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ABBREVIATIONS

WHO - World Health Organization

KDHS — Kenya Demographic Health Survey
KNH — Kenyatta National Hospital

DM — Diabetes Mellitus

IDDM - Insulin Dependent Diabetes Mellitus
T1DM — Type 1 Diabetes Mellitus

NIDDM — Non Insulin Dependent Diabetes Mellitus
MMSE — Mini Mental State Exam

RQC —Reporting Questionnaire for Children
HBAL1C — Glycosylated haemogloblin

GLUT — Glucose transporter

AGEs —Advanced Glycation Endproducts



DEFINITION OF TERMS

Diabetes— A chronic illness which occurs due to insuligisgance or insulin
deficiency, leading to hyperglycaemia

Type 1 Diabetes Mellitus -Diabetes secondary to absolute insulin deficiency

Cognition - The function through which sensory input is pssss. It includes
attention, working memory, processing and comprdimgnlanguage, learning,
reasoning, problem solving and decision making.

Glycosylated Haemoglobin (HBA1C):Formed by non-enzymatic bonding of
glucose molecules to haemoglobin. As the averagsenm glucose rises, the
fraction of glycosylated haemoglobin increases predictable way. Reflects
blood sugar control over previous three months.

Glycaemic control: HBA1C < 6.5%

Hypoglycaemia: In diabetic children this is defined as blood gkeo< 3.9
mmol/|

Neuroglycopenia: Symptoms of neurological impairment secondary dw |
blood glucose.

Hypoglycaemic unawarenessCondition in which there are no symptoms of
hypoglycaemia despite low blood glucose

Chronic illness: WHO definition: lliness lasting longer than 3 maositicausing
periodic or continuous episodes of incapacity. ludes respiratory conditions
such as asthma, cardiac disease, HIV and cancer.

Caregiver. A caregiver is someone, typically over age 18pwinovides care
for another.

Child: - The United Nations Convention on the Rights of @fald defines a
child as "ahuman being below the age of 18 yeardess under
the law applicable to the child, majority is at&nearlier”. In Kenya, ‘a child
iIs any human being below the age of eighteen yd@isapter 586 Laws of
Kenya, 2001)



ABSTRACT
Background

Type 1 Diabetes Mellitus (T1DM) is one of the mostnmon chronic diseases
of childhood. The burden of diabetes in childnerKenya is unknown, but the
Ministry of Health estimates that three million pé® have the condition.
Diabetes is known to cause cognitive dysfunctiotosdary to both its acute
and chronic complications. Early recognition aftls important to help these
children maintain normal intellectual function aachieve their full potential.

Objectives

To compare the cognitive function in children withpe 1 diabetes with that of
non-diabetic children at Kenyatta National Hospitald within the population
of diabetic children, determine the relationshipwaEn cognitive function and
both the duration of diabetes and level of glycaetointrol.

Study design

This was a hospital based cross-sectional comparatudy with two arms
recruiting diabetic and non-diabetic children, exgjvely.

Methods

Sixty-six children with TIDM aged 7 to 16 years weenrolled from the

paediatric Endocrinology clinic. Sixty-seven chdd aged 7 to 16 years
recruited from the paediatric out-patient clinicrfi@d the comparative group.
The Modified Mini-Mental State Exam (MMSE) was adimsiered to all

children meeting inclusion criteria and scores weategorized into either
normal or impaired cognitive function using agesesfie cut-offs.

Results

Median (lower - upper IQR) age of children with lokées was 13 (10-15) years
and the median age in non-diabetics was 12 (10y&dys. There was no
significant difference in cognitive function asss$susing MMSE scores
between diabetic and non-diabetic children. OVetal out of the 66 diabetics
(25.8%) had low MMSE score compared to 14 (20.9%)-diabetics (OR =

1.31, 95% CI 0.54-3.21). The cognitive functiod diot differ significantly for

the subdomains of the MMSE with mean scores fdoetias and non-diabetics
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of: 11.2 versus 11.3 (orientation); 6.0 versus (&tfention and concentration);
3.0 versus 3.0 (registration); 2.3 versus 2.4 (be@nd 10.3 versus 10.4
(language). However, there was some evidencegtfehiscores for recall in
non-diabetic children aged 12-14 years comparedidbetic children in the
same age group (p = 0.078).

Conclusion

There was no significant difference in cognitivandtion in diabetic children
compared to non-diabetic children as assessed tisnlylodified Mini Mental
Status Examination.

Recommendations

Baseline and serial assessment may be more ubafulat single assessment of
the MMSE. A different tool may detect subtle diffaces in cognition.



1. BACKGROUND AND LITERATURE REVIEW

Diabetes is a chronic illness due to either abeahsulin deficiency or insulin

resistance, leading to hyperglycaemia. While T¢mhabetes is due to insulin
resistance(1l), Type 1 diabetes (previously knowniresilin-dependent or
childhood-onset diabetes) is characterized by absolnsulin deficiency.

Studies indicate that autoimmunity is a major faatopathogenesis for Type 1
diabetes in a genetically susceptible individual(2)

Global incidence of diabetes is estimated at 30BM.(ncidence of type 1
diabetes is highest in Finland at 35/100,000. fric4, incidence of Type 1
diabetes ranges from 4/100,000 in Mozambique tdA®O00 in Zambia(4).

Kenya does not have accurate statistics on the euofbdiabetic patients, but
the Ministry of Health estimates that three millig®nyans are living with
diabetes. By extrapolation, 10% of these patiembsild have T1DM, and
approximately 270,000 are expected to be childjen{@owever, only about
2,000 children with T1DM are being followed up imet main hospitals and
clinics in the country; the majority die undiagndskie to complications (2).

In the absence of endogenous insulin productiotemtsa with T1IDM require
lifelong insulin treatment, which is administereg subcutaneous injections.
Optimal control requires at least two or more daifgctions and frequent self
monitoring of blood glucose levels.

Diabetes can lead to both acute and chronic coatmms. While long-term
vascular complications have been widely studietces of dysglycaemia and
poor glycaemic control on intellect and cognitiandiabetic children are less
well known and documented. In recent studies, bgfio and hyperglycaemia
have been recognized to cause cognitive impairraadtreduced intellectual
functioning (6,7).
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Cognitive function

Cognition is the function through which sensoryun processed. It includes
attention, working memory, processing and compredimgnlanguage, learning,
reasoning, problem solving and decision making.

Brain development and metabolism

During intra-uterine development and in the fieswfyears of life, there is rapid
brain growth and maturation, with proliferation oéurons, formation and
pruning of synapses. By age two, the brain’'s gnelgmand reaches adult
levels and is nearly twice the adult rate by age ¢gadually reducing to adult
levels in the next decade of life (8). This critipariod of brain development is
particularly vulnerable to metabolic disturbancesiuch as hypo and
hyperglycaemia.

The brain utilizes about 10% of the body’s glucosalisproportionately high
percentage of the body’s metabolic needs. Becaesgons cannot store
glucose or glycogen; or derive glucose from gluocgemesis, the brain requires
a continuous supply of nutrients. While in a ndrofald cerebral blood supply
increases with an increase in glucose demand aimetic children there is little
increase in cerebral blood flow and limited ability utilize other substrates
such as lactate, alanine and ketones. Theredsrasfficient up-regulation of
GLUT 1 transporters at the blood-brain barrier, alhinormally help in
increasing glucose extraction from blood (7).

Endogenous insulin levels and serum glucose lenelgightly regulated in the
non-diabetic child but exogenous insulin imperfectmimics normal
physiology, leading to poor glucose homeostasisheiVnormal homeostasis
fails to maintain euglycaemia, neuronal functiod &rability are affected (8).

Cognitive function in diabetic children

Several hypothesis have been put forth to explaw dysglycaemia causes
cognitive dysfunction. It is thought to occur dieeoxidative stress and lipid
peroxidation during glucose fluctuations (9), résgl in formation of Advanced
Glycation End-products (AGEs). AGEs are formedotigh non-enzymatic
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reaction of glucose with amino groups found in erad, lipids and nucleic
acids. Formation of AGEs is accelerated by hypeagmia and they are
preferentially deposited in some tissues includoogjagen and myelin. A
study done by Sha#&t al in New Orleans showed that many diabetic children
have precociously high estimates of AGEs, compartbivhat would naturally
accumulate after 25 years of ordinary aging(10).

Advanced glycation end products are deposited enblisement membrane of
the blood brain barrier and in the myelin sheatiuad neurons. This results in
disruption of the blood brain barrier and axonamdge. AGEs also cause
endothelial damage through stimulation of reledgeansforming growth factor
B by pericytes and vascular endothelial growth factand matrix
metalloproteinase 2 by the endothelial cells(11,1Phere is reduced synthesis
of nitric oxide and increased production of endbtheresulting in
vasoconstriction.  Within the neurons, AGEs stirteilgporoduction of
inflammatory cytokines increasing oxidative streswl tissue damage (13).
These processes affect cerebral blood flow andecaesronal damage.

Fergusonet al carried out a cross-sectional study in Scotland2005,
examining the effects of early onset of TIDM oneteal structure and
cognitive function (14). The study also assess$ed gotential correlates of
cognitive differences in the 2 groups, includingeagf onset of diabetes,
duration of diabetes, preceding severe hypoglycaeamd presence of
retinopathy.

A total of seventy-one children with TIDM were ngited and classified as
having either Early Onset Diabetes (EOD; n = 26)ettping before age seven
years, or Late Onset Diabetes (LOD; n=45) develppietween seven and
seventeen years. Both groups were subjected top®tchological testing and
MRI brain scans. Study results showed that childngth EOD performed
poorer than those with LOD in tests of intellectadllity. MRI scans also
demonstrated that lateral ventricle volumes wer@o 33reater with higher
prevalence of peri-ventricular atrophy (61 vs. 2p%0.01) in EOD compared
with later onset Type 1 diabetes. The factor noosisistently associated with
lower scores on cognitive tests were age of on§efl®M, with children
developing diabetes earlier than seven years ofage likely to have poorer
scores, regardless of diabetes duration. The eutomcluded that early age of
onset of diabetes was associated with a greatdindan cognitive function,
and that the changes in brain structure were dt refsdiabetes.
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A similar study was carried out in Turkey by Tole#dir et al looking at the
relationship between metabolic control and neurotg function in children
diagnosed with T1DM before and after 5 years of(@ge This was a case-
control study with 60 children with T1DM furtherapuped as EOD < 5 years
and those with onset at later than 5 years; ancégt) and gender matched
controls. Diabetic children were found to have ngo®cores in cognitive tests
and specifically in visual perception, short terrmmory and selective attention.
Those with early age of onset and poor glycaemiatrob had significantly
poorer results.

These studies emphasize the importance of earyndsas and good glycaemic
control in delaying and minimizing damage to theveleping brain and
preserving cognition.

Dysglycaemia and cognition

Hypoglycaemia in diabetic children is defined asdol glucose < 3.9 mmol/l
(10). It may occur due to ingesting insufficierdlaries, administration of
inappropriately high levels of exogenous insulirercessive exercise. A fall in
blood glucose below this level stimulates productmf counter-regulatory
hormones including catecholamines, cortisol, glocagnd growth hormone.

Frequent hypoglycaemia lowers the threshold at kvhltypoglycaemic

symptoms manifest, resulting in blunting of the dglycaemic response,
termed ‘hypoglycaemic unawareness.” This has béemonstrated to be
influenced by the duration of diabetes(15), andisea more frequent and more
severe hypoglycaemic episodes.

Hypoglycaemia has been shown to affect memory ead o structural changes
in the brain white matter (16). The frontal anthp®ral regions especially in
the left hemisphere, which are involved in langyagemory and attention, are
particularly affected by abnormally low blood glseo

Perantieet al carried out a study in 2010 on 95 youth with T1@MI 49 sibling

controls aged 7 to 17. Patients with TLDM weregatized as having 0, 1-2 or
3+ episodes of severe hypoglycaemia. MRI braimscavealed that greater
exposure to hypoglycaemia was associated with danggocampal volumes
and those with 3+ hypoglycaemic episodes had thgesa volumes after
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controlling for age of diabetes onset (17). Tmkaegement may reflect damage
to the developing brain such as reactive gliosdismuption in pruning.

Hyperglycaemia is defined as blood glucose level$13l mmol/l. Insulin
deficiency leads to impaired glucose utilizatiompaired glycogenesis and
uninhibited gluconeogenesis. When renal glucosestiold is exceeded, it
results in glycosuria with osmotic diuresis andydihtion. Impaired glucose
utilization with stimulation of counter-regulatofyormones leads to further
stimulation of gluconeogenesis, ketonaemia andoasd

A study carried out at the University of Cambridige2012 examined the
variation between countries in frequency of DKAthe first presentation in
T1DM. (18). This was a systematic review of 65dgtuwcohorts comprising
>29,000 children in 31 countries. Frequency of DE# the diagnosis af'1
presentation ranged from 12.8% - 80%; and was bighe developing
countries, and lowest in Sweden and Canada.

In our set-up, due to a low index of suspicion, ynambetic children are

misdiagnosed as having gastroenteritis, malaripn@umonia. The resulting
delay in diagnosis exposes the children to proldngemanaged episodes of
hyperglycaemia and impaired cognition.

In a study done in the U.S. by Gonder-Fredmtkal, 2009, both hypo and
hyperglycaemia were shown to affect cognition. sTlas a field study where
61 children aged 6-11 years with TLDM were subptdtetwo brief cognition

tests just before home blood glucose readings. e toncompletion of mental
math problems and reaction time was slower in hggropared to euglycaemia.
In addition, blood glucose levels <3.0 mmol/l or2%2 mmol/l caused

equivalent decline in performance in mental maf).(1

Management of children with diabetes requires gpacental education, with
emphasis on recognition of symptoms of hypo ancelgigcaemia. This will
prevent or delay onset of cognitive decline.
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Findings in other studies are summarized below:

Studies on Cognitive function in children with Typel Diabetes

STUDY COUNTRY | TYPEOF | SAMPLE TITLE OUTCOME
STUDY SIZE
Kaufmann USA Case control | 52 TIDM Neurocognitive | Neurocognitive
et al, 1999 15 age functioning in function
(20) matched children comparable to
siblings diagnosed with | controls, but
diabetes affected by
before age 10 occurrence of
years. hypoglycaemic
seizures
Hannonen, Finland Case control | 11 T1IDM with Neurocognitive | Children with
et al 2003 h/o severe functioning in reported episodes
(21) hypoglycaemia, | children with of severe
10 T1IDM type-1 diabetes | hypoglycaemia had
without h/o with and more
severe without neuropsychological
hypoglycaemia, | episodes of impairments
10 healthy severe
controls hypoglycaemia
Perantie, D. | USA Case control | 117 TIDM Effects of prior | TIDM had lower
Cetal, 2008 aged 5-16; 58 | hypoglycemia verbal intelligence.
(22) non-diabetic and Within T1IDM,
sibling controls | hyperglycemia | verbal intelligence
on cognition in | was reduced in
children with those with hyper,
type 1 diabetes | not hypoglycaemia
mellitus.
Naguib, JM | UK Meta- A meta- Neuro- Children with
et al 2008 analysis analysis of 24 cognitive T1DM have mild
(23) studies performance in | cognitive
published children with impairment
between 1980 | typel
and 2005 diabetes--a
meta-analysis.
Asvold, BO Norway Case control | 28 diabetic Cognitive Early exposure to
et al, 2010 prospective | children function in severe
(24) study 28 age type 1 diabetic | hypoglycaemia has
matched adults with lasting effects on
controls early exposure | cognition
followed up 16 | to severe
yrs hypoglycaemia:
a 16-year

follow-up study
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Anderson, Australia Prospective | 33 T1DM Neurocognitive | There was no
M. et al, follow-up 32 controls outcomes in difference in 1Q
2011 (25) study young adults scores in the two
with early- groups; differences
onset type 1 noted in memory
diabetes: a subtests
prospective
follow-up
study.
Zhongguo, China Case control | 32 T1IDM Cognitive T1DM may reduce
et al, 2012 32 healthy function in verbal intelligence
(26) gender children with quotient and
matched type 1 diabetes | overall IQ. HBalC
controls is an independent
risk factor

Cognitive development is affected by a wide ranfiactors including chronic
ilinesses like diabetes; and environmental factah as socio-economic status,
level of education of the parents and provisiom stimulating and emotionally
safe home environment.

A study carried out in France in 1998 examined diactassociated with
glycaemic control in 2,579 French children with TMD The study identified
the quality of family support and dietary complianas contributory factors
(27). In study done by Puset al in India in 2013, significantly lower cognitive
scores were associated with a recent diagnosissémm-economic status, and
higher levels of HBA1C.(28)

Al-Odayaniet al carried out a study in Saudi Arabia in 2013 tlegegsed the
relationship between glycaemic control and the mathevel of education and
knowledge. There was a significant associatiorweenh mothers’ level of
education and glycaemic control (29), suggestingt thigher levels of
knowledge led to better glycaemic control. In adgtcarried out in Turkey,
younger maternal age, higher paternal level of atloic and fewer siblings
were found to be negatively associated with podabeic control (30).

Chronic complications of diabetes have been stueigensively. There is now
evidence to show that Type 1 diabetes has signifietiects on the developing
brain and may lead to impaired cognition, lowerf@®nance on tests of
cognition and may prevent the child with T1DM froachieving their full

intellectual potential. This study intends to assand highlight the effects of
diabetes on cognitive function, and examine possdmdsociations between
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cognition in diabetic children and other factorsclsuas age at diagnosis,
duration of illness, socio-demographics and glyaaerontrol.

The Modified Mini Mental State examination will hesed to assess cognitive
function in all study subjects. It has been wideged as both a clinical and
research tool in developed countries including A and UK, as well as

developing nations like India, Kenya, Ecuador ar@utB Africa. Several

studies have been carried out on the MMSE to iny&#t its use as an
instrument for testing cognitive function.

A study was carried out in Australia in 1993 by @ewet al, (31). The MMSE
was administered to 115 patients aged 4 to 15 yraaspaediatric out-patient
setting. The test took 5 — 20 minutes to administédighly significant
correlations were found between the MMSE and cHaomncal age, reading age
and mental age and the authors concluded that ¥M&BMis a suitable tool for
screening higher mental function in children at #ye of 4 years and above,
and can readily be incorporated into the neuroldg@zamination of children.

Rubial-Alvarez S., Machado M.& al carried out a study in a population of
Spanish children in 2007, to analyse results of MMdSE and assess the
usefulness of the instrument as a cognitive scngertool for children’s
development. The authors also aimed to assessgltt®nship between MMSE
scores and the intelligence quotient of the child@ne hundred and eighty-one
children were studied, and both tests of IntellgerQuotient (IQ) and the
MMSE were administered. Scores on the MMSE werendoto correlate
significantly with their chronological and mentgles (32). The sensitivity and
specificity of the MMSE was also assessed in Inaiaidren in 2005 by Jain
M. and Passi G. The MMSE was administered to 5Bjests without
neurological illness and 50 subjects with neuralabiillness due to varied
aetiologies. The test was administered by 2 oless@at admission and repeated
four days later. The test took an average of eightites and no inter-observer
variability was found. The MMSE was found to id§ntchildren with poor
outcome with a sensitivity and specificity of 68%dal00% respectively(33).

The MMSE was evaluated by Lancu |. and Olmer Athat University of Tel
Aviv in 2006. The authors reviewed seven studiesvipusly done on the
MMSE. They concluded that the validity construéttioe test is considered
good. The main disadvantage was found to be diffican identifying mild
cognitive impairment and specificity was found t@ lbetween 80 and

17



100%(34). The MMSE has been used in Kenya, (35Kigsakhaleet al, to
assess cognitive function in youths aged 13 to 2arsy suffering from
depression and was able to effectively identifysthavith moderate to severe
cognitive dysfunction.

2. STUDY JUSTIFICATION

Among the children who are diagnosed to have deshdilood sugar control
remains suboptimal, partly due to poor patient selhagement skills and lack
of self-care equipment to monitor blood sugar. @Ginge dysfunction is a
recognized complication of diabetes that is oftearmoked, both while giving
the patient diabetes education, and in mainstreamming.

While long-term vascular complications have beewlisd both internationally

and locally, the effects of dysglycaemia and pdgcagmic control on intellect

and cognition in diabetic children has not beewlistl in Kenya. Quantifying

and increasing awareness of the cognitive dysfonctuffered by diabetic
children will help the health care professionaligr@s and their care givers to
better manage the condition.

Locally, children diagnosed to have conditiond thegatively affect cognition
such as attention deficit and hyperactivity disoraee given extra time during
national examinations. This study sought to comhe cognitive function of
diabetic children with their non-diabetic countetpa and explore the
association between cognitive function, durationdadbetes and glycaemic
control. Findings from the study would be usefulhelp diabetic children
optimize their learning potential.
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3. OBJECTIVES

3.1. Primary Objective

» To compare the cognitive function of children witfype 1
Diabetes mellitus at Kenyatta National Hospitalhwiton-diabetic
children using the Modified Mini Mental State Exaation.

3.2. Secondary Objective

Within the population of children with Type 1 dides mellitus:

* To determine the association between cognitivetion@and
glycaemic control (HbA1C) in diabetic children

* To determine the association between durationadfetes and
cognitive function
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4. METHODOLOGY

4.1. Study Design

This was a hospital based cross sectional studix witcomparative arm,
evaluating the cognitive function of diabetic cindd compared to non-diabetic
children.

4.2. Study Site

This study was conducted in Kenyatta National HasgKNH), which is the
National Referral Hospital and Teaching hospitaltfee University of Nairobi
Medical School. It is located in the Kenyan cdptity Nairobi. KNH serves
as one of the two national (tertiary) referral htap in Kenya and receives
patients from all other hospitals in the countryl areighboring East African
countries. It also serves non-referral patientsniyarom the capital city and
the surrounding counties. There are four paediataicls with a capacity of 240
beds with the occupancy often over 100%. KNH resader 11000 paediatric
admissions in a year. The paediatric endocrinoldgyc was started in 2008.
Approximately 500 patients with TLDM are followeg@ in the clinic, drawn
from Nairobi and the surrounding environs. Diabettients aged 23 years and
below are followed up in this clinic where free ufis is provided. Patient
records are kept in manual paper files, includihgical notes and laboratory
results.

4.3. Study Population

The study included diabetic children aged 7 to &érg recruited from the out-
patient endocrinology clinic and children aged 7L@years recruited from the
paediatric out-patient clinic. The paediatric etritology clinic runs every
Tuesday, with about 15 children followed up evdiyic day.

4.4. Inclusion criteria
For diabetic children:

» Children with diabetes aged 7 to 16 years, culyaménaged as out-
patients

For the comparative group:

* Children aged 7 to 16 years followed up in the Katay National
Hospital out-patient clinics
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4.5. Exclusion criteria
Participants meeting the following criteria werelexied from the study:

For diabetic children:

* Hypoglycaemia — Random blood sugar at that clims@ « 2.2 mmol/l
- were unable to be assessed due to symptoms aigigcopenia

» Hyperglycaemia — Random blood sugar at that clirst > 15 mmol/I
— due to need for further tests to diagnose anchagabKA

* Impaired conscious level

» Other chronic illness — as identified from medicatords, history
obtained from the patient, parents/caregivers,cinetal examination

» History of developmental disorder as defined by\tidO Reporting
Questionnaire for ChildrefAppendix II)

» History of head trauma

» Failure to give consent

For the comparative group

» Diabetes — Random blood sugar at that clinic wgitL..1. mmol/l

* Hypoglycaemia — Random blood sugar at that clist « 2.2 mmol/I

* Any chronic illness - as identified from medicalcoeds, history
obtained from the patient, parents/caregivers,cindtal examination

» Neurosurgical conditions

» History of developmental disorder as defined by\idO Reporting
Questionnaire for Childre@Appendix II)

» History of head trauma

» Failure to give consent

4.6. Study Period
The study was carried out over 5 months, from Augu®ecember, 2014.

4.7. Study Tools
Mini Mental Status Examination (Appendix I)

The cognition of patients meeting inclusion criiewas assessed using the
modified Mini Mental Status examination. The mmeéntal status examination

was developed by Folstein in 1975. It is a brie@fp®int questionnaire test that
Is used to screen for cognitive impairment. It @so be used to estimate

21



severity of cognitive impairment and follow the ¢e& of changes in cognition
over time. The test, which takes 5-10 minutes dmiaister, examines 5
domains: orientation, immediate and short term mgmattention and
calculation, language and praxis (31).

The tool is scored as follows:

Domain: Orientation Score
Orientation in time 4
Orientation in place 4
Orientation in person 4
Total score for orientation 12
Domain: Attention and 7
Concentration

Domain: Registration and Sensory | 3

Perception

Domain: Recall 3
Domain: Language and Praxis 12
TOTAL SCORE 37

The principal investigator administered the tesd ascorded the subtotal and
overall score for each study subject.

The WHO Reporting Questionnaire for Children (RQC) (Appendix I1)

The Reporting Questionnaire for Children was dgwedbby the WHO as part
of a collaborative study involving 7 countries, liding Kenya, Algeria and
South Africa (36). It is a 10 item instrument tadd to identify developmental
disability, and significant degrees of emotionaghavioural and psychotic
disorders. The instrument is designed to be usedildren aged 5 to 16 years.
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It was used to exclude children with the above rdiss which would be
associated with impaired cognition. Children fouwadhave developmental
disability; emotional behavioural or psychotic dders were referred to the
Child Psychiatrists in the Patient Support Center.

4.8. Sample Size Estimation
Using the formula for comparison of two proportions

{Zg\/[f[l(l — Tflj + Tfﬂ(]- - ﬂﬂ)] + Zcrfz\/r[Zﬁ(l - er-_'[] }2
n =

(o — 11)?

.Tv[-l +Hﬂ

Where 7T =

n = required minimum sample size

7, = the proportion of diabetic children with cognéidysfunction

1, = the proportion of non-diabetic children in themgarative group
with a cognitive dysfunction

Using a study by Imam, | et al, 2003(37), and assgrthe difference in the
two groups to be 20%ir, = 88.6%; m, = 68.6%

Zp = one-sided percentage point of the normal distidm corresponding

to 100%-the power. For this study power was s80&b, (100%-80%) = 20%
andZg = 0.84

Zq 2 = percentage of the normal distribution correspam¢b the
required (two-sided) significance level set at $this study, thereforZ, ,, =
1.96

10.84,/10.886(1 — 0.886) + 0.686(1— 0.686)] + 1.96V[2x 0.786(1 — 0.786]}
n =
(0.686 — 0.868)°

n = 66 children per group

23



5. DESCRIPTION OF THE FLOW OF RESEARCH

5.1. STUDY DIAGRAM
DIABETIC CHILDREN

« The principal investigator reviewed patient files in endocrinology clinic to identify
patientsaged 7 - 16 years

//(

s Patient clinical notes were reviewed to exclude other chronic illness

" Assessment of random blood sugar which is measured at each clinic visit to identify
and exclude patients with hypo or hyperglycaemia. These were referred to the
clinician in the endocrine clinic for appropriate management

v

N

* The principal investigator explained to patients and parents/caregivers of children
identified the purpose of the study and its importance and reassuredthem of
confidentiality

€«

* After obtaining consent and assent, the investigator enquired about history of
other chronic illness and carried out a physical examination

A DN

/.

* WHO Reporting Questionnaire for Children adminstered. Children with abnormal
results were referred as appropriate

S

* Consecutive sampling was used for recruitment of patients meeting criteria

<<

* The principal investigator administered the Mini Mental Status Examination. (20
minutes) and interviewed the parent/caregiver to fill the Questionnaire on SES.

v

£

« Patient and parent/caregiver were thanked for their participation
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COMPARATIVE GROUP

~N

e The principal investigator reviewed patient records to identify patients
aged 7-16 years and reviewed their past medical history to exclude chronic
illness

J

~
* The principal investigator explained to the patient and parents/caregivers

the purpose of the study, its importance and assured them of
confidentiality

_/

* After consent/assent was obtained, random blood sugar was measured to
identify and exclude any patients with diabetes. Patients with abnormal
blood sugar were referred to the paediatric emergency unit. Consecutive
sampling was used for patients meeting criteria

* The principal investigator administered the WHO Reporting Questionnaire
for Children. Children with abnormal results were referred as appropriate.

* The principal investigator administered the Mini Mental Status
Examination and interviewed the parent/caregiver and filled the SES
questionnaire

L <€ <-4

<

* Patient and parent/caregiver were thanked for their participation

(
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5.2. Recruitment

Study subjects were recruited from the paediatraoerinology clinic. Patients
with Type 1 Diabetes Mellitus were identified frofme patient records. The
patient files were reviewed to identify childreredgseven to sixteen years with
no history of other chronic iliness, including daaxldisease, renal disease and
asthma. Blood sugar was measured by the nursegdeach visit and any
children with hypoglycaemia (Random blood sugar 2 2nmol/l) or
hyperglycaemia (Random blood sugar > 15 mmol/l)emexcluded from the
study. These children were referred to the clamdor immediate intervention.

The principal investigator identified those meetitng age and blood sugar
criteria, and explained the purpose of the studythe patient and their
parents/guardians. The 10 point WHO Reporting Qumasaire for Children
(RQC) (Appendix 1) was administered to identify any children with
developmental disorders. These were excluded flanstudy and referred to
the child psychiatrist in the Patient Support Centdhere was consecutive
recruitment of study subjects meeting the inclusioteria.

The comparative group was recruited from the paediaut-patient clinics.
Patients aged 7 to 16 were selected, and therenwamatching for age or
gender. Patient files were reviewed to excludewmierillness — head injury,
cardiac disease, renal disease or asthma. Thegainnvestigator explained
the purpose of the study to the patient and paearegivers. After explaining
the procedure and obtaining consent, random blogdrswas measured using
finger-prick samples, glucostix and a One-touchcGlueter. Patients with
abnormal blood glucose were referred to the Pasxliamergency Unit.

The 10 point WHO Reporting Questionnaire for Clelidiwas administered to
identify any children with developmental disordefbese were excluded from
the study and referred to the patient support eeagrappropriate.

The investigator ensured privacy and non-disruptibservices by using one of
the consultation rooms in the clinics while intenag with the patient and their
parents/caregivers.
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5.3. Consent administration

The patients and their parents/caregivers werengie¢ailed information by the
principal investigator about the study and whygitportant. They were
informed that there were no direct benefits andsthdy is risk free except for
their time and pin prick pain for sample collect@ppendix V).

Informed consent (and assent for children olden thgears) was be obtained
from parents/caregivers of children who met théusion criteria Appendix
V)

Consent was voluntary and free from coercion.

5.4. HBA1C

A sample was collected for current HRALf not available) to measure
glycaemic control over a period of 3 months. Procedor measuring HbAlc
levels Appendix V)

5.5. Socio-demographic questionnaire:

The principal investigator interviewed parents/cgreers and fill the socio-
demographic data sectioAgpendix Il )

5.6. Mini- Mental State Examination

After identifying those meeting inclusion criterithe principal investigator
administered the MMSEAppendix 1)

All patients were offered standard medical care thdre they agreed to
participate in the study or not.

5.7. Primary and Secondary outcomes

The primary outcome of this study that was assessedthe score on the mini
Mental State Exam (MMSE) for diabetic children cargdl to the non-diabetic
comparative group.

The secondary outcomes investigated within the gafuchildren with type 1
diabetes were the relationship between scores @MMSE; and duration of
diabetes and glycaemic control as assessed by HBA1C
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6. DATA MANAGEMENT

6.1. Data collection

Diabetic children aged 7-16 followed up in the pagd endocrinology
clinic were assessed by the principal investigatohfter seeking consent,
the parents/guardians of eligible children werenviewed. A questionnaire
was administered to determine the socio-demographie outlined in
Appendix 1.

The random blood sugar was measured using fingek-pamples, glucostix
and a One-touch Glucometer. Glycated haemoglobas wneasured.
Finger-prick samples were collected using sterieehhique through
collection of finger-prick samples and analysechgsa Bayer DCA 2000+
machine for measuring glycated haemoglobin. Alktipgants were
screened for developmental disorder using the WH@ra (Appendix II).

The Mini Mental State Exam (Appendix 1) was adnt@ied to each child
and the results recorded.

The comparative group was recruited from the paediaut-patient clinics
and enrolled if they fulfil all inclusion and exslon criteria. Consent was
sought and the parents/guardians interviewed terchate their socio-
demographic characteristics as outlined in Appefidlix

After measurement of blood glucose, the Mini Menfahte Exam was
administered to each child and the results recorded

6.2. Data storage

All documentation was kept in the custody of theng@pal investigator.
Questionnaires were stored in a locked cabinegctElnic data were stored
in the principal investigator's password protedisgltop, which was stored
In a secure area when not in use. Paper basedlidat®@t have any patient
names or information that would enable identificatof the patient and was
stored in a locked cabinet after collection, acbésonly to the principal
investigator.

6.3. Data Analysis

Data were entered into an SPSS database, cleadestcard in a password
protected PC. Data analysis was done using SPB®nel8. Descriptive
analysis using frequencies for categorical data eesed out. Cognitive
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function was defined using age specific cut-offs MMMSE scores.
Association between cognitive function and diabetas measured based on
chi squared test. Logistic regression was usedbtain adjusted odds ratios
of association between cognitive function and patiEactors including
diabetes status, duration of diabetes and levglyohemic control.

7. ETHICAL CONSIDERATIONS

7.1. Confidentiality

This research was conducted in accordance withhallKenyan laws and
regulations that protect rights of human reseangbjests. All records and
other information obtained were kept strictly coefntial. All data collection
tools were identified by number or otherwise cottedrotect any information
that could be used to identify the study subjects.

7.2. Ethics and Research Committee approval

This protocol was reviewed and approved by the dsthand Research
Committee. A letter of protocol approval by Ethimsd Research Committee
was obtained prior to the commencement of the study

7.3. Protection of Health Records

Health records were only accessed by the prinaipaistigator. Questionnaires
used did not have the patient’s name or file nuntiogrwere serialized using a
participant identification number. All written sty materials were kept in a
locked secure cabinet. Electronic records wereedton a password protected
lap top.

7.4. Children with conditions identified during screening

Children found to have chronic conditions duringieg of their patient records
and physical examinations were referred to the gpate clinics. Patients
found to have hypo or hyperglycaemia in the diabelinic were referred to the
doctor in the endocrine clinic for management. idPé$ identified to have
developmental delay using the WHO Reporting Quesage for Children

were referred to Patient support services/Child cRisyrist for further

evaluation. Children with hypo or hyperglycaemmahe out-patient clinic were
referred to the Paediatric Emergency Unit for mamagnt.
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8. RESULTS

During the study period between September and Dieee2014, a total of 66
children with Type 1 diabetes were recruited frdme Paediatric Endocrine
clinic. Sixty-seven children without diabetes wereolled from paediatric out-
patient clinics to form the comparative group.

110
82 Controls
1L G 12 Excluded -
- consent COEET

42 excluded — age, 1 Excluded -
dysglycaemia hypoglycaemia
66 1 excluded 2 Excluded
diabetics RQC (RQC)

Figure 1: Flow Chart of participant recruitment

One-hundred and ten diabetic children were reviewd&df these, 44 were
excluded. One was excluded due to refusal to conkmur due to blood sugar
below 3.0 mmol/l requiring immediate treatment dte symptoms of
neuroglycopenia and two due to high blood glucbs¢ ¢ould not be recorded;
and needed evaluation for DKA. Thirty-six were lexied due to age less than
seven or older than sixteen. One child was rafetcethe Patient Support
Center after screening using the WHO Reporting Quazaire for Children.
After exclusion of these ineligible children, 6Gbletic children were enrolled
into the study.

A total of 82 children were reviewed in the paettabut-patient clinic. Twelve
caregivers refused to give written consent, andpatent was excluded due to
hypoglycaemia. Two patients were referred to taeelAt Support Center after
screening using the WHO Reporting QuestionnaireCloitdren. Out of the 82
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children screened for eligibility in the comparatigroup, 67 children were

recruited into the study.

Table 1 shows the demographic characteristicseotlitabetic children and non-
diabetic comparative group studied.

Table 1: Characteristics of children with Type 1 Dabetes and Non-diabetic comparative

group

Diabetic Non-diabetic

n (%) n (%) P value*
Child's gender
Male 33(50.0) 28(41.8) 0.391
Female 33(50.0) 39(58.2)
Child's age
7 to 11 years 26(40.0) 31(46.3) 0.467
12 to 16 years 39(60.0) 36(53.7)
Parental marital status
Married 53(80.3) 61(91) 0.001
Unmarried 13(19.7) 6(8.9)
Maternal age
20 to 40 years 45(68.2) 49(73.1) 0.530
Above 40 years 21(31.8) 18(26.9)
Maternal education level
Primary school 20(15.2) 13(18.8) 0.008
Secondary school 26(42.4) 47(68.1)
Tertiary 20(30.3) 7(11.6)
Paternal age
20 to 40 years 28(50.9) 28(45.2) 0.534
Above 40 years 27(49.1) 34(54.8)
Paternal education level
Primary school 3(4.5) 11(15.9) 0.008
Secondary school 25(37.9) 35(50.7)
Tertiary 24(36.4) 18(26.1)
Household income
< Ksh 20000 29(43) 46(68.6) 0.005
>Ksh 20000 37(56) 21(31.3)

* P value obtained from Chi square test
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Median (lower - upper IQR) age of children with lokées was 13 (10-15) years
and the median age in non-diabetics was 12 (10y&8)s. The majority of

children in both groups were age between 12 angiebts (60% of diabetics
and 53.7% of non-diabetics). A total of 33 (50%hle diabetic children were
recruited, while 39 (58.2%) females were recruniedhe comparative group.
There were no significant differences between theugs in terms of age

(p=0.467 and gender distribution (p=0.391) of participants.

Parental age was similarly distributed for the guwf children with and
without diabetes. Mothers of diabetics were moatied between 20 and 40
years n=45 (68.2%) as were most mothers of childvighout diabetes n=49
(73.1%), p value=0.530. Fifty percent of fathef€hildren with diabetes were
aged 20 to 40 years while 45.2% fathers of the diabetic children were aged
between 20 and 40 years, p=0.534.

The two groups differed in parental marital statwgh eighty percent of the
parents of diabetic children reporting that theyevmarried compared to 91%
of parents of non-diabetic children, p value = @.00

Most mothers in both groups had attained post-pgireducation; n= 46 (72%)
for mothers of non-diabetic children compared viithmothers of non-diabetic
children. (n=79%). However, more mothers of dimbehildren had achieved
tertiary education n=20 (30.3%), compared to matleémon-diabetic children
n=7 (11.6%).

Higher levels of paternal education were also rggbramong diabetic
compared to non-diabetic children; 36% vs 26%;({@GH8. Fifty six percent of
diabetic children came from households with montlgomes above Ksh
20,000 compared to 31.3% of children without diabetvho came from
families with incomes above Ksh 20,000.

Analysis of the overall Mini Mental Status Examinaton Score

The primary objective of the study was comparisbsaores on the MMSE in
children with TLDM compared to non-diabetic childre An overall MMSE
score was computed using cognitive performance fata the five sub-
domains and applying age-specific cut-offs to dfassserall cognitive function
as normal or low MMSE scores. Seventeen out obéthdiabetics (25.8%) had
low MMSE score compared to 14 (20.9%) non-diabgt@R = 1.31, 95% CI
0.54-3.21). These are tabulated in Table 2 below.
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Table 2: Mini Mental Status Examination Scores in Dabetic children compared to non-
diabetic comparative group

Diabetic Non-diabetic

children children

n (%) n (%) OR(95% ClI) P value*
Low MMSE 17(25.8) 14(20.9) 1.0 0.45
Normal MMSE 49(74.2) 53(79.1) 1.31(0.54-3.21)

*P values obtained from Chi square test

Figure 2: MMSE scores for diabetic compared to nordiabetic children

90.0%
__80.0% 74.2%
S
< 70.0%
[
5 60.0%
S 50.0%
S 40.0%
[T}
£ 30.0% 25.8%

79.1%

20.9%

[
£ 20.0%
&

0.0%

Diabetic children Non diabetic comparative group

HLow MMSE = Normal MMSE

There was no difference in the mean scores fotvibegroups with mean scores
of 33 and 33.1 out of a possible 37 for diabetid aon-diabetic children

respectively. Using the age specific cut-off foguitive function, 53 (79.1%)

non-diabetic children had normal cognitive functmghcompared to 49 (74.2%)
of the diabetic children (OR = 1.31, 95% CI 0.53.21).
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Analysis of scores in sub-domains of MMSE in diabet and non-diabetic
children

Cognitive function was assessed within five segaeatas of functioning for
each participant and the resulting age specificcescavere compared for
diabetics and non-diabetic children. The findingshe analyses are presented
below:

Orientation

The performance of diabetic and non-diabetic childon the orientation sub-
domain (maximum score 12 points) of the Mini MerS&htus examination that
assesses orientation to time (4 points), placeo{@t$) and person (4 points) is
presented in Table 3.

Table 3: Orientation scores of diabetic and non-dibetic children in KNH

Diabetic children Non-diabetic children
Orientation P
score N Mean SD N Mean SD| value*
6-8 years 7 10.8 1.2 9 10.4 1.5 0.604
9-11 years 20 10.7 1.1 22 111 0.9 0.224
12-14 years 39 11.6 0.5 36 11.6 0.6 0.877
All children 66 11.2 0.9 67 11.3 1.0 0.857

*P values obtained from T-test

The mean score for orientation was 11.2 (SD 0.9)ba total score of 12 for

the diabetic children compared to a score of 13[3 £ 1.0) in the non-diabetic

comparative group. Older children aged 12-14 ybhadshigher scores than the
younger age groups, before correcting for the eftécage. There were no

significant difference in orientation scores acaogdto diabetic status for all

children (p = 0.857) and within the three age gso(§38 years, p = 0.604; 9-11
years, p = 0.224; and 12-14 years, p = 0.877).

Attention and concentration

Findings of analysis of attention and concentrasoib-domain which had a
maximum score of 7 points are presented in Table 4.
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Table 4: Attention and concentration scores of diabtic and non-diabetic children at
KNH

Diabetic children Non-diabetic children
Attention and P
concentration score N Mean SD n Mean SD | value*
6-8 years 7 5.7 1.0 9 5.3 1.2 0.593
9-11 years 20 55 1.3 22 5.6 1.2 0.725
12-14 years 39 6.2 0.8 36 6.3 0.7 0.785
All children 66 6.0 1.0 67 5.9 1.1 0.761

*P values obtained from T-test

Out of the possible maximum score of 7, the digbehildren in the different

age groups had scores ranging from 5.5 to 6.2,ewthi¢ scores for the non-
diabetics ranged from 5.3 to 6.3. There were mmicant differences in

attention and concentration scores overall (p 61),7and by age group (p
values > 0.05).

Registration and sensory perception

The cognitive performance of diabetic and non-diabghildren assessed by the
ability to identify and name objects is summarizethble 5 (maximum score
of 3 points).

Table 5: Registration and sensory perception scorex diabetic and non-diabetic
children at KNH

Diabetic children Non-diabetic children
Registration and
sensory perception P
score N Mean SD n Mean SD | value
6-8 years 7 3 NA 9 3 NA NA
9-11 years 20 3 NA 22 3 NA NA
12-14 years 39 3 NA 36 3 NA NA
All children 66 3 NA 67 3 NA 0.966

*P values obtained from T-test

35



The mean score in both diabetic and non-diabetas 3v(SD = 0.1) out of the
maximum score of 3. Most children were able to segi and perceive the
information provided during the assessment andetheas very limited
variability in performance overall, within the diéfient age groups and within
the diabetic and non-diabetic group.

Recall

In the recall sub-domain of the MMSE a maximum saoir 3 points was given
based on the ability of children to recall threeyously presented objects. The
results from the assessment of this domain are showable 6.

Table 6: Recall scores of diabetic and non-diabetichildren at KNH

Diabetic children Non-diabetic children
Recall P
score N Mean SD N Mean SD |value
6-8 years 7 2.7 0.5 9 2.1 1.3 0.332
9-1lyears 20 2.1 11 22 2.2 1.2 0.705
12-14years 39 2.5 1.0 36 28 0.5 0.078
All children 66 2.4 1.0 67 25 0.9 0.401

*P values obtained from T-test

The average scores for recall in the various agepg ranged from 2.1 to 2.7 in
the diabetic group and 2.1-2.8 in the non-diabehidd age groups. Overall,
there were no significant differences in recalMestn diabetic and non-diabetic
children (p >0.05). However, there was some evideofk higher scores for
recall in non-diabetic children aged 12-14 yeanngared to diabetic children
in the same age group (p = 0.078).

Language

The language sub-domain had a maximum score ddricbthe performance on
the language domain was lower than that in the i@nga domains. The
findings of the analysis of the language domainpaesented in table 7.
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Table 7: Language scores of diabetic and non-diakietchildren at KNH

Diabetic children

Non-diabetic children

Language

score N Mean SD N Mean SD \F/)alue

6-8 years 7 9.7 1.6 9 10.1 0.9 0.511
9-11 years 20 9.8 1.1 22 10.2 1.2 0.287
12-14years 39  10.7 0.8 36 10.6 0.9 0.587
All children 66 10.3 1.1 67 104 1.0 0.835

*P values obtained from T-test

The mean scores for language ranged from 9.7 ifhGhe group of children
with diabetes and from 10.1 to 10.6 in the non-eimls compared to a
maximum score of 15. There were no statisticalynsicant differences in

performance in the language sub-domain accordirsgéogroup and diabetic or

non-diabetic status.
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The secondary objectives were to assess the resatm between scores on
MMSE and glycaemic control and duration of diabatethe diabetic sub-group
of children. Findings are presented below.

Association between cognitive function and glycaemicontrol (HBA1C).

The diabetic subgroup was further studied to assss®ciation between
glycaemic control and MMSE scores. Glycaemic aadnivas assessed using
the HBALC value over the previous 3 months. Altof 17 children out of the

66 (25%) has good glycaemic control, while 49 h&RPHC >8 (75%).

Figure 3: Relationship between MMSE scores and glgemic control (HBAL1C)
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Percentage of participants (%)

B Low MINIMSE E Normal MINIMSE

Of those with a good glycaemic control, 82.3% hadmal MMSE (n=14),

while 17.6% had low MMSE scores. (n=3). A tot#8 children had HBA1C
level >8, and of these 28.5% had low MMSE scorde difference between
the 2 groups was however not statistically sigaific (p=0.525)

Association between cognitive function and duratiomf diabetes.
In this study, the duration of diabetic diagnoseswot significantly associated

with cognitive function. As shown in Figure 4 beloa total of 41 children had
diabetes for < 7 years, while 25 % had diabetes foyears.
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Figure 4: Relationship between MMSE scores and duten of diabetes
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Of those with diabetes for more than 7 years, 32% low MMSE scores
compared to 21% of those with diabetes for less tbaven years. This
difference was not statistically significant (p=653
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Adjusted Analysis

Adjusted analysis was carried out to control fdfedences in parental marital
status, maternal and paternal level of educatiahlewel of income in the two
groups. This is tabulated below:

Table 8: Adjusted Analysis

Odds Ratio P value 95% CI
Non-diabetic 1.36 0.612 0.42 4.44
Unmarried parent 0.67 0.7 0.09 5.04
Patients age in years
7 to 11 years 1.00
12 to 16 years 0.70 0.002 0.57 0.87
Maternal education
Primary education 1
Secondary Education 0.31 0.233 0.04 2.14
Tertiary education 0.13 0.136 0.01 1.88
Paternal education
Primary education 1
Secondary education 0.21 0.129 0.03 1.57
Tertiary education 3.96 0.148 0.61 25.49
Paternal income
(> Ksh 20 0000 per month) 1.61 0.433 0.49 5.28

After adjustment for the differences in demograpdhiaracteristics between the
diabetic and non-diabetic groups, diabetic statdsndt predict MMSE scores
(OR =1.36; 95% CI1 0.42-4.44).

Age was found to be significantly associated witmitMMSE scores with
diabetic children aged 12-16 years having lower NEM&ores compared to
their non diabetic peers (OR = 0.70, 95% CI 0.57#0p=0.002).
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9. DISCUSSION

In this hospital based cross sectional study oficdm with diabetes aged 7 to
16 years, the primary outcome of interest was tlierdnce in cognition
between children with Type 1 diabetes and thosbowit diabetes as measured
by the MMSE. A higher percentage of children willabetes were found to
have low scores on the MMSE compared to non-diabekildren. This
difference was however, not statistically signifitgp=0.45).

In the sub-analysis of the different domains ofretige function, there were no
significant differences in scores in 4 sub-domalm®yever, diabetic children
aged 12 to 14 years were found to have lower scoregcall (mean 2.5)

compared to non diabetic children, (mean 2.8).h&ldgh this difference was
not statistically significant p= 0.78, diabetes bhagn shown to affect recall in
particular, especially in children who have earhset diabetes (6) which may
account for this association.

The study also sought to assess the associatiare®etcognitive function and

glycaemic control among children with T1DM. In ghstudy, 75% of the

children had poor glycaemic control (n=49). Thionsistent with other local

studies; in a study conducted by Ngwetial between May and October, 2003
in 3 out-patient clinics in Nairobi, prevalence mdor glycaemic control was

high at 72%. Adolescents were found to be at @adr risk for poor control.

In this study, 28.5% of children with HBA1C >8 wdnaind to have low scores
on the MMSE compared to 17% of children who had HBA<8%. Comparing
this to studies carried out in other countries,ufidendir et al in Turkey (6)
found that diabetic children with poor glycaemianttol had poorer scores in
visual perception and short term recall. While diféerence in the two groups
was not statistically significant in this study=(p525); it informs the need to
perform a baseline assessment on diabetic childaendiagnosis, and
periodically repeat the assessment to recognizéndem a particular child
early.

No significant association was documented betwesm pcores on the MMSE
and duration of diabetes. This is contrary to ®sdivhich have shown that
children who have had diabetes for longer than arsyare at greater risk of
both structural and functional changes in brairctiam (6,14).
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After adjustment for the differences in demograpitiaracteristics between the
diabetic and non-diabetic groups, diabetic statdsndt predict MMSE scores
(OR = 1.36; 95% CI1 0.42-4.44).

Age was found to be significantly associated witmitMMSE scores with
older children, aged 12-16 years having lower MMSé&ores (p=0.002)
compared to their non diabetic peers. This islamo findings in other studies
and may reflect the cognitive decline associateth e longer duration of
diabetes.

Fergusoret al demonstrated in Scotland that earlier age of cois€iLDM (less
than seven years) was associated with lower scoreguropsychological tests
(14).

Cognitive development is affected by a wide randefaxtors including
environmental factors such as socio-economic st&usl| of education of the
parents and provision of a stimulating and emotlgreafe home environment
(28). In study done by Pusf al in India in 2013, significantly lower cognitive
scores were associated with a recent diagnosissémm-economic status, and
higher levels of HBA1C (28). Al-Odayamt al carried out a study in Saudi
Arabia in 2013 that looked at the relationship hkestw glycaemic control and
the mothers’ level of education and knowledge. r&heas a significant
association between mothers’ level of education gigdaemic control (29),
suggesting that higher levels of knowledge leddtids glycaemic control. In a
study carried out in Turkey, younger maternal dggher paternal level of
education and fewer siblings were found to be neglgtassociated with poor
metabolic control (30).

In order to minimize differences in the 2 groupssotioeconomic status, the
study was conducted at Kenyatta National Hospitad &oth the diabetic
patients and non-diabetic comparative group weasevdifrom this environment.

It was however found that since patients seeneaPtediatric Endocrine clinic
are drawn from all over the country, including e facilities, there were
differences in maternal level of education, patelenel of education, parental
marital status and family income. Parents of diabehildren were found to
have a higher level of education with 30.3% of neoshof diabetic children
having attained tertiary education compared to %l1.6&f mothers of non-
diabetics. Fathers of diabetic children also reggbhigher levels of education,
with 36% having tertiary education compared to 28%athers of non-diabetic
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children. The difference in the 2 groups was stially significant, p=0.008.

Fifty six percent of diabetic children came fromukeholds with monthly

incomes above Ksh 20,000 compared to 31.3% of m@mldvithout diabetes

who came from families with incomes above Ksh 20,00he two groups also
differed in parental marital status, with eightyqant of the parents of diabetic
children reporting that they were married compae81% of parents of non-
diabetic children, p value = 0.001.

These differences in socio-economic status betwieer?2 groups of children
have a potential for confounding the results, loniucing selection bias.

In addition, the parents of diabetic children whergvcompliant and attending
clinics were overall found to be pro-active whermyhfelt their children’s
performance was below par, and some had changedlsdo private schools
where they felt their children’s unique need woh&met. The children with
Type 1 diabetes also had greater interaction waihlth care staff, and regular
seminars organized were organized during schootldyd where they would
have sessions on self-motivation, changes in adeiheg and time management.
Skills acquired in such forums may have helped theadapt to, and minimize
effects of the cognitive changes caused by dysgiyca

When selecting the comparative group, children whhonic or severe illness
were excluded. However, any child being reviewedhe clinic for acute
illness may not be the ideal control.

The Mini Mental State Exam (MMSE) does not assdissognitive domains
(executive functioning, information processing) lWahd can only provide a
gross estimate of cognitive capacity. More imaotty, if the patient was pre-
morbidly bright, the tasks involved in the MMSE mlag too easy. Paediatric
diabetes generally relates to mildly lower cogmitscores across most cognitive
domains and cognition is greatly affected by thidhenvironment. While the
test did not show any significant differences betwéhe 2 groups, non-diabetic
children were overall found to have slightly higlseores on the MMSE.
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10.

12.

STUDY LIMITATIONS

The 2 groups differed in socio-economic statuseipat education and
parental marital status, with parents of diabehddcen having higher
level of education and income compared to the coatppa group. These
factors have been found to affect cognition and bas the potential for
confounding the results.

The Mini Mental Status Examination has not beerduseecifically in
diabetic patients in developing countries.

The Tool requires the subject to understand antbvioinstructions.
Thus, it can only be administered to children dfcsdt going age.

The comparative group chosen for the study was nifasvn the hospital
and may thus not be representative of normal, evelitiren.

CONCLUSIONS

Though there were differences on the overall MMSbres, more
diabetic children achieving low MMSE scores, thH#edence in the two
groups was not statistically significant.

Within the population of children with Type 1 dideg, there was no
association between scores on the MMSE and duratiotiabetes or
glycaemic control.

RECOMMENDATIONS

Serial assessments of diabetic children may be mee&ul than a single
measurement.

Children with low scores on the MMSE need closéofelup, and those
who are exam candidates may benefit from havingadihe allocated to
them.
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13. APPENDICES

13.1. APPENDIX | - MODIFIED MINI MENTAL STATUS

EXAMINATION

A. ORIENTATION — 1 point for each correct answer

CORRECT ANSWER -1

WRONG/NO ANSWER - 0

GENDER

FIRST NAME

LAST NAME

RECOGNIZES RELATIVE

TOTAL

PLACE

CITY

COUNTY

COUNTRY

TOTAL

DAY

DATE

MONTH

YEAR

TOTAL

B. ATTENTION AND CONCENTRATION
Recite a minimum of 2 and a maximum of 5 digits forward

DIGITS RECITED SCORE
NONE 0

1 0

2

3

4

5

Score 1 point for each number greater than 2, total score 4
Recite a minimum of 2 and a maximum of 4 digits backward
Score 1 point for each number greater than 2, total score 3
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C. REGISTRATION AND SENSORY PERCEPTION
Identify 3 objects by name
Score 1 point each, total score 3
D. RECALL
Recall 3 objects previously presented

Score 1 point each, total score 3

E. LANGUAGE
Name 5 body parts
Score 1 point each, total score 5

Follow a 3 step command,
Score 1 point each, total score 5

’

Repeat sentence, ‘No ifs, ands or buts
Total score 1

Reading his or her name
Total score 1

Writes his or her name
Total score 1

Copy a design

Total score 1

SCORES:

AGE GROUP CUT-OFF
3-5 YEARS 24

6-8 YRS 28

9-11 YRS 30

12-14 YRS 35



13.2. APPENDIX Il - WHO REPORTING QUESTIONNAIRE FOR
CHILDREN

1. Is the child’s speech in any way abnormal? (rethrdeomprehensible,
Stammering)

YES [] NO [ ]

2. Does the child sleep badly?

YES [] NO ]

3. Does the child ever have a fit or fall to the grédior no reason?
YES [] NO []

4. Does the child suffer from frequent headaches?
YES [ ] NO [ ]

5. Does the child run away from home frequently?

YES (] NO []
6. Does the child steal things from home?

YES [] NO []
7. Does the child get nervous or scared for no goadame?

YES [] NO []

8. Does the child appear in any way backward or slowearn compared
with other children of about the same age?

YES [] NO [ ]

9. Does the child nearly never play with other chitdte
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YES []
10.Does the child wet or soil himself?

YES []

Follow-up interview if one or more answer is yes.

NO

NO
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13.3. APPENDIX Ill - SOCIODEMOGRAPHIC AND CLINICAL

QUESTIONNAIRE

PARTICIPANT IDENTIFICATION NUMBER

AGE
GENDER

DATE

1. Parental Marital Status

Single D
Separated/Divorced D

2. Mother’s age

15—20 yrs []
31-40yrs D
>50 yrs D

3. Mother’s level of education

Primary school D
Completed Form 4 []
Bachelor’s degree []

4. Father’s age
15-20yrs

31-40yrs

L1 O O

>50 yrs

Married

Widowed

21 -30yrs

41 -50yrs

Completed Form 2
Technical training

Master’s degree

21 -30yrs

41 -50yrs

L1 00 [



5. Father’s level of education

Primary school
Completed Form 4

Bachelor’s degree

[]
[]
[]

6. Parental monthly income

< KSh. 3,000
KSh. 6,000 - 10,000
KSh. 21,000 - 30,000

KSh. 41,000 - 50,000

Medical History

For Diabetic patients
7. Age at diagnosis
Less than 3 years

5-6 years

9-10 years

8. Duration since diagnosis of diabetes

Less than 1 year

4 —6 years
10-12 years

9. Average HBalC
<6

8-9

L1 O O O

[]
[]
[]

[]
[]
[]

Completed Form 2
Technical training

Master’s degree

KSh. 3,000 - 5,000
KSh. 11,000 - 20,000
KSh. 31,000 — 40,000

> KSh. 50,000

3-4 years
7-8 years

> 10 years

1-3 years
7 —9 years

13 —-15 years

6-7

>9

L1 00 [

L1 O O O

L1 O] O

L1 00 [
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10. Number of previous admissions

1 [] 2
3 [] 4
5 [] >5

11 Type of medication (circle appropriately)

a)lnsulin type......ccoevrveeceenenee. Dosage regimen.......ccccceeevueennen.

b) Who injects you? a) Self b) Parent c) Care giver

c) How many injections per day?

d) Oral hypoglycemic agent (SPecify)......cccceeeeeeeeeeeeinrccieneennns

e) Have you been on alternative therapy? a) Yes b) No
Specify (herbal,
SUPPIEMENTS).cviieeietieee ettt e

12. Compliance to

Diet (do 24 hour recall)a)Yes b)No
Medication: a)Yes b) No
Follow-up:  a)Yes b) No

13.Any other co-morbidity either related to diabetes or not

a)Central Nervous System(Retinopathy/Epilepsy/other)................
b) Cardiovascular System (Hypertension/Stroke/ RHD/Other).....
c) Respiratory system (Asthma/Tuberculosis/other)......................

d) Gastrointestinal Tract (Duodenal Ulcers/Other.............coeuu.....

nutritional

if no why?

if no why?

if no why?



e)Genitourinary System ( Renal disease/other)
f) Musculoskeletal System (neuropathies/amputated/other)

g) Other medical /psychiatric conditions eg mental illness, HIV/AIDS

14. Family history of chronic illness

15.Academic performance:

Before diagnosis:

Position in class ..............

After diagnosis:

Position in class ..............

For Surgical Patients:

16. Surgical diagnosis

17. Duration of illness

18. Intervention/Treatment received

Total students in class

Total students in class
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13.4. APPENDIX IV - CONSENT AND ASSENT FORM

Study Number: ................... Hospital Number....................
Study Title: COGNITIVE FUNCTION IN CHILDREN AGED 7 TO 16

YEARS WITH TYPE 1 DIABETES AT KENYATTA
NATIONAL HOSPITAL

Investigator: Dr. A. Macharia
Resident in Paediatrics and Child Health
Tel: 0722 726884

Supervisors: Dr. Lucy Mungai
Dr. Rachel Kang’ethe

Introduction: The purpose of this study is to assess the degiiinction in
diabetic children and determine if there is a ddfee in cognition between
children with Type 1 diabetes mellitus, and chifdvého do not have Type 1
diabetes. The study also seeks to determine ifitog in diabetic children is
affected by the level of control of diabetes.

The procedures to be undertaken in this study are:

» For diabetic children, a review of the patient’sdneal records to
establish the diagnosis of diabetes, assess thelBEAd exclude the
presence of any other chronic medical illness

» For non-diabetic children, a review of the patismtiedical records to
exclude presence of diabetes or other chronicsdine

* A structured questionnaire, the WHO Reporting Quaaskire for
Children to exclude developmental disorders

* Random blood sugar results for the particular chnsit will be reviewed
for diabetic children to exclude hypo or hypergkaa

* For non-diabetic children, a random blood sugakvaldone by
obtaining a finger-prick sample

» A structured questionnaire will be administerea@ssess the past medical
history and socioeconomic status

The mini-mental status exam is a structured taat hused to assess cognitive
function. This will be administered by the pringijinvestigator and will take
approximately 15 minutes
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The information gathered will be used by the ciems to improve the
management of children with Type 1 diabetes. Amidcen identified to have
cognitive disorders will also be assisted by slipsch information with their
parents and teachers to determine the best waytoethey fulfill their
potential.

Risks: There will be no risks to you or your child duritige study. There will
be no harmful procedures carried out, and no cidax except for pin-prick
pain for collection of blood samples for randomdalsugar and HBA1C where
applicable. Refusal to participate will not jecgiae the treatment of your child
in any way.

VoluntarinessThe study will be fully voluntary. There will b financial
reward to you for participating in the study. Yane free to participate or
withdraw from the study at any point. Refusal &otipate will not
compromise the care of your child in any way.

Confidentiality: The information obtained about you, your child godr

family will be kept in strict confidence. No infoation regarding you, your
child or your family will be released to any perseithout your written
permission. We will, however, discuss overall gah&ndings regarding all
children assessed, but nothing specific will bewksed regarding your child’s
condition. We will also not reveal the identityyafu or your child during these
discussions.

Problems or questions: If you have any questitwsitthe study or about the
use of the results, you can contact the principadstigator, Dr A. Macharia, on
0722 726884,

If you have any question on your rights as a reseparticipant, you can
contact the Kenyatta National Hospital Ethics aeddarch committee by
calling 020 2726300 ext 44355.

l, being a guardian of name
of child) have had the research information ex@dito me.

| AGREE/DISAGREE (cross out as appropriate) to ipgrate/for my child to
participate in the study.

| understand that our participation is fully volant and that | can withdraw my
child from the study at any point and this will radgfect my child’s care in any
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way. | have been given adequate opportunity to @sk&stions and seek
clarification on the study and these have beenemded satisfactorily.

Participant/Guardian’s signature: Date:

l, dedtlatré have
adequately explained to the above participant/gaarthe study procedure and
risks and given him/her time to ask questions @&k €larification regarding
the study. | have answered the questions raistitetbest of my ability.

Investigator’s signature: Date:

ASSENT

Your parent/caregiver has agreed that you takeipanr study where we are
looking at the cognitive function of children agétb 16 years with Type 1
diabetes.

By signing this form, you agree to voluntarily peipate in this study.

Name of
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FOMU YA IDHINI

Nambari ya Utafiti..................... Nambari ya Hospitali..................

Swala kuu la utafiti: UTAMBUZI WA WATOTO WA MIAKA 7 HADI 16
WALIO NA UGONJWA WA SUKARI KATIKA
HOSPITALI KUU YA KENYATTA

Mpelelezi Mkuu: Dkt. A. Macharia
Dept. of Paediatrics and Child Health
Tel: 0722 726884

Wasaidizi wakuu: Dr. Lucy Mungai
Dr. Rachel Kang'ethe

Lengo la utafiti huu ni kuweza kutambua utambuaiwatoto walio na
ugonjwa wa sukari; na kutambua kama kuna tofauéi kiembuzi wa watoto
hawa, na watoto ambao hawana ugonjwa wa sukardi Zigkuangalia kama
matibabu watoto hawa wanapewa yanaweza kupungdzadmko kwa
utambuzi.

Mgonjwa au mlinzi atajibu maswali kuhusu utambuai mtoto aliye na
ugonjwa wa sukari anayeonakana kwa kliniki kwa Hadigkuu ya Kenyatta.
Utambuzi huu utatumia mbinu zifuatazo kuchunguzaniiuzi wa watoto walio
na ugonjwa wa sukari:

. Rekodi za
matibabu zitachunguzwa kutambua watoto walio nanjwggwa sukari
wa miaka saba hadi miaka kumi na sita

. Kipimo cha
sukari cha hiyo siku kitachunguzwa kuhakikisha kwaraukari ni zaidi
ya 3.9 mmol/l na chini ya 11.1 mmol/l

. Mzazi/mlinzi
atajibu maswali ya tuhakikisha kwamba mtoto handasyia kuchelewa
na maendeleo

. Mtoto atajibu
maswali yalio kwa ‘Mini Mental Status ExaminatiddMSE, na usaidizi
wa daktari

. Watoto

wanaolinganishwa na wale walio na ugonjwa wa sukatapata kipimo
cha sukari kuhakikisha kwamba hawana ugonjwa warsuk
Umuhimu
Umuhimu wa utafiti huu nikuboresha uchunguzi nailbaditu ya watoto walio
na ugonjwa wa sukari wanaotibiwa kwa Hospitali kauKenyatta.
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Madhara na manufaa ya kushiriki

Hakuna madhara yoyote ambayo yatatokana na utafitkwa afya ya mtoto.
Hakuna gharama zaidi itakuja kwako juu ya kushikika utafiti huu. Baada ya
utafiti hakuna malipo yoyote utakayopata bali shinkkwa kukubali kushiriki
katika utafiti huu.

Kushiriki kwa utafiti huu ni kwa hiari ya mgonjwaianzazi/mlinzi. Mgonjwa
atahudumiwa hata akikataa kuhusika na utafiti ldgonjwa ama
mzazi/mlinzi ana uhuru wa kutamatisha kuhusika levaka wakati wowote
bila madhara yoyote. Habari yoyote utakayotoaetama kwa siri na jina la
mgonjwa halitachepishwa popote.

Ikiwa ungetaka kupata maelezo zaidi, tafadhali kieasa na mpelelezi mkuu
kupitia nambari ya simu : 0722 726884 ; ama Hobhtal ya Kenyatta
Department ya Utafiti kwa nambari ifuatayo : 02@@2300 ext 44355.

MiMi...ooi e, Nimeelewa maana na jinsi utafitut
utakavyofanywa na nimepeana idhini yangu/ ya mi@ogu nimemsimamia
kushiriki.

Sahini......oo Tarehe......cooei

Mimi, Dr A. Macharia, nimepeana maelezo kuhusuititafiu vizuri
niwezavyo, na nimepatie mzazi/mlinzi nafasi ya kraimaswali.

MlinziMKuu..........coooeeioina.. Tarehe. ...

Idhini ya mtoto anayehojiwa :

Mzazi wako amekubali ya kwamba uhojiwe kwenye titafnaofanya; ambao
unapima utambuzi wa watoto wa miaka 7 hadi 16 wadiaigonjwa wa sukari.
Kwa kuweka alama kwenye hii fomu ni kutoa idhinikgahojiwa.

Jinala mtoto................ Alama........ocooiiii . Tarehe.........
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13.5. APPENDIX V - PROCEDURE FOR MEASURING Hemoglobin
Alc

MACHINE: BAYER DCA 2000+
PRINCIPLE

A reagent containing an antibody specific for HbAdmated on latex beads
reacts with a synthetic agglutinator containing HbAantigen, resulting in the
aggregation of the beads and increasing the taybafi the reaction mixture.
HbAlc in a blood sample is quantified by measurthg inhibition of the
aggregation resulting from competition for the botly by the HbAlc in the
sample. The total hemoglobin is determined colettioally and the results are
expressed as percent HbAlc.The glycosylated fractichemoglobin (HbA1c)
reflects the glucose level in the blood and is asnee of long term glucose
control.

SPECIMEN REQUIREMENTS

* No pre-visit preparation is necessary. Blood darmgpand testing is done
during the patient’s visit.

* The physician requests that a blood sample bairedat for testing while the
patient is present.

* Only one patient sample is obtained at a time.
Specimen Type:

* Whole blood. A 1 uL blood sample from a fingéclsis obtained at the time
of the determination.

Handling Conditions:

* When the sample is obtained, the patient’s nawritten on a form and the
form accompanies the sample to the testing instnitmé&he determination is
performed immediately.

» After the capillary is filled with sample, the aysis must begin within 5
minutes.
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TESTING PROCEDURE:
1. Check the temperature indicator on the box leefaking a cartridge out.

2. Refrigerated cartridges should be warmed to rdemperature for 10
minutes before use.

3. When a cartridge package is opened, the cagtnmdgst be used within one
hour.

* Check the cartridge and do not use it: if thetrchige is damaged, if the
flexible cartridge pull-tab is loose or missing, af the desiccant is missing or
loose desiccant particles are found inside thepuich.

4. Room temperature must be between 59° and 9D&Fot test if temperature
exceeds this range. Room temperature must bedexton the test log for each
test that is done.

5. Allow the instrument enough time to warm uphet beginning of the day.
6. Pass cartridge through reader. A beep sounchited a successful scan

7. Fill capillary holder with blood (1 micro litdrom finger stick). Wipe away
the first drop of blood before collecting the speen).Wipe outside of holder.
Testing must begin within 5 minutes of collectihg specimen.

8. If blood contacts the plastic outside of thedeo] discard the holder and use
another one.

9. Insert holder into the reagent cartridge with tbunded side of the holder to
the outside.

10. Hold the cartridge with the foil to the leftndh insert cartridge into
instrument until it snaps into place.

11. Remove the tab and foil from the cartridge.
12. Close the door on the instrument. Reacti@oisplete in 6 minutes.

13. Read percent HbAlc before removing the car&ridg The range of the
instrument is 2.5% to 14.0%. The result is disptbge percent HbAlc.

» Results proceeded by a < sign indicates a lee®vb the range and a >
indicates a level above the range, and shoulddmded as such.
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14. Record the result in the testing log, and enghtient’s chart. All results are
reported to the physician immediately.

15. Remove the cartridge by pushing down on thg tgh while sliding the
cartridge to the right, toward the gray tab—thdhthe cartridge out of the
instrument and discard it in a biohazard container.

CALCULATIONS: None. The result is displayed asqaet HbAlc.
REPORTING RESULTS: Reference Range: 4.2% to 6.3941d.
LIMITATIONS OF THE PROCEDURE:

» The results are accurate over a range of totablyéobin of 7 to 24 g/dl.
* This test does not detect glycosylated hemoglébin

» Because of shortened red cell survival, resutisnfpatients with hemolytic
anemia, polycythemia and homozygous HbS and HbC met accurately
reflect long term glycemic control.

Sample collection protocol and Infection control
The finger shall be wiped with alcohol swab befoo#ection of blood.
Using a lancet the finger shall be pricked, thstfirop of blood wiped off.

Fill capillary holder with blood (1 microliter frorfinger stick). Blood shall be
handled as highly infectious and the lancet shalblisposed in the safety box
for sharps. The other wastes: gloves, the capillatder and the alcohol swabs
shall be disposed in the highly infectious hospaitatte yellow bin.
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