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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 HbA1c 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/l) 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 

(HbA1c). 

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. 
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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 
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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. 
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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. 
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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. 
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1.6: Conceptual Framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Conceptual Framework  
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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% CI 
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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. 
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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, Sánchez & 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 T1DM 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). 
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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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Figure 2: Hyperthyroidism Effect on Glucose Homeostasis 
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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 HbA1c level. (Wang, 2013) 

 

 



12 
 

 

 

 

 

 

 

 

 

(Wang, 2013) 

 

 

Figure 3a: Hypothyroidism Effect on Glucose Homeostasis 
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Figure 3b: Hypothyroidism Effect on Glucose Homeostasis 
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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  
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3.4.2: Exclusion criteria 

Patients with documented or reported history of conditions known to interfere with 

HbA1c 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= Zα2.pq 

         d
2 

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)
2
                   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, HbA1c, 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 HbA1c 

A formula for correlation by Hulley SB Cumming (2013) was used. 

N = [(Zα+Zβ)/C]
2
 + 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 = [(Zα+Zβ)/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 HbA1c, 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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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) 

Administration of consent forms by PI to 

eligible participants 

Administration of questionnaire by PI/Research 

assistant 

Drawing of blood samples for HbA1c, TSH, 

FT4, LDL Cholesterol 

 

Taking Blood Pressure and anthropometric 

measurements 

Participants receive routine care 

Participants exit from clinic 
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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, 

HBA1c 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 < 

0.27mIU/l, Euthyroid was defined as TSH in the range of 0.27–4.20 mIU/l, 

hypothyroidism was defined as having TSH >4.20mIU/l 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
2
) was categorized as underweight <18.5, normal 18.5-24.9, overweight 25.0 – 

29.9, obese 30.0- 39.9 and extreme obesity  

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 2by2 table were subjected to 

this test. These were Glycemic control (good control HbA1c ≤ 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).  



25 
 

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. 

 

 

 

 

 

 

 

 

 

 

Figure 5: Recruitment Schema 

 

Screened = 406 

Eligible   = 385 

Evaluated   = 379 

Final Analysis=368 

Excluded (21) 

Type 1 DM - 9 

Anemia (Hb<10) - 5 

Ill Requiring Admission - 7 

 

Declined = 6 

Missing Results = 11 
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4.2: Socio demographic Characteristics  

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 Freq/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 ( 4%) 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 

requiring medical treatment  
6 1.6 

             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. 

 
 

 

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) mIU/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/l 
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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) 

HbA1c 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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Table 6: Factors associated with thyroid dysfunction bivariate analysis 

Variable 

Thyroid dysfunction 

Freq (%)/ Median (IQR) P-

value No Yes 

Age 59 (52, 66) 59.5 (55,69) 0.406
1
 

HbA1c 

   Control 127 (87.0) 19 (13.0) 0.046
2
 

No control 205 (93.2) 15 (6.8) 

 History of diagnosis thyroid disease 

No 

Yes 

332 (91.7) 

2 (33.3) 

30 (8.3) 

4 (66.7) 

0.000
3
 

 

Insulin use 

   No 154 (91.1) 15 (8.9) 0.824
2
 

Yes 180 (90.5) 19 (9.5) 

 Hypertension 

   No 149 (89.8) 17 (10.2) 0.547
2
 

Yes 185 (91.6) 17 (8.4) 

 Sex 

   Male 125 (90.6) 13 (9.4) 0.926
2
 

Female 209 (90.9) 21 (9.1) 

 LDL   

 Normal 135 (91.8) 12 (8.2) 0.561
2
 

Abnormal 199 (90.0) 22 (10.0) 

 BMI 

Underweight 

Normal 

Overweight 

Obese 

Extreme obese 

 

11 (91.7) 

96 (90.6) 

117 (90.7) 

93(90.3) 

10 (90.9) 

 

1 (8.3) 

10 (9.4) 

12 (9.3) 

10 (9.7) 

1 (9.1) 

 

1.000
3
 

 

 

 

 
1
Wilcoxon rank sum test,

2
Chi square test,

3
 Fishers’ Exact test 

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

had good glycemic control as assessed by HbA1c 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 

Variable Odds ratio P-value 

[95% 

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 

HbA1c 

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 HbA1c however 

no correlation was found between free T4 and HbA1c.  

 

Figure 7: Correlation between TSH and HbA1c 

 

 

Figure 8: Correlation between FT4 and HbA1c 

Serum TSH and HbA1c are 

negatively correlated though 

insignificant. 

r = -0.069 

95% confidence interval 

-0.170, 0.034 

Serum free T4 and HbA1c show no 

correlation. 

r= 0.106 

95% confidence interval 

0.004, 0.206 
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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 HbA1c 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% (HbA1c 

>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 (HbA1c >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 (HbA1c <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 HbA1c 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 HbA1c (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 𝛽cell 

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 HbA1c 

There was no significant correlation between TSH and fT4 and HbA1c 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. 



42 
 

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 HbA1c 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 HbA1c 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: ----------------------------  

1. Age: ------------------  

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   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 

 

Depression     Brittle hair  

 

Hoarse voice                            Warm, flushed skin  

 

Weight gain    Protruding eyes  

 

Dry skin                                Hand tremors 
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Physical Examination 

Temp...........  PR................../min        RR................/min        BP.................mm/Hg 

Weight.............Kg  Height............m   BMI...............Kg/m2 

 

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   

HBA1c   

LDL cholesterol   
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Appendix 2A: Informed Consent  (English ) 

English   

My name is Dr Wandia Mwaura. I am a medical doctor currently pursuing a Masters 

degree in 

Internal Medicine at Moi University. I 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, HBA1c 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 

I ……………………………………………….., having been explained to and well 

understood the nature and purpose of this study by………………………………………., 

do hereby voluntarily agree to participate in the study. I agree to willingly answer the 

questions honestly and undergo the laboratory investigations that have been explained to 

me. 

Signature (Patient)………………………………. 

Date………………………………………. 

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. 
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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. 

Mimi……………………………………………………………baada ya kufafanuliwa 

nakuelezwa na……………………………………………… 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)…………………………. 

Tarehe …………………………. 

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, 

Illinois 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 PI 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 Variables 

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) 
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Appendix 7:SOP for 

HbA1c
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Appendix 8:SOP for 

TSH
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Appendix 9: SOP for 

fT4
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Appendix 10:SOP for LDL-C 
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Appendix 11: IREC Approval  
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Appendix 12:MTRH Approval 

 


