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DEFINITION OF TERMS

Case definition for Type 2 Diabetes Mellitus

This was defined as patients who had a previous diagnosis of Type 2 DM and were above

the age of 35years at the time of diagnosis(Ladenson et al., 2000;Garber et al., 2012).

Glycemic Control

ADA Guidelines recommend that less stringent HbAlc goals (8%) may be appropriate
for patients with history of severe hypoglycemia, limited life expectancy and advanced
microvascular or macrovascular complications. Most of our patients fit the above

description hence use of the below cut-offs(American Diabetes Association, 2017)

HBA1c < 8% - Good control

HBA1c >8% - Poor control

Diagnosis of Thyroid Dysfunction

Diagnosis of thyroid dysfunction is usually based on local laboratory practices guidelines
and assay specific manufacturer reference ranges (Kahapola- Arachchige, Hadlow,
Wardrop, Lim, & Walsh, 2012). In this study, the diagnosis was based on the reference
ranges provided by the AMPATH reference laboratory and the Elecsys assay

manufacturer as shown in the table below.
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REFERENCE RANGES FOR TSH AND FREE T4

Thyroid Status

TSH Level (mIU/)

Free T4 Level (ng/dl)

Euthyroid 0.27-4.2 0.932-1.71
Subclinical hypothyroidism >4.2 0.932-1.71
Hypothyroidism >4.2 <0.932
Hyperthyroidism <0.27 >1.71

Reference ranges for LDL Cholesterol

LDL-C levels were defined as normal if =2.59mmol/l, while >2.59 mmol/l was

abnormal. (Eldor & Raz, 2009)
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ABSTRACT

Background: Thyroid dysfunction is more prevalent among patients with diabetes (10-
24%) compared to the general population (2-7%). Coexistence of thyroid disorders
among patients with diabetes results in impaired lipid metabolism, endothelial
dysfunction and impaired glycemic control. These risk factors have been implicated in
worsening of cardiovascular disease which is the leading cause of death in diabetes. Early
recognition and treatment of thyroid dysfunction in diabetes is important for mitigation of
associated cardiac complications. Whereas diabetes is common in our region, little is
known about the prevalence of thyroid dysfunction among patients with diabetes.
Objectives: To determine the prevalence and clinical correlates for thyroid dysfunction
among patients with Type 2 Diabetes Mellitus (DM) in Moi Teaching & Referral

Hospital (MTRH).

Methods: This was a cross-sectional study conducted at the diabetes outpatient clinic in
MTRH between February and April 2018. The study population included 2500
ambulatory patients with Type 2 DM, aged 35 years and above at the time of diagnosis,
out of which 368 participants were enrolled by systematic random sampling. Structured
interviewer administered questionnaires were utilized to collect socio-demographic,
clinical and laboratory data. Third generation immunoassays were used for measurement
of Thyroid Stimulating Hormone (TSH), glycated hemoglobin (HbA1c) and low-density
lipoprotein-cholesterol (LDL-C). Descriptive statistics such as the median and
interquartile ranges were used to summarize continuous variables. Frequencies and
percentages were used to summarize categorical variables. Association between thyroid
dysfunction and categorical independent variables was assessed using Pearson’s Chi
Square test. Fisher’s exact test was reported whenever the Chi Square assumptions were
violated. Multiple logistic regression was used to determine the effect of independent
variables on thyroid function.

Results: The median age of the participants was 59.2years, with 230(62.5%) of these
being females. Prevalence of thyroid dysfunction among patients with Type 2 DM was
9.2% (95%CI: 6.4, 12.7) representing 34 participants. Subclinical hypothyroidism was
the most frequent dysfunction at 7% (22). Sociodemographic (age, gender) and clinical
characteristics (duration of Type 2 DM, insulin use, hypertension, body mass index and
LDL-C) studied indicated no association with thyroid dysfunction. There was no
significant correlation between thyroid dysfunction (TSH, freeT4) and glycemic control
(HbALc).

Conclusion: The prevalence of thyroid dysfunction among patients with Type 2 DM is
high compared to what has been reported in the general population. There was no
significant correlation found between thyroid dysfunction and the studied clinical
correlates.

Recommendations: Routine assessment of thyroid hormone levels should be part of
evaluation for patients with Type 2 DM. A prospective study should be considered to
further evaluate other clinical correlates that may be associated with thyroid dysfunction.



CHAPTER ONE: INTRODUCTION

1.1: Background
Thyroid disease is the second most common endocrine disorder in the general population

after diabetes mellitus worldwide. Hypothyroidism is by far the most common thyroid
disorder in the adult population and its prevalence increases with age (Biondi, Kahaly, &

Robertson, 2019), (Bjoro et al., 2000).

The worldwide prevalence of diabetes has been steadily increasing. It has been projected
that by the year 2030, 366 million people will be living with diabetes. The prevalence
among all age groups is also expected to rise from 2.8% in 2000 to 4.4% in 2030 with a
marked increase in prevalence of diabetes in people above 65 years (Wild, Roglic, Green,

Sicree, & King, 2004).

It has been suggested that thyroid disease and diabetes mellitus have a common genetic
background(Akbar, Ahmed, & Al-Mughales, 2006). Current genetic evidence is almost
exclusively restricted to autoimmune causes with a strong association between Type 1
diabetes and autoimmune thyroid disease. Thyroid antibody positivity has been found in

upto 50% of T1DM patients (Huber, Menconi, Corathers, Jacobson, & Tomer, 2008).

Despite an almost similar frequency of thyroid disease in T2DM, genetic links have not
been well characterized with only a few studies suggesting a direct genetic basis for
thyroid disease in T2DM. Indirect links between thyroid disease and diabetes mellitus are
better described with emphasis on effects of the thyroid hormone on glucose and lipid

metabolism (Dora, Machado, Rheinheimer, Crispim, & Maia, 2010).

The presence of thyroid dysfunction in patients with Diabetes Mellitus affects glycemic

control. Not only does it worsen glycemic control but it also worsens co-morbidities that



promote cardiovascular disease for example dyslipidemia and hypertension (Billic-

Komarica, Beciragic, &Junuzovic, 2012).

Given the deleterious effect of untreated thyroid dysfunction on diabetes control and
cardiovascular disease outcomes, screening for thyroid disease among patients receiving
diabetes care in the community has been recommended (Smithson, 1998). In addition,
demonstrated evidence of increased risk of nephropathy and retinopathy observed in
patients with diabetes and hypothyroidism favors screening of T2DM patients for thyroid
dysfunction and treating when present (Hage, Zantout, & Azar, 2011).

1.2: Problem Statement

Thyroid dysfunction has been found to be more prevalent among patients with diabetes
(12.3- 61%) than in the general population (2-5%) in parts of the world. Not only does
thyroid dysfunction affect glycemic control but it also compounds the complications

through its effects on the cardiovascular system and cardiovascular risks.

Diabetes control has remained a challenge within our setup with high rates of suboptimal
control. A study conducted in 6 sub-Saharan African countries including Kenya
established that only one third of patients had appropriate glycemic control (Sobngwi et

al., 2012). Consequently, there are higher complication rates especially cardiovascular.

Symptoms of thyroid dysfunction are non-specific and cannot be relied on for diagnosis
thus require screening which is not frequently done despite recommendations for thyroid
screening in T2DM (Billic-Komarica et al., 2012). That said, there is no data on the
magnitude of this problem in Western Kenya, nor any data on any factors that can be
used as surrogates to stratify or define who is at higher risk of TD among patients with

diabetes.



1.3: Study Justification
Thyroid dysfunction has been found to be prevalent among diabetes patients in parts of

the world with a wide range of prevalence reported.

Thyroid dysfunction affects glycemic control and also compounds the complications
through its effects on the cardiovascular system and cardiovascular risks. These risk
factors have been implicated in worsening of cardiovascular disease which is the leading

cause of death among patients with diabetes (Raghavan et al., 2019).

Recognition and treatment of thyroid dysfunction is important for good glycemic control

and reversal of associated cardiac dysfunction (Klein &Danzi, 2007).

The American Thyroid Association (ATA,2012), American Association of Clinical
Endocrinologists (AACE,2012), British Thyroid Association (BTA,2006) guidelines
recommend doing TSH levels in T2DM patients at baseline and annually for patients
above the age of 35yrs. In the most recent Clinical guidelines for management of
Diabetes in Kenya 2018 screening for thyroid dysfunction is now recommended among
T2DM. Despite this recommendation it hasn’t been adopted at all in our setup. Defining
the burden and factors associated with thyroid dysfunction among T2DM would generate

data that may help with adoption of these guidelines.

There is paucity of data on thyroid dysfunction in T2DM patients in Kenya. No studies
have been done in our diabetes outpatient clinic at Moi Teaching and Referral Hospital to

assess the magnitude of thyroid dysfunction and its correlates among T2DM patients.



1.4: Research Question
What is the prevalence and clinical correlates of thyroid dysfunction in patients with

Type 2DM in MTRH?

1.5: Objectives
1.5.1: Broad Objective
To describe the prevalence and clinical correlates of thyroid dysfunction among

patients with Type 2DM at MTRH.

1.5.2: Specific Objectives
1. To determine the prevalence of thyroid dysfunction among patients with Type 2
DM in Moi Teaching and Referral Hospital.
2. To describe factors associated with thyroid dysfunction in patients with Type 2
DM in Moi Teaching and Referral Hospital.
3. To correlate thyroid function with glycemic control in patients with Type 2DM in

Moi Teaching and Referral Hospital Diabetes Outpatient Clinic.



1.6: Conceptual Framework

Figure 1: Conceptual Framework



CHAPTER TWO: LITERATURE REVIEW
2.1: Burden of Diabetes
The worldwide prevalence of diabetes has been steadily increasing. It has been projected
that by the year 2030, 366 million people will be living with Diabetes. The prevalence
among all age groups is also expected to rise from 2.8% in 2000 to 4.4% in 2030 with a
marked increase in prevalence in people above 65 years of age (Wild et al., 2004).In
2011, 14.7 million adults in the African region of the World Health Organization (WHO)

were estimated to be living with Diabetes Mellitus.

Of all the WHO regions, the African region is expected to have the largest proportional
increase (90.5%) in the number of adult with diabetes by 2030 (Hilawe, Yatsuya,
Kawaguchi, & Aoyama, 2013).A meta analysis of data on prevalence of Diabetes
Mellitus in Sub Saharan Africa revealed between-country variation in the prevalence of
Diabetes Mellitus among adults. However, an overall combined prevalence for all of the
studies was high at 5.7% and is a reflection of the rapid transition from communicable to

non-communicable diseases(Hilawe et al., 2013).

Kenya is not an exception in the rapid transition. Among 1459 participants of a cross-
sectional study to assess the prevalence of glucose intolerance in rural and urban Kenyan
population and in different ethnic groups; mean age 38.6 years (range 17-68 years), the
overall age-standardized prevalence of diabetes and impaired glucose tolerance was 4.2%
and 12.0%, respectively. On ethnicity, the Luo tribe had the highest prevalence of
glucose intolerance among the rural ethnic groups(Christensen et al., 2009). A population
based study done in Nairobi 4 years later revealed an age adjusted prevalence of diabetes

was 5.3% (95% CI 4.2-6.4) and prevalence increased with age peaking at 10.5% (95% ClI



6.8-14.3%) in the 45-54 year age category(Ayah et al., 2013).

2.2: Prevalence of Thyroid Dysfunction

The prevalence of thyroid dysfunction continues to be debated upon with numerous
studies indicating varying prevalence. However, most studies concluded that there was a
higher prevalence of hypothyroidism in women which increased with advancement in age
especially in those above 60 years. In the Colorado Study, 9.5% of the population was
reported to have elevated TSH (Canaris, Manowitz, Mayor, & Ridgway, 2000). A study
conducted in Whickham, England (M P J Vanderpump et al., 1995) found that 7.5% of
women and 2.8% of men had elevated TSH level while the Framingham study found
13.6% of women had elevated TSH(Pearce, Yang, Benjamin, Aragam, & Vasan,

2010)(Mark P J Vanderpump, 2011).

In Africa, a systematic review done established that iodine deficiency is the leading cause
of thyroid disorders with a wide range of reported prevalence of endemic goiter, ranging
between 1% to 90% depending on the region of study. It was also noted that the
prevalence of autoimmune thyroid disease was under diagnosed and

underreported(Ogbera & Kuku, 2011).

In Kenya, studies done have looked at special populations like patients with chronic
kidney disease (Kaggia SSN 2013) and T2DM (Ngugi et al, 2014) however there is no

data relating to prevalence of thyroid dysfunction in the general population.



2.3: The Prevalence of Thyroid Dysfunction in Diabetes Mellitus

People with diabetes have a higher prevalence of thyroid dysfunction than the general

population with a reported prevalence as shown in table 1 below.

Table 1: Summary of Prevalence Studies of Thyroid Dysfunction in Type 2 Diabetes

Study and location Type of study Sample size Prevalence
Papazafiropoulou et al., 2010 —Greece | Cross-sectional 1,092 12.3%
Radaideh et al., 2004 — Jordan Cross-sectional 908(304) 12.5%
Ghazali& Abbiyesuku, 2010- Nigeria | Cross-sectional 64(36) 29.7%
Diez, Sanchez & Iglesias, 2011-Spain | Cross-sectional 318 32.4%
Udiong, Udoh et al., 2007- Nigeria Cross-sectional 161(105) 46.5%
Ngugi et al,.2014 Kenya Cross-sectional 181 61%

2.4: The Effect of Diabetes on Thyroid Function

Patients who have poor glycemic control in both TIDM and T2DM, have blunted or

abolished nocturnal TSH levels. In addition, there is impairment in conversion of T4 to

T3 in the peripheral tissue resulting in a ‘low T3 state’. With normalization of the

glycemic control, these effects are reversed(Hage et al., 2011).




2.5: The Effect of Hyperthyroidism on Glycemic Status

The stimulatory effects of excess thyroid hormone on appetite are well described. There
is increased glucose absorption from the gastrointestinal tract eventually leading to
hyperglycemia. In addition, excess thyroid hormone causes hyperproinsulinemia,
hyperinsulinemia, increased free fatty acids, increased peripheral glucose transport and
metabolism and increased hepatic glucose output. This cascade of events has been
observed to precipitate subclinical diabetes and worsen glycemic control in already
existing T2DM. A thyrotoxic state may further induce diabetic ketoacidosis as a result of
the increase in growth hormone, glucagon and catecholamine levels associated with
hyperthyroidism which contribute to increased insulin resistance (Hage et al., 2011). In
addition, thyrotoxicity may aggravate diabetic heart conditions due to the arrythmogenic

action of elevated thyroid hormone levels (Duntas, Orgiazzi, & Brabant, 2011)
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2.6: Effect of Hypothyroidism on Glycemic Control

Hypothyroidism may be characterized by reduced glucose absorption from the gut with a
reduction in insulin production. Depending on what is predominant decreased glucose
absorption or reduced insulin production this would lead to hypoglycemia or
hyperglycemia.  Strong evidence suggests that patients with hypothyroidism have
reduced insulin clearance rate hence insulin requirements are decreased which could lead
to hypoglycemia (Duntas et al., 2011)(Ogbonna & Ezeani, 2019). Both clinical and
subclinical hypothyroidism are recognized as insulin resistant states due to impaired
insulin  stimulated glucose utilization in peripheral tissues which may cause
hyperglycemia (Hage et al., 2011)(Dimitriadis et al., 2006). As a result, hypothyroidism
my cause both hyperglycemia and hypoglycemia which results in reduced time in optimal

glycemic range regardless of the HbAlc level. (Wang, 2013)
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2.7: Effect of Thyroid Dysfunction on Other Organ Systems

The most clinically relevant findings in thyroid disease, both hyperthyroidism and
hypothyroidism are cardiovascular signs and symptoms. By understanding the cellular
mechanisms of the thyroid hormone actions on the cardiovascular system, then we are
able to explain the changes that occur as a result of thyroid dysfunction such as changes
in cardiac output, cardiac contractility, blood pressure, vascular resistance and rhythm
disturbances. More importantly, hypothyroidism is associated with lipid abnormalities
including elevated triglycerides and Low-Density Lipoprotein Cholesterol (LDL-C). This
can exacerbate already existing dyslipidemia further increasing cardiovascular risk.
Adequate thyroxin replacement has been shown to reverse the lipid abnormalities (Klein

& Danzi, 2007).

Cardiac manifestations of hypothyroidism include bradycardia, mild diastolic
hypertension, narrow pulse pressure and fatigue. Overt hypothyroidism is associated with
increased systemic vascular resistance, decreased cardiac contractility, decreased cardiac
output, accelerated atherosclerosis and coronary heart disease as a result of

hypercholesterolemia and hypertension.

Subclinical hypothyroidism is characterized by high levels of TSH with normal T3& T4
levels. Patients with subclinical hypothyroidism are often asymptomatic but have
elevated serum lipid levels and cholesterol levels which increase their risks for
atherosclerosis coronary heart disease and myocardial infarction(Walsh et al., 2005).
Cardiovascular disease is the most common cause of death among patients with diabetes

hence coexistence of thyroid dysfunction multiplies their risk (Raghavan et al., 2019).

Among 55,287 adults from 11 cohorts (United States, Australia, Japan and Brazil)
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followed up between 1972 and 2007, 3450(6.2%) had subclinical hypothyroidism.
During follow-up, 9664 participants died (2168 of CHD), and 4470 participants had CHD
events (among 7 studies). The risk of CHD events and CHD mortality increased with
higher TSH concentrations particularly in those with TSH Levels greater than

10mlU/L(Rodondi et al., 2010).

Increased incidences of nephropathy have been reported in patients with Type 2 DM with
subclinical hypothyroidism. This is partly due to the decreased renal blood flow and
glomerular filtration rate occasioned by a decrease in cardiac output and peripheral
vascular resistance. In addition, it has been observed that people with diabetes and
subclinical hypothyroidism have more severe retinopathy than those who are euthyroid

(Hage et al., 2011).

2.8: Effect of Thyroid Dysfunction on Lipid Metabolism

Dyslipedemia is almost always present in thyroid disease due to the effects of the thyroid
hormone on the composition and the transport of lipoproteins (Peppa, Betsi, &
Dimitriadis, 2011). Overt hypothyroidism is characterized by hypercholesterolemia and a
marked increase in low-density lipoproteins (LDL) and apolipoprotein B (Apo B)
because of a decreased fractional clearance of LDL caused by a reduced number of LDL
receptors in the liver. The high-density lipoprotein (HDL) levels are normal or even
elevated in severe hypothyroidism because of decreased activity of cholesteryl-ester
transfer protein (CETP) and hepatic lipase (HL), which are enzymes regulated by thyroid
hormones(Duntas, 2002). Elevation of LDL significantly increases cardiovascular risk
which might explain the increased occurrence of atherosclerotic coronary artery disease

especially in overt hypothyroidism (Rizos, Elisaf, & Liberopoulos, 2011).Thyroxine
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therapy usually leads to considerable improvement of the lipid profile thereby reducing

the cardiovascular risk(Duntas, 2002).

2.9: Effect of Drugs on Thyroid Dysfunction

Metformin is a widely used drug in the treatment of T2DM that has mostly been regarded
as a safe drug due to its minimal interactions. In recent studies, it has been reported to
lower TSH levels while T4 remains low hence may complicate interpretation of screening
TSH(Dimic, Velojic Golubovic, Radenkovic, Radojkovic, & Pesic, 2016).Furthermore, it
has been shown to have anti-proliferative activity on the thyroid gland lowering the risk

of formation of thyroid nodules (Ogbonna & Ezeani, 2019).

2.10: Outcome of Treatment of Thyroid Dysfunction

Treatment of subclinical hypothyroidism has been observed to significantly decrease
fasting and postprandial blood sugars as well as total cholesterol and triglycerides(Velija-
Asimi & Karamehic, 2007). Potential benefits of early detection and treatment of
subclinical thyroid dysfunction significantly outweigh potential side effects that may

result from diagnosis and therapy(Gharib et al., 2005).

Glycemic control has been achieved in patients with diabetes and hyperthyroidism who
undergo treatment with antithyroid agents (Fica, Lazar, Albu, Barbu, & Grigorescu,

2006).
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CHAPTER THREE: METHODOLOGY
3.1: Study site

The study was conducted at Moi Teaching and Referral Hospital (MTRH) Diabetes
Outpatient Clinics (DOPC). The hospital is located in Eldoret town, Uasin Gishu County,
which is approximately 300 kilometers northwest of Nairobi. MTRH is the second largest
referral hospital in Kenya after Kenyatta National Hospital. It is the teaching hospital for
Moi University, School of Medicine and other middle level health colleges as well as the
main referral hospital for the western part of Kenya. It has a bed capacity of about 991
patients and serves the greater western Kenya region representing about 40%
(approximately 16.2 million people) of the country’s population, Eastern Uganda and
parts of Southern Sudan. It admits patients who require specialized treatment that cannot
be offered in the county referral hospitals including, cancer treatment, renal replacement
therapy, neurosurgical treatment among others. It also runs several specialist clinics
including Diabetes clinic which runs on Monday, Thursday and Friday. On average, there

are about 50 patients attending the DOPC on a weekly basis.

3.2: Study design

A cross-sectional analytical study was performed.

3.3: Study population
Ambulatory adult patients with Type 2 Diabetes Mellitus seeking care from DOPC at

Moi Teaching and Referral Hospital.

3.4: Eligibility Criteria

3.4.1: Inclusion criteria

Patients above the age of 35 years at the time of diagnosis with Type 2 DM



18

3.4.2: Exclusion criteria

Patients with documented or reported history of conditions known to interfere with
HbAlc assay such as anemia (Hb<10g/dl), recent blood transfusion (3months),
hemodialysis, erythropoietin therapy and hemoglobinopathies (sickle cell disease) were
excluded. Also exclude were patients who were acutely ill requiring admission since

acute illness is known to interfere with thyroid function tests.

3.5: Sample Size Determination

Sample size determination was done for each objective.

Objective 1: Prevalence of thyroid dysfunction

The sample size was calculated using the Fisher’s formula (Heinisch, 1963)

N=Zy.pq
d2
n=minimum sample size required
z=confidence interval at 95% (standard value of 1.96)
p=estimated prevalence of thyroid dysfunction in patients with T2DM (Ngugi2014) -

61%

d=margin of error (0.05)

1.96*1.96*0.61*0.39

(0.05)? n = 366patients

Correction for missing or incomplete data = 366+0.9 = 406 participants
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Objective 2: Factors associated with thyroid dysfunction

A formula for logistic regression was used. The minimum sample size (N) based on
logistic regression model was obtained using the formula suggested by Peduzzi et al,
N = 10k/p, where k is the number of independent variables and p is the number or
events or prevalence of the condition of interest as determined from previous
studies (Peduzzi et al., 1996). The number of independent variables in this study were
8; age, gender, duration of T2DM, treatment modality, HTN, BMI, HbAlc, LDL-C. p
was derived from a study by Uppal et al.,2013 where prevalence was 24.5%. The

calculated sample size was. N=10*8/0.245=326 patients
Objective 3: Correlation between TSH/FT4 and HbAlc

A formula for correlation by Hulley SB Cumming (2013) was used.
N = [(Z,+Z5)/C]* + 3.

The correlation coefficient (r) was derived from a study by Uppal et al., 2013 where r-

0.42
The calculated sample size was N = [(Z[,L+ZB)/C]2 + 3 =55 patients

Overall, the sample size calculated from Fishers formula and adjusted to account for
missing data was enough to answer all the objectives. The total sample

size used therefore was 406 patients.
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3.6: Sampling Method

Systematic random sampling was done. On average, there were about 50 patients
attending the DOPC on a weekly basis. The study period was three months, giving a total
of approximately 800 patients on follow up for diabetes during the proposed study period.
This number divided by the sample size of 406 gave a value of 2 for k. Every second
patient was thus enrolled into the study over the study period after obtaining an informed
consent.

k=N-=+n N=800, n=406 k=2

3.7: Study Procedure

3.7.1: Patient Recruitment

Patients were recruited from the DOPC clinics at MTRH on Monday, Thursday and
Friday between February and April 2018. Systematic random sampling was done,
whereby every second patient was approached and those who met the criteria were
requested to participate in the study. Figure 3 below shows a summary of study flow

algorithm.

3.7.2: Consenting

The consenting process was carried out by either a Good Clinical Practice (GCP) trained
research assistant or the principal investigator. Literate participants were provided
with written consent form in English (appendix 2A) or Kiswahili (appendix 2B) as per
their preference. Participants who could not read had the consent read to them in a
language of their choice and a translator was sought when necessary. Data collection was

done after an informed written consent was obtained.
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3.7.3: Clinical and Laboratory Procedures

The PI and research assistants administered the structured pre-tested questionnaires
which were utilized to collect socio-demographic, clinical and laboratory data for each
consenting patient (Appendix 1). Blood pressure, height and weight (Appendices 3&4)
were measured before participants were taken to the phlebotomy area where blood
samples for HbAlc, TSH, fT4 and LDL-C were then taken (Appendix 5). All phlebotomy
procedures were carried out under sterile conditions. The collected samples were
delivered to the AMPATH Reference Laboratory and analyzed on the day of collection.
An automated Cobas e 411electrochemilumiscence immunoassay (ECLIA) analyzer was
used for analysis of TSH and Ft4 (Appendix 8&9). An automated Cobas Integra 400 Plus
chemistry analyzer was used for analysis of glycated hemoglobin. The principle method
was based on Turbidimetric inhibition immunoassay for hemolyzed whole blood
(Appendix 7). Homogenous enzymatic colorimetric test was the principle used for

analysis of low-density lipoprotein cholesterol (Appendix 10).
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Administration of consent forms by PI to
eligible participants

\ 4

Administration of questionnaire by PI/Research
assistant

\ 4

Taking Blood Pressure and anthropometric
measurements

A 4

Drawing of blood samples for HbAlc, TSH,
FT4, LDL Cholesterol

\ 4

Participants receive routine care

\ 4

Participants exit from clinic

Figure 4: Study procedure

3.8: Study Variables
The dependent variables for this study were serum TSH and Serum fT4. These were used

to determine thyroid dysfunction (Surks, Chopra, Mariash, Nicoloff, & Solomon, 1990).

The independent variables were good glycemic control and poor glycemic control.
Covariates were sociodemographic variables (age, gender), Duration of T2DM,

Treatment modality, Hypertension, BMI and LDL-C levels (Appendix 6)
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3.9: Data Management

3.9.1: Materials and Data collection

A structured interviewer administered questionnaire was used to collect demographic and
clinical information. The only unique identifier that the questionnaire contained was the
subject’s birth dates and the study number. Laboratory results were recorded on a data
collection sheet. Once completed, questionnaires and data collection sheets were checked
for errors and completeness then double entered into REDCap (a secure, web-based

application designed to support data capture for research studies).

3.9.2: Data Cleaning

Data was cleaned during collection, data entry and analysis. Data collection sheets and
questionnaires were checked for completeness and errors at the end of each week during
data collection. Missing data was excluded from the analysis. Validation checks were

incorporated into the database to ensure accuracy of data.

3.9.3: Data Protection and Security

Paper records were kept under lock and key only accessible to the PI. Computer was
password protected, with up-to-date Kaspersky antivirus, internet firewall protected and
with a backup. Data validation was done through the same application. Thereafter the

data was converted into a database and exported to STATA version 15.1 for analysis.

3.9.4: Data Analysis
Descriptive statistics such as the median and corresponding interquartile range were used
to summarize continuous variables such as age, BMI, serum TSH levels, serum T4 levels,

HBAI1c levels, and LDL-C levels.
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Frequencies and the corresponding percentages were used to summarize categorical

variables such as gender, level of education, and marital status.

Serum TSH levels, serum T4 levels, HBA1C levels, LDL-C levels, and BMI were
categorized using clinically acceptable limits. Hyperthyroidism was defined as TSH <
0.27mlU/l, Euthyroid was defined as TSH in the range of 0.27-4.20 mlU/l,
hypothyroidism was defined as having TSH >4.20mIU/I and subclinical hypothyroidism

was defined as TSH >4.20mIU/l and fT4 0.932-1.71ng/dl.

Good control was defined as a HBA1C = 8% while poor control was defined as HBA1C
>8%. LDL-C levels were defined as normal if =2.59mmol/l, while >2.59 mmol/l was

abnormal.

BMI (kg/m?) was categorized as underweight <18.5, normal 18.5-24.9, overweight 25.0 —

29.9, obese=30.0- 39.9 and extreme obesity= 40.

Association between thyroid dysfunction and categorical independent variables were
assessed using Pearson’s Chi Square Test, Fisher’s Exact Test and Wilcoxon Rank Sum

Test.

Chi- Square Test of Independence was used to compare distribution of thyroid
dysfunction across comparison groups of categorical variables that showed homogeneity
in their distribution, with a cell size of >5 in all 4 cells of the 2by?2 table were subjected to
this test. These were Glycemic control (good control HbAlc < 8%, poor control >8%),
Insulin (use or no use), Hypertension (present or absent), Sex (male, female), LDL

Cholesterol level (Normal < 2.59mmol/l, Abnormal >2.59 mmol/l).
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Fisher’s Exact Test, a non parametric alternative to Chi-Square Test was used to test
association between categorical variables which violated Chi-Square Test assumptions
and had small cell sizes of <5 in any of the 4 cells in the 2by2 tables. The variables

subjected to this test were History of diagnosis of thyroid disease and BMI.

Wilcoxon Rank Sum Test, a non parametric comparing median between two populations
was used to determine if the difference in median age between participants with thyroid

dysfunction and those without dysfunction was significant.

Logistic regression model was used to assess the variables associated with thyroid
dysfunction. Bivariate logistic regression model was used to calculate the unadjusted
odds ratios (OR), and the multivariate logistic regression model was used to calculate the
adjusted odds ratios. In the multivariate model, the variables that were significantly
associated with the thyroid dysfunction in the bivariate analysis were included. These
variables included age, gender, duration of diabetes, insulin use, hypertension, BMI,
LDL-Cholesterol and HBA1C. None of the variables was dropped. We reported the OR

and the corresponding 95% confidence intervals.

Relationship between continuous variables (Serum TSH & Serum T4) with HBA1C was
assessed using scatter plots. Spearman rank correlation coefficient was calculated to

determine the strength and direction of the relationship.

Results were presented using tables, bar graphs and scatter plots.
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3.10: Ethical Considerations

Approval was sort from IREC and permission to conduct the study obtained from MRTH
management. The purpose of the study was clearly explained to eligible participants in
English or Kiswahili prior to inclusion into the study. Only patients who gave informed
written consent were enrolled. Patients who declined to participate in this study were not
discriminated at all but rather continued receiving their care as usual. The clinician
directly managing the patient did not take part in recruitment or consenting to avoid
coercion.

All patient information was kept confidential by storing data in key-locked cabinet and
use of REDCap, a safe password protected database. Findings were communicated to the
attending clinician for follow up and further care. There was no conflict of interest in this

study.
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CHAPTER FOUR: RESULTS
4.1: Recruitment

A total of 406 participants were enumerated for this study. Twenty-one participants did
not meet the inclusion criteria and were excluded (7 participants were ill requiring
admission, 9 were under 35 years of age at diagnosis of Diabetes and 5 had hemoglobin
of <10g/dl). Six participants declined to participate. Eleven participants had incomplete

results and were excluded in the final analysis which included results of 368 participants.

Screened = 406

Excluded (21)

Type 1 DM -9

Anemia (Hb<10) - 5

L 4 Il Requiring Admission - 7
Eligible =385

L 4

» Declined =6

A\ 4

Evaluated =379

»| Missing Results = 11

A 4

Final Analysis=368

Figure 5: Recruitment Schema
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A total of 368 participants were enrolled in the study, 230(62.5%) were female. The

median age was 59.2 (IQR: 52, 67) years with the youngest being 35.0 and the oldest

95.0 years. Less than half of the participants (41.6%) had secondary or tertiary education,

and most of them were married (89.7%).

Table 2: Participants socio demographic characteristics

Variable Freg/Median %!/ IQR
Age in years 59.2 (52,67)
Gender

Female 230 62.50%
Male 138 37.50%
Marital status

Married 330 89.70%
Separated 4 1.10%
Single 15 4.10%
Widowed 19 5.20%
Level of education

None 49 13.30%
Primary 166 45.10%
Secondary 118 32.10%
Tertiary 35 9.50%
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4.3: Clinical Characteristics

4.3.1: Medical History

The median duration since diagnosis of diabetes was 60 (IQR: 24,132) months with a
range of 1 and 420 months. Two hundred and two (54.5%) participants reported a
diagnosis of hypertension. However few patients (224%) were aware of any family
history of thyroid related disease. History of thyroid surgery was present in 9 (2.4%)
participants. Six participants (1.6%) had a history of thyroid disease with half of them
having a diagnosis of hypothyroidism and the other half hyperthyroidism. The table

below summarizes these findings.

Table 3: Medical History

Variable Median/Freq IQR/ %
Duration of diabetes since diagnosis (months) 60 (24, 132)
Hypertension 202 54.9
Family History of thyroid disease 15 4.1
History of thyroid surgery 9 2.5
History of radioiodine ablation 1 0.3
History of diagnosis of thyroid disease 6 L6
requiring medical treatment

Hyperthyroidism 3 0.8

Hypothyroidism 3 0.8
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4.3.2: Medication History

More than half of the patients, 196 (53.2%) were on insulin only or a combination of
insulin and an oral anti-diabetes agent while 46.8% were on only oral anti-diabetes agents
for glycemic control. Almost two thirds 220 (59.8%) were on a Metformin based therapy.
Majority of the participants 150 (40.8%) were on an ARB/ACE while 86 (23.4%) & 83

(22.5%) were on a CCB and diuretics respectively.

Only 54 (14%) of the participants were on a lipid-lowering agent, Atorvastatin and of the

3 patients with a history of hypothyroidism 2 were on thyroxine replacement.

Table 4: Medication History

Variable Freq %
Insulin 196 53.2
Oral Anti-Diabetes Agents 172 46.7
ACE Inhibitors /ARB's 150 40.8
Calcium Channel Blockers 86 23.4
Beta Blockers 19 5.2
Diuretics 83 22.5
Amiodarone 0 0
Atorvastatin 54 14.7

Thyroxine 2 0.5
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4.3.3: Physical Examination and Laboratory Findings
Majority of the participants were either overweight or obese accounting for 63% of the

total number as shown in the bar graph below.

40
35

35,
30 -~ 27
] ]

Underweight  Normal Overweight Obese Extreme
obese

Percentage
—_ — [ i ]
L = Lh = L

=

BMI

Figure 6: Distribution of Participants by BMI Categories

Few participants (1.6%) reported symptoms related to thyroid dysfunction and on
physical examination, 6 participants (1.6%) were found to have signs of thyroid
dysfunction mainly an enlarged thyroid gland. Hand tremors, facial puffiness and
protruding eyes were the other signs elicited. Nearly half of the patients 162(42%) had an

elevated blood pressure on examination.

The median serum TSH levels were 1.61(IQR 1.08, 2.5) mlU/l, median serum free T4

was 1.24(IQR 1.1, 1.35) ng/dl and the median HbA1c was high at 8.82 (IQR 7, 10.86) %.

The median LDL cholesterol levels were elevated at 2.89 (IQR 2.25, 3.62) mmol/I
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Table 5: Physical Examination and Laboratory Findings

Variable Median %/ IQR

TD signs and symptoms 6 1.6

Blood Pressure >140/90 162 42.0
Serum TSH 1.61 (1.08,2.5)
Serum free t4 1.24 (1.1,1.35)
HbAlc 8.82 (7,10.86)
LDL-Cholesterol 2.89 (2.25,3.62)

4.4: Prevalence of thyroid dysfunction
The prevalence of thyroid dysfunction was 9.2% (95%CI: 6.4, 12.7). Of the 34 Type 2
DM patients who had thyroid dysfunction, 31 (91.2%) had hypothyroidism while the

remaining 3 (8.8%) had hyperthyroidism.

Among those with hypothyroidism, 22(71%) had subclinical hypothyroidism.

4.5: Factors associated with thyroid dysfunction

On bivariate analysis as per table 7 it is notable that despite differences in age, glycemic
control, insulin use, hypertension, sex, BMI and LDL Cholesterol in the comparison
groups, none of these factors were statistically significantly associated with thyroid

dysfunction (all P-Values >0.05).

However, history of diagnosis of thyroid disease was found to be associated with thyroid

dysfunction with a significant P-Value of 0.000.
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Thyroid dysfunction

Freq (%)/ Median (IQR) P-
Variable No Yes value
Age 59 (52, 66) 59.5 (55,69) 0.406"
HbAlc
Control 127 (87.0) 19 (13.0) 0.046°
No control 205 (93.2) 15 (6.8)
History of diagnosis thyroid disease
No 332 (91.7) 30 (8.3) 0.000°
Yes 2 (33.3) 4 (66.7)
Insulin use
No 154 (91.1) 15 (8.9) 0.824?
Yes 180 (90.5) 19 (9.5)
Hypertension
No 149 (89.8) 17 (10.2) 0.547°
Yes 185 (91.6) 17 (8.4)
Sex
Male 125 (90.6) 13 (9.4) 0.926°
Female 209 (90.9) 21 (9.1)
LDL
Normal 135 (91.8) 12 (8.2) 0.561°
Abnormal 199 (90.0) 22 (10.0)
BMI
Underweight 11 (91.7) 1(8.3)
Normal 96 (90.6) 10 (9.4) 1.000°
Overweight 117 (90.7) 12 (9.3)
Obese 93(90.3) 10 (9.7)
Extreme obese 10 (90.9) 1(9.1)

"Wilcoxon rank sum test,“Chi square test,® Fishers’ Exact test

Multiple logistic regression model results as seen in table 8 showed that participants who

had good glycemic control as assessed by HbAlc had a 57% greater chance of having
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thyroid dysfunction compared to those with poor glycemic control, OR: 0.431 (95% CI:
0.201, 0.920). However, there was no association found between age, sex, duration of

diabetes, insulin use, hypertension, BMI, LDL-Cholesterol and thyroid dysfunction.

Table 7: Multivariate analysis factors associated with thyroid dysfunction

[95%
Variable Odds ratio P-value Conf. Interval]
Age 1.025 0.140 0.991 1.059
Sex
Male 1
Female 1.109 0.798 0.501 2.454
Duration of Diabetes (months) 1.001 0.791 0.996 1.005
Insulin use
No 1
Yes 1.307 0.487 0.617 2.774
Hypertension
No 1
Yes 0.566 0.156 0.257 1.242
BMI
Normal 1
Underweight 1.027 0.981 0.112 9.397
Overweight 0.924 0.865 0.372 2.296
Obese 1.014 0.977 0.389 2.644
Extreme obese 1.145 0.904 0.125 10.496
LDL
Normal 1
Abnormal 1.244 0.584 0.570 2.715
HbAlc
Control 1

No control 0.431 0.030 0.201 0.920
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4.6: Correlation between thyroid function and glycemic control
There was an insignificant negative correlation between serum TSH and HbAlc however

no correlation was found between free T4 and HbA1lc.

100
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Serum TSH and HbA1c are
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insignificant.
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Figure 7: Correlation between TSH and HbAlc

o Serum free T4 and HbA1c show no
° correlation.

r=0.106

FT4
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® Serum free T4 Fitted values

Figure 8: Correlation between FT4 and HbAlc
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CHAPTER FIVE: DISCUSSION
The prevalence of thyroid dysfunction in patients with diabetes has not been studied at all
in western Kenya yet; thyroid disease and diabetes are important co-morbidities that are
bound to impact cardiovascular outcomes of both conditions. Our study set out to
evaluate the prevalence of thyroid dysfunction, factors associated with thyroid
dysfunction and correlate glycemic control and thyroid function among Type 2 DM

patients in a Kenyan population in Eldoret.

5.1: Prevalence of thyroid dysfunction

This study found a prevalence of thyroid dysfunction of 9.2% (34) among the 368
patients with Type 2 Diabetes studied. This is slightly lower than the wide range of
prevalence of thyroid dysfunction globally which varies between 9.5 - 46% (Aljabri, n.d.
et. al., 2019).The wide range could be explained by the use of different criteria for the
diagnosis of thyroid dysfunction; thyroid function test, presence of anti-thyroid
peroxidase (anti-TPO), antithyroglobulin antibody (anti-TG), or both (Kalra, Aggarwal,
& Khandelwal, 2019). In addition, factors such as iodine status in different regions,
selenium deficiency and thiocyanate toxicity have been found to be responsible for
variations of thyroid disease epidemiology (Ogbera & Kuku, 2011). However, further
exploration may be needed to determine if these factors are responsible for the lower

prevalence of thyroid dysfunction among our population in Eldoret.

The prevalence in this study was comparable to that of a Greek population of 1029
patients with Type 2 DM who were found to have a prevalence of 12.3%
(Papazafiropoulou et al., 2010). The similarities in prevalence could be attributed to

similar methodology in regards to the laboratory procedures for HbAlc and thyroid
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function tests. However, the slight higher prevalence in the Greece study may be
attributed to the much older mean age of participants (67yrs) compared to 59yrs in this
study, given that the prevalence of thyroid dysfunction increases with age (Ogbonna &

Ezeani, 2019).

The prevalence of 9.2% found in this study was much lower than that reported in a local
study done at Kenyatta National Hospital (KNH) which found a prevalence of 61%
among 181 patients with Type 2 DM (Ngugi et al 2014, unpublished master’s dissertation
in University of Nairobi). Some factors that may have been responsible for the high
prevalence in the Kenyatta study include: differences in the population characteristics
with a higher percentage of patients having a previous diagnosis of thyroid dysfunction
(10.6%, compared to 1.6% in this study), 22% of patients reported a positive family
history of thyroid disease (hence higher risk) compared to 4.1% in this study; Difference
in definition of Type 2 DM with the KNH study including all patients above the age of
30years regardless of the age at diagnosis hence higher likelihood of inclusion of Type 1
DM patients who are at a higher risk of thyroid dysfunction(Palma et al., 2013); The use
of different test methods in the two studies with our study using
electrochemiluminescence immunoassay (ECLIA) technology of Elecsys 2010 which has
shown advantages in system performance and superiority to other laboratory methods
such as ELISA (KNH study) and Immunoradiometric assay (IRMA) for the measurement
of serum TSH with higher specificity(Kazerouni & Amirrasouli, 2012). Subclinical
hypothyroidism was the most frequent dysfunction found at 7% (22 participants) among

our study population. Subclinical hypothyroidism is most common among females above
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the age of 60 years, which comprised majority of our study population. This is consistent

with a number of studies(Kalra et al., 2019),(Papazafiropoulou et al., 2010).

Other studies done in Nigeria(Ghazali & Abbiyesuku, 2010) and India (Uppal, Vij, Bedi,
Vij, & Banerjee, 2013)also reported a higher prevalence of subclinical hypothyroidism at
26% and 24.5% respectively. This difference may be attributed to their use of ELISA for

measurement of thyroid hormones compared to ELCIA in this study.

5.2: Sociodemographic and clinical factors associated with thyroid dysfunction

The social demographic characteristics of our study population are comparable to a
number of previous studies. Our study found a female predominance at 61% .This is in
keeping with the expected epidemiologic distribution of type 2 DM as reported in IDF
2018 .These findings are similar to ( Ngugi et al in Nairobi, Kenya, and Ghazali et al in
Nigeria at 62.6% ).(Ngugi 2016),(Ghazali & Abbiyesuku, 2010). The median age of the
study population was 59 years with a range between 35-95 years. Majority of the
participants were above the age of 60. This is in keeping with the IDF 2018 fact sheet
which reports the highest prevalence of Diabetes in Africa among adults aged 55-

64years.

Few participants reported a family history of thyroid dysfunction or history of diagnosis
of thyroid dysfunction. Thyroid dysfunction symptoms are often nonspecific and overlap
with those of diabetes. Furthermore, subclinical thyroid disease may not have overt
symptomatology (Billic-Komarica et al., 2012).The majority of our patients had
subclinical hypothyroidism and hardly reported any symptoms despite inquiry. This was
a shared observation among a number of studies with less than 3% of patients reporting

symptoms (Ngugi et al, 2014),(Uppal et al., 2013).
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This study established a largely poorly controlled diabetes population at 58% (HbAlc
>10%) in whom you would have expected higher rates of insulin use given the
recommendations of the 2019 ADA Guidelines of early introduction of insulin when
HBA1c is >10%. More than two thirds of patients on oral anti-diabetes agents are poorly
controlled (HbAlc >10%). Despite evidence that insulin secretory capacity deteriorates
over time hence the need for insulin with longer duration of diabetes, some of the factors
that may have contributed to lower use of insulin therapy among our study population
include, physician inertia to initiate insulin therapy, patient’s preference and views about

injectable therapy (Home et al., 2014).

Regarding factors associated with thyroid dysfunction, patients with thyroid dysfunction
had a higher chance of good glycemic control (HbAlc <8%). This is an uncommon
finding and although there is a scientific explanation, it could also be a chance finding as
demonstrated by the wide confidence interval for the odds ratio. Majority of the
participants had hypothyroidism which increases susceptibility to recurrent hypoglycemia
which may lower the overall HbAlc level and hence be interpreted as better glycemic
control. In the absence of self blood glucose monitoring data most hypoglycemic
episodes may have gone unnoticed. Hypothyroidism is often associated with a relative
adrenal insufficiency which further results in blunting of the hypothalamo- pituitary —
adrenal response to hypoglycemia. Hypothyroid patients also have a reduced cortisol
response to insulin- induced hypoglycemia further worsening hypoglycemia in these
patients (Duntas et al., 2011). Hypoglycemia has been identified as a risk factor for both
major cardiovascular events and death(Chow et al., 2014). The knowledge that

hypothyroidism has a significant role in hypoglycemia necessitates consideration of the
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appropriate dosing of insulin and oral hypoglycemic agents and treatment of
hypothyroidism to alleviate further risks of hypoglycemia. Similarly, Telwani et al found
patients with thyroid dysfunction had a higher chance of good glycemic control. Despite
Papazafiropoulou et al. finding no association between glycemic control and thyroid
dysfuction, patients who had thyroid dysfunction had a lower mean HbAlc (7.38% vs

7.81%) compared to those without.

On the other hand, Uppal et al found that poor glycemic control was associated with
thyroid dysfunction. However, this is not surprising given the complexity of the
interaction between thyroid disorders and diabetes. Insulin resistance seems to be the
possible link between T2DM and thyroid dysfunction. Insulin resistance and gScell
function are inversely correlated with thyroid stimulating hormone which may be
explained by the antagonistic effects of insulin on thyroid hormones along with an
increase in TSH (Wang, 2013).Hence, patients with poor glycemic control are equally at

risk of thyroid dysfunction.

In this study, age, treatment modality, duration of T2DM and HTN were not associated
with thyroid dysfunction. Similarly, Papazafiropoulou et al found no association. Perhaps
this could be explained by the fact that majority of our patients were on metformin which
has counter regulatory effects on the thyroid hormone release and activity. Metformin
decreases thyrotropin levels in patients with hypothyroidism and it has also been shown
to have anti-proliferative effects on the thyroid gland. However, Uppal et al and Ogbonna
et al found longer duration >12yrs and >6.5 yrs respectively of T2DM was associated
with TD. Longer duration of DM increases risk of chronic hyperglycemia which impairs

the peripheral deiodination of T4 to T3 leading to thyroid dysfunction (Telwani, Wani,
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Ashraf, & Shah, 2017).Perhaps there was no association in this study since the median

duration of T2DM was shorter (5yrs).

The other factors studied were gender, BMI, LDL-C, which were not associated with
thyroid dysfunction. However, Telwani et al found an association between female gender
and LDL-C and TD. This may be due to differences in methodology. While this was a
cross sectional study, Telwani et al conducted a case control with age and sex matched

controls.

5.3: Correlation between thyroid function and HbAlc

There was no significant correlation between TSH and fT4 and HbAlc in this study.
However, the correlation tended towards the negative and this could have resulted from
majority of the thyroid dysfunction being subclinical hypothyroidism. This may have

increased susceptibility to hypoglycemic episodes as earlier alluded to.

However, Uppal et al and Imdad et al found a positive correlation which is thought to be
as a result of the complex interaction between insulin resistance and thyroid hormones as

earlier discussed.
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5.4 Study Limitation

The definition of Type 2 DM is based on age cut-off at the time of diagnosis rather than
objective test of insulin function and resistance. This may have underestimated the
proportion of patients with T2DM given the recent trends where younger patients are
being diagnosed with T2DM. However, a higher age cut-off of 35 years at diagnosis was
used which reduced the chance of recruiting a participant who had Type 1 DM or
MODY.

Glycemic control was assessed using HbAlc rather than time in range which may have
been more appropriate given the complex association of thyroid dysfunction with
glycemia. The low socio-economic status of the country though makes it impossible to do
continuous blood glucose monitoring at the moment and using HbAlc was more in

keeping with what is practiced and hence its results are more applicable.
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CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS
6.1 Conclusion
The prevalence of thyroid dysfunction among patients with Type 2 DM is high compared
to what has been reported in the general population. There was no significant correlation

found between thyroid dysfunction and the studied clinical correlates.

6.2 Recommendations

Routine assessment of thyroid hormone levels should be part of evaluation for patients
with Type 2 DM. A prospective study to evaluate the effect of routine screening of
thyroid dysfunction on glycemic control and its impact on cardiovascular risk in these

patients should be done.
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APPENDICES
Appendix1: Questionnaire

Study number --------=----=--------- Date: -

2. Gender: Male [ Female [ ]

3. Marital status (Tick one):

Single [ ] Married [ ] Divorced [__]Separated [ | Widowed [ ]

4. Level of education (tick one):

Primary [ | Secondary[ ] Tertiary [ | None [ ]

5. Duration of diabetes (months) -------------------

6. Type of medication used for diabetes
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7. Other medication other than Oral hypoglycemic agents or Insulin

8. Hypertension: Present [ ]  Absent [ ]

9. History of Atrial fibrillation: Yes [ ] No [_]

10. Family history of thyroid disease: Yes [__] No [__]

11. History of Thyroid surgery: Yes [ | No [ ]

12. History of radioiodine ablation: Yes [ ] No[ ]

13. History of Diagnosis of Thyroid disease Yes [ | No [_]

If yes, which type of thyroid dysfunction ------------ ?
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14. Is the patient on medication for thyroid dysfunction? Yes 1 ~no [

If yes which medication----------------------

15. Do you have any of the symptoms below? (Tick where appropriate)

Symptoms of Hypothyroidism like:  Symptoms of Hyperthyroidism like:

Sensitivity to cold [__| Insomnia

Puffy face

[

Irritability

Poor memory Unexplained weight loss

[

Constipation Palpitations

0 o o 0o 0

Depression Brittle hair

Hoarse voice Warm, flushed skin

[

Weight gain Protruding eyes

J 0 0 0 O
il

[

Dry skin Hand tremors



Physical Examination

o1

Temp........... PR /min RR..cooviins /min BP.oiii mm/Hg
Weight............. Kg Height............ m BMl.......... Kg/m
Local exam: Evidence of Thyroid enlargement. Yes [ ] No [_]
Evidence of protruding eyes Yes [ ] No
Evidence of puffy face Yes [ ] No
Evidence of hand tremors Yes [ No ]
Laboratory Investigations
TEST RESULTS DATE
Serum TSH

Serum Free T4

HBAIc

LDL cholesterol
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Appendix 2A: Informed Consent (English )

English

My name is Dr Wandia Mwaura. | am a medical doctor currently pursuing a Masters
degree in

Internal Medicine at Moi University. | would like to recruit you today into my research
which is looking at thyroid dysfunction in T2DM patients that are receiving care at
MTRH DOPC.

Purpose of the study:

The purpose of this study is to establish the burden of thyroid dysfunction among patients
with T2DM in MTRH in order to institute appropriate measures to manage the condition
and improve glycemic control.

What does the study involve?

In this study, you will be asked to provide your sociodemographic information which
includes age, sex, marital status, occupation, level of education among others. Blood will
also be drawn from you and taken to the laboratory for biochemical assessment of the
levels of serum Thyroid Stimulating Hormone (TSH), Free T4, HBAlc and LDL
Cholesterol

There are minimal risks involved in this study. These include but not limited to pain at
the injection site and swelling at the site of the injection. Blood samples will be discarded
after the study.

The result of the study will be stored in a database that is password protected and only
accessible by those conducting the study. No one will be able to identify you or your

results should data be published; no individual information will be disclosed. Your
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participation in this study is voluntary. If you decide to participate you can change your
mind later and quit the study before the end. If you decide not to participate or if you quit
the study it will not affect the health care services you receive at the clinic. By signing
this document you are voluntarily agreeing to participate. You are free to decline to

answer any particular question you don’t wish to answer for any reason

Consent form

PRSP , having been explained to and well
understood the nature and purpose of this study by..............ooooiiiiiiii ,
do hereby voluntarily agree to participate in the study. | agree to willingly answer the
questions honestly and undergo the laboratory investigations that have been explained to

me.

If you need further clarifications, feel free to contact IREC using the address below.
The Administrator IREC

Moi Teaching and Referral Hospital,

PO Box 3,

Eldoret.

Tel: 33471/2/3

You can also contact me (Dr. Wandia Mwaura) on 0722960519
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Appendix 2B:Informed Consent ( Kiswahili)

Jina langu ni Daktari Wandia Mwaura.Nimehitimu udaktari na nimesajiliwa na bodi ya
madaktari ya Kenya (Kenya Medical Practitioners and Dentists Board). Mimi ni msomi
wa shahada ya juu (Masters) ya udaktari (Internal medicine) katika chuo kikuu cha Moi.
Nimekuona leo kwa sababu ninafanya utafiti wa kuangalia matatizo ya tezi kati ya watu

walio na ugonjwa wa sukari.

Lengo kuu la utafiti huu ni kutambua jinsi shida hii ilivyo kidhiri katiya wale wanao ugua
ugonjwa wa sukari na wanaopata matibabu yao katika hospitali kuu ya MTRH. Hii
itatuwezesha kuweka mikakati bora ya matibabu kabla ugonjwa huu haujaenea na kuleta

madhara mwilini.

Katika utafiti huu, utahitajika kutueleza maswala kadha wa kadha kukuhusu. Kwa mfano,
miaka, jinsia, kiwango ulichokifikia cha masomo na kadhalika. Utahitajika pia kutolewa
damu itakayo pelekwa mahabara nakuangalia kiwango cha homoni za tezi, kiwango cha

mafuta mwilini na kipimo cha sukari mwilini.

Utafiti huu hauna madhara kuu kwako mbali na uchungu utakaosikia unapotolewa damu
ama uvimbe mdogo mahala utakapotolewa damu. Hata hivyo, uvimbe huu hautakawia

kwa muda mrefu.

Una huru wa kukubali ama kukataa kuwa katika utafiti huu. Unaweza pia kujiondoa
wakati wowote unapohisi. Kukataa kwako ama kujiondoa katika utafiti huu hauta dhuru

jinsi utakavyo hudumia katika hospitali hii sasa wala siku za usoni.



55

Unajulishwa kwamba kushiriki kwako katika utafiti huu ni kwa hiari yako na sio kwa
kulazimishwa naunaweza jiondoa katika utafiti huu wakati wowote. Habari zote

tutakazopata kuhusiana nawe na afya yako italindwa na uaminifu wote.

M. L baada ya kufafanuliwa
nakuelezwa na..............coooiiiiiiiii i Kiini cha utafiti huu na jinsi
utakavyotekelezwa nimekubali kushiriki katika utafiti huu bila kushurutishwa.Nakubali
kuyajibu maswali yote kwa uaminifu na pia kutolewa damu itakayopelekwa kwenye
mahabara kwa uchunguzi.

Sahihi (MShiriki).....ooeeeeeeeeeeeeeeenn,

Tarehe .........cccooviiiiiiiiiinn,

Iwapo utahitaji maelezo zaidi, usikose kuwasilianana IREC ukitumia anwani ifuatayo

Administrator IREC

Moi Teaching and Referral Hospital,
Sanduku la Posta 3,

Eldoret.

Simu: 33471/2/3

Unaweza pia wasilianana mi (Dr.Wandia Mwaura) ukitumia nambari ya simu ifuatayo:

0722960519
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Appendix 3: Blood Pressure Measurement

Measurement of blood pressure was then done using Omron M2 compact upper arm
blood pressure monitor (Omron Healthcare, Inc., 1200 Lakeside Drive, Bannockburn,
[llinois 60015). The arm cuff position was maintained at the heart level during rest in a
seated position and readings taken after at least 15 minutes of being seated in the waiting
area. The examiner would take the blood pressure with the arm on rested on the table.
The cuff was wrapped on the arm with the bottom of the cuff one centimeter above the
elbow, while allowing for finger breadth allowance on application of the cuff. The
machine was then be switched on, the cuff inflated and the blood pressure reading
recorded. Three blood pressure readings will be taken one minute apart with the average

of the last two being recorded.
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Appendix 4: Weight and Height Measurement

The patient’s weight and height were measured. Weight was measured using a digital
weighing scale rounded to the nearest one decimal point. Height was measured in
centimeters using a Detecto-beam scale with height rod. Participants were requested to
remove excessive clothing and shoes before measurements are taken. Excessive clothing
was described as more than two layers of clothes. The participants would then proceed

for routine clinic care.
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Appendix 5: Phlebotomy Procedure

After explaining the procedure and obtaining verbal consent, the Pl would apply a
tourniquet to the arm distal to the elbow. The brachial vein in the ante cubital fossa was
identified and the site cleaned with antiseptic solution. The vein was then be punctured
gently by a gauge 21 needle at an angle of approximately 30 degrees and 8 mls of venous
blood drawn. The needle would be withdrawn from the vein and an adhesive bandage
applied at the punctured site to help stop bleeding. The samples were put in two labeled
red top vacutainers and one purple top vacutainer and the needle and syringe disposed of

safely in a sharps container.
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Appendix 6: Description of VVariables

Age- was the nearest number of years as from the reported or documented date of birth

Gender- was determined by the observed phenotypical sex and secondary sexual

characteristics of male or female sex.

Duration of Type 2 DM- was determined as the period to the nearest whole month from
the reported or documented date of disease onset. Date of onset was to the first date

which the patient learnt of the diagnosis or first documented date of diagnosis

Treatment modality- was defined as the current drugs being used by the patient to achieve
glycemic control. There were 3 categories of treatment modalities oral hypoglycemic

agents, insulin, both insulin and oral hypoglycemic agents.

Comorbidities (Presence of thyroid disease and/or hypertension)



Appendix 7:SOP for

HbAlc

SOP for HBA1C

AMPA TH Reference Laboratory §kﬂ'ff,;.
All
SOP #: ARL429 Version 1.0 - 5

Fegey

1. Introduction

Hemoglobin consists of four protein chains with four heme portions, and is the
red pigmented protein located in the erythrocytes. The relative amount in the
erythrocyte of the Hb A converted to HbA1c increases with the average
concentration of glucose in the blood and is limited to the Rbc life span of
approximately 100-120 days thus reflecting the average glucose levels in the
preceding 2-3 months ( HbA1c).

2. Purpose.

To describe the procedure for the quantitative determination of percent
hemoglobin Alc [HbA1c (%)] in whole blood on Cobas Integra 400 plus
Chemistry analyzer.

3. Principle

Is based onTurbidimetric inhibition immunoassay (TINIA) for hemolyzed
whole blood.

Anticoagulated whole blood is hemolysed automatically on the Cobas
Integra 400 plus with Hemolyzing Reagent .This method uses TTAB as
the detergent in the hemolyzing reagent to eliminate interference from
leukocytes (TTAB does not lyse leukocytes). Sample pretreatment to
remove labile HbA1c is not necessary.all glycated Hb variants which are
glycated at Beta chain N-terminus and which have antibody-recognizable
regions identical to that of HbA1c are determined by this assay.
Glycohemoglobin in the sample reacts with anti-HbA1c¢ antibody in R1 to
form soluble antigen antibody complexes. Since the specific HbA1c
antibody site is present only once on the HbA1c molecule, complex
formation does not take place. Polyhaptens inR2 reacts with excess anti-
HbA1c antibodies to form an insoluble antibody-polyhapten complex which
is determine turbidimetrically.

Liberated hemoglobin in the hemolyzed sample is a derivative having a
characteristic absorption spectrum which is measured bichromatically
during preincubation phase of the above immunological reaction.

4. Responsibility

All laboratory technologists assigned to work at the AMPATH - Modular
Routine Laboratory who have documented training and competency for this
test.

5. Procedure

Paged of 7
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AMPATH Reference Laboratory Kﬁf&
SOP for HBA1C §

SOP #: ARL429 Version 1.0 E i @5

oqey

Accept sample in accordance to SOP ARL 828.00 for laboratory information
system.

Proceed and run the samples as described in the SOP for the COBAS
INTEGRA 400 PLUS Chemistry Analyzer

a. Precautions

General laboratory precautions are required for handling reagents,
calibrators and bleach. Treat all samples and controls as infectious
agents. Comply with Laboratory Safety Policy ARL201, SOP for
Handling Spills and Tube Breakages ARL210 and dispose off
laboratory waste in line with SOP ARL213

b. Reagents

i. R1 Antibody reagent

i. R2 Polyhapten reagent

ii. Hemolyzing reagent
c. Reagent stability

i. Unopened kit components are stable up to expiration date at 2-8°
C. On board, reagents are stable for 12 weeks.

d. Equipment/Materials Required
i. COBAS INTEGRA 400 PLUS Chemistry Analyzer
ii. Computerized Workstation
iil. Printer
iv. 1000 pl pipettors
v. Cobas cups
e. Specimen Collection And Preparation

i.  Wholeblood is the specimen of choice and is collected from
EDTA/li Heparin blood using standard sampling tubes as
described in the sop for Venipuncture ARL 702.00. Whole
Blood may be stored for 3 days at 15-25°C, up to 7 days at 2-8
°C and up to 6 months at (-15)-(-25)° C.

Page 5of 7
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AMPATH Reference Laboratory Kﬁf&
SOP for HBA1C § ALL e
SOP #: ARL429 Version 1.0 gee -sg

ii. Centrifuge samples containing precipitates before performing
the assay.

. Calibration

1. Calibrate the machine, when reagent lot is changed or when
internal quality controls give repeatedly out-of-range values.

2. Each new lot number of calibrators needs to be registered on the
analyzer, either by barcode reader or manually. Check that the
values of the calibrators are adjusted in line with the new lot
number.

3. Verify the calibration of a new calibrator lot by running calibrators
as sample.

. Quality Control

. Control N and P and other suitable control is run for the intemal quality
control.

. In order to validate new chemistry controls, the new lot of controls will
be run in parallel with the old lot of controls until the mean and
standard deviation is obtained for the new lot of controls. The mean
and standard deviations for the new lot of controls will be reviewed and
signed off by the laboratory supervisor or director before being put into
use.

. In case of QC failure, refer to ARL202. Quality Control Plan for further
action.

. Specimen Rejection

. Whole blood collected in wrong specimen bottles or samples not
meeting the specimen collection time frame. (See also under
“Limitations”).

a. Results

|.  Machine automatically measures the analyte in each sample.
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AMPATH Reference Laboratory Kﬁf&
SOP for HBA1C § ,
SOP #: ARL429 Version 1.0 gee @5

SOP number ARL 828 is used to complete and authenticated the
results from the Laboratory information system.

Interpretation of results is based on comparison with the normal
ranges provided.

Critical values are telephoned to the clinician as soon as possible. .
Log all phone calls reporting critical values.

b. Repeat Criteria

High values above AMR (analytical measurable range): Dilute
sample and multiply result with the dilution factor

Low values below AMR: If low on repeat, report result as “Below
lowest detectable limit"

Critical values: Re-run to confirm

Flags for blockages, slope, or calibration: Confirm quality of sample
and reagents and re-run the sample,

c. Limitation

i. NA

d. Measuring Range

i. Referto SOP 229

e. Reference Values

i. HbA1c 4.8-59%

6. Reference

a. Roche Cobas Integra 400 Operators Manual, Indianapolis 2004
b. Roche Cobas Integra 400 Test Manual, Indianapolis 2004
c. Roche Cobas Benchtop Guide

Page 7 of 7
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Appendix 8:SOP for

TSH

cobas’

= I&7
MODULAR ANALYTICS E170
cobasedit
11731459 122 200 cobas & 601
cobas @ 6502
English A1 An&-TSH-Ab-biokn (gray cap), 1 bottle, 14 mi
System Iinformation Biotinyiated monocional ant-TSH antitiody (mouse) 2.0 mgiL.
Forcobas e 411 " test number 010 phosphate butler 100 mmobL. pH 7 2; preservative.
For MODULAR ANAL' Em.?ommmcm B2 Ar6-TSH ¥ (black cag). 1 botle, 12 mL:
Intended use Monocional anti- TSH antibody (mowsehuman) kabeled with

Whmhmmmdnmm
lrdm

say "ECLIA" is imtended for use

mwmmowmu
mwm)--mnn“

MTM W

biological information,

mmwmmmmemmd

LH, FSH and nCG.

mummmwmummmmn
subject fo ; The rypaphy o of TSH

MD

mmmam-m-mmunm
mmwhnm he free

b;r mwmhnmmw

uu':n.W mﬂmumma of

mmummmm hypothalamus,

Test principle

Sandwich panciple. Tolal duraion of assay. 18 minutes.

* 15t ncubation: 50 pl of
antibody and
nahenium

. mwmmuwmu
camplex becomes bound 1o the phase via interaction ol biotin and

Into he measurng ol whare the
miczoparticles are captured onto the sirface of the
electrode. Unbound substances are then removed with
Wummmnmmmm
chemiluminascent wihich I8 measured by a protomultipher,

* Results are determined via a calbeation curve which is instrument-
mmwzmmmammw
vt the reagent barcode or

Reagents - -umm

The reagent rackpack is labeled as TSH.

M Steptavidn-coatod microparticles (transparent cap), 1 bottle, 12 mL:
Streptavidn-coated mcroparicies 0.72 mgiml., preservative,

rutheeium complax 1.2 molL; phosphate bufter 100 mmalL, pH7.2;
preservalive.

Foe in vitro diagnostic use.
muwmmhwdw

Wﬁdmmmﬂuhmmum
data shest avalabie for professional user on request.

Avoud foam formation in &l reagents and sample types (specimens,
caibeators and controis).

The reagants in the kit hava been assembled into a ready-for-use unit that
cannot be separsted.

Al infermation required lor comect operalion is resd in from the respective
magant barcodes,

Storage and stability
Store a1 28 °C.
Do not freeze.

In order 1o ensuse complete
qumm wmmwbm
Swabhty:
unopenad at 2-8 'C up %0 the stated axpiration das
attar apening at 28 °C 12 wooks
on MODULAR ANALYTICS E170, | 6 woeks
cobas e 601 and cobas e 602
on cobas e 411 B woeks |
Specimen collection and

preparation
Only the specimens listad below were 18sied and found acceptable.
sumugnmwmmuwm

u.re,mzmm.x,—em&mmwm
fuorideipotassium oxalate plasma.

Criterion: Recovery within 80-110 % of serum vakue o
0911 onwmmuaum“mm + coafficent of

Stable for 7 days at 248 *C. 1 month a1 -20 °C.” Freezo only once.
The sarmple types istod wore tested with a selection of

1ubes (sample collection systems), m-mmmamm
manufacturer,

Centriluge samples containing precipitates batore perfoming the assay.
Do not use heat-nackvated samplas.
Do not use samples and contvols statilized with azide.

Ensure the sampies, calibralors and controls are at 20-25 °C prior 1o
measurement

2018:08, V 23.0 Engish
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TSH

Due to possibie evapocation effects, sampies, calbrators and controls on
the anadyzers should be analyzed'measurad within 2 hours.
Materials provided

See "Reagents - working sokutions” section for reagents.

Materials required (but not provided)

[FE7) 04738551190, TSH CalSet, 4 x 1.3 mL

[RE1] 11776479122, PreciControl TSH, 4 x 20 mL

[FE7] 11731416190, PreciControl Universal, for 4 x 30 mL

[FE7] 06445918190, PreciControl Thyro Sensitive, for 4 x 2.0 mL.
[FE71 03609987190, Dilvent MultiAssay, 2 x 16 mL sample diuent
General laboralory equpment

MODULAR ANALYTICS E170 or cobas e analyzer
Accessories for cobas @ 411 analyzer.

[FE7] 11662988122, ProCeill, 6 x 380 mL system buffer

* [FE7] 11662970122, CleanCell, 6 x 380 mL measuring coll cleaning

[FE7] 11930346122, Elecsys SysWash, 1 x 500 mL washwater adctive
[FEF] 11933158001, Adapter for SysClean

[F7] 11706802001, AssayCup, 60 x 60 reaction cups

[FE7] 11706792001, AssayTip, 30 x 120 pipatte tips

* [FF] 11800507001, Clean-Liner

Accessones for MODULAR ANALYTICS E170, cobas e 601 and
momm

= [FEF] 04880340190, ProCedll M, 2 x 2 L system buffer
. mcwuzmmmum

. 03023141001, PC/ICC-Cups, 12 cups to prewarm ProCell M and

M before use
s oauosnmo ProbeWash M, 12 x 70 mL cleaning solution for run
zation and rinsing during reagent change

. [jvzmmsmm AssayTipdAssayCup, 48 magazines x B4 rsaction
cups or prpette tps, washe bags
* [FE7) 03023150001, WasteUner, wasio bags

* [AE1]00027651001, SysClaan Adapter M
Accessories for all analyzers:

* (7111208500316, ISE Cleaning Solution/Elacsys SysClaan,
5% 100 miL syslem deaning souton

Assay
For optimum performance of the follow the directions
document for the analyzer concemad. mﬂ&mh opwab(s
manual for analyzer-specific assay
anmwmmmbm
in MW the reagent barcode. If
excoptional cases the barcode cannot be read, enler the 15-0igit sequence
ummm(mumnm-umnm
approximately 20 °C and the reagent
mgdmmmwtmmm
mﬂu temperature of the reagants and the
openingdosing of tha battles.
Calibration
Tm;mmmmmmuummo

Bsuc ru barcodad kabel containing speciic

Emy v:mmmumm

mmbwbmmm
mmmmw

wngiuhmm . not more than 24 hours since the reagent m

mmwmmMMmM\‘ma
calbration by he laboratory.
Ranewsd calibration is recommendad &s fofows:

65

cobas’

= afer B weeks when using the same reagent fot

* after 7 days when using the same reagent kit on the analyzer

* as required: e.g. qualty control findings outside ?e defined bmits
Quality control
mw#%mwm,mma
In addition, other suitable control material can be used.

Controls for the vanous concentration ranges shoukd be run indvidually at
mﬂumymmmmubhm.mwmﬂ.md
following sach calibration.

The control intervals and imits should be adapted to each kaboratory's
individugd VMMMHMNW

It necessary, repeat the maasurement of the samples concemed,
Foliow the govemment regulations and local guidelines for

Calculation
The automatically the analyte concentration of each
m&%nﬂ%&mmﬁm
umm-mm

nmﬂgd laenn(:lrﬂndﬁimnﬂ.u«mﬂ)
<;%5w&£<m@ m:-mor%mu&psdnww
<
Criterion: Recovery within < 10 % of initial value.

Sarnples should not be taken from patients recesving thecapy with
biotin doses (L& >5Wuﬂnhﬂsmmbvhgﬂh:mm

No interference was obsarved from rheumatold factors up to a
concantration of 3250 ILimL and samples from dialysis patients.
There is no high-dosa hook effect at TSH concentrations up to
1000 plvmL
nmmmmmmmmm No
Interference with the assay was found.
The presance of autoantibodies may induoe high molecular weight
compiexes {macro-TSH) which may cause unexpected high values of TSHY
In rare cases, interference due 1o extramely high titers of antibodies to
analyte-speciic antibodies, streptavidin of fumenium can ocour. These
efiects are minimized by sutable test design.

For diagnostic purposes, the results should aways be assessed n
mmmmwsmm , dlinical sxamnination and other

Limits and ranges
Measuring range
uou&womgm by e lower detection limit and the madmum of
the master curve) MMnOMAM‘VMM

the lower detecsion limit are reported as
mﬁ:ﬁanr&"ﬁaﬂwmﬂ moommtor
10-foid sampies)

Lower limits of measurement
Lower detection imil of the sest
Lower detection ime: 0.005 pilimL
MMMmm
two standard

The lower detection imit represents the

distinguished from 2ero. It is calculated as the value

daviahons above that of the lowest standard (master | Standard
1+ 2 SD, repeatabiity study, n=21).

Dilution

Samples with TSH concentrations above the

automatically by the uu;zms or manually). Tha concentration of the
dluted sampie must be > 10 pRlmi.

Alter marwal dilution, multiply the result by the dilution factor,

Aler diution by the analyzers, the software automatcally takes the diltion
into account when caicuating the sample concentration.
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TSH

Expected values
0.270-4.20 plUimlL

These values mwmwmwsmum
obtained from a total of 516 healthy test subjects examined

mmwmmmmmm
Wmmbum

and Aduits” m@mm-m
This booklet also contains results of a detaded study about influencng
factors on thyrokd parameters in a well charactenzed reference group of
sonographic rasults Imu:.vddmamw';‘ u@a
wwmobm of the Naticnal Academy of Clinical

Each should the of the vales
nhd?n“mw mmm%mmmnzmm
ranges.

wmﬂ the analyzers below.
mmmmu&m 'MM"

Procision

Precision was daterminad usi reagents, pooled human sera and
Mh?wsw E%z‘}mcwwmu%
MOOULAR ANALYT mﬁmm‘f%'m’&
determined once daily for 10 days (n = 10). The folowing resuits were

66

cobas’

Analytical specificity
mmmmmmmmwsm

LH 0.038 %, FSH 0.008 %; hGH and hCG no cross-reactivity.

Functional sensitivity

0.014 pivmL

The functicnal sensitity s the lowest analyte concantration tat can b
measured with an intarmediata peecision CV of < 20 %.

References

1 Wheeler MH, Lazarus JH. Disaases of the
Weireim, New York, Tokyo, Melboume,
Medical, 1994:109-115

2 Pfannenstel P, Saller B. Schilddrisenkrankheiten Diagnose und
Therape. mmv«wanw1mzw

3 Surks MI, Chopea I, Mariash CN, et al. American il Association
Guidelines for the Use of Laboratory Tests in Disorders.
mummmmtsaz

4 Keflar M. Considerations in Ti Thyrod Function.
Ciin Cheen 1996:42(1):125-135. S

5 Lndemm mmmwwmm
of thyroid nodules, goiier and thyroid cances.
Clin Chemn 1996,42:(1):183-187.

6  Necololt JT, Spencer CA. The use and misuse of the sensitive
thyrotropin assays. J Clin Endocr Metab 1990;71:553-5586.

7 TieuzNw. WM»WT‘&WW

London, Glascow,
Owandm

cobas e 411 analyzer Philaceiphia, Pa. WB Saunders Co, 1995
Repeatability Mmpn- 8 :::Jmn;ﬂ:&mmuoi Em%nm

Mean oV oV oo )
= . [ | % |imi | % | 9 Pusgh Sk b o 4 gk msin
Human serum 1 0034 | 000G | 86 | 0003 | &7 1988;26:783.790.
Human seum 2 091 | 002 | 21 | 003 | a3 For further infarmation, pleass refer 1o the appropriate operator's manuai for
Mamansoumd | 395 | 007 | 18 | 018 | 35 | infomaton end e Methos Shes of of secasean componeris
PCM Universal 1 245 | 005 | 19 | 005 22 avalable i your country).
PC Universal 2 067 | 016 | 15 | 019 | 18 vl i bl dvoscle :mmm »
PrecControl TSH 0.084 . - | 0005 | 54 mmwms-pmum"m
2} PC » PreciContrl Symbols
MODULAR ANALYTICS E170, cobas & 01 and 6obes 6 502 8nayiers | o jourd 1 o 150 162001 e e Can s 1 Acdfion

Repeatability Intermediate precision |  Mps: 3. roche.com for of symbots used):

Sample Mean | SO | CV | Mean | SO | CV Contents of kit

plUmL | SUimL | % | ilimL | Uil | % BRED Anayzers/instrumants on which reagents can be used
Human serum 1 0040 | 0001 | 30 | 0035 | 0003 | 72 Reagant
Human serum 2 0082 | 0002 | 27 | 0151 | 0005 | 32 CALBRATOR Calbrador
Humanseuma | 837 | 0102 | 1.1 | 386 | 0.120 | 33 S vomester plion o mising
PCUniersal 1 | 0959 | 0014 | 15 | 0915 | 0.031 | 35 & lobe! Trace o Number
PC Universal 2 B13 | 0098 | 12 | 752 | 0.316 | 42
wm g::‘o:a‘.aamnm o Foos AP0 s o
Amun&mmmmmnmmm 8 ot P
methed (x) using clinical samples gave the following corelations: u—mnm-“u-mun-u’
Number of samples measurad: 109 02017 Fucte Dagrentes
y=101x4001 y = 0.98x+ 0.04
=094 =0933

The sample concentrations were between appraomately 0 and 19 pfUimL

Fache Degnostos Gros, Sananoter Ssame 156 C-68306 Mavrwen
W e Roche
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Appendix 9: SOP for
fT4

Elecsys FT4 Il

cobas’

IV [EvsTem]

MODULAR ANALYTICS E170
07976836 190 200 - xond Iyt

cobas e 501

cobas e 602
English A1 Ant-T4-Ab-Rulbpy)l’ (gray cap), 1 borse, 18 ml
System information Polycional anti-T4-antibody (sheep) labaled with nutheni P
Fotcobas @ 411 r: 165t number 1610 75 ng/mL; phosphate bulfer 100 mmaolil. pH 7.0; preservative.
For MODULAR ANAL EINM.QI“W.@ R2  T4-biotin (Hack cap), 1 botte, 18 miL:

¥ amm‘ Taumumnwmomww
Intended use
immunaassay for the in vitro quantitaive of free Hyroxine n
human sansm and plasma mm-um
The electrcehermb im "ECLIA" is imended for use ?"‘MW SR CRF sey o
ona.wnmmomw Qu 9 Y
mdam-mmummmwm
Yhym(‘u)hhmlvymd the bloock Safely data shoot avadabie for professk user q
by the thyroid giand. Toge! mmmpmamlﬁamm Avoid foam § n ol reag and typas (sp
:;'uumglv-l:'wm b wu for nomal e )
demmmmm' Reagent handling
N i the bl “Mdm“ ‘l'hlnvqm‘bo in the kit have boen assembied into & ready-for-use unit that

mmwm Fue'um'd)le
bm\-'lm om,nnswoanwn ‘I’h.

v @nd bound 10 SEnIM PrOtRING Such
M) (75 %), MM ns 'ﬂ.“lhulm 10\).‘-“’

Al iormason required for comect operation is read m from the respectve
reagent barcodes.

Storage and
The detoemination of frea T4 has the advantage of indepandent of Store at 2.8 "C.
pu- mmm?d.uﬁ::h:&‘:d i gw? MM it upright in complete
sa he OFgex 10 ensure
diagnostics lor the assessment of the yroad status. it should be measured availatslity of the during mixing prior 10 use.
10Qather with TSH # thyrokd clsordars are suspactad and is also suaable for
wl.‘? M’
A vaniety of methods are avaiiable for the free thyrod hormone unopened at 2-8 °C o the stated expiration dale
evels direct measurement of IT4 and T3 via equiibrum dalysis or - .
mquunw for standardzing. the after opening a1 2-8 °C 84 days
[ ly usad for routine Gagnostic 7 [on the analyzers 28 days onboard
h“MﬂllﬂmlMﬁT‘MWwﬂha or
namheniam complox® is used to e free 58 days when stored alternatedy in
1) Tral2 2 DpyrOytnmvennan(it complon (Fufdpys ) the refrigerator and an the analyzer,
Test principle with 1o total time onboard on the
Compatition panciple. Total duration of assay. 18 mnutes. analyzer not exceeding 120 hours
= 1gtincubation: 15 pl of sampie and a T4-epecifc antibody Bbeled Wil Specimen collection and preparstion
A nithenlum memmmmmmw
* 2nd moutaton: Alter addtion of biotimytated T4 and streptavidin-coated Aard g tubes or lubes containing
microparicies. the s6ll-iree binding sites of the labeled antbody becoms ww o
mmm»mwn 56 via interacsion of biotin and Li-heparin, K-EDTA and Ky EDTA plasma.
Plasma lubes containing separating gel can bo used.
* The reaction mixiure is o he maasuring call whers tha msag.uv.unwm;sum.ma
are mﬁ:‘;mh?dh 20.55.
alectroge. Unbound ane remoned
leu. “. 1o the hen gw::;muzo-asvnmuu‘c.mmmm‘cu5°c>.
byap ¥ The sampia types Isted wore testod wit a
*  Resuls are getarmned via cammnmmum_ mmmwmunﬁmdmmuu
ganerated by 2-point calibration and a Mastar curve p lable tubes of all B wero tested. Sample collection Systoms
Vi the reag. or from varous contan diffecing materials which could
Reagents - working sclutions. affect the les! results in some cases. When " primary
The reagent rackpack is labsled as FT4 . tubes (sampie colection , Tolow the instrucsions of the tube

M Streptavidin-coated microparnticies (ransparent cap), 1 bottie, 12 mi.:
Streptavidin-coated mcroparnicies 0.72 mo/mb.; praservative.

wmwmmmum
Do not use heat-inactivated samples.
Do nat use samples and controls stabilzed with azide.

2019.01, V 1,0 English
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Elecsys FT4 Il

Ensure e samples, calibeators and controls are at 20-25 *C pror o
measurement.

mo evaporation effects. sampies, calbrators and controls on
should be analyzed'measuned within 2 hours.

mmw

See "Reagents — working solutions” section for reagents.

Materials required (but not provided)

* [FE) 07976879190, CalSet FT4 L, 4 x 1.0mL

o [7) 11731416190, PreciControl Universal, for 4 x 3.0 mL

*  General laboratory equipment

* MODULAR ANALYTICS E170 or cobas e analyzer
Accessones for cobas e 411 analyzer.

= [FEF] 11662988122, ProCell, 6 x 380 ml sysiem buffer

. @ﬁummzz.m,sxmummwm

« [F7) 11930346122, Blecsys SysWash, 1 x 500 ml washwater additive
« [ 11933155001, Adapter for SysClean

o [ 11706802001, AssayCup, 60 x 60 reaction cups

* [FE7] 11706799001, AssayTip, 30 x 120 pipetie tips

* [%111800507001, Clean-Liner

Accessones for MODULAR ANALYTICS E170, cobas e 501 and
m.mawfm

o [F7] 04880340190, ProCell M, 2 x 2 L system buffer
. Q" 04880293190, CleanCell M, 2 x 2 L measuring el cloaning

* [FEF] 03023141001, PCICC-Cups, 12 cups 1o prewarm ProCell M and
CleanCell M bedore use

* [FEF] 03005712190, ProbeWash M, 12 x 70 mL cleaning solution for run
nalization and rinsing during reagent change

= [FEF) 03004899190, PraClean M, 5 x 600 mL desection cleaning solution

= [E7]12102137001, Mwmammxum
Cups of pipette tps, wasse bags

* [5E5] 03023150001, Wasteliner, waste bags
« [7E7]03027651001, Sy=Claan Adapter M

mwuum

E@ﬂmw mmm«mw
x 100 mi system deaning solution

exceptional cases the barcode cannct be read, entar the 1 sequence

of numbars (except for the cobas e 602 analyzer), <

WMME!N cobas e 601 and cobas e 602 analyzers:
PreClean M solution -naeunry

T - This mathod has been standardized against the Elecsys FT4 |l
method. MFTMIMIIM”NEMMTNM
was standardized using equiliorium dialysis 54

eioevaton ot colation o o parbcl eagen o The et

lot. The
mfmsmwnmmmvmm
Mhpoﬂmmdmnmgm
udrqbuhmam . not more than 24 hows since the was

registerad on the analyzer)
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cuummmummmmwnma

calibration by the \boratory.

Renewed calbrabon is recommended as lollows:

= after 1 month (28 days) when using the same reagent lot

* after 7 days (when using the same reagent kit on the analyzer)

* a3 regured: 0.9, qualty control findings outsiie !e defined imis

Quality control

In adgdtion, other sultable control materal can be used

Controls for the vasous concentration ranges should be run indvidually at

least once every 24 hours whan the test & in use, once par reagent ki, and

following each calibration.

mmmmmmm
e S e s

mmmmmmmmnuuml

values fall outside the defined limits.

I necessary, repeat tha maasurement of the samples concemed.

Follow the and local gui for
wﬁhﬁhmw guidelines

Calculation

The analyzer automaticaly calculates

sampie ether in pmolL, ngolL or gl

Conversion faciors: pmolL x 0.077688 = nghil.

ngidl x 12.872 = pmoilL
pmolL x 0.77638 = ngll.

the analyte concentrasion of each

Limitstions - Interference

Thnhdoln endogencus substances and pharmaceutical
%um tesied. Interferences were tested

wbmlluodwmmuﬂmmmmﬂsmw

Endogenous substances

Compound Concentration tested

Bilrubn <701 pmolL or < 41 moldl

Hemoglobin < 0,621 mmolL or < 1000 mg/dL

Intrafipid < 2000 mgidL

Bictin <408 nmollL. or < 100 ng'mL

Rheunatod factors % 1200 iWiml.

oG s7gd

IgA s16g4dl

oM s1gd

Criterion: Recovery of < + 0.6 pmolL of initial value < 8 pmollL and £ 10 %

of intial value > § pmoll.

Samples should not be taken from patients recesving therapy with hi

biotin doses {i.e. > 5 mg/day) until at least & hours following the last bk

administration.

Any influance that might affect the mammm

can after the result of the T4 tests (e, or
Phoke A (i NTis (Non-Thyrod-iness)

m-mm))'

The test cannot be usad in

agents containing D-T4, -uw@wumnm
pationts, the therapy shoukd first muumwmm
physiclogical state % become re-estabished."

mwwhmumwmmmm!

In vitro tests 16mmlymedpt-m No
werne on
interference with the assay was found.

In acdtion, mmwmawmmmm
with the assay was found.

214 201901, V 1.0 Englh
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Special thyrod dnugs Mmmm::mm;nm(e Q. SONOYraphic
results (thyrosd volume and density) as well as critaria according fo the
Drug Concentration tested quiselnes of o Nagonal Academy of Clinical Blochemisiry -
pgimt Each laboratory should investigate the ransterabilly of the expected values
lodoe 02 mummwmammnmm
Carbimazole 6 g
Tiinoualy e umummm:m Nawvzm given below.
on are
Propyfthiouracil 300 Results obtained in individual labaratories may
Perchlorate 2000 Precision
Propranciol Precision was determined mmmmm
- e & protocol mmu and Laboratory Standards
Amiodarone 200 Insttute): In dupficate each for 21 days (n = 84). The
Predniscions 100 olowg el vre
Hydrocortisons 200 cobas @ 411 analyzer
Fluocoriolone 100 Repeatability Intermediate
Octreatde 03 precision
Inin oS e Grgs Fususeride and Levalyronne cased svaled Sample Mo | S0 |GV | S |CV
T4 findings at the dally dosage level. pooll | pmoll | % | pmall | %
In rara cases, interferance due o extremely high tiars ol antbodies to Human serum 1 155 0089 | 57 | 0166 | 107
mm;-mmua:;m VO Thess Fuman serum 2 136 | 0238 | 18| 047 | 35
For diagnostic purposes. the results should always be assessed in Human serum 3 238 o4an 17 0720 30
mmwmwswm.mcmwm Human serum 4 578 L1 19 226 39
Human sérum 5 R0 224 24 544 59
mu'mw""“ ProciControl UFT 58 | 0258 | 16| 0474 |30
0.5-100 pmolL (defined by the Limit of Dedoction and the maximum of fie PreciControl U2 410 0867 |21 | 138 | 34
master curve). Values below the Limt of Detection are reported as 2)U = Universst
< 0.5 pmollL. Values above the measuring range are raported as
> 100 pmoid.. MODULAR ANALYTICS E170, cobas e 501 and cobas ¢ 502 analyzers
Lower limits of measurement Repeatability | Intermediate
Limit of Blank, Limt of Detection and Limit of Quantitaion precision
S o ao ke Samgle Mean | SO [ OV| S [V
Detection = 0.5 penolL pmokl | pmoll [ % | pmolt | %
:’:mw:ﬂ’m R - Fuman serum 1 63 | 000 |43 | 018 | ea
detarmined in accordance with the CLS! (Clinical and Laboratory Standards | Human serum 2 130 | 0198 | 15 | 0380 | 30
Instituge) EP17-A2 requirements. Human secum 3 27 | 034 | 15| 0742 | 33
mw“mwﬁmmﬂm“ Fuman secum 4 %7 | 08 | 17| 2% |39
m oom;ummmmmmm Human serum 5 7 237 26 476 51
mmd“m ,u on e Limit of Blask and the PreciControl U1 153 0173 11 0.3%9 26
standard deviation of low concentration samples. The Limd of Detaction ProciControl U2 0 0695 | 18| 130 |33
comesponds % the lowes! analyle concentration which can be detected
ey BOLI e i 8 st A ison of tha Elecsys FT4 1l (y) with e Elecsys FT4 I
mwamsmmmmm e CONPRIiann Of s assay (y
reproducibly measured with an intermediate precision CV of < 20 % assay (x) using clnical samples gave the foflowing comrelations:
Dilution Number of samples measured: 141
vamdammmnadnttnumhaumds PassingBablok'? Linear regression
anmwmm«mm change
the cancentration of the binding proteins alters Mhis equiBrium y=10+0.178 y=102x+0610
Ewm 1=0957 =090
Euthyroid: 12-22 pmoilL (0.83-1.7 ngidL) The sample concentrations ware between approxmatedy 2.3 and 52 pmoll.
These values cormespond 1o the 2.5 ang 97.57 percentie of resulis froma  Analytical specificity
total of 801 healthy test subjects studied The baliowing cross-reactities were found, tested with T4 concentration:s
Status: MCE Reference Range Thyroid, Status 15t quarter 1998, of approximately 13 pmodt. and 39 pmoltL:
For detailed informasion about reference intenvals in childron, adolescents -
and pragrant women, reter 1 the brochure “Reference Intervals for Cross-feactart Concerfration tested | Cross-reactiviy
Chidren and Adults", Englsh: [137) 04540232, Garman: [7] 04625880. ng'dl %
This bocklet also contains results of a detaded study about influsncing L-T3 50000 0.005
factors on thyrold parameters in & well charactarized reference group of D3 50000 0002
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Cross-reactant Concentration ested | Cross-reactity
ngidL %

m3 190000 0.007
3-odo-L-tyrosine 10000000 0.000
3.5-dodo-L-tyrosing 10000000 0.000

3.3 S-trodothyroacelic ackd 100000 0.000

3.3 5 5-tetraiodothyroacetic 100000 0.001

ackd
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Appendix 10:SOP for LDL-C

AMPATH Reference laboratory SOP NH
SOP for HDL/LDL Determination (Cobas) ALL
SOP #: ARL424 Version 4.0 SR
e\’
1. Purpose

To describe the procedure of performing LDL-C and HDL-C testing, using
Cobas Intergra 400 plus.

2. Introduction
LDL-cholesterol
Low density lipoproteins (LDL) play a key role in causing and influencing
the progression of atherosclerosis and coronary sclerosis in particular. The
LDLs are derived from VLDLSs rich in triglycerides by action of lipolytic
enzymes and are synthesized in the liver. The majority of cholesterol
stored in atherosclerotic plaques originates from LDL.
The LDL-C content is usually calculated from the difference between total
cholesterol and the cholesterol in the remainder after precipitation with
polyvinyl sulfate and dextran sulfate.

HDL-cholesterol

High density lipoprotein (HDL) Is considered protective against
artherosclerosis. The method for the direct determination of HDL -
cholesterol uses PEG-modified enzymes and dextran sulfate. When
choleserol esterase and cholesterol oxidase enzymes are modified by
PEG, they show selective catalytic activities toward lipoproptein fractions,
with the reactivity increasing in the order: LDL < VLDL = chylomicrons
HDL.

3. Principle
a. Principle for HDL

Homogenous enzymatic colorimetric test.
Sample and addition of R1 (buffer)
In the presence of magnesiium sulfate, dextran sulfate selectively
forms water-soluble complexes with LDL, VLDL and chylomicrons
which are resistant to PEG-modifeid enzymes.
Addition of R2 (PEG-modified enzymes/d4-amini-antipyrine/buffer)
and start of reaction:
The cholesterol concerntration of HDL-cholesterol is determined
enzymatically by cholesterol esterase and cholesterol oxidase
coupled with PEG to the amino group.
In the prescence of oxygen, cholesterol is oxidised by cholesterol
oxidase to delta 4 ~cholestenone and hydrogen peroxide.
In the presence of peroxidase, the hydrogen peroxide generated
reacts with 4-amino-antipyrine and HSDA to form a purple-blue dye.
The color intensity is directly propotional to the cholesterol
concentration and is measured photometrically.

b. Principle For LDL
LDLC ester is hydrolysed in the presence of cholesterol esterase to
cholesterol and free fatty acid.
LDLC in the presence of oxygen and cholesterol oxidase forms 4-
cholestenone and hydrogen peroxide.

Page 4 of 7



72

AMPATH Reference laboratory SOP NV
SOP for HDL/LDL Determination (Cobas) § .
SOP #: ARL424 Version 4.0 R ;'é;

Hydrogen peroxide and 4-aminoantipyrine plus HDSA and
H+ Hydrogen peroxide in the presence of peroxidase forms a purple
blue pigment and 5 molecules of water.

The colour intensity of the blue quinoneime dye formed is directly
proportional to the LDL-cholesterol concentration. It is determined
by measuring the increase in absorbance at 583nm.

4. Responsibility
All laboratory technologists assigned to work at the AMPATH — Modular
Routine Laboratory who have documented training and competency for
this test.

5. Scope
The SOP covers procedure of Triglycerides done at modularLaboratory.

6. Abbreviations
a. AMPATH - Academic Model Providing Access to Healthcare.
b. SOP - Standard Operating Procedure
c. CFAS- Calibrator for Automated system
d. EQA- External Quality Assurance
e. QC- Quality control

7. Procedure
a. Precautions
i. General laboratory precautions are required for handling
reagents, calibrators and bleach.
ii. Treat all samples and controls as infectious agents.
ii. Comply with Laboratory Safety Policy ARL201
v. Dispose off laboratory waste in line with SOP ARL213

b. Reagents
i. HDLC and LDLC Cassette
ii. Calibrators: C.f.a.s. lipids
iii. Manufacturers recommended two levels of controls
iv. Normal saline

c. Reagent stability
i. Unopened kit components are stable up to expiration date at
2-8°C.
ii. On board, reagents are stable for 12 weeks.

d. Equipment/Materials Required

i. COBAS INTEGRA 400 PLUS Chemistry Analyzer
ii. Computerized Workstation

iii. Printer

iv. Centrifuge for separating blood samples

v. Pipettors

vi. Cobas cups

vii. Centrifuge.
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AMPATH Reference laboratory SOP NV

SOP for HDL/LDL Determination (Cobas) _§ ARl '%..

SOP #: ARL424 Version 4.0 R —“‘;5
‘@oqg\

e. Specimen Collection And Preparation

i. Serum is the specimen of choice and is collected from
clotted blood using standard sampling tubes or plasma in
EDTA/ Li-Heparin as described in the SOP for Venepuncture
ARL702.as described in the SOP for Venepuncture ARL702.

ii. Serum/Plasma may be stored for 7 day at 20-25°C and up to
7 days at 4-8 °C when separated from erythrocytes and
stored tightly stoppered.

iii. Serum/plasma may be stored up to 4months at -20°C

iv. Centrifuge samples containing precipitates before performing
the assay.

f. Calibration.
i. Calibrate the machine, when reagent lot is changed or when

internal quality controls give repeatedly out-of-range values.

ii. Each new lot number of calibrators needs to be registered on
the analyser, either by barcode reader or manually.

iii. Check that the values of the calibrators are adjusted in line
with the new lot number,

iv. Verify the calibration of a new calibrator lot by running
calibrators as samples.

g. Quality Control
i. Manufacturers recommended two levels of controls and
other suitable control are run once daily for the internal
quality control.
ii. The EQA samples are run as scheduled
iii. In case of QC failure investigate and document a corrective
action

h. Sample Testing
i. Samples are verified with the work list for its completeness
and quality
ii. Accept samples in accordance with ARL828. sop for
Laboratory Information System
iii. Proceed and run the samples as described in the SOP for
the COBAS INTEGRA 400 PLUS Chemistry Analyser
ARLB06 and in the SOP for Laboratory Information system
ARL 828.

i. Specimen Rejection
i. Refer to ARL 206 for sample rejection and acceptance
criteria
ii. Whole Blood more than 24 hours old, hemolysed or lipaemic
has to be rejected and redraw requested

j. Results
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AMPATH Reference laboratory SOP NV
SOP for HDL/LDL Determination (Cobas) _§ ) '%..
SOP #: ARL424 Version 4.0 R —“‘;5

i. The machine automatically calculates the analyte activity in
each sample. and the results are transmitted to the
Laboratory Information System

ii. Referto SOP ARL 828 for completion and authentication

iii. Interpretation of resuits is based on comparison with the
normal ranges provided.

iv. Critical values are telephoned to the clinician as soon as
possible. Log all phone calls reporting critical values.

k. Repeat Criteria
i. High values above AMR (analytical measurable range):

Dilute sample and multiply result with the dilution factor

ii. Low values below AMR: If low on repeat, report result as
"Below lowest detectable limit"

iii. Critical values: Re-run to confirm

iv. Flags for blockages, slope, or calibration: Confirm quality of
sample and reagents and re-run the sample

I. Limitation
i. Hemolysis; No significant interference upto a hemoglobin
level of 0.62mmol/I(10g/1).

ii. Icterus; No significant interference up to bilirubin level of
684umol/l (40mg/dl).

iii. Lipemia; No significant interference upto an intralipid level of
400mg/dl.

iv. No significant interference from triglycerides up to
1200mg/dl. There is poor correlation between turbidity and
triglycerides concentration.

v. Others;In rare cases, elevated immunoglobulin concentration

1. Can lead to falsely increased LDL-cholesterol results.
2. Invery rare cases gammopathy may cause unreliable
results.

m. Measuring Range
i. Refer to Analytical Measurement Range (AMR) verified

summary report.

n. Reference Values
i. Refer to verified Reference ranges summary report.

8. Reference
Roche Cobas Integra 400 Operators Manual, Indianapolis 2004
Roche Cobas Integra 400 Test Manual, Indianapolis 2004
Roche Cobas Benchtop Guide

Page 7 of 7




Appendix 11: IREC Approval

MOI TEACHING AND REFERRAL HOSPITAL
P.O. BOX 3

ELDORET
Tet 334712

Reference: IREC/2017/158
Approval Number: 0001981

Dr. Grace Wandia,

Mol University
School of Medicine,

P.O. Box 4608,
ELDORET-KENYA,

Dear Dr, Wandia,
RE: FORMAL APPROVAL

75

RESEARCH AND ETHICS COMMITTEE (IREC)
MOI UNIVERSITY
COLLEGE OF HEALTH SCENCES
P.0. BOX 4606
ELDORET

9% November, 2017

STITUTIONAL
lp.l:ﬂ*llcs co

0§ NOV 2007

APPROVED
P. 0. Box 4606 - 30100

SEARCH &
nl}.:umu

The Institutional Research and Ethics Commitiee has reviewed your research proposal titied:-
“Thyroid Dysfunction in Type 2 Diabetes Patients in Mol Teaching and Referral Hospital Eldoret,

Kenya.”

Your proposal has been granted a Formal Approval Number: FAN: IREC 1981 on 8" November, 2017, You
are therefore permitied to begin your investigations.

Note that this approval is for 1 year; it will thus expire on 8 November, 2018, If it is necessary to continue
with this research beyond the expiry date, a request for continuation should be made in writing to IREC
Secretariat two months prior to the expiry date.

You are required o submit progress repori(s) reguiarly as dictated by your proposal. Furthermore, you
must notify the Committee of any proposal change (s) or amendment (s), serious or unexpected outcomes
related to the conduct of the study, or study termination for any reason. The Committee expects o recelve
a final report at the end of the study.

Chairman - COBES



76

Appendix 12:MTRH Approval

MOI TEACHING AND REFERRAL HOSPITAL

Telephone:{+254)053-2033471/2/3/4

Nandl Road
Mobie: 722-201277/0722-209795/0734-600461/0734-583361 P.O. Box 3~ 30100
Fax: 053-2061749 ELDORET, KENYA
Email: rh. orsoffi
Ref: ELD/MTRH/R&P/10/2/V 212010 15" November, 2017

Dr. Grace Wandia,
Moi University,
School of Medicine,
P.O. Box 4606-30100

ELDORET-KENYA.
PRO CONDUC SEARCH AT MTRH

Upon obtaining approval from the Institutional Research and Ethics Committee (IREC)
to conduct your research proposal titled:-

“Thyroid Dysfunction in Type 2 Diabetes Patients in Moi Teaching and Referral
Hospital Eldoret, Kenya.”

You are hereby permitted to commence your investigation at Moi Teaching and Referral
Hospital.

Faweg Iy
DR. WILSON K. ARUASA

CHIEF EXECUTIVE OFFICER
G
e - DCEO, (CS)
. Director of Nursing Services (DNS)
- HOD, HRISM

y

All correspondence should be addressed fo the Chief Executive Officer
Visit our Website:

- www.mtrh.go.ke
A WORLD CLASS TEACHING AND REFERRAL HOSPITAL



