
the previous edition, and it allows for a more @éint method of calculating a total raw score.
Additionally, examiners should be aware of spedihaviors that are indicative of delayed or
atypical development (referred to as developmen&l indicators) within the areas of social

behavior, attention, motor and movement, hearing,\asion.

The examiner’s record form contains items for theg@tive, Language, and Motor scales,
with a separate questionnaire that contains item$dth the Social-Emotional and Adaptive
Behavior scales. This questionnaire is to be cotegledy the primary caregiver. The
examiner’s record form provides item titles, matksrineeded for each item, scoring criteria,

and space for noting additional comments aboutxameee’s responses. Similar to the BSID-
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I, some items are part of a series that use thmesmaterials, and the examinee can
demonstrate varying levels of proficiency. For epéan for the pegboard series, Item 47
requires the child to place at least one peg twmore times in the same or different hole or
holes. The pegboard should also then be used toeden Item 55, in which the child receives
credit for placing all six pegs in the pegboardhiwit70 seconds. Examiners should score such
series items concurrently, so that it is not nemgstw® switch away from and back to a stimulus
material. However, a child may pass a series iteg fialls beyond an established ceiling. In
this case, the series item should not be includedhe total raw score, but it should be
qualitatively noted. Series items are specifiedwash, and the additional items contained in the
series are specified on the far left side of eaayepof the record form. The record form is quite
colorful, with each color corresponding to a speatale. The colors not only are aesthetically
pleasing but also function to separate the Cogmitivanguage, and Motor scales for the
examiner who may need to switch between scalesvauiministering the complete test. Iltem
materials and scoring criteria are specified in ribeord form, but examiners should closely
reference the administration manual. The admiristtamanual provides clear guidelines for
item instructions, stimulus layout, child positingj and so on. The format for referencing the
administration manual in this edition is similar tiwat in the BSID-II, but pictures of the
necessary item materials are not provided withctbreesponding items in the administration
section of the manual. Therefore, examiners musale to differentiate the proper stimuli
without the aid of a picture included with the admsiration procedures. The manual does,
however, provide a page with pictures of the teshs and their corresponding names, so that
an examiner can familiarize himself or herself viltb names of the stimulus materials prior to
administering the test. One notable improvemetiiénBayley-11l administration manual is that
it is ring bound, which allows examiners to remama desired page without concern that the
manual might accidentally close. Although the léngt the administration section may seem
daunting, the instructions to the examiner are sga@ for proper administration of this
measure, and the apparent complexity reduces mateased familiarity with and experience in
administering the Bayley-lIll to infants and toddl@f various ages.
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A variety of scores across scales and subtestsnaiéable. Raw scores from the Cognitive
scale, which does not contain separate subtestfecaonverted to a scaled score (M = 10, SD
= 3), which can then additionally be converted mmposite score equivalent (M = 100, SD =
15). Scaled scores are available for the RecepiiveExpressive Communication subtests of
the Language scale, which when combined form thnglage scale composite score (M = 100,
SD = 15). The same procedure holds for the FineGuads Motor subtests of the Motor scale.
Across all three of these primary domains, the e sample is divided into 10-day
increments (e.g., 2 months 6 days through 2 moftgslays). Raw scores for Cognitive,
Language, and Motor subtests translate to scalm@sbased on 10-day increments up to age 5
months 16 days, at which point norms are based-morith intervals (e.g., 5 months 16 days
to 6 months 15 days, 35 months 16 days to 36 mdrttays). The highest two age ranges are
formed on the basis of 3-month intervals (36 moritesdays to 39 months 15 days). Thus,
depending on the age of the child, normative scatedes are derived on the basis of 10-day,
1-month, or 3-month intervals. Percentile rankgjfickence intervals (90% and 95% levels),
growth score equivalents, and developmental agesdo months and days are available. The
scoring for the Social-Emotional Scale is straigiwiard. The summed raw score is converted
to a scaled score (M = 10, SD = 3), which can &ulthily be converted to a composite score
equivalent (M = 100, SD = 15). The normative samiplethe Social-Emotional domain is
divided into nine age categories (by months: 0-8, 8-9, 10-14, 15-18, 19-24, 25-30, and 31-
40). A Sensory Processing score can also be ctduldhe administration manual provides
additional guidance regarding conducting supplealeminalyses within this scale. The
Adaptive Behavior scale follows the scoring criieof the ABAS-II. Raw scores for each of
the 10 skill areas are converted to scaled scées {0, SD = 3). From these scaled scores, a
General Adaptive Composite (GAC) score (M = 100, SD5) can be obtained. Additional
composite scores are available for a Conceptuapthdadomain (Communication, Functional
Pre-Academics, and Self-Direction skill areas), i8loAdaptive domain (Leisure and Social
skill areas), and Practical Adaptive domain (Comityudse, Home Living, Health and Safety,
and Self-Care skill areas). The normative sampi¢hfie Adaptive Behavior scale is in 1-month

increments for children aged 11 months and yourfyempnth increments for children aged 13



12

months to 23 months, and 3-month increments folddn aged 24 months to 42 months.
Percentile ranks and confidence intervals (90% @B% levels) are available to assist in

interpretation.
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2.0: PROBLEM STATEMENT

Iron deficiency ranked ninth among 26 risk factimduded in the global burden of disease and
accounted for 841,000 deaths and 35 million diggtdtjusted life years I0%t Iron deficiency

is a very common disorder in low birth weight asngared to normal weight babiég® %,
Low birth weight is very common globafiynd also in Tanzarfialron has been shown to be
involved in neurodevelopme¥it Neurodevelopment globally is important and cdmire
significantly on the Global Burden of dised®esron deficiency is common and is of public
health importance. Preterm and low birth weightalso common and is main cause of

morbidity and mortality.

Therefore, reaffirming the role of iron deficienay low birth weight in relation to the

neurodevelopment outcomes will emphasize the neaddress the problem.
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3.0: RATIONALE OF THE STUDY

Since in Tanzania low birth weight is high and dlse iron deficiency is high then there is a
need to do a study to look for the influence ohimeficiency on the neurodevelopment of
infant born with low birth weight. Studying the nmaiyide of this problem will set the basis for
appropriate intervention. Knowledge of the predistof iron deficiency will facilitate its
diagnosis, treatment and targeted interventionsrapdoved neurodevelopment

3.1: The study alternative hypothesis.

The iron deficiency is associated with poor neuvedtgpment in low birth weight infants.
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4.0 OBJECTIVES

4.1 Broad objective To assess neurodevelopment in low birth weigkdnits and correlate

with iron status.
4.2 Specific objectives

4.2.1. To determine cognitive, language and mosémetbpment of low birth weight infants by

age and sex.
4.2.2. To determine the proportion of infants wiawdnpoor neurodevelopment
4.2.3. To determine the proportion of low birth ghgiinfants who have iron deficiency.

4.2.4. To determine cognitive, language, and mdéwelopment of low birth weight infants in

relation to their iron status

4.2.5. To determine the correlation between neweldpment of low birth weight infants with

maternal age, nutritional status, iron supplemenagtatus, birth weight and gestational age
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5.0 METHODOLOGY

5.1 Study design.
Hospital based descriptive cross-sectional stuoiy fAugust 2009 to January 2010.

5.2 Study area

This study was done at Muhimbili National Hospi(®NH) post-natal clinics. MNH is a
teaching hospital located in Dar es Salaam, thge&ir commercial city of Tanzania. At
Muhimbili National Hospital in the year 2008, thewere 2557(33%) admissions due to
prematurity/low birth weight out of 7675 total nedal admissions. Preterm delivery accounts
for 46% of the total neonatal death at MNH. Higbkrpost-natal clinic provide follow up
services for neonates who were admitted in the at@brvard for various reasons. Neonates
from outside the MNH who do not have indication &mmission to the neonatal unit are also
seen at this clinic. High risk post-natal clinicshdaily attendance of approximately 72 infants
and among them low birth weight infants are 58%MAtH, in response to the national policy,
LBW infants are usually started on iron supplemgotaat six weeks and it is given for the

first twelve months of life.

5.3 Study population
All babies 1-12 months of age, born with low bivtleight that were attending the high risk
post-natal clinics at MNH.

5.4 Inclusion criteria
All babies who were born with low birth weight (tirweight of <2.5kg) attending high risk
postnatal clinic

A low birth weight infant who's Parent/s has agrdedparticipate after written informed

consent given.

5.5 Exclusion criteria

Infants born with any severe congenital abnorneaiti

Infants who had meningitis, severe birth asphyxiaamvulsion at birth
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Infants with acute illness at the time of considtate.g. if infant had fever, convulsion, or any

other symptom suggesting acute inflammation.
Infants whose caretaker could not provide detaithé structured questionnaire

5.6: Sample size

Sample size for this study was calculated usiegdhmula for cross-sectional study;
n=z2 p (1-p)k2

Where n =expected minimum sample size

Z = standard normal deviate, corresponding to 968fidence; 1.96

€ = maximum likely error taken as 6%

p= Expected proportion of poor Neurodevelopment rmgmioon deficiency premature infants=

51.45% Hence, minimum sample size calculated was 270 gem infants.

5.7 Sampling procedure

All children meeting the inclusion criteria werensecutively enrolled into the study after

parents had given an informed written consent utitd sample size was reached. The
enrolment was done by identifying low birth weigihfants using the RCH-1 card. The

neurodevelopment was assessed and the questiomuakmaistered. Children were enrolled

into the study every Monday and Friday, betweem9aad 3 pm complying with the planned

post-natal high risk clinic days at MNH. Only coastive 5 children were taken because of the
time taken to administer the Bayley scale of infand toddler development. A thorough

history and physical examination was done to alliég®mto provide the routine follow up as

well as assure inclusion and exclusion criteria.

5.8: Definition of terms
Preterm delivery is live born infants delivered dvef 37 weeks from the 1st day of the last

normal menstrual periot.
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Low birth weight is when a baby has a birth weight2500¢>

Iron deficiency anemia was defined as hemoglobuwell®f <11g/dl, low ferritin levels
12ug/)°

Iron deficiency was defined as serum ferritin leved<12ug/dI*°

Acute illness was defined as #lness that starts very rapidly and is of shontadion and was
considered if infant presented with fever, convarisicough, diarrhea, skin lesions and unable
to breastfeed

5.8.1: Data collection:

The investigator assessed all children who fullilidne inclusion criteria. All the required
information was recorded in a standardized streduquestionnaire designed for the purpose
of the study (appendix I). Demographic charactesstsuch as age, sex, gestation age,
residence, and birth weight were recorded fromcthi’'s RCH card no. 1. The gestation age
was calculated from the mother’s last normal mesastperiod and this was confirmed from the
mother’s card and if mother was not having a cére was then told to bring it on the next
planned visit. Thorough physical examination wasiel®o detect any sign of presence of
illnesses and the finding was noted in the childbw up card. If any sign of a disease was
found the infants was treated accordingly as petogppl of the given disease. Child’s weight,
occipital frontal circumference (OFC) mid-upper acircumference (MUAC) and length were

measured. Blood samples were taken to determinearBFSerum Ferritin.
5.8.2: Weight

Weight was taken using a 25 kilogram Salter hangnagle. (Weighing equipment, High
Holborn, London, United Kingdom) with a child puili on light clothing and no shoes. Older
children who could not fit into the weighing pardé hanging scale were weighted by a
standard beam balance (SECA) to the nearest 10sg@atibration of the weighing scales to 0
was performed before each session. For accuracgargistency, the scales were standardized

using a known weight of 1kg every day.
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5.8.3: Length

Parent/s assisted in removing children’s shoesgandly laying the child in supine position on
the length board with their heads placed at 90€hmg the fixed head piece. The investigator
straightened the legs of the child at the kneesesusdres that the feet were at right angles (90°)
to the sliding foot piece brought into contact be thild’s heels. Length was recorded to the

nearest 10 millimeters
5.8.4:Occipital frontal circumference (OFC) and mid upperarm circumference (MUAC)

This was measured using a graduated non-elastisurnieg tape and recorded to the nearest

10millimeters

All information obtained was entered in a structligeiestionnaire.

Interpretation of nutritional status

Using “Epi Nut” programme on the “Epi Info” staiistl package version 6.01, Weight for
Length Z-score (WHZ) was calculated.

» Z - scores was interpreted as follows:

* Z — Above median -1SD = Normal nutritional status

» Z - Between -1.0SD & -3SD = Moderate wasting

» Z - Below <-3.0SD = Severe wasting

All anthropometric measurements were correctedjéstational age for each infant
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5.8.5: Specimen collection

About 3 milliliters of venous blood was taken fraire anterior cubital fossa of each child
using a sterile syringe and needle after a thoraganing of the puncture site with a swab
soaked in 70% ethyl alcohol. 2 mis of blood wagpeised in a 5 ml an EDTA purple top
vacutainer tube for FBP. The Full Blood Picture sisting of Hemoglobin estimation (Hb),
White Blood Cell count (WBC), Red cell indices (meeorpuscular volume (MCV), Mean
Corpuscular Hemoglobin (MCH), and Mean Corpuschleamoglobin Concentration (MCHC),
and Haematocrit (Hct) was determined by coultemt®umodel-s. The hematological indices
(WBC, RBC count, MCV, MCH, MCHC and RDW) were perfted for the aim of routine
management of the infants with deranged hematabgidices. The remaining 3 mls of blood
was dispensed in a 5 ml plain red top vacutainke tior serum ferritin. The collected blood
samples were kept in the specimen container gllghd of the clinic, and they were sent to the
laboratory for processing and testing. At laborgtahe serum ferritin was analysed by
Electrochemiluminescence immunoassay (ECLIA) on @kecsys 2010 and cobas e
immunoassay analyser machine. Patients were giwdateato come to clinic after one month

for laboratory results.

The FBP and Serum Ferritin were performed at Ckmtashology laboratory (CPL) and
Special paediatrics laboratory (SPL) of Muhimbiktddnal Hospital respectively.

5.8.6: Data Collection on neurodevelopment

The neurodevelopment of infants from one monthl umie year of age was assessed by using
Bayley Scale of Infant and toddler Development werdil (BSID I1l) (Appendix Il1). BSID

[l was administered to the infants and the infotioraon the score of the each component was
entered on the recording form. The total raw samfreeognitive, language and motor was
calculated by summing up of subtest scores in pleeied item. Then the cover page of the
recording form was completed by calculating thelextacores, composite scores, percentile
rank and confidence interval. The three parts ofDB®hich are cognitive scale, language
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scale, and motor scale, were assessed by the pleénnvestigator after being in training for
two weeks on the use of BSID lll. Two researchessgant who participated in this study had
been trained by Professor David Belly of Health aggment system (HMS) and were
involved in a large clinical trial setting. Theycheonsiderable experience in the administration
of the BSID Il in the assessment of neurodevelapmieperformed an internal quality control
in ten infants selected randomly to make surettiexe was no investigator bias and these were
well matched. The assessor made age adjustmetitd@rematurity for every infant and was
used for all calculation in the study.

Bayley scale of infant and toddler developmenhHie five components which are cognitive,
language, motor, social-emotional and adaptive Weha This study looked at three
components of neurodevelopment which are cognitargguage and motor due to the fact that
these have been postulated to be more affectedbyleficiency than the social-emotional and
adaptive behavior.

5.8.8; Interpretation of neurodevelopment status

The percentile rank 085 was considered as normal neurodevelopment status

The percentile rank of 70-84 was considered as iregp&eurodevelopment status

The percentile rank of <70 was considered as sggmf impaired neurodevelopment status

5.9: Data analysis plan:

Data were cleaned, entered, and analyzed usingrii#hersion 6.01 (CDC, Atlanta, USA)
and the Statistical Package for Social ScientSRSS) version 15 (Chicago, Il). Demographic
characteristics of current age, sex, gestation ageirth, maternal age and anthropometric
measurement was summarized using frequency distorband cross tabulation tables. Chi-
square test was used to asses association betwasdavelopment to current age, gestational
age, maternal age and nutritional status of thanimnfAnd p-value < 0.05 was considered
significant. The association between neurodeveloproé the infant and the iron status was

also assessed by Chi-square and p-value of < 0d&b amnsidered significant. Correlation
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between individual neurodevelopment components dmabgnitive, language) were assessed
by cross tabulation tables and then using Chi-sgtest. Multiple regression analysis modal
was performed to assess the relationships foundeeet neurodevelopment and nutritional
status, gestation age, current age, maternal agesex of infant. The associations were
presented as odds ratio (OR) together with 95%idente interval (Cl) and was considered

significant if the corresponding 95% CI did notlunde one.

5.10: Ethical clearance and Ethical consideration

Ethical clearance to conduct research was obtafreed the Higher Degree Research and
Publication Committee of the Muhimbili Universityf élealth and Allied Sciences, Dar es
salaam, Tanzania. Permission to conduct the studyeapostnatal clinic was obtained from
MNH.

Written informed consent to participate in the studas obtained from parents prior to
enrolment in the study. A complete description leé &ims of the study, and assurance of
confidentiality of any information given was proed to parents in order to facilitate informed

choice. The Investigator provided any other reqeeeatiditional information to parents.
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6.0. RESULTS
During the study period, 270 children were studéavhom 124 (45.9%) were males and 146

(54.1%) were females providing a male to femaléoraf 0.8:1. Most of the children, 153
(56.5%) were in the age group of 1-4 months andnhtban age was 4 months. Seventy four
percent of infants studied had gestation €8# weeks and 66.3% weighed between 1.5-2.5 kg.
Most (65.2%) infants had moderate to severe wastily weight for
height Z-score. Majority of infants 169(62.6%) we on iron supplementation at the time of
the study. (Table 1)

Table 1 Demographic basic characteristics of the study [ation (n=270)

Variable n %
Sex

Male 124 45.9
female 146 54.1
Age of infant(months)

1-4 153 56.7
5-8 93 34.4
9-12 24 8.9
Nutritional status (Z score)

Normal 94 34.8
Moderate/severe wasting 176 65.2
Gestational age(weeks)

28-30 79 29.3
31-34 121 44.8
35-38 70 25.9
Birth weight (Kg)

0.8-1 15 5.6
1.01-1.49 76 28.1
1.50-2.50 179 66.3
Iron supplementation

Given 101 374

Not given 169 62.6
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Cognitive, language and motor development was fsgmtly associated with age (p=0.0001).
Expression of poor cognitive, language and motmebiggment is noted with increasing age.
While sex had no significant association with cdgei development, (p=0.213) it is
significantly associated with language developmépt0.05) and motor development
(p=0.006). Females expressed more poor languagenatm development scores than males.
(Table 2)

Of 270 infants, 243 (90%) had poor cognitive depgient, 160(59.3%) had poor language
development and 238(88.1%) had poor motor develapni€able 2)

Table 2; Cognitive, language and motor developrirerglation to age and sex

Number of babies with Poor | Number of babies with]| Number of babies

variable  cognitive score Poor language score | with Poor motor
score

Total N (%) p-valuel N (%) p-value N (%) p-value
Sex
Male 124 110(85.7) 64(51.6) 106(85.5)
Female 146 133(98.9) 0.213 |96(65.8) 0.05 132(90.4) 0.006
Total 270 243(90) 160(59.3) 238(88.1)
Age
(months)
1-4 153 144(94.1) 0.0001 | 76(48.7)  0.0001 123(90.4) 0.0001
5-8 93 75(80.6) 66(71.0) 92(98.9)
9-12 24 24(100) 18(75.0) 23(95.9)

Infants with iron deficiency and significant poargnitive percentile score were 37% compared
with 18% of iron deficient infants with normal cative percentile scores, p=0.007. Infants
with iron deficiency and significant poor langugagercentile score were 35% compared with
31% of iron deficient infants with normal languageercentile scores, p=0.04 Motor
development was not significantly different amaran sufficient and iron deficient infants
(p=0.94) (Table 3a)
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Table 3a: Association between infant’s iron statnd cognitive, language and motor percentile

scores
Iron Neurodevelopment percentile scores
status “cognitive’ Languag® Motor°
<70 70-84 >84 <70 70-84 >84 <70 70-84 >84
Number of Infants (%)
ID 65(37) 22(34) 5(18) | 35(35) 23(40) 34(31)| 62(34) 19(35) 11(35)
Non 112(63) 43(66) 23(82)| 66(65) 35(60) 77(69)| 122(66) 36(65) 20(65)

4=0.007,"p=0.04,°p=0.94, ID= Iron deficient infants

Ninety two infants (34.1%) had iron deficiency. Masfants (86%) who had anemia had

significantly (p=0.001) low ferritin levels as coamed with non anemic infants. About 55.4%

of infants that received iron supplementation hademia where as 73.2% of babies that did

not receive iron supplementations were anaemic0(p84) (Table 3b)

Table 3b: Anemic infants in relation to their serterritin and iron supplementation status

Number of infants with  Anemic

Non anemic infants(91)

characteristic infants(179)
Number (%) Number (%) Total p-value
Serum ferritin
Low 79(86.2) 13 (13.8) 92(34.1)
Normal 100(56.2) 78(43.8) 178(65.9) 0.0001
Total 179(66.3) 91(33.7) 270(100)
Iron supplementation
status
Given 56(55.4) 45(44.6) 101(37.4) 0.004
Not given 123(73.2) 46(26.8) 169(62.6)
Total 179(66.3) 91(33.7) 270(100)
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Median serum ferritin levels in poor cognitive diped infants was statistically significantly
low (10.9ug/dl) as compared with normally cognitideveloped infants who had 80.6ug/dl
(p=0.0007). In poorly language developed infants thedian serum ferritin levels was
10.5pg/dl compared to 59.4ug/dl in normal langudgeeloped infants (p=0.00004). Poor
motor developed infants had median serum ferrigmel of 11.9u/dl and normal motor
developed infants had median serum ferritin of @l(p=0.34). The median hemoglobin
levels of infants who had poor cognitive, languaged motor development was not
significantly different from the median haemoglol@&vel of normally developed infants. The
Median OFC for infants with percentile soreB5 in cognitive, language and motor
development was 2 percentile and this was statlftisignificant (p=0.00008). The proportion

of infants who had microcephaly was 36.4%. (Table 4

Table 4: Cognitive, language and motor developmantelation to serum ferritin levels
Hemoglobin and occipital frontal circumference (QFC

Cognitive development Language development Motor development

percentile score percentile score percentile score

>85 <84 >85 <84 >85 <84
Characteristics  Median(R)Median(R) Median(R) Median(R) Median(R) Median(R)
Serum 80.6(120) 10.9(221} 59.4(220) 10.5(147§ 9.7(118.0) 11.9(221}

ferritin(ug/L)

Hemoglobin 10.95(13) 10.3(14Y 10.8(14) 10.2(14% 10.7(9.1) 10.3(18)
(9/dI)

OFC(percentile 98(12.3) 2(4)¢ 98(10) 2(3¢ 98(11) 2(2¢
score)*

Differences are significant with p<<0.05
PDifferences are not statistically significant
*Prevalence of microcephaly was 36.4%.




27

The gestation age was not correlated with poor itwgndevelopment with OR of 0.62 and
95% CI of 0.23 to 1.71. Low maternal age was sigaiftly correlated with poor cognitive
development (OR =0.08 and 95% CI Of 0.01 to O.6dtriNonal status (Wasting) was not
significantly correlated with poor cognitive devpionent with OR of 0.48 and 95% CI of 0.21
to 1.09. Iron supplementation was significantlyretated with normal cognitive development
and non iron supplemented infants had poor cogndivelopment (OR of 0.17 and 95% CI of
0.07 to 0.43). Infants with 0.8-1.49kg of birth gki had more poor cognitive score as
compared to 1.50-2.50kg of birth weight infantsvgtue of 0.026). Mother’s education had no

significant association with cognitive developmehthe infant. (Table 5a)

Table 5(a): Correlation between Cognitive developnaad maternal age, gestational age, birth

weight, infant’s nutritional and iron supplementatistatus and mother’s education

variable Infants with Poor cognitive score

Total N (%) p-value OR 95% CI
Gestational age(weeks)
28-34 200 178(88.9)
35-38 70 65(92.8) 0.821 0.62 0.23-1.71
Maternal age(years)
16-35 256 230(89.8)
35-46 14 13(92.8) 0.892 0.08 0.01-0.62
Nutritional status(Z)
Normal 94 79(83.0)
wasted 176 163(90.9) 0.006 0.48 0.21-1.09
Iron supplementation
Given 101 81(80.2)
Not given 169 162(95.8) 0.006 0.17 0.07-0.43
Birth weight(kg)
0.8-1.49 91 87(97.8)
1.50-2.50 179 156(87.4) 0.026 3.21 1.07-9.57
Mother education
Non/Primary school 200 182(91.0)

Secondary/Post-secondary 70 60(85.7) 0.3 0.59 0.26-1.36
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Table 5(b); Correlation between Language developnmerelation to maternal age, gestational

age, birth weight, infant’s nutritional and irompplementation status and mother education.

variable Infants with Poor language score

Total N (%) p-value OR 95% ClI
Gestational age(weeks)
28-34 200 126(62.8)
35-38 70 34(42.5) 0.041 1.8 1.04-3.14
Maternal age(years)
16-35 276 156(61.0)
35-46 14 4(29.2) 0.194 3.90 1.19-12.77
Nutritional status(Z-
score) 94 38(40.4)
Normal 176 122(74.4) 0.001 0.3 0.18-0.51
wasted
Iron supplementation
Given 101 46(45.6)
Not given 169 114(67.4) 0.001 0.4 0.24-0.67
Birth weight(kg)
0.8-1.49 91 62(85.5)
1.50-2.50 179 98(54.9) 0.016 1.77 1.04-3.0
Mother education
Non/primary school 200 119(59.5)
Secondary/post-secondary 0 40(57.1) 0.83 0.91 0.52-1.57
school.

Lower gestation age is correlated with poor langudgvelopment (OR, 1.80, 95% CI of 1.04
to 3.12). Lower maternal age was correlated witbrpanguage development (OR, 3.90, 95%
Cl of 1.19 to 12.77). Nutritional status (wastinglas significantly correlated with poor
language development (OR, 0.30, 95% CI of 0.18 #@1)0 Iron supplementation was
significantly correlated with normal language depshent and non iron supplemented infants
had poor language development (OR, 0.40, 95% Ol to 0.67). Birth weight of the infant
was significantly correlated with poor language elepment where the lower birth weight
infant had poor language development (OR, 1.77, €3%f 1.04 to 3). Mother education had

no significant association with the language degwelent (Table 5b)
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Gestation age at birth was not significantly catedl with poor motor development (OR, 0.83
and 95% CI of 0.41 to 1.69). Advanced maternal wge significantly associated with poor
motor development (OR, 2.29, 95% CI of 1.18 to 4MNWitritional status of the baby was
significantly correlated with poor motor developrerhere the wasted infants were found to
have poor motor development (OR, 0.45, 95% CI @ @o 0.94). Non iron supplemented
infants had poor motor development as compared moth supplemented infants. (OR, 0.23,
(95% CI of 0.10 to 0.50). Birth weight was not sfgrantly correlated with poor motor

development (OR, 1.51, 95% CI of 0.61 to 3.71). hos education level was not

significantly associated with poor motor developin@mble 5c¢)

Table 5(c): Correlation between Motor developmemd anaternal age, gestational age, birth

weight, infant’s nutritional and iron supplementatistatus and mother education.

variable Infants with Poor motor score

Total N (%) p-value OR 95% CI
Gestational age(weeks)
28-34 200 160(90.2)
35-38 70 58(82.8) 0.568 0.83 0.41-1.69
Maternal age(years)
16-35 256 224(87.5)
35-46 14 14(100) 0.719 2.29 1.18-4.5
Nutritional status(Z)
Normal 94 77(81.9)
wasted 176 160(9316) 0.001 0.45 0.22-0.94
Iron supplementation
Given 101 79(78.3)
Not given 169 159(93.1) 0.0001 0.23 0.1-0.5
Birth weight(kg
0.8-1.49 91 84(95.4) 0.02
1.50-2.50 179 154(86.0) 151 0.61-3.71
Mother education
Non/primary school 200 177(88.5)
Secondary/post- 70 62(88.6) 0.84 0.99 0.42-2.33

secondary school

Iron deficiency is significantly related with birteeight as 66.7% of 0.8-1kg infants had iron
deficiency as compared with 30.2% of 1.5-2.5kg ntdahaving iron deficiency (p=0.0013).
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Also the nutritional status of the baby was relatedon deficiency where as iron deficiency

was observed more in the severe and moderate mabrutthan in the normal nourished

infant.(p=0.13). The iron supplementation had rgnigicant relation with iron status of the

infant (p=0.81). Among the infants born at gestatage of<34 weeks 58(47%) had iron

deficiency as compared to 34(23%) infants bornestajion age of >34 weeks and this was

statistically significant (p=0.0004) (Table 6)

Table 6; Iron status of infants in relation to tiérth weight gestational age, iron

supplementation and nutritional status

Infant’s Iron status

Variable Iron deficient Normal iron status p- value
Birth weight (Kg)

0.8-1.0 10(66.7%) 5(33.3%)

1.01-1.49 28(50%) 28(50%)

1.50-2.5 54(30.2%) 125(69.8%) 0.0013
Nutritional status(Z-score)

Normal 39(42.0%) 54(58%)

Moderate 41(29.3%) 99(70.7%)

Severe 12(32.4%) 25(67.6%) 0.13
Iron supplementation status

Given 33(32.7%) 68(67.3%)

Not given 59(34.9%) 110(65.1%) 0.81
Gestation age (weeks)

<34 58(47%) 66(53%) 0.0004
>34 34(23%) 112(78%)

Total No of premature infants were 264 (97.8%)
Total No of LBW infants were 263 (97.4%)
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Table 7: Multiple logistic regression analysis of a@gnitive, language and motor
development in relation to the maternal age, gestainal age, birth weight, infant’s

nutritional and, iron supplementation status and feritin levels

Cognitive development Language development Motwetbpment

Varia S.E B- p- S.EE B- p- SEE B- p-value
ble Coefficie valu Coeffici  value Coefficient
nt e ent

A 0.03 0.066 0.27 0.05 -0.025 0.663 0.03 0.109 0.062
G 0.025 0.083 0.19 0.04 -0.061 0.311 0.03 -0.094 0.129
B 0.032 -0.157 0.01 0.05 -0.055 0.369 0.04 -0.031 0.620

I 0.037 0.239 0.00 0.06 0.206 0.000 0.04 0.237 0.000
T 0.028 0.063 0.29 0.04 0.249 0.000 0.03 0.105 0.078
S 0.001 -0.067 0.31 0.02 -0.028 0.693 0.01 -1.39 0.166
F 0.89 0.274 0.00 0.11 0.16 0.023 0.08 -0.157 0.079

Where “A = Maternal age, G= Gestation age, B= Bivtight, 1= Iron supplementation status
and T= nutritional status, S=infant’s sex, F= famrilevels, [3-coefficient= (3-Standardized

Regression coefficient, S.E-standard Error

In multiple regression analyses birth weight andnirsupplementation status were the
predictors of poor cognitive development. Iron dapgentation and nutritional status of the
baby were the predictors of poor language developrmieon supplementation was the only
significant predictor of poor motor developmentw.gserum ferritin levels were statistically
significantly associated with poor cognitive anddaage development scores in the low birth
weight infants. Low ferritin levels were not sigondntly associated with poor motor

development scores. (Table 7)
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7: DISCUSSION

7.1. Description of the study population

The study population comprises of low birth weightfants aged between 1-12 months
attending high risk postnatal clinics at a teryidliealth facility in Dar es salaam, Tanzania.
Babies excluded were those found with acute felliiless at time of data collection, severe
illness at birth like birth asphyxia, meningitisgngenital malformation and severe jaundice.
Besides iron status, low birth weight and theirrefation to neurodevelopment, other factors

which may be correlated were also studied.

The study population had a male to female rati®.8fto 1. This is in contrast to the finding in
the study done by Akman M et al a@eorgieff MK et al reporting a predominance of nsale
with the male to female ratio of 1.3:1 and 4:1 essively"* *> The mean age of studied infants
in this study was four months while the mean agstedlied infants in the study by Georgieff
MK et al was 9 months. The difference could be ax@d by the fact that mothers in our
facilities stop to attend the high risk postnatiahic after the last routine immunization at 9
months. Many previous studies involved older inrdaahd children for example Caravale B
involved children 3-4 yeal$§ 5.3 corrected years in Steinmacher sttidynd 5 years in

Goldeberg study. Few studies were performed during infancy, foaragle the Israel study

was done at the age of one mdrth

Most infants (66%) had a birth weight of 1.5-2.5&igh mean of 1.6kg in our study. This show
that our study population had infants with high@thbweights compared to other previous
Israel and Australian studies which showed the migiath weight of 1.3kg and 0.959kg

respectivel§’ 48

In this study most studied infants were born bef¢teveeks of gestation and this compares

%348 990 which the gestation age ranged between 28

well with a number of earlier studfés
weeks and 32 weeks. Premature delivery among ttiregs may be a result of the high level
of maternal diseases i.e. pregnancy induced hymede, antepartum hemorrhage, maternal

anemia and low social economic status of parertiseirstudy site.
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About 65% of infants in this study had moderatesdoere wasting and this finding have also
been observed in studies done by Wiggens RC?&tMhbureen et &f and Dobbing et &t
These finding can be explained by the low sociahemic status of the people in study sites.
(Table 1)

7.2. Cognitive, language and motor development

A high prevalence of poor cognitive, motor and laage development was observed in the
study patients with prevalence of 90%, 88.2% an@%9respectively. A high magnitude of
cognitive and motor dysfunction is probably a residilthe predominance of premature babies
(97.8%) in the study patients. Poor neurodevelopmeatcome of preterm infants are due to
immature organ system not being able to sustaimaedterine tasks, adverse effects of
obstetrics and neonatal treatments and genetiorfacAbbort et al studying VLBW and
ELBW babies at age 18-22 months presenting witimabhead sonographs observed similar
finding and attributed the outcome, to prematufityspital neonatal care and social economic
characteristit’. Other studies that looked at babies born at gesttage<34 weeks at a later
age also showed significant cognitive and motorfudydion that continue to manifest even
during school age periéd*” ** °2 The prevalence of poor neurodevelopment in tisesgies
was much lower than that observed in this studyv kocioeconomic status is known to affect
cognitive and language development of childrenc&im our environment low socioeconomic
status is the public problem then this may exptam difference of high prevalence of poor
cognitive, language and motor development in irdatadied in our study.

Likewise low birth weight probably resulting fromtrauterine growth retardation was also
associated with high rate of poor neurodevelopnvamtch agrees with findings in earlier
studied® . The other contributing factor for high prevaleméoor neurodevelopment in our
study was microcephaly (low percentile score forOQF The proportion of infants with
microcephaly in our study was 36.4%phigher than ti@3% observed in the Israel stddyin
both studies microcephaly contributed to poor néevelopment and this has been attributed to
the reduced brain mass that is associated withoioesiction corresponding to the missing part

of the brain. The high percentage of infants nahdp@n iron supplementation may also be the
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contributory factor for high prevalence of poor ralevelopment in our study. The high level
of malnutrition in the community may also contributo the high prevalence of poor
neurodevelopment in infants since it have showrlifferent studies that the high level of
malnutrition in a country is also responsible toe thhigh prevalence of poor
neurodevelopmefit?* 4

7.3. Prevalence of iron deficiency

This study detected a high prevalence of iron @iy (34.1%), despite the fact that 37% of
the infants gave a history of receiving prophyladton supplementation as required by the
National guidelines. In this study, iron deficienisy significantly related to birth weight as
80.5% of 0.8-1kg infants had iron deficiency congghmwith 42% of 1.5-2.5 kg infants.
(P=0.019). In Australian study the iron deficienfiaints was more seen in the extreme low birth
weight infant§®. The study done on extreme premature infants 8§e@4 months in Australia
by O’Keeffe MJ et al showed that the prevalencérai deficiency in premature infants was
21%'"® very much lower than the prevalence of 34.1% foimthis study. The presence of
maximal iron accretion during the last trimesteartigularly after 34 weeks and a high
physiological demand during the catch up growtadseto a high prevalence of iron deficiency
in premature babié$ Both these studies indirectly confirm that thériitsic nature of the
preterm to become deficient and the role of riger@aupplementation have a role in
improvement of iron status in the body and subseigueurodevelopment of these infants. The
difference in prevalence levels however, may belydue to the differences in the methods
used for assessing the iron status whereby thaaiast study used Zinc protoporphyrin while
our study used serum ferritin. Although most infantdied were below 34 weeks of gestation,
63% of them were not iron supplemented. Iron ammmes maximal during the last trimester,
particularly after 34 weeks, therefore lack of deppentation at 4-6 weeks of birth predisposes
them to develop anenfia About 48% of infants who received iron suppleraénh were
found to be iron deficient at the time of assessmad 43.8% of infants with history of no iron
supplementation were also found to be iron defici@nevious randomized controlled study

indicated that iron supplementation improved irtatus of infants and childréh®
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The absence of significant difference could belypattributed to possibly unreliable obtained
history of taking iron. May be a question regardihg color of the stool would have helped in
identifying poor compliance to iron intake. Theladf significant difference in levels of body
iron between iron supplemented and non iron supgihted infants could be due to inadequate
drug supplies to infants to last to the next clidppointment. The absence of iron
supplementation in a number of infants indicatédadernal Child Health Programme failure

on this part and calls for agent attention
7.4. Cognitive, language and Motor development inelation to age and sex of infant

This study showed that the more the advanced agleoinfant the more poor cognitive,
language and motor development is likely to manitasd this is also related to their iron
status. This implies that prolonged iron deficiensyates has a role to play in
neurodevelopmeft Breast milk provides biological highly availakiken, but does not meet
the needs beyond six months of age and complenyeiatads have significant iron absorption
inhibitors’. Iron supplemented babies had better neurodevelnpthan non iron supplemented
babies. Similar observation was noted in a studyBlack et at* where Bangladeshi babies

supplemented with iron and zinc had improved mdevelopment.

This study using the simple correlation figures vgbd that females had poor cognitive,
language and motor development score than maléspai®.213, 0.05 and 0.006 respectively.
These differences in neurodevelopment between ¢neags were not statistically significant
on further analysis using logistic regression, #ng sex cannot be considered a confounding
factor (Table 2 and 7). In the study done by Hihaf® showed that the males are more prone
to poor neurodevelopment as compared to females.réason for the difference may not be
obvious and these need prospective study to knowgeihder has an influence on

neurodevelopment.
7.5. Cognitive, Language and motor development iretation to iron status

Iron deficient infants had lowered cognitive anddaage scores than iron sufficient infants.

Iron deficiency was not observed to influence matevelopment scores. Tamura et al also
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observed only poor cognitive and language developraenong iron deficient 5 year old
childrer™®. Several studies cited earlier have shown thantitiwg and language development is
significantly poorly developed among iron deficiemtants. These studies are variable in the
age and their cohorts, but have similar findfntf® 2% 33578

Iron deficiency identified using serum ferritin @@mtration was not associated with poor
motor or language scores at baseline in a studye donZanzibat'(p=0.071). Our study
however showed that infants with iron deficiencyd more language disability than infants
with normal iron status and the difference was istaally significant (p=0.009). The
difference noted in the two studies might be duthtodifferent methods of assessment of the
neurodevelopment used. In the Zanzibar study pangate asked to report on the gross motor
and language milestones to assess the neurodewatopmfull term born children where as in
current study Bayley scale of infant and toddleradlepment version Il was used on premature
and low birth weight infant. Similar finding wereported in the Australian study that used
similar laboratory method for assessing iron staig clinical method for assessing the neural
development (Bayley scale of infant and toddleredi@yment version Ill) for VLBW babies at
12-24 months of ad® A study in Israel assessing 3 weeks old newbdrseved similar
finding on the poor performance of premature irdantterms of reflexes in the iron deficiency
group as compared to normal iron status infinfe level of hemoglobin in our study did not
appear to influence cognitive, language and moewetbpment. However levels of ferritin
were significantly associated with cognitive anethgaage percentile score. Serum ferritin
levels below 12pg/dl indicate iron deficiency. Thaudy in Turke§® showed that iron
deficiency anemia was associated with poor motgeld@ment in children assessed at 5 year.
However iron deficiency alone did not seen to iefloe motor development. This implies that
the observed motor dysfunction is related to anemi@gausal link between iron deficiency
anemia and delays in child development may be rnestliny a variety of direct or indirect
pathways; the most obvious are associated decrgabesnoglobin concentration and oxygen
delivery to tissues in the brain. Alternative thesrrelate to reductions in cerebral iron

concentrations, including hypomyelination and imedi dopaminergic functiGi®* The
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absence of motor dysfunction might imply that infatudied had satisfactory minimum level

of hemoglobin.

Animal models may provide a framework for underdtag the mechanisms that underline
these findings. Iron is required for normal myetipaesi§*. Similarly studies in human
infants have presented clinical evidence of pooelmgtion. Although | postulate that a delay
in myelination is the most likely explanation foyrfindings, there is no way to confirm that
this is the only mechanism. In addition to its rsie¢he production of myelin, iron is involved
in the function of neurotransmitters, such as dapanand serotonin. Earlier rodent studies
documented the effect of decrease in brain irom eariety of dopaminergic functions. More
recent studies on iron status and the developiagnlshowed that perinatal iron deficiency
affects dendritic growth and structure, neural ipelia activity, and synaptogene&ié®. It may

be hypothesized that these neural processes maplalg an important role in determining the
effect of low iron on poor neurodevelopment. Furtbidies with more specific measures of
neurodevelopment and potential confounders areetkénl confirm the exact nature of the
causal relations between low iron status and negrcdl impairments in premature infants.
Further studies are needed to explore the differe@thanism that underline iron status in
premature infants (blood loss, iron intake, mateiman status, and iron therapy) and the

relevance of these factors to the neurodeveloprheateomes.
7.6. Predictors of poor cognitive, language and mot development of infants
7.6.1. Iron supplementation and neurodevelopment dbw birth weight infants

Iron supplementation has been shown to have ingrathie neurodevelopment of premature or
low birth weight infants on all cognitive, languaged motor development with OR of
0.17(95%Cl1 0.07-0.43),0.4(95%CI 0.24-0.67) and (®@3%CI 0.1-0.5) respectively. The
multiple regression analysis confirmed this findifthis shows that the absence of iron
supplementation in infant in current study was edmtor of poor cognitive, language and
motor development. This finding was observed invioes studies done in Bangladé&sh

Zanzibar* and Germar®yy. The Costa Ric4 study showed that there were no improvements in



38

cognitive and motor scores in both iron deficieml @aormal iron status children after 3 months
of iron supplementation. The difference in the éleof supplementation of iron to premature
or low birth weight infants may be due to delaystarting supplementation because it has been
showrf® that the late enteral iron supplementation is Giased with failure to correct the
already present neurodysfunction. This has beendfon rat studies in which rat brain and
human brain have a number of similarities in thathbinvolve considerable postnatal
development which make a rat brain a useful mo#éiebirth in both species the blood brain
barrier is incomplef& and lacks the ability to regulate the transfematerial from the blood to
the interstitial fluid of the brain. The blood-bmadarrier matures within 7 to 10 days of birth in
the rat and may take up to 6 months in the hdfnarus the ability to regulate brain iron
availability according to need may not be well deped in early 1if8® and infant rats and
humans may be susceptible to the effects of irdicidacy in early neonatal period. The
premature infant with an incomplete blood-brainrigarwhen subjected to iron deficiency
would be most vulnerable. The brain of the develgprat adapt to iron deficiency and
repletion by regulating iron availability on a regal basis according to néddVhether iron
supplementation is able to correct neurodevelopahaftects of iron deficiency may depend
upon the point at which iron supplementation occatlative to the developmental stage of the
brain region at the point of supplementation. Stsdin rat pups born to iron-deficient dams
showed that repletion of iron commencing at pos&lnday 4(i.e. before the peak iron demand)
was able to correct the effect of iron deficienaytwth iron levels and monoamines function in
various brain regions. Giving iron around postnadaly 21(i.e. beyond the peak in iron
demand) was unable to completely correct for thicitee in monoamine function despite
correcting iron levef§. There are limited studies on human infants buttose few done have
shown some beneficial effect on cognitive and makevelopment after initiating early iron

supplementation at 6 weeks postnatal as compartédate enteral supplementation
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7.6.2. Gestation age at birth, maternal age, birtlveight and nutritional status of infant

In this study the gestation age at birth of thai$ was not statistically significantly associated
with cognitive and motor development of the infartis observation is supported with studies
in Italy"* and USA® in which the cognitive and motor score was lowepieterm children as
compared to full term children. In the current stukhnguage development was poor at lower
gestational age although in multiple regressionyaieg gestational age was not a significant
predictor of poor neurodevelopment. This is similarthe Italy study which indicated that

preterm infants had poor language developfient

Multiple regression analysis indicated that mateage was not a predictor of poor language
and motor development in premature/low birth weigifants. But low maternal age was
correlated with poor cognitive development althougls effect was not supported by the
multiple logistic regressions. In the other studa@® maternal age and more advanced age have

been associated with poor neurodevelopment for thigints*> 4’

The birth weight of the infant was found to be agateve predictor of poor cognitive
development but not of language and motor developmighese findings are consistent with
previous studies where an increase in birth weiglts related to better psychomotor
development outcomes as measured by the PDI sebthe BSID-II (r=0.54, P=.008) 1% %

> % In contrast, increased birth weight was not digantly related to overall motor
impairment (r=0.25, P=.53). These findings indictiat having a lower birth weight and a
lower gestational age are related with poor motdcames in the first years of development

but the biological basis is not clear.

Nutritional status (wasting) was positive predictbrpoor language development and was not
significantly associated with the cognitive and aradevelopment. The study population was
mostly having malnutrition which in the previousudies has shown to have role on the
neurodevelopmefit Low body protein, fat and carbohydrates act asmeaterial and building
block of the brain through metabolic proce$ses
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8. Study limitation

This was cross sectional study, so it was difficalfollow-up the effect of iron deficiency on
the causation of poor neurodevelopment of infasr @ period of time. Many other iron
deficient children may have been lost to follow4apthe high-risk clinic, thus we may be
seeing only those who are relatively healthy tainretto clinic. Ethical principles would not
allow to keep iron deficient children remain so,dee the effects in long-term, since it is
standard of care to supplement infants who wera poeterm/low birth weight. Longitudinal
studies could have been the ideal to study thectsffef iron deficiency in infancy and long-

term outcomes.

9. Conclusion

There were high prevalence of poor cognitive (90knguage (59.3%) and motor (88.1%)
development in the premature and low birth weigFdnts. About 93% and 69% of babies with
iron deficiency had poor cognitive and languageettgyment respectively with BSID Il score
of <84%. The iron status of infants was not associati#id motor development. The non-iron
supplemented infants were found to have poor B8IBcbre 0f<84 in cognitive and language
development but not with motor development. Wastives a predictor of poor language
development but not of poor cognitive and motoraliewment where as the birth weight was a
negative predictor of poor cognitive developmenatemal age and gestational age was not
predictor of cognitive, language and motor develeptn

10. Recommendation

The recommendations of iron supplementations anppagerm infants and low birth weight
infants during post-natal period should be empleaki¥Vhere iron supplementation should be
started at 6 weeks and all health workers shoulavi@e about this practice and give adequate

advice to mothers on importance of daily iron seppntation.

Early neurodevelopmental assessment should beatoak preterm/low birth weight infants to
identify neurologically challenged infants and toedt them for further stimulation and

supplementation, in order to improve neurodevelagme
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Appendix I: Questionnaire

1 Registration no:

2 Serial No

3 Residents

4 Date of interview:

5 Name:

6 Tel no:

7 Sex:
A Male
B Female
8. Age of infant (months)
9 What was the Apgar score of the baby at birth--------------------eecee -

10 Mothers age

11 Marital status:
A Single
B Cohabiting
C Married
D Divorced

E Widowed
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12 Highest formal education achieved:
A None
B Primary School
C Secondary School
D Post Secondary
13 What was your last normal menstrual period leefloe pregnancy of this child -----------
14 What was the birth date of your child -----——--=-=--mnmmmmmm-
15 What was the birth weight of your baby ----——-------=-meemeee-
17 When was your infant started iron supplementatio----------------
18 Current body weight of your baby is----------==---==e-meeemeeee -

19 Measure the height------------ occipital fronteircumference--------- and mid-upper arm

circumference of the baby--------------

Appendix Il: Laboratory Form

Test Results
Serum ferritin
Hb

MCV

MCH
MCHC

RDW

RBC
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Appendix IlI; Bayley recording form for Assessmentof neurodevelopment of infants

Subtest Summary Scores

Total Canf
Raw Scaled CompesPercentile Intery

Subtest Score Score ScoranR...(__ %)

Cognitive (Cog

Use Table A.S

Language(Lang)

Receptive Communig

Expressive Commun

Sum

Motor (Mot)

Fine Motor (FM)

Gross Motor (GM)  Sum

Social — Emotiona

Use Table A.S

Adaptive Behavior

Communication (Com)

Community Use (CU)

Functional Pre-Academic

Calculate Ag

Date Tested

Date of Birth

Age

Age in Mont

Years

x 12

And Days -

Adjustment for

Prematurity

Adjusted Ag

Calculate

point according
to chart below

start

16 days

1 month 16
2 month 16
3 month 16
4 month 16
5 month 16
6 month 16
9 month O
11 month O
13 month 16
16 month 16
19 month 16
22 month 16

25 month 16

28month 16 days-32 months ]
33 month 0 days-38 months

39 monthOdays-42 months 15 days Q

\ I _

-1 month 15

days-2

days-3
days-4
days-5
days-6
days-8
days-10
days-13
days-16
days-19
days-22
days-25

days-28

months 1
months ]
months ]
months ]

months 1 4

months 3 4
months 3 |
months J
months | X
months L
months M
months N
months
(0]
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Appendix IV: Consent Form (English)

Consent to participate in a study Meurodevelopment of infants born premature/ lowhbir
weight in relation to their iron status in Dar edg&m, Tanzania.

Introduction
Greetings madam/ Sir,

My Name is Dr Albion Kasasa | am working at the Muhili National Hospital and | am
involved in a research on neurodevelopment inigglab iron status of infants born premature/
low birth weight in our hospital. In a few minutdsyill tell you about this research and will
ask for your consent to participate in this reseatavill be happy to respond in case you will

have any questions.
Purpose of the study

We are recruiting all infants who were born prematuow birth weight who are attending
MNH — High risk post-natal clinic. From those weallrecruit we want to know how their

neurodevelopment is and how it is related to tbe status of the infant
What Participation Involves

Those willing to participate will be interviewed some questions related to the research then
physical examination will be done. Furthermore ymmeture will be performed where 5 mis
of blood will be taken for analysis. You will aldme treated for other conditions that need
treatment as normally done. Before we begin thixgss the individual must sign a form to

indicate their willingness.
Confidentiality

Your name will only appear on one form to creatddentification number. Only the created
number will be used in the laboratory forms anthim computer where all the information will

be stored.
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All information we collect from you will be configial and will only be used for the purpose
of this research and better care and treatmentridcelse other than the people involved in the
research and health personnel involved in your edhehave access to this information.
Benefits and Risk§’

You will benefits from the study by knowing whethgour infant has well or poor

neurodevelopment which is related to iron statusoAou will be able to get medical advice
anytime you need during the period of the studgdaymunicating with the doctor involved in
this research. We hope that the information wel ddain from this research will be useful in
terms of offering better care and treatment to yofant.

Apart from benefits infant will feel some little ipawhen the needle pierces when drawing
blood samples.

Voluntary Participation & Rights to Withdraw

Your participation is voluntary and you have thghtito discontinue from participating in our
study at any time. However your decision may beyilit not affect in any way your rights to

care and treatment.
In case of Injury

We do not anticipate any harm as a result of takiag in this research. However, should
physical injury occur, we shall provide you witle@atment according to the current standard of

care in Tanzania.
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Contact persons
If you have questions about this study or pleasealdesitate to contact:

Prof. E Lyamuya; Director; Research and publicattmammittee; Muhimbili University of
Health and Allied sciences (MUHAS); Department otmbiology and immunology; P.O.
Box 65001 Dar es Salaa®R in case of any information about your rights asagi@pant in
this study please contact

1. The Principal Investigator: Dr. Albion Kasasadartment of Pediatrics & Child Health
Tel: +255 786881438, +255 759389956, E-mail: allkasasa@gmail.com.
2. Prof. Karim P. Manji, Department of Pediatricel&hild Health

3. Dr. Festus M. Kalokola, Department of Departn@iRediatrics and Child Health

Have understood the above information and my ocomstihave been answered to my

satisfaction. | agree to take part in this research

Name of the participant:

Signature of the participant:

Name of the Witness (if participant cant read)

Signature of the Witness:

Date of signed consent:
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Appendix V: Consent form: (Swabhili version

Fomu ya ridhaa katika utafiti wansi madini ya chuma yanavyohusiana na maende&o y

mtoto katika mfumo wa fahamu katika Hospitali ydatga Muhimbili.
Utambulisho
Habari za saa hizi,

Jina langu nDk Albion Kasasa nafanya kazi katika hospitali ya taifa ya Muhimiia pia ni
mtafiti katika utafiti wa namna ukosefu wa madiai ghuma yanaweza kuleta maendeleo duni
katika mfumo wa Fahamu kwa watoto waliozaliwa léeehe zao za kuzaliwa hazijatimia.Sasa
nitakupa maelezo ya kina kuhusu utafiti huu na &isitakuomba ridhaa yako ya kushiriki

katika utafiti huu. Endapo utakuwa na maswali yeyatafurahi kukujibu.
Malengo ya utafiti.

Utafiti huu unafanyika kwa watoto waliochini ya umra mwaka mmoja hapa katika hospitali
ya taifa ya Muhimbili. Tunafanya utafiti kujua nwk jinsi gani ukosefu wa madini ya chuma

yanapelekea kutokuwa na maendeleo mazuri ya mfuwoaova Fahamu.
Ushiriki unahusisha nini

Watakaokubali kushiriki tutawahoji maswali kadhg@amoja kujadiliana kwa kina jinsi
wanavyowapatia watoto wao chakula na pia tutawapm&uwachukua damu kwa ajili ya
kuangalia jinsi gani madini ya chuma yana husikanrekuzi na maendeleo ya mfumo wa

Fahamu.
Usiri

Taarifa zote utakazotupa ni siri na zitatumika walkajili ya utafiti huu na kuboresha huduma
ya afya kwa mtoto. Hakuna mtu mwingine zaidi ya aahusika wa utafiti huu

,atakayesoma/kupata maelezo yako.
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Faida

Faida utakayopata katika utafiti huu ni kujua kamaendeleo duni ya mfumo wa fahamu
unaletwa na ukosefu wa madini ya chuma kwa mtot@owd unatarajia tutakachojifunza

katika utafiti huu utaboresha huduma ya afya katiegeneo yetu.
Uhuru wa kushiriki na haki ya kujitoa

Ushiriki wako katika utafiti huu ni kwa hiari kalasisha pia unayo haki ya kukubali kushiriki au
kukataa kushiriki katika utafiti huu. Uamuzi wakoavkushiriki katika utafiti huu ama la,
hautaathiri hata kidogo haki yako ya kupata hudumayostahili kuipata.

Kukitokea madhara.

Hatutarajii madhara yoyote katika kushiriki kwakednye utafiti huu, lakini endapo utapata
madhara yeyote kutokana na ushiriki wako tutakupduma zote za matibabu ya afya kama

inavyotakiwa kwa kiwango cha Tanzania.
Nani wa kuwasiliana naye.
Iwapo utakuwa na swali lolote kuhusu utafiti hwnaweza kuwasiliana na

Prof. E. Lyamuya: Mkuu wa tafiti, Chuo kikuu Chayafna Sayansi za tiba Muhimbili; Idara
ya microbiolojia; S.L.P 65001 Dar es Salaam.

AU Kukiwa na tatizo lolote wasiliana na wafuatao:

Dr.Albion Kasasa Idara ya Magonjwa ya watoto naafy mtoto (Tel 0786881438)
Prof. Karim P. Maniji, Idara ya Magonjwa ya Watot Afya ya Mtoto.

Dr. Festus M. Kalokola Idara ya Magonjwa ya watadoAfya ya watoto

Mimi
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Nimeelewa maelezo yaliyoandikwa hapo juu na kukidma majibu niliyopewa kwa maswali

yangu yote. Ninakubali kushiriki katika utafiti huu

Jina la mshiriki:

Sahihi ya mshiriki:

Tarehe ya kusaini ridhaa:




