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ABSTRACT

While Highly Active Antiretroviral Therapy (HAART) has significantly reduced HIV-
associated mortalities, they are not devoid of adverse effects including endocrine and
metabolic disorders like thyroid dysfunctions and dyslipidemias. However, Alterations in
serum thyroid hormones and lipid levels among HAART users in Sub-Saharan population
like Kenya is yet to be elucidated. This study determined the serum lipid levels; Total
cholesterol (TC), Triglycerides (TG), High Density Lipoproteins (HDL), Low Density
Lipoproteins (LDL) and the serum Thyroid hormones levels; Thyroid Stimulating Hormone
(TSH), Thyroxine (T4) and Triiodothyronine (T3) levels among the HAART-treated and
HAART-naive subjects. Using cross study design, patients (n=104) attending Jaramogi
Oginga Teaching and Referral Hospital (JOOTRH) in Kisumu County, Western Kenya were
recruited. The study participants were categorized into two groups; HAART -treated (84) and
HAART-nave (20). Demographic, medical history and anthropometric data were collected
after which fasting state blood was collected and centrifuged to obtain serum. Colorimetric
method was used to determine the serum TC, TG, HDL, and LDL levels while
immunofluorescence method was used to determine the serum TSH, T4 and T3 levels. The
difference in serum lipid and thyroid hormones levels between HAART-treated and
HAART-naive groups were determined using Mann Whitney U test while Spearman
correlation test was used to determine the association between serum lipids and serum
thyroid hormones levels. Although the thyroid hormones were found to be within normal
ranges in both groups, TSH levels were significantly higher among the HAART-treated
patients than in HAART-naive counterparts, [median (IQR) 1.72 (1.71) nmo/L vs median
(IQR), 0.87 (1.07) nmo/L, P=0.001]. However, the serum T4 and T3 levels were similar in
both the HAART-treated and HAART-naive patients, [median (IQR) 144.39 (67.53.64)
nmo/L vs median (IQR), 136.99 (134.22) nmo/L, P=0.426] and [median (IQR) 2.43 (2.73)
nmo/L vs median (IQR) 3.10 (2.62) nmo/L, (P=0.147) respectively. The serum lipids levels,
were all within normal ranges, and did not differ significantly between the HAART-treated
patients and the HAART-naive counterparts; TC, [median (IQR) 186.00 (91.50) mg/dl vs
median (IQR) 149.50 (70.30) mg/dl, (P=0.092)]; HDL, [median (IQR) 52.50 (24.00) mg/dI
vs median (IQR) 44.00 (34.00) mg/dl, (P=0.280)], LDL, [138.00 (86.30) vs 117.00(46.50),
(P=0.476)] as well as TG [median (IQR) 82.00 (62.80) mg/dl vs median (IQR) 94.50 (55.80)
mg/dl, (P=0.504)]. While a positive association was found between T4 and LDL levels, (p
=0.240, P=0.014), no association was established between serum TSH as well as T3 levels
and serum lipid profiles. This study shows that there is varying serum TSH levels HAART-
treated and HAART-naive patients and that serum LDL levels increases with increase in
serum T4 levels. Routine monitoring of serum lipids and thyroid hormones levels for the
HIV-infected patients particularly those on HAART treatment is therefore recommended.
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1.0 CHAPTER ONE: INTRODUCTION

1.1. Background of the study

The rise in global HIV-related morbidity and mortality prompted the discovery and introduction
of HAART (Arts & Hazuda, 2012), whose use has exponentially grown particularly among the
Sub-Saharan population (Crunkhorn & Patti, 2008). Despite the dramatic reduction in
immunodeficiency conditions and related deaths, the use of HAART has been associated with
significant rise in metabolic complications alongside other disorders (Crunkhorn & Patti, 2008;
Glesby, 2016). The most prominent metabolic complications among HIV-infected patients on
HAART include dyslipidemias and thyroid dysfunctions (Glesby, 2016). These complications
have been implicated for increased propensity for cardiovascular Disease (CVD) which is a top

global killer disease (Nsagha et al., 2015)

Use of HAART has been associated with thyroid dysfunction (Abbiyesuku et al., 2014). The
commonest form of thyroid dysfunction reported among HAART users is Sub-Clinical
hypothyroidism (SCH) (Jain et al., 2009). SCH, is characterized by isolated elevated thyroid-
stimulating hormone (TSH) levels, and isolated low free thyroxine (T4) levels (Abelleira et al.,
2014). It has also been previously reported that low levels of Thyroid Stimulating Hormone
(TSH) levels occur among HAART users (Abbiyesuku et al., 2014; Beltran et al., 2006;
Thongam et al., 2015). In clinical practice, determination of serum TSH levels is critical for
suspected cases of hypothyroidism or hyperthyroidism (Eghtedari & Correa, 2019; Hoffmann &

Brown, 2007).

Additionally, reduced levels of serum Triiodothyronine (T3) levels has been reported among the
HAART-treated and HAART-naive patients(ldowu & Adesegun, 2019; Ji & Jin, 2016).

Similarly, decline in Free T4 hormone levels has also been reported among HAART users



(Thaimuta et al., 2010). It is thought that reduced Thyroid hormone levels among HAART users
are thought to be an adaptive response to spare calories and protein by inducing hypothyroidism

(De Groot, 1999; Jiskra et al., 2007).

There is evidence from studies conducted among populations in developed countries suggesting
possible alterations in thyroid function occasioned by use of HAART (Abelleira et al., 2014;
Verma et al., 2017). However, there is paucity of data on serum thyroid hormone levels among
patients on HAART in Kisumu County which is one of regions leading in HIV prevalence in Kenya
(Harklerode et al., 2020). To bridge this gap, the current study determined the serum TSH, T3
and T4 among the HAART-treated and HAART-naive patients attending Comprehensive Care
Centre (CCC) Jaramogi Oginga Odinga Teaching and Referral Hospital (JOOTRH), in Kisumu

County, Western Kenya.

Dyslipidemia has been reported among HIV-infected patients including those enrolled on
(Nsagha et al., 2015) HAART-associated dyslipidemia is characterized by increased serum
concentrations of TC, TG, LDL and low levels of HDL (Quirino et al., 2004; Toft & Beckett,
2003). HAART treatment is thought to impair hydrolysis of triglyceride-rich lipoproteins by
plasma and tissue lipases, disrupting normal post-prandial free fatty acid and lipoprotein

catabolism (Thongam et al., 2015).

Even though enrolment of HIV-infected patients on HAART has continued to grow
exponentially in the Sub Saharan population (Wamalwa et al., 2007), the extent to which the use
of HAART affects lipid metabolism is yet to be clearly elucidated among HIV-infected patients
enrolled on HAART in Kenya. In an attempt to understand how the serum lipid levels are
affected in HIV-infected patients using HAART, the current study determined the serum Total
Cholesterol (TC), Triglycerides (TG), High Density Lipoproteins (LDL) and Low Density

Lipoproteins (LDL) levels among the HAART-treated patients and compared with that among



the HAART-naive counterparts seeking CCC services at JOOTRH in Kisumu County, Western

Kenya.

Thyroid hormones like TSH have been reported to regulate lipid metabolism (Berti et al., 2001;
Duntas, 2002; Gagnon et al., 2010; Jiskra et al., 2007). Clear understanding of the relationship
between thyroid function and lipid levels among the HIV-infected patients on HAART would be
critical step towards improving clinical outcomes. Studies conducted in developed countries have
reported findings that suggest that there could be association between thyroid hormones and lipid
profiles (Ahi et al., 2017; Asvold et al., 2007; Bongiovanni et al., 2006; Chin et al., 2014; Jung
et al., 2017; Santos-Palacios et al., 2013). However, similar studies conducted in the Sub
Saharan population did not concomitantly determine the thyroid hormones and lipid levels
among HIV-infected patients on HAART hence missing the opportunity to explore the possible
influence thyroid hormone functions on lipid metabolism (Duntas & Brenta, 2012; Thongam et
al., 2015). The current study therefore, determined the association between the serum TSH, T4
and T3 levels and serum TC, TG, HDL and LDL levels among HAART-treated and HAART-

naive patients at JOOTRH, Western Kenya.

1.2 Statement of the problem

Even though HAART has significantly reduced AIDS related morbidity and mortality among
HIV infected patients, various metabolic complications have increased among HAART users.
Dyslipidaemias and endocrine complications including thyroid dysfunction have risen among the
Sub Saharan population due to exponential increase in HAART enrolment. These complications
are known predisposing factors for Cardiovascular Diseases (CVD) which are the leading cause
of deaths globally. Despite the high prevalence of HIV in Kenya and enhanced enrolment on
HAART, there paucity of data on state of thyroid function as well as lipid profiles among the

HAART users. Elucidation of the serum thyroid hormones and lipid levels among HIV-infected



patients on HAART in Kisumu County, Western Kenya is therefore essential in achieving

desired clinical outcomes in HIVV management.

1.3 Objectives

1.3.1 General objective
To evaluate the serum Thyroid hormones and lipid levels among the HIV-infected patients on
HAART at Jaramogi Oginga Odinga Teaching and Referral Hospital in Kisumu County,

Western Kenya.

1.3.2 Specific objectives
The specific objectives for this study included:

i) To determine the serum levels of Thyroid Stimulating Hormone, Triiodothyronine and
Thyroxine among HAART -treated and HAART-naive patients at JOOTRH in Kisumu
County, Western Kenya.

i) To compare the serum Triglycerides, total cholesterol, High Density Lipoproteins, and
Low Density Lipoproteins levels between the HAART-treated and HAART-naive
patients at JOOTRH in Kisumu County, Western Kenya.

iii) To determine the association between the serum Thyroid Stimulating Hormone,
Triiodothyronine and Thyroxine and Triglycerides, total cholesterol, High Density
Lipoproteins, and Low Density Lipoproteins among the HAART-treated and HAART-

naive patients at JOOTRH in Kisumu County, Western Kenya.

1.4 Null Hypothesis
i) The serum Thyroid Stimulating Hormone, Triiodothyronine and Thyroxine levels among
HAART-treated patients is lower than in HAART-naive patients at JOOTRH in Kisumu

County, Western Kenya.



i) The serum Triglycerides, Total cholesterol, High Density Lipoproteins, and Low Density
Lipoproteins levels is lower among the HAART-treated patients than in HAART-naive
patients at JOOTRH in Kisumu County, Western Kenya.

iii) There is no association between the serum Thyroid Stimulating Hormone,
Triiodothyronine and Thyroxine levels and serum Triglycerides, total cholesterol, High
Density Lipoproteins, and Low Density Lipoproteins levels among the HAART-treated

and HAART-naive patients at JOOTRH in Kisumu County, Western Kenya.

1.5 Significance of the study

Enrolment of HIV-infected patients on HAART without routine assessment of thyroid hormones
may result in various fatal metabolic disorders given that thyroid dysfunction affects almost all
major metabolic pathways. Evaluation of the serum thyroid hormones levels study is important
in assessing the possibility occurrence of thyroid dysfunction which is a fatal disorder among

HIV-infected patients on HAART.

Atherogenic lipids associated with HAART use is a potential risk factor for development of
cardiovascular diseases which are top killers globally. Continued use of HAART without proper
assessment of serum lipid levels among the HAART-users may result in poor clinical outcomes
due to derangement of serum lipid levels. Evaluation of serum TC, TG, LDL and HDL levels
and determination of association of the lipid levels with thyroid levels is critical in ensuring

safety of HIV-infected patients while on HAART.



2.0 CHAPTER TWO: LITERATURE REVIEW

2.1 The Hypothalamic-Pituitary-Thyroid Axis
Production and release of the thyroid hormones is under the regulation of the hypothalamic-

pituitary-thyroid axis (Ortiga-Carvalho et al., 2016) as shown in Figure 2.1. Thyroid Releasing
Hormone (TRH), secreted from the hypothalamus, acts on the anterior pituitary gland by binding
to G protein-coupled TRH receptors on the thyrotrope, resulting in an increase in intracellular
CAMP, and subsequent thyrotropin (TSH) release (Penzak & Chuck, 2000). TSH binds to a G
protein-coupled TSH receptor on the thyroid follicular cell thereby stimulating the production

and release of thyroid hormones ((Tuncel, 2017)).

The thyroid gland releases two important hormones called thyroxine (T4) and triiodothyronine
(T3) that exert their physiological effects through the nuclear receptors (Chung, 2014;
Ketsamathi et al., 2006). Local conversion of T, to T3 provides negative feedback at the level of
both thyrotrophs in the anterior pituitary gland and tanycytes in the hypothalamus (Ortiga-
Carvalho et al., 2016) . Tight regulation of this feedback loop is the reason for using a serum
TSH measurement for the diagnosis and management of primary thyroid disease, since small
changes in serum T, are amplified by changes in serum TSH (Calsolaro et al., 2019; Eghtedari &
Correa, 2019). In primary disease, the thyroid gland itself is affected resulting in either
overproduction or underproduction of T3 and T4 due to inappropriate secretion of TSH

(Calsolaro et al., 2019; Jannin et al., 2019).
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Figure 2.1: Hypothalamic-Pituitary-Thyroid axis.
Adopted with permission from (Mullur et al., 2014)

2. 2 Role of Thyroid hormones in regulation of lipid metabolism

There are four basic parameters that define lipid profile namely Total Cholesterol (TC),
Triglycerides (TG), Low Density Lipoproteins (LDL) and High Density Liproteins (HDL) (Enas
et al., 2007; Nery et al., 2011). Abnormal lipid levels is known as dyslipidemia (Calsolaro et al.,
2019), which is a risk factor for Cardiovascular disease. Dyslipidemia is defined by elevated high
either TC, TG, LDL or low level of HDL (Franssen et al., 2011). Dyslipidemia is characterized

by TC > 220 mg/dL, LDL > 150 mg/dL, TG > 200 mg/dl and or HDL < 40 mg/dL (Nery et al.,



2011). Thyroid hormones have influence on all major metabolic pathways including lipid
metabolism (Pucci et al., 2000).

Literature reports that thyroid hormones influence lipid metabolism during synthesis,
mobilization and degradation stages with degradation influenced more than synthesis. Under the
influence of thyroid hormones, lipid metabolism is enhanced through utilization of lipid
substrates, increased synthesis and mobilization of triglycerides stored in adipose tissue,
increased concentration of non-esterified fatty acids (NEFA) and increase in lipoprotein-lipase
activity (Pucci et al., 2000). According to Rizos et al., thyroid hormones induce 3-hydroxy-3-
methylglutarylcoenzyme A (HMGCoA) reductase, which is the first step in cholesterol
biosynthesis. Triiodothyronine (T3) causes an upregulation of LDL receptors, controls the sterol
regulatory element-binding protein-2 (SREBP-2), which in turn regulates LDL receptor’s gene

expression and protects Low Density Lipoproteins (LDL) from oxidation (Rizos et al., 2011).

Thyroid hormones is said to influence High Density Lipoproteins (HDL) metabolism by
increasing cholesteryl ester transfer protein (CETP) activity, which exchanges cholesteryl esters
from HDL2 to the very low density lipoproteins (VLDL) and Triglycerides (TGS) to the opposite
direction (Kaliaperumal et al., 2014). The hormones stimulate lipoprotein lipase (LPL), which
catabolizes the TG-rich lipoproteins, and the hepatic lipase (HL), which hydrolyzes HDL2 to
HDL3 and contributes to the conversion of intermediate- density lipoproteins (Buchacz et al.,

2008), to LDL and in turn LDL to sdLDL.

Another effect of T3 is the up-regulation of apolipoprotein AV (ApoAV), which plays a major
role in TG regulation (Asvold et al., 2007). Beyond their effect on lipid profile, thyroid
hormones also affect a number of other metabolic parameters related to CVD risk like as the
metabolism and production of adipokines, insulin sensitivity, oxidative stress and BMI or waist

circumference (Crunkhorn & Patti, 2008).



2. 3 Effects of Thyroid disorders on lipid metabolism

Thyroid diseases are one of the major endocrine disorders worldwide (Taylor et al., 2018).
Thyroid disorders that include the overt and subclinical hypothyroidism alter lipid profile and
promote cardiovascular disease. Thyroid hormones affect lipoprotein metabolism as well as
some CVD risk factors, hence influencing the overall CVD risk (Duntas, 2002; Khan et al.,
2020). Evidence shows that high thyroid-stimulating hormone (TSH) is associated with a non-
favorable lipid profile, although TSH has no cutoff threshold for its association with lipids
(Duntas & Brenta, 2012). It has been observed that Thyroid dysfunction has a great impact on
lipids as well as a number of other cardiovascular risk factors (Crunkhorn & Patti, 2008; L. H.
Duntas & Brenta, 2018).

Hypothyroidism is relatively common and is associated with an unfavorable effect on lipids
(Quirino et al., 2004). A linear positive association has been established between TSH values
(within the reference range) and concentrations of total serum cholesterol, LDL cholesterol, non-
HDL cholesterol and TG, and a linear negative association with HDL cholesterol (Asvold et al.,
2007). Low HDL has been established to be the most frequent abnormality followed by high TG
(Bibiloni et al., 2016). A study by Nerry et al (2011) reported that patients on a Protease

Inhibitor (P1) regimen were even more prone to dyslipidemia (Nery et al., 2011)

Hypothyroidism therefore accelerates the process of atherogenesis and increases cardiovascular
risk (Khan et al., 2020). In manifest hypothyroidism, the number of LDL receptors in the liver
decreases and there is an increase in levels of overall cholesterol, LDL-cholesterol and
apolipoprotein B in the blood (Jiskra et al., 2007). Levels of HDL particles remain normal or
even rise slightly as a result of reduced activity of the Cholesterol ester transfer protein (CETP)
and hepatic lipase (Rastgooye Haghi et al., 2017). This leads to a reduction in the transport of

cholesterol esters from HDL-(2) to VLDL and LDL. Subclinical hypothyroidism also has a



negative effect on the lipid profile, but is more likely to lead to pro-atherogenic changes in the
proportion of lipid particles than to a reduction in overall cholesterol. Subclinical
hypothyroidism leads to the manifestation of certain risk factors of atherosclerosis such as high

cholesterol, high blood pressure among others (Jiskra et al., 2007).

2.4 HIV infection and HIV treatment among HIV infected patients

There are two main types of Human immunodeficiency Virus (HIV), HIV-1 and HIV-2 (German
Advisory Committee Blood, 2016). The HIV-1 is well-known for its extensive genetic diversity
with four different lineages including M, N, O, and P. The most commonly reported HIV virus
across the globe is group M. HIV-2 was first reported in Africa in 1985 and is significantly
different from HIV-1 (Buchacz et al., 2008). HIV-2 is most commonly reported in West Africa,
with Guinea-Bissau and Senegal having the highest prevalence (Sousa et al., 2016). Eight
different types of HIV-2 exist, labeled HIV-A to HIV-H. Group A is reported throughout the

sub-Saharan region (de Silva et al., 2008).

The HIV-1 infection occurs by attacking the CD4 T-lymphocytes (CD4 cells) of the immune
system. Once infected, the virus gradually and silently overpowers the host’s immune system,
resulting in opportunistic infections and cancers. Activated and differentiated CD4 cells have a
pivotal role in the activation of cell-mediated and humoral immune systems (de Silva et al.,
2008; Jiskra et al., 2007; Rastgooye Haghi et al., 2017) resulting in the depletion of CD4 cells in
the peripheral blood (Brenchley et al., 2004). Virtually every endocrine organ is involved in the
course of HIV infection (Wong & Yukl, 2016). Endocrine and metabolic disturbances occur in
the course of HIV infection. Pathogenesis includes direct infection of endocrine glands by HIV

or opportunistic infections, infiltration by neoplasms and side effects of drugs.

The current HIV treatment guidelines recommend using Highly Active Antiretroviral Therapy

(HAART) treatment for all patients, irrespective of the CD4 cell count, to prevent or prolong the
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progression of disease to AIDS (Crabtree-Ramirez et al., 2016). The First-line ART treatment
for adults consists of two NRTIs and one NNRTI. Tenofovir disoproxil fumarate (TDF) +
lamivudine (3TC) or emtricitabine (FTC) + efavirenz (EFV) as a fixed dose is the favored choice
for this type of ART (Ghate et al., 2013). When this drug combination is contraindicated or is
unavailable, zidovudine (AZT) + 3TC + EFV, 2) AZT + 3TC + nevirapine (NVP), or 3) TDF +

3TC (or FTC) + NVP is used.

It is advised that when adults (including pregnant and breastfeeding patients) experience failure
on first-line treatment of ART, a second-line ART should be utilized. The second-line ART is
comprises primarily of two NRTIs and a ritonavir-boosted Pl. The recommended option for
second-line ART includes AZT and 3TC as the NRTI. After the failure of AZT or stavudine
(d4T) + 3TC-based first-line regimen, TDF + 3TC (or FTC) as the NRTI should be considered.
When first-line NNRTI-based treatment fails, two NRTIs + a boosted Pl are suggested (Jaoko &

Kredo, 2017).

If first- and second-line ART fails, the WHO recommends inclusion of new medicines with the
least amount of risk for development of cross-resistance towards previously used drugs e.g.

integrase inhibitors and second-generation NNRTIs and Pls (Chimbetete et al., 2018).

2.5 Thyroid function among HIV-infected patients

2.5.1 Thyroid function among HAART-naive patients

There are contradicting reports about thyroid function among the HIV-1 infected patients (Dobs
et al., 1988; Ghate et al., 2013; Low et al., 2018). Whereas abnormal Thyroid Function Tests
(TFTs) have often been reported in HIV positive individuals (Low et al., 2018; Nelson et al.,
2009), other studies have maintained that during HIV-1 infection, overt clinical or biochemical
thyroid dysfunctions are rare (Lambert, 1994; Zanoni et al., 2012). Whether thyroid screening

should be compulsory for HIV-1 infected individuals therefore remains an area of controversy.
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Some studies have reported that thyroid dysfunction is a common endocrinopathy among the
HIV infected patients. Changes in pituitary-thyroid function occur in patients with virtually all

ilinesses and those undergoing major surgical procedures (Roos et al., 2007).

Patients infected with HIV-1 have a higher prevalence of thyroid dysfunction when compared
with the general population (Abelleira et al., 2014). The most common change is a decrease in
extra-thyroidal conversion of T4 to T3, the active form of thyroid hormone (Moura & Zantut-
Wittmann, 2016), a reaction which is responsible for the production of 75 to 80 percent of the
circulating T4 in normal patients. In disease, the production and serum concentrations of T3
reduces as a result either of decreased delivery of T4 to the widely distributed intracellular
deiodinases that catalyze the conversion or of decreases in the activity of the enzymes (Pasupathi

etal., 2010).

2.5.2 Thyroid function in HAART-treated patients

While some studies have established that thyroid dysfunction is more common among HAART-
treated patients(Abbiyesuku et al., 2014; Calza et al., 2002), some have reported similar
prevalence among the HAART-treated and HAART-naive patients (S. Thongam et al., 2015).
The most commonly observed manifestations of thyroid dysfunction in HIV infection is
euthyroidism (Garduno-Garcia Jde et al., 2010). Subclinical hypothyroidism (SCH),
characterized by isolated elevated thyroid-stimulating hormone (TSH) levels, and isolated low
free thyroxine (T4) levels) is increased while in Graves’ disease, by low TSH and elevated T4

levels, may occur during immune reconstitution (Abelleira et al., 2014).

Among the Indian population, it was determined that Subclinical hypothyroidism and overt
hypothyroidism are the commonest thyroid abnormalities seen especially among the females.
The study revealed that thyroid abnormalities vary with the type and duration of HAART

regimen (Verma et al., 2017). Contrary to the Indian study, a study conducted in France found
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that there was high prevalence of subclinical hypothyroidism among HIV-infected men than
among HIV-infected women (Beltran et al., 2006), as supported by findings from Agentina
(Abelleira et al., 2014). A previous study conducted in Kenya, at Kenyatta National Hospital and
Mbangathi Hospital established that progressive use of HAART caused decline in Free T4
hormone levels and that the TSH levels were not altered with HAART treatment (Thaimuta et
al., 2010). It is speculated that low thyroid hormone levels is an adaptive response by the body to

spare calories and protein by inducing hypothyroidism (De Groot, 1999; Jiskra et al., 2007).

Despite the efforts to elucidate the effects of HAART on thyroid function among the HAART
users in developed regions, it remains to be established whether the use of HAART causes
decrease or increase in thyroid hormones levels in the Kenyan population where enroliment on
HAART has grown exponentially in the recent past. The current study determined the serum
TSH, T3 and T4 among the HAART-treated and HAART-naive patients at JOOTRH in Kisumu

County, Western Kenya.

2.6 Lipids profile among HIV infected patients

2.6.1 Lipids profile among HAART-naive patients

The level of lipids among HAART-naive patients is not clear just like among the HAART-
treated counterparts (da Cunha et al., 2015). Some authors have argued that dyslipidemia was
discovered in HIV-infected patients even before introduction of HAART characterized by
elevated plasma triglyceride and free fatty acid levels whereas HIV-infected patients without
AIDS had decreased total cholesterol and HDL-cholesterol (Grunfeld, 2010). In agreement with
that finding, a study by Abelleira et al (2014) reported that HIV virus associated dyslipidemia is
characterized by decreased TC, LDL, and HDL cholesterol (Abelleira et al., 2014), and later

elevated plasma triglyceride (Nelson et al., 2009).
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Similarly, hyperalphalipoproteinemia among the HAART-naive patients have been associated
with the HIV virus itself (Rose et al., 2006). Elevated levels of lipids has been reported among
the HAART-naive patients (Adewole et al., 2010), observations also made by other studies
(Onyedum et al., 2014). The difference in lipids profile has been noted between the HAART-
naive patients and HIV negative patients (Baza Caraciolo et al., 2007; Denue et al., 2013).
However, following HIV sero-conversion, a study established that there was a decline in total
cholesterol, HDL-cholesterol, and LDL-cholesterol levels (Padmapriyadarsini et al., 2017;

Riddler et al., 2003).

2.6.2 Lipids profile among the HAART-treated patients

There is paucity of data on the relative risk of dyslipidemia among the patients on HAART
despite fears that it increases the risk of cardiovascular Disease (CVD) among the users. Use of
HAART has been associated with atherogenic lipid profile among the Cameroonian population
(Nsagha et al., 2015). Literature has revealed that HAART-associated dyslipidemia is
characterized by increased serum concentrations TC, TG, LDL and low levels of HDL, changes
that occur within three months of HAART initiation and peaks after six to nine months (Quirino
et al., 2004; Toft & Beckett, 2003). It is also thought that HAART treatment impairs hydrolysis
of triglyceride-rich lipoproteins by plasma and tissue lipases and disrupts normal post-prandial

free fatty acid and lipoprotein catabolism (da Cunha et al., 2015; Thongam et al., 2015).

The World Health Organization (WHO) recommends for selection of lipid-friendly ART for
patients in Sub Saharan Africa due to widespread reports of increased dyslipidemias among the
HAART users, further justifying the need for routine monitoring of lipids among HIV-infected
patients on first line HAART (Ombeni & Kamuhabwa, 2016). The Protease inhibitor (PI)-based
regimens particularly, have been associated with dyslipidemia which is a common metabolic

complication among HAART -treated patients (Penzak & Chuck, 2000).
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Despite the efforts to elucidate the effects of HAART on thyroid function among the HAART
users in developed regions, it remains to be established whether the use of HAART causes
decrease or increase in thyroid hormones levels in the Kenyan population where enrollment on
HAART has grown exponentially. The current study therefore determined the serum TSH, T3
and T4 among the HAART-treated and HAART-naive patients at JOOTRH in Kisumu County,

Western Kenya.

2.7 Association between Thyroid function and Lipids profile among HIV infected patients

Thyroid hormones play an important role in the regulation of lipid metabolism (Zaid &
Greenman, 2019). Even though dyslipidemia and thyroid dysfunction continues to be reported
among the patients on HAART, the association between lipid profile and thyroid function
remains to be determined understood. The mechanism underlying the occurrence of thyroid
dysfunctions to explain the occurrence of dyslipidemia among HIV infected on HAART is not
clear (Beltran et al., 2006; Jung et al., 2017). It has been speculated that there might be a link
though not yet proven, between thyroid dysfunction and atherosclerosis (Duntas & Brenta,

2012).

Changes in lipid profile has been commonly observed in patients with thyroid dysfunction, even
though the relationship between lipids and thyroid hormone levels in euthyroid patientsis poorly
understood (Chin et al., 2014). It is thought that TSH stimulates adipocyte lipolysis, (Gagnon et
al., 2010). In vivo studies have linked reduced HDL levels owing to increased metabolism
accelerated by thyroid hormones in Cholesteryl ester transfer protein (CETP). Hypothyroid status
however, was found not to change CETP activity and HDL metabolism (Berti et al., 2001,
Skoczynska et al., 2016). It can be inferred that hypothyroidism accelerates the process of

atherogenesis and increases cardiovascular risk (Jiskra et al., 2007). In fact, high TSH
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particularly has been reported to be associated with; a non-favorable lipids profile (Duntas &
Brenta, 2012). A thorough understanding of the association between lipid profile and thyroid

function is warranted.

Positive and significant association has been determined between TSH and TG levels, and
between FT4 level and cholesterol levels among the euthyroid Malaysian men, (Chin et al.,
2014). Just like in Italy, occurrence of subclinical hypothyroidism in HIV-positive patients was
reported with increase in total cholesterol serum levels occurring after initiation of HAART
(Bongiovanni et al., 2006). Similarly, changes in thyroid function have been associated with
alterations in the concentrations of various plasma lipid components and with changes in HDL
function among the Koreans (Jung et al., 2017). Within the normal range of TSH it has been
reported that an increase in the level of TSH was associated with less favorable lipid
concentrations among the Norwegian population, (Asvold et al., 2007)) just like among Spanish
population (Santos-Palacios et al., 2013). A study in Iran attributed dyslipidemia in thyroid
dysfunction to varying TSH levels (Ahi et al., 2017).

Most of those association studies between thyroid hormones and lipid levels were conducted in
other regions in the developed world. However, in regions like Kenya where HIV has remained
prevalent occasioning an increase in enrolment on HAART, abnormal lipid levels may not be
clearly be associated with thyroid dysfunction among the HAART users due to scarcity of data.
The current study therefore, determined the association between lipid profile and thyroid

hormones among patients on HAART at Kisumu, Western Kenya.
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3.0 CHAPTER THREE: METHODS AND MATERIALS
3.1. Study design
This was a hospital-based cross-sectional study. Data was required to determine the serum levels
of thyroid function hormones and lipid profile among HAART-treated and HAART-naive

patients at a particular point in time hence the choice of study design (Denue et al., 2013).

3.2 Study site

This study was premised at the Comprehensive Care Centre (CCC) at Jaramogi Oginga Odinga
Teaching and Referral Hospital (JOOTRH) located in Kisumu County, Western Kenya. The
hospital serves a population largely drawn from the expansive western Kenya region where HIV
prevalence remains high at 17.5 % compared to the national prevalence at 4.9 % (Harklerode et
al., 2020). Kisumu County, lies within longitudes 33° 20’E and 35° 20’E and latitudes 0°
20’South and 0° 50’South. Kisumu County neighbors Siaya County to the West, Vihiga County
to the North, Nandi County to the North East, Kericho County to the East, to the South is
Nyamira County and Homa Bay County is to the South West. The facility acts as the regional
referral center to most of these counties. Likelihood of ease of access of the participants with

desired characteristics was considered high hence the choice of the study area.

3.3 Study population

Study population refers to the aggregate of individuals, cases or observation units that are of
interest and remain the focus of investigation upon which the study outcome would be
extrapolated (Riddler et al., 2003). Patients on HAART attending CCC of JOOTRH who had
been on HAART for more than 6 months were considered eligible for the study as tests. It is
speculated that HAART exert physiological effects like reduced viral load on the HIV-infected

patients after about 6 months hence justification for selection of HAART-treated patients who
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had been enrolled on HAART for at least six months (Sggaard et al., 2012). Newly diagnosed
HIV-1 infected patients, yet to be initiated on HAART otherwise called HAART-naive, were

used as the controls.

3.4 Inclusion criteria

HIV infected patients on HAART (HAART-treated) for period > 6 months; HIV infected
patients yet to be initiated on HAART (HAART-naive); both males and females of age >18
years; willing and able to consent to the study; willing to keep the study schedule and

appointment; attending Comprehensive Care Centre at JOOTRH were included in the study.

3.5 Exclusion criteria

HAART-treated and HAART-naive individuals below 18 years; Patients with history of disease
like thyroid, liver, kidney, cardio vascular disorders; Pregnant and lactating mothers; patients on
drugs like anabolic steroids, corticosteroids, immune-modulating therapy, anti-dyslipidemic
drug, and thyroid illness drugs; patients with risky lifestyle like excessive alcohol intake and
cigarette smoking are all confounding factors on metabolic outcomes were excluded from the

study.

3.6 Sample size determination
Using Epi Info statistical calculator (Charan & Biswas, 2013), the total sample size was

generated to be 104 as shown below.

Sample Size = Z* P (1-P)
d2
Where:

Z%= Confidence level, given as 95%
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P = Prevalence, given as 17.5% for HIV prevalence in Kisumu County in 2018 (Harklerode et

al., 2020)
d = Absolute error or precision, (0.05)

Sample size = 0.95% x 0.175 (1- 0.175)

0.052
= 52*

* To enhance the power of the study, the calculated sample size was doubled. The final sample

size used for the study was 104.

Distribution of HAART-treated and HAART-naive

Adult ART coverage in Kisumu approximated to be below 90% in 2018 at about 80.5%
(Borgdorff et al., 2018). The number of HAART-treated patients selected for the study was

approximated as below:

HAART-treated =80.5% * 104

= 84 participants

HAART-naive = 104- 84

= 20 participants

3.7 Sampling techniques and study procedure
The hospital, JOOTRH was purposively selected because of its capacity and history in the
provision of highly active antiretroviral therapy among a homogenous population. It had a well-

equipped laboratory owing to its status as a Teaching and Referral Hospital. Moreover, the
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hospital has a well-equipped laboratory with capacity to perform highly specialized assays like

lipid panel and thyroid function tests among others.

The eligible participants who consented to the study were recruited by simple random sampling
to take part in the study. In case a patient declined to consent for the study then the next patient
in a row was recruited. Recruited participants had their demographic, medical and
anthropometric data taken thereafter requested to report to the clinic the following day in fasting
state for collection of blood for laboratory assay of serum levels of thyroid hormones and lipids
profile. Fasting blood was preferred in the current study because it improves test accuracy. For
instance assay of TG and LDL using non-fasting blood results to inaccurate results (Cartier et al.,

2018).

3.8 Collection of Demographic, Medical and Anthropometric data
Participants’ demographic and medical data including age, sex, and HAART regimen were

collected and recorded for both the HAART-treated and HAART-naive subjects.

Weight was measured for all the study participants using a medical weighing scale (Weigh AWS
160 Adult Height and Weight Scale). Calibration was done at the beginning and end of each
examining day. Participants were asked to remove their heavy outer garments and shoes. The
participant stood in the center of the platform to ensure that weight distributed evenly to both

feet. The weight was recorded to the resolution of the scale (nearest 0.5 kg).

Height was measured for all the study participants using height meter (Weigh AWS 160 Adult
Height and Weight Scale). At the beginning and end of each examination day, the height meter
was checked with standardized rods and corrected if the error was greater than 2 mm.
Participants were asked to remove their shoes, heavy outer garments, and hair ornaments. The

participant was asked to stand with his/her back to the height rule. The back of the head, back,
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buttocks, calves and heels should be touching the upright, feet together. The top of the external
auditory meatus (ear canal) was in line with the inferior margin of the bony orbit (cheek bone).
The participant was asked to look straight. Height was recorded to the resolution of the height

rule (0.5m).

The BMI was calculated from weight and height using the formula; BMI= Weight (kg) divided
by height (m?). BMI categories, based on international standards (Fryar et al., 2018), were
classified as underweight (BMI < 18.5kg/m2); normal (BMI between 18.5 to below 24.9kg/m2);
overweight (BMI between 25 to 29.9kg); Obese (BMI > 30kg/m? and above). Determination of
BMI was important for this study because previous studies have established its association with

plasma lipids(Toft & Beckett, 2003).

3.9 Collection and processing of blood samples
These tests were performed on fasting blood sample taken from the vein. The blood sample

(about 3ml) was collected using 4ml red top vacutainers by a qualified phlebotomist. Once all the
equipment needed for the procedures were assembled within a safe and reachable place, the
phlebotomist welcomed the patient and explained the procedure to be performed. The patient’s
arm, while seated, was extended and the ante-cubital fossa or forearm was inspected for vein of

good size that was visible, straight and clearly was located.

The site was cleaned with a 70% alcohol swab for 30 seconds and allowed to dry completely (30
seconds). A tourniquet was applied a few inches above the desired puncture site. The patient
was asked to form a fist so the veins were more prominent. The vein was punctured swiftly at a
30 degree angle or less, and the needle introduced along the vein at the easiest angle of entry.
Once sufficient blood was collected (about 3ml), the tourniquet was released before withdrawing
the needle. The needle was withdrawn carefully and gentle pressure applied to the site with a

clean gauze or dry cotton-wool ball. The patient was asked to hold the gauze or cotton wool in
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place, with the arm extended and elevated. The blood was introduced into the vacutainer blood
bottle gently without causing hemolysis. The blood vacutainer bottles were labeled using unique
patent codes. Collected blood samples was centrifuged to obtain serum and stored in a deep
freezer for later assays the levels of lipid (TG, TC, HDL, LDL) and thyroid function hormones

(TSH, T3, and T4).

3.10 Determination of serum lipids levels

Lipids profile (TG, TC, HDL and LDL) was done using Clinical chemistry analyzer (Name-
FujiFilm, Model- FujiDry-Chem NX500i). Briefly, about 1000uL of serum was loaded on the
sample cuvette, machine set as per the manufacturer’s instruction for the result to be read for all
the lipid profile parameters including TG, TC, HDL. The LDL was determined using Friedewald
formula calculated by subtracting HDL from TC (Choukem et al., 2018). To ensure that assay of
serum lipid levels were valid, quality control procedures were conducted immediately after

opening every new batch/ lot of reagents as prescribed by the protocols.

3.11 Determination of serum Thyroid Function Hormone levels

Serum thyroid hormones levels (TSH, T3 and T4) were determined using i-CHROMA™ Reader
(BODITECH MED INC.) from Germany according to manufacturers’ protocols as briefly
described below:

i) To assay TSH levels 150uL of serum was pipetted into sample bottle and mixed
thoroughly with 75uL of buffer after which 75uL of the mixture was picked and
incubated for 12 minutes before being loaded onto the machine for reading and
recording (appendix 3)

i) To assay T3 levels, about 75uL of serum was mixed with solution A and mixed 10 times.

75uL of solution B was further be added and the resultant mixture was incubated for
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8 minutes. 75uL of the mixture was pipetted into cartridge and further incubated for 8
minutes at room temperature then loaded on the machine for reading and recording

following the procedure protocol (appendix 4).

iii) Moreover, to assay the T4 levels, about 75uL of serum was mixed with solution A and
mixed 10 times. 75uL of solution B was further added and the resultant mixture was
incubated for 8 minutes. 75ul of the mixture was pipetted into cartridge and further
incubated for 8 minutes then loaded on the machine for reading and recording

following the procedure protocol (appendix 5).

To ensure that assay of thyroid hormone levels were valid, quality control procedures were
conducted immediately after opening every new batch/ lot of reagents as prescribed by the

protocols.

3.12 Data analysis.

The differences in proportions in demographic, medical and anthropometric characteristics of the
participants were determined using Chi-square (112) analysis as well as Fisher’s Exact test. Mann
Whitney U test was used to determine the differences in the serum TSH, T3 and T4 levels
between the HAART-treated and HAART-naive groups as well as the difference in serum TC,
TG, LDL and HDL levels between the two groups. The association between the serum TSH, T3
and T4 levels and serum TC, TG, LDL and HDL levels was determined using the Pearson

correlation test. P- Values were considered significant at P <0.05.

3.13 Ethical Considerations
Approval process

Ethical approval to conduct this study was provided by the Maseno University Ethics Review

Committee (MUERC) through the Ethical Approval letter (Appendix 6). Administrative
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approval was obtained from Kisumu County Department of Health and further authorization by
the management of JOOTRH to conduct the study at their CCC and laboratory sections of the

hospital.

Informed Consent

Potential participants were given consent forms that comprehensively address their rights and
welfare as participants in the study. They were permitted to ask questions about the study for
clarification. Each participant were required to confirm their acceptance to participate in the
study by either appending a signature or a finger print. Participants were informed before the
start of the interviews and sample collection and that if they would feel uncomfortable, they were
free to stop the interview or procedure at any time. All information collected during the study
will be kept confidential. The guidelines for the protection of human patientswere be followed as

prescribed by the Maseno University Ethics Review Committee (MUERC).

The research procedures were explained to the participants and written informed consent
obtained before any participant are screened for eligibility. These consents were sought after
written and verbal information about the purpose and procedures of the study are given in
English or Kiswahili as appropriate. In addition, participants were informed that participation
was voluntary and that they could decline participation at any time. Given that this study only

include patients aged 18 years and above, they were expected to consent themselves directly.

Confidentiality

Study participants were not identified by name during and after the research process, instead
study codes were used. Any tools or documents containing identifying information were
destroyed after the data entry. Data collection tools were kept in lockable shelves to ensure

confidentiality. Data were maintained in electronic database that is password-protected and to
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which only authorized study personnel (Principle and Co-investigators) have access. A copy of
the informed consent documents were given to the participants for their records. The rights and
welfare of the participants were protected by emphasizing to them that their attendance of clinic

were not be affected if they declined to participate in this study.

Risks to Participants

Blood samples were collected in this study from the ante-cubetal fosa. Aseptic techniques were
considered to avoid any form of infections using sterile needles and any other materials that was

used. Highly qualified laboratory were used in to perform phlebotomy procedures.

Benefits to Participants

Patients with elevated lipid profile and other laboratory values were referred to the clinician for
appropriate treatment. Those with risky lifestyle like smoking, excessive alcohol intake were
referred to the counselor for appropriate lifestyle modification counseling. The benefit of

participation in this study is likely to outweigh the risks.

Vulnerable Populations

No direct harm was anticipated in this study. The vulnerable population like pregnant women
and children below 18 years were excluded from this study.

Compensation and Incentives

No compensation or incentives were given to participants for willingly taking part in the study.
Participants who were not able to make return trip to the hospital for laboratory assays the
following day were reimbursed fare. This was at minimal rates since it was assumed that

majority came from the catchment area.
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Expected Application of Results

Findings of this study are available for sharing with study participants, lead clinician and
supporting partners for purposes of prompt decision for better clinical care. They are also
available for presentation also be presented at professional conferences, and in peer-reviewed

journals. Publication of the results of this study shall be governed by Maseno University

research policies.
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4.0 CHAPTER FOUR: RESULTS

4.1 General Demographics, Medical and Anthropometric characteristics of HAART-
treated and HAART-naive HIV patients

A total of 104 participants were enrolled into the study. They were divided into two groups,
HAART-treated 84 (80.8%) and HAART-naive 20 (19.2%). There was no significant difference
in distribution of participants by sex in both groups (P=0.504) with HAART-treated group
having 31 (36.9%) males and 53 (63.1%) compared to (45%) males and 11 (55%) females

among the HAART-naive group as shown in Table 4.1

There was no significant difference in the distribution of the participants by age between the
HAART-treated and HAART-naive groups (P= 0.061). The proportions in age distributions were
such that 18- 30 years was 12 (14.3%) vs 8 (40%) ,above 30-40 years was 29 (34.5%) vs 7
(35.5%), above 40- 50 years was 23 (27.4%) vs 4 (20%), above 50-60 years was 10 (11.9%) vs
0(0%) and above 60years was 10 (11.9%) vs 1 (5%) had 60 years between the HAART-treated

and HAART-naive patients respectively.

Determination of the HAART regimens among the HAART-treated group revealed that majority
were on TDF/3TC/EFV, 43 (51.7%); followed by TDF/3TC/NVP, 17 (20.2%); then
AZT/3TCINVP, 13 (15.5%); and finally TDF/3TC/DTG, 11 (13.1%). All regimens included

3TC drug combination.

Finally, it was established that there was no significant differences in the mean BMI (kg/m?) of
the HAART-treated (22.6 kg/m?) and the HAART-naive (22.4kg/m?) groups, (P=0.571). In
terms of proportion in BMI distributions, no significant statistical difference was observed
between the two the HAART-treated and HAART-naive groups, P= 0.671. Participants with

BMI < 18.5 kg/m? were 2 (2.4%) vs 0; those with BMI 18.5- 24.9 kg/m? were 61 (72.6%) vs
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16(80.0%); BMI of 25.0 — 29.9 kg/m?® were 4 (4.8%) vs 0; and finally BMI of 30.0 kg/m? and
above were 22.6 (3.6%) vs 22.4 (2.5%) among the HAART-treated and HAART-naive groups

respectively as shown in Table 4.1
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Table 4. 1: General Demographic, Medical and Anthropometric data of the HAART-

treated and HAART-naive HIV patients

Variables HAART-treated  HAART-naive P
(n=84) (n=20)
Gender
Male n (%) 31 (36.9) 9 (45.0) 0.504°
Female n (%) 53 (63.1) 11 (55.0) '
Age
18- 30 years n (%) 12 (14.3) 8 (40.0)
>30- 40 years n (%) 29 (34.5) 7 (35.0)
>40- 50 years n (%) 23 (27.4) 4 (20.0) 0.061°
>50- 60 years n (%) 10 (11.9) 0
>60 years n (%) 10 (11.9) 1(5.0)
HAART regimen
AZT/3TC/NVP n (%) 13 (15.5)
TDF/3TC/NVP n (%) 17 (20.2)
TDF/3TC/EFV n (%) 43 (51.2) N/A N/A
TDF/3TC/DTG n (%) 11 (13.1)
BMI
Underweight (BMI <18.5 kg/m?) n (%) 2 (2.4) 0
Normal (BMI = 18.5 — 24.9 kg/m?) n (%) 61 (72.6) 16 (80.0) 0.671°
Overweight (BMI = 25 — 29.9 kg/m?) n (%) 17 (20.2) 4 (20.0) '
Obese (BMI above 30kg/ m?) n (%) 4 (4.8) 0
Mean (kg/m?), SD 22.6 (3.8) 22.4 (2.5) 0.571°

Data is presented as n (%) of the participants within the study groups. The study participants
were categorized into HAART-treated (n=84) and HAART-naive (n=20). *Statistical differences
in proportions were determined by Chi-Square analysis. "Statistical differences in proportions
were determined by Fisher’s Exact Test. P- Values were considered significant at P < 0.05.
Abbreviations; BMI; Body Mass Index, AZT: Zidovudine, TDF: Tenofovir Disoproxil Fumarate
3TC: Lamivudine, NVP: Nevirapine, DTG: Dolutegravir, EVF: Efeverenz
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4.2 Serum thyroid hormones levels in HAART-treated and HAART-naive HIV patients
The serum thyroid hormones levels; Thyroid stimulating Hormone (TSH), thyroxine (T4) and
Triiodothyronine (T3) were determined among the HAART-treated and HAART-naive groups as
shown in Table 4.2. The serum TSH median (IQR) levels were significantly higher among the
HAART-treated patients than in HAART-naive subjects, [median (IQR) 1.72 (1.71) nmo/L vs
median (IQR) 0.87 (1.07) nmo/L, P=0.001)]. The serum TSH levels were however within the
reference ranges (0.4 — 4.4 nmo/L) in both the HAART-treated and HAART-naive groups.

On assay of serum T3 levels (nmol/L), it was observed that there was no significant difference in
serum T3 levels among the HAART-treated patients and HAART-naive counterparts, [median
(IQR) 2.43 (2.73) nmo/L vs median (IQR) 3.10 (2.62) nmo/L, (P=0.147). In both groups
however, the serum T3 levels were within normal physiological ranges (0.78-7.7 nmol/L).
Additionally, determination of the serum T4 levels (nmol/L) revealed that while the serum T4
levels were with normal ranges (57.9-150.6 nmol/L) in both groups, there was no significant
difference in serum T4 levels between HAART-treated and HAART-naive counterparts ,

[median (IQR) 144.39 (67.53.64) nmo/L vs median (IQR) 136.99 (134.22) nmo/L, (P=0.426)].
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Table 4.2: Level of Thyroid function hormones among the HAART-treated and HAART-
naive participants

Variables HAART-treated HAART-naive P
(n=84) (n=20)

TSH 1.72 (1.71) 0.87 (1.07) 0.01

T3 2.43 (2.73) 3.10 (2.62) 0.147

T4 144.39 (67.53) 136.99 (134.22)  0.426

Data is presented as the Median (IQR) values unless stated otherwise. The study participants
were categorized as HAART-treated (n=84) and HAART-naive (n=20). Statistical difference
was determined by Mann-Whitney test at P<0.05. Abbreviations; TSH: Thyroid Stimulating
Hormone, T3: Triiodothyronine, T4: Thyroxine, IQR: Interquartile range.

4.3 Serum lipid levels of the HAART-treated and HAART-naive HIV patients

The serum lipids levels were determined among the HAART-treated and HAART-naive groups
as shown in Table 4.3. Determination of the serum TC levels (mg/dl) revealed that the serum
levels were slightly elevated among the HAART-treated, median (IQR), 186.00 (x£91.50)
compared to the HAART-naive group, median (IQR), 149.50 (+70.30). However, there was no
significant difference in the serum TC levels between the two groups, P=0.092 and the levels

were within normal physiological ranges, 0-220 mg/dl.

The serum levels of HDL (mg/dl) among the HAART-treated group, median (IQR), 52.50
(x24.00) were determined to be slightly high compared to the levels among the HAART-naive
counterparts median (IQR) 44.00 (£34.00). However, the difference in serum HDL levels
between the HAART-treated and HAART-naive groups was not statistically significant, P=

0.280. In both groups, the HDL levels were within normal physiological ranges (0-150mg/dl).

Additionally, the serum LDL levels (mg/dl) were determined to be slightly elevated among the
HAART-treated group, median (IQR), 138.00 (+£86.30) compared to the HAART-naive group

median (IQR), 117.00 (+46.50), P=0.476). Again the difference in the serum LDL levels
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between the HAART-treated and HAART-naive groups was not statistically significant and the

LDL levels among both groups were within normal physiological ranges (0-150 mg/dl).

Moreover, the TG levels (mg/dl) were evaluated to be slightly lower among the HAART-treated
group, median (IQR), 82.00 (x62.80) than in the HAART-naive group, median, (IQR), 94.50
(£55.80), P=0.504. However, there was no significant difference in serum TG levels between the
HAART-treated and HAART-naive patients. The serum TG levels among both groups were

within normal ranges, 0-200 mg/dl.

Table 4.3: Level of Serum lipid profile among the HAART-treated and HAART-naive
participants

Variables HAART-treated HAART-naive P
(n=84) (n=20)

TC, Median (IQR) 186.00 (91.50) 149.50 (70.30) 0.092

TG, Median (IQR) 82.00 (62.80) 94.50 (55.80) 0.504

HDL, Median (IQR) 52.50 (24.00) 44.00 (34.00) 0.280

LDL, Median (IQR) 138.00 (86.30) 117.00 (46.50)" 0.476

Data is presented as the Medians (IQR) values unless stated otherwise. The study participants
were categorized as HAART-treated (n=84) and HAART-naive (n=20). Statistical difference
was determined by Mann-Whitney test at P<0.05. Abbreviations: TC: Total Cholesterol, TG:
Triglycerides, HDL: High Density Lipoprotein, LDL: Low Density Lipoprotein, IQR:
Interquartile range

4.4 Association between the serum Thyroid hormone levels and serum lipid levels among
the HAART-treated and HAART-naive patients

Correlation between the thyroid hormones levels and lipid profile was determined by spearman
bivariate correlation methods. This study established that there was significant association
between the T4 levels and LDL levels (p= 0.240, P=0.014). However, no association was
established between the T4 and HDL levels (p= 0.134, P=0.174), T4 and TG levels (p= -0.039,
P=0.693), T4 and HDL levels (p= 0.134, P=0.174), T4 and TC levels (p= 0.145, P=0.143) as

shown in Table 4.4
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Further, correlation test run between T3 and lipids profile and results revealed that there was no
association between T3 and TC, TG, HDL and LDL. The correlation coefficient between T3 and
TC levels was p= 0.019 and P=0.897, between T3 and TG levels the p= -0.094 and P=0.342,
between T3 and HDL levels the p= 0.074 while P=0.458, and finally between T3 and LDL levels

the p=0.037 and P=0.706.

Additionally, no association was found between TSH and lipid profiles. It was determined that
the correlation coefficient between TSH and TC levels, p= 0.013 and P=0.897, TSH and TG
levels had p=-0.085, P=0.392, TSH and HDL levels had p= -0.126, P=0.201, and finally TSH

and LDL levels had p=-0.016, P=0.871.
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Table 4.4: Spearman correlations between lipid profiles and thyroid hormones levels among
HAART-treated and HAART-naive subjects

Variables Spearman’s rho (p) P- value
TSH

TC 0.013 0.897
TG 0.085 0.392
HDL -0.126 0.201
LDL -0.016 0.871
T3

TC 0.019 0.849
TG -0.094 0.342
HDL 0.074 0.458
LDL 0.037 0.706
T4

TC 0.145 0.143
TG -0.039 0.693
HDL 0.134 0.174
LDL 0.240 0.014

The correlation was determined through spearman correlation test. P- Values and spearman
correlation coefficient were considered significant at P < 0.05. P- Values in bold are statistically
significant.
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5.0 CHAPTER FIVE: DISCUSSION

5.1 Introduction

Changes in pituitary-thyroid axis occur in patients with virtually all illnesses (Roos et al., 2007,
Zaid & Greenman, 2019). While it has been suggested that HIV infection itself could be
associated with altered thyroid function, (Ghate et al., 2013) other studies have maintained that
during HIV-1 infection, biochemical thyroid dysfunctions are rare (Rastgooye Haghi et al., 2017;
Zanoni et al., 2012). The alterations in serum thyroid hormones following use of HAART in
high HIV prevalent regions in Sub Saharan regions like Kenya remains to be established
(Abbiyesuku et al., 2014; Calza et al., 2002). The current study therefore evaluated the serum

TSH, T4 and T3 among the HAART-treated and HAART-naive patients.

Furthermore, there is lack of reliable data on possible serum lipid changes occasioned by use of
HAART among the HIV-infected population in countries with high HAART enrolment like
Kenya. Consequently, the risk for development of lipid abnormalities like dyslipidemias (Nsagha
et al., 2015) may not be clearly determined hence posing dilemma among the HAART-givers

and users.

Moreover, the thyroid function influences almost all the major metabolic pathways including but
not limited to lipid metabolism. Alterations in serum thyroid hormones may be associated with
thyroidal and lipid metabolism disorders among the HAART users. Clear understanding of
changes in serum thyroid hormones and lipid levels would be important is assessing of the safety

of HIV-infected patients while using HAART.

5.2 Serum Thyroid hormone levels among the HAART -treated and HAART-naive patients
The current study established that the serum TSH levels among the HAART-treated patients was

significantly higher than the in HAART-naive patients even though the levels were within the
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normal physiological range (0.4 -4.4 ul/dl). These findings were in concurrence with previous
studies that equally established elevated levels of TSH among the HAART users (Beltran et al.,
2006; Thongam et al., 2015). Elevated serum TSH levels among the HAART-treated patients
could be related to autoimmune reconstitution inflammatory syndrome following initiation and
use of HAART (Hoffmann & Brown, 2007; Wang et al., 2012). On the other hand, low serum
TSH levels observed among the HAART-naive group could be attributed to high viral loads
before initiation of on HAART causing depletion of TSH levels (Abbiyesuku et al., 2014; De
Groot, 1999; Thongam et al., 2015). Determination of serum TSH levels is critical, therefore is
not surprising that it is an accepted first-line screening test for patients suspected of having

hypothyroidism or hyperthyroidism (Eghtedari & Correa, 2019; Hoffmann & Brown, 2007).

While the current study did not establish any significant difference in the serum Tj levels
between the HAART-treated and HAART-naive groups, the levels were slightly lower among
the HAART-treated patients than the HAART-naive counterparts. The serum Tj levels were
within normal physiological range (0.78 -7.7 nmol/L). These findings were in conformity with results of
previous studies conducted that also reported comparable serum T3 levels between the two groups
and that the values were within the reference range (Ji & Jin, 2016). In HAART-naive patients, T3

concentrations are thought to be initially maintained in the normal range just as observed in the current

study by increased peripheral conversion of T, to T; (Mayer et al., 2007).
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Findings from the current study however, were at variance with observation’s from a previous study that
reported significantly high serum TSH levels among the HAART-treated patients than the HAART-naive

counterparts (Hoffmann & Brown, 2007). The inconsistency in the findings could be due to
differences in demographics and medical history of the study populations. It not a coincidence
therefore that measurement of serum T3 levels in isolation from other thyroid function hormones

is not advisable in detection of thyroidal dysfunctions (Eghtedari & Correa, 2019). Future studies

There was no difference in the serum Thyroxine hormone levels (T4) between the HAART-
treated patients and HAART-naive counterparts. These findings were inconsistent with those
from a previous study conducted in Kenya that reported increased T4 levels among the HAART
users (Thaimuta et al., 2010).The inconsistencies in the findings could be attributed to the

difference in HAART-regimens on which the study populations were enrolled. \Whereas the

5.3 Serum lipids levels among the HAART-treated and HAART-naive HIV patients.

In the present study, there was no difference in the serum Total Cholesterol (TC) levels between
the HAART-treated and HAART-naive patients even though the levels were within reference
range. The level of cholesterol plays a vital role in cardiovascular diseases process since a high
level of cholesterol may to a higher risk of developing atherosclerotic cardiovascular disease

(CVD) (Gregg et al., 2005). The current findings contradicted those from previous studies that
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among the HAART-naive patients, there was decrease in serum TC levels while after HAART
initiation, increase in TC was noted (Riddler et al., 2003). In the current study, the TC levels
were assayed at a particular point in time while the TC levels reported from the previous study
were measured after follow-up for 9 years hence a possible reason for the variations in TC levels

in the studies.

The current study further revealed that the there was no difference in serum Triglycerides (TG)
levels between the HAART-treated patients and the HAART-naive counterparts even though the
levels were within the normal ranges. Contrary to these findings, a similar study conducted
among HIV-infected females reported that the TG levels were elevated in both HAART-treated
and HAART-naive counterparts with higher TG elevations observed in the former than the later
(Anastos et al., 2007). While the current study recruited both males and females, Anastos et al.,
(2007), exclusively enrolled female HIV-infected patients. These variations in demographics
could account for the differences observed since females tend to experience more lipid
derangements than males (Scheers et al., 2008). Serum TG levels within reference range is a
good clinical indicator since elevated TG levels increases propensity for development of
cardiovascular complications (Denue et al., 2013). Evaluation of serum TG levels is therefore an
important risk measure for development of cardiovascular disease especially (Gregg et al.,

2005).

The current study reported high levels of HDL among the HAART-treated group than in the
HAART-naive patients even though the difference was not statistically significant and the
observed HDL levels were within the normal range (0-150 mg/dl). These findings were at
variance with a previous study that established that the HDL levels were clinically low among
the HAART-naive in the Nigerian population (Adewole et al., 2010). The variations observed

could be due to difference in study population characteristics.
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High Density Lipoprotein (HDL) is considered as a good cholesterol for its atheroprotective
properties. (Karalis & Jukema, 2018). It is involved in reverse transport of lipids through
promotion of Cholesterol efflux and inhibition of inflammatory activities (Chapman et al., 2011).
HDL is said to promote the regression of atherosclerosis when the levels of functional particles
are increased from endogenous or exogenous sources. The regression results from a combination
of reduced lipid plaque lipid and macrophage contents, as well as from a reduction in its
inflammatory state (Rajagopal et al., 2012). The slight serum HDL elevations among the
HAART-treated patients in the current study, although not significant could be attributable to the

beneficial effects of HAART by reducing the viral load.

Determination of the serum LDL levels revealed that there was slight increase in serum LDL
levels among the HAART-treated patients than the HAART-naive counterparts even though the
difference was significant and that levels were within reference ranges. In agreement with this
findings, it has been previously reported that LDL levels gets elevated after HAART initiation
(Idowu & Adesegun, 2019; Nelson et al., 2009). The current study further corroborates findings
from previous studies that established that HIV infection is associated with substantial decrease
in serum LDL-C levels but the levels increases after HAART initiation since use of HAART is
associated with improved immunity/ CD4 count (Riddler et al., 2003)The slight elevations in
LDL levels among the HAART-treated patients could be due to inhibitory cytokines effects on
lipid metabolism, (de Silva et al., 2008; Grunfeld, 2010; ldowu & Adesegun, 2019). It is worth
noting that that elevated serum LDL levels are the most critical lipid risk factor for

cardiovascular abnormalities (Baigent et al., 2005).

While the current study adopted a cross-sectional determined the serum lipid levels between
HAART-treated and HAART-naive counterparts at a particular point in time, it remains to seen

how the serum levels would vary when a follow up is made on the serum TC, TG, LDL and
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HDL of the HAART-treated and HAART-naive over a longer period of time through

longitudinal studies.

5.4 Association between the serum Thyroid hormones and lipid levels among the HAART-
treated and HAART-naive patients

The mechanism underlying the occurrence of dyslipidemia in HIV infected patients with thyroid
dysfunctions especially those on HAART is yet to be clearly elucidated (Beltran et al., 2006).
Changes in lipids profile has been commonly observed in patients with thyroid dysfunction, even
though the relationship between lipids and thyroid hormone levels is ill understood (Chin et al.,
2014). It is speculated that there might be a link between thyroid dysfunction and atherosclerosis
though this is yet to be proven (Duntas & Brenta, 2012). The present study determined the
association between thyroid hormones and lipids profile among the HAART-treated and
HAART-naive patients using Spearman Correlation tests

The current study revealed that there was a significant positive association between the T4 and
LDL levels. The current finding was in tandem with the earlier studies that reported a rise in
LDL levels occasioned by elevations in T4 levels (Chin et al., 2014; Kim et al., 2009). As the T,
levels rises, the LDL is expected to rise as well. It is thought that the activity of LDL receptors is
under hormonal control which can be influenced by both HIV virus and HAART (Petit et al.,
2002). Thyroid hormones are known to regulate LDL receptors by binding directly to thyroid
hormone responsive elements and controlling sterol regulatory element binding protein (Pucci et
al., 2000). The hormones are also involved in hepatic expression of hydorxymethyl glutalyl

coenzyme areductase which enhance cholesterol synthesis (Petit et al., 2002).

Interestingly, the current study did not find any association between the T4 and TC levels, HDL
levels and TG levels, and it is contrary to findings from other studies (Chin et al., 2014; Maugeri

et al., 1999). Thyroid hormones are thought to influence HDL metabolism by increasing

40



cholesteryl ester transfer protein (CETP) activity, which exchanges cholesteryl esters from
HDL2 to the very low density lipoproteins (VLDL) and TG levels to the opposite direction
(Buchacz et al., 2008). Differences among the study populations might account for the difference

in the correlations observed in the current and previous studies.

In addition, no correlation was found between T3 and lipid profiles, TC, TG, HDL and LDL,
contrary to findings by other studies that reported that there was a significant negative correlation
between T3 and cholesterol (Chin et al., 2014). Even though the relationship between T3 and
lipid profile was not apparent from this present study, T3 actions are mediated via modulation of
gene expression and cell signaling pathways which in turn regulates the cholesterol synthesis
(Hughes et al., 2011). The previous studies mentioned were conducted among populations
outside of Sub Saharan Africa hence could account for the variations in association relationship
between T3 and the lipid profile parameters possibly due to genetic, environmental, socio-

cultural or other yet unidentified factors.

TSH is thought to stimulate adipocyte lipolysis (Gagnon et al., 2010), and has been particularly
associated with a non-favorable lipids profile (Duntas & Brenta, 2012). The need to understand
the correlation between TSH and lipid profiles is strongly justified. However, the present study
did not establish any correlation between TSH and any of the lipid profiles. Lack of correlation
between TSH and TC levels according to the present study could be an indication that production
of TSH from the pituitary gland did not affect the levels of TC levels circulating in blood. This
observation was in tandem with that an earlier study, which also established insignificant

correlations between TSH and cholesterol levels (Ruhla et al., 2010).

The present study found no correlation between TSH and TG levels unlike the previous studies
that established positive correlation between TSH and TG (Garduno-Garcia Jde et al., 2010;

Santos-Palacios et al., 2013). The present study might have failed to establish any correlation
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because the patients for the study were not known Sub Clinical Hypothyroid cases as it were in
the previous studies where TSH had been found to have regulatory effects on TG (Wang et al.,

2012).

Further correlation tests revealed that there was no correlation between TSH and HDL levels, as
well as between TSH and LDL, findings that were similar to those of other other studies
(Maugeri et al., 1999; Wang et al., 2012). On the contrary, increasing levels of TSH within the
normal range was associated with rising level of LDL among the Norwegian population (Asvold
et al., 2007), suggesting a positive correlation between TSH and LDL. The correlation between
TSH and LDL might not have been apparent in the current study because the TSH that seem to
regulate other lipid levels was not adversely affected by the HAART use and HIV infection

among the population under study hence the levels were within normal physiological ranges.

N



6.0 CHAPTER SIX: SUMMARY OF FINDINGS, CONCLUSION AND
RECOMMENDATIONS

6.1 Summary of findings

The study revealed that the serum TSH, levels were higher among the HAART -treated patients
than the HAART-naive counterparts. However, there was no difference in the serum T4 and T3
levels between the HAART-treated patients and HAART-naive counterparts. The serum TSH,

T3 and T4 well all within reference range in both groups.

Further, there was no difference in the serum lipids levels between the HAART-treated and

HAART-naive patients and the levels were within normal physiological range.

Additionally, a positive correlation was found between serum T4 and LDL levels. However, no

association was found between serum TSH as well as T3 and the serum TC, TG, HDL and LDL.

6.2 Conclusions
i) The current study determined that serum TSH levels are higher among the HAART-
treated than HAART-naive group. However, the serum T4 and T3 levels are similar in

the two groups.

i) The serum lipid levels in both HAART-treated and HAART-naive patients are similar.
i) Increase in serum T4 levels is associated with increase in LDL levels. However, no
association exist between serum TSH as well as T3 and the serum lipids (TC, TG, HDL

and LDL).

6.3 Recommendations from the current study
i) HIV-infected patients on HAART should have their Thyroid function monitored through

routine assessment of serum thyroid hormones levels.
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i) HIV-infected patients on HAART should be screened periodically for potential

alterations in serum levels

iii) Whenever there occurs abnormalities in serum lipid levels among the HAART-treated
patients, further thyroid hormone assays should be conducted to rule out possible thyroid

dysfunctions.

6.4 Recommendations for future studies
1) Future studies should consider determining the Free T4 (FT4), Free T3 (FT3) and

Thyroid binding globulin (TBG) for further describe the thyroid function among patients

on HAART.

i) Longitudinal studies should be conducted to infer causal relationship which was not

possible in the current cross-sectional study.

iii) Further research should consider bigger sample size to sufficiently generalize the study

findings to the larger population groups
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APPENDICES

Appendix 1: Consent Form

Written consent for study participants

1. Introduction

Greetings, my name are Alfred Juma. I am conducting a study entitled “Evaluation of serum
levels of lipids and Thyroid hormones in the serum of HIV infected patients on Highly Active
Antiretroviral Therapy at JOOTRH in Kisumu County, Kenya” This is a necessary requirement

for fulfillment of my postgraduate studies in MSc. Medical Physiology.

This study requires you to participate so that important information can be obtained from you

regarding your health.

2. Purpose of research:

The purpose of the study is to determine Levels of thyroid function hormones and lipid profiles

among patients at JOOTRH in Kisumu County, Kenya

3. What we will do:

If you agree to participate in the study, your demographic and medical history will be collected.
Your anthropometric data for Body Mass Index (BMI) will be collected by measuring your
height and weight. All the information will be secured in the lockable cabinets. The following
day, you will be requested to report to the clinic in fasting state (do not eat anything in the
morning) for laboratory investigations. Some blood sample (about 5 mls) will also be collected

from you by a qualified laboratory technologist and will take less than 5 minutes.

4. Potential benefits:

52



Participants with elevated lipid profile and thyroid function hormones values will be referred to
the clinician for immediate appropriate treatment. Those with risky lifestyle like smoking,
excessive alcohol intake will be referred to the counselor for appropriate lifestyle modification

counseling.

5. Potential risks:

Blood will be collected using aseptic techniques by a highly competent laboratory technologist.
There might be minimal discomfort during blood collection process. Demographic, medical
history and anthropometric data will be collected using questionnaires which will take limited

time to fill-in.

6. Privacy and confidentiality:

The high level of privacy and confidentiality will be maintained throughout the research. The
data collected will be stored in locked cabinets and on password-protected computers. The
information collected will be used for research only. The name of participant will not appear
anywhere in the research tools. At the end of the study, any identifiers will be removed from the

data collection tools to avoid any form of identification

7. Your rights to participate or withdraw:

Participation in this study is completely voluntary. You can withdraw from this study at any
time. Any participant who withdraws from the study or refuses to participate will not be

disadvantaged in any way.

8. Contact information for questions and concerns:

If you have any questions about this study or feel that you have been harmed in this study, you

can contact the researcher on 0723129682 or send an email to alfredjuma2015@yahoo.com or
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post a letter to P.O. BOX 341, SONDU. If you want to talk about the study with someone who is
not directly involved with this study or have questions about your rights, please contact the
Secretary, Maseno University Ethics Review Committee, Private Bag, Maseno; Telephone
numbers: 057-51622, 0722203411, 0721543976, 0733230878; Email address: muerc-

secretariate@maseno.ac.ke; muerc-secretariate@gmail.com.

Do you agree? (Tick as appropriate)

Participant agrees.............. Participant does NOT agree........................

That | have read/been told of the contents of this form and understood its meaning; hence, | do

agree to participate in this study.

Participant ..o Sign ....oooiiiiiin Date....cccocovvervieenncnnn

Researcher ............c..coooi SIgN e Date......ccccooveriiennenns
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Appendix 2: Questionnaire for data collection
Part 1: Introduction

This questionnaire is meant to collect data about the Lipids profile and Thyroid hormones levels
in the serum of HIV-infected patients at JOOTRH in Kisumu County, Kenya. The respondents
required are patients that are considered eligible for this study and have consented. The
information will be treated with high level of confidentiality and used solely for academic

purposes. Thank you in advance for taking your time to fill in this questionnaire.

Part 2: Demographic, Medical and Anthropometric data

1. Age
a) 18-30 years b) above 30- 40 years c) above 40-50 years d) above 50-60 years €) above 61
years
2. Gender
a) Male () b) Female ()
3. The HAART regimen options
a) ZDV/3TC/EFV c) TDF/3TC/NVP e) TDF/3TC/DTG
b) AZT/3TC/NVP d) TDF/3TC/EFV  f) N/A (HAART-naive)

4. Anthropometric data

Height (cm) Weight BMI (calculated)
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Part 3: Laboratory results

a) Lipid profile

Parameter (mg/dl) TC TG HDL LDL
Value
b) Thyroid Function hormones
Parameter TSH T3 T4
Value
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Appendix 3: ichroma TSH protocol
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mmmnmummmwmm
wawwmmn-wm«um
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BMATERALS REQUIRED BUTSURPPLED ON BEMAND

Toliowing Iteses con be parchased sepbestely fozr ichroma™ TSH.
Pioase contact owr salles Bhrision for mone Informanion.

The sarmple type for ichroma™ TS is
® s recorumended 10 Tk the samite within 24 hours alter
ColbeCTaon

*  The serum or plasma Phould De separaed from the ook by
COReTugathon within 3 hours after the coliection of whole Mood.
W Jonger worage I3 reqelred, ag. ¥ the test cowid not be
performed within 24 hours, sevem o¢ plima sheuld be
Immedistely froten Selow -20 °C. The freeaing siorge of 1ampie
U 10 § months docs not alfect the qualty of reswlts.

Cnte the sample was froten, it should be wsed one time only for
test, Secavse repeated freeding and thawing cas retult In the
change of tent walues.

= Chetk the coonents of khwoma™ TS Sealed Cartricige,
Detaction Dotfer Vial, Sample Midag Tubes 808 10 Chip,

= Unsure that the bt number of the cartridige matches that of the
10 onip an wall 33 the detettion bautles

= Keep The sedled camsidge [ stored i sefrigeenion) and Dhe
detoction buffer tebe 3t A00m 3pmperature for at Jewst 30
aviutes Just prior 2o the test. Mace the Canridpe on » Cean, dust-
fone and fat surlnte.

®  Tuen oa the nstremens for ichroma™ tests.

e insert the 1D Chip lato the 10 chip pont of the insrement for
IAvoma™ teutt

®  Proess the Sefect’ betton om the lestrumdnt for iKhioma™ tests.
(Mexse refer 10 the Trmdrumest for iKheoma™ tests Operation
Marwal for compiete IWomaton and operating imtructioon )

ATEST PROCE CURLE

1) Transtor 190 J4 (xieavan scopm/pltamaiconand) of samole
wing a tarfer plpette 10 3 sample miing ube,

20 Add 73 pl detection butiar ta the sample midng tube
contaiaing sample [Lesuenyplatmaftontroll

3) Clote the B of the sample mixing tube a0d mix the sargle
Doroughly by thakiag it abowt 10 times. (Mhe simple minture
omest be vied immedatey )

&) Pipette ot TS pl of 3 sample mixture and load K Into the
sample wel on the Caniridge,

5] Lesve the seempledoaded cartridge ot room tomperatere for 12

rartes.
A Kan ihe somple-bodied corfridas inmegigoely whin the

Gipbation time & sver. 1 aot, & wilf (owis et [65] (CHA,

6] Yo 180 the 1amphedoaded cartridge, Inverl it 810 The canridge
Bolder of the Instrament for ichroma™ tests. Ensure proper
erieraamion of the canridge bedore pushing It 3l the way imide
he cantridge holder An arow has boen marked on the
anridge especally for ths purpote.

7} Press Select’ button on the instrument for iheoma™ tests to
$50r1 the $CITNING POOCESS,

8) Instsurment Sor Khooma™ tests will slart sCARAING e Samsple.
loaded cartridge immadiately.

%) Read the 1t resuit 00 the Gspley screen of the Istrument for
IRIOMA™ Tests.
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Appendix 4: ichroma T3

B P

Document No. : INS-T3-EN {Rev. 09)
Revision date  : February 21, 2017

HOMHNOHEY,

| ~ichromo™
T3

HINTENDED USES

v (FIA) fer the

Ichroma™ 713 is a N Ie
quantitative deter ion of tri hyronine (total T3) in human
serum/plagma. It is useful as an aid in & and itoring of
determination of thyroid disorders.

For in wvitro diagnostic use only,

ELINTRODUCTIONS

3,5.3' Triiodothyronine (T3) Is a thyroid h
weight of 651 daltons.!

T3 circulates in the blood as an equilibrivm mixture of free and
protein bound hormene.” T3 Is bound to thyroxin binding globulin
(TBG), preatbumin, and albumin. The sctual distribution of T3 amang
these binding proteins Is controversial as estimates range from 38-80 %
for T8G, 9-27 % for prealbumin, and 12-35 % for aloumin®

T2 plays 0n important role in the maintenance of the euthyroid state.

T3 measuremaents can be a valuable component in dlagnosing certain
disorders of thyroid function.* Most reports Indicate that T3 levels
distinguish clearly & yroid and hyperthyroid subjects, but
provide 3 less clear-cut lon b hypothyroid and cuthyroid
subjects,* Total T3 measurements moy be  volusble when
hypesthyroidism I suspected and tha free T4 Is normal * For cxample,
one recognized type of thyroid dysfunction is T3 thy ie,
associated with 2 decrease in serum thyroid stimulating hoemene
(TSH), increased T3 level, normal T4, normal free T4, and normal to
increase in vitro Uptoke resuits.™

T3 levels are affected by conditions which affect T8G

14 Slightly elevated T3 levels may occur in pregnancy
of during cstrogan therapy, while depressed levels may occur during
severe iliness, renal fallure, myocardial infarction, alcoholism,
inadeguate nutritional intake, and during theragy with some
medications such as dopami gl eticolds, methi
propranolol, propyithiouracil, and salicylates, ™3¢

Numerous conditions unrclated to thyoid disease may cause
abnormal T2 values. > ™% Consequently, total T3 values should not be
used on their own In ¢stablishing the thyroid status of an individual,
The level of serum T4, TSH and cther clinical findings must be
considered as well.

(X PRINCIPLE}

The test uses 3 competitive | detection
In this method, the target matedial In the sample binds to the
fluorescence (FLj-labeled detection antibody in detection buffer, to
form the complex 35 sample mixture. This complex is loaded to migrate
onto the nitrocelulose matrix, where the covalent couple of 73 and
bovine serum albumin (BSA) Is Immobilized on 2 test strip, and
interferes with the binding of target material and Fl-labeled antibody.
If ihe more target material exists in blood, the less detection antibody
is accumulated, resulting in the less fluorescence signal,

COMPONENTS L S
Ichroma™ T3 consists of ‘Cartridges’, “Solution A Tubes’, “Selution B
Vial “and an *ID chip’,
= The cartridge contalas a test strip, the membrane which has 73-
BSA a1 the test line, white chicken IgY at the control line.
* Each cartridge bs individually sealed in an aluminum foll pouch
V4-GE02-15 (Rev 03)

0@ MCHNOLOGY

containing a desiceant. 25 sealed cantridges are packed in 3 box
which af50 contains an 1D chip.

= The solution A gee-disp d In a tube ANS and sodi
azide in NaOH solution,
= The solution B is disp d in 2 vial ¢ anti h 13-

fuarescence conjugate, anti chicken IgY-fluorescence conjugate,
bowine serum albumin (8SA) s a stabllzer and less than 0,1%
sodium azide as 3 preservative in phosphate buffer,
* The solution A, B are packaged together in a single bax. The box
will be placed in a Stysefoam box with ice pack for shipping.

SWARNINGSAND/PRECAUTIONSTRE
= Fof in vitro disgnostic use only.
« Carefully follow the instructions and procedures described in this

‘Instruction for use’,

« Use only fresh samples and avoid direct suniight,

= Lot numbers of all the test components (cartridge, 10 chip and
solution A & B) must match each other.

* Do not ge the test P sb different lots
or use the test cormponents after the expiration date, cither of
which might yield misleading of test resuly(s).

* Do not reuse. A solution A tube should be used for processing
one sample only. So should a cartridge.

* The cartridge should remain sealed in s original pouch before
use, 0o not use the cartridge, if is damaged or aiready opened.

= Froren sample should be thawed only onco. For shipping,
samples must be packed in accordance with the regulations,
Somple with severe h yiic and hyperlipidemia be
used and should be recollected.

* Just before use, allaw the cartridge, solution A, soluticn B and
samp'e to be at room for approxi y 30 mi

* ichroma™ T3 os well as the instrument foe ichroma™ tests shou'd
be used away from vibration andfor magnete field, During
normal usage, it can be noted that instrument for ichroma™ tests
may produce minor vidration.

* Used solution A, 8, pipette tps and cartridges should be handled
carefully and discorded by an appropri ethod in accordance
with relevant local regulations.

= An exposure 1o larger quantitles of sodium azkie may cause

certain heaith issues like comadsions, low blood pressure and
heart rate, loss of consciousness, lung Injury and respiratory
fa'bure,

* lchroma™ T3 vill provide a¢curate and refizbie results subject to
the following conditions.

= Use ikchtoma™ T3 should be used only in conjunction with

insteument for ichroma™ tests.

] an jan

avoded,

ASTORAGE'AND STABILITY 283 DT

The cartridge Is stable for 20 months {while sealed in an

Suminum foil pouch) if stored at 4-30 *C.

Tha solution A pre-dispensed in 3 tbe s stable for 20 months if

stored 8t 2-8 °C.

;h;s::g-on Bdispenced in a vial is stable for 20 months i stored

* Opened Solution B is stable for 12 months 3t 2.3 *C | kept in the
capped original container and free from contaminations.

After the cartridgge pouch s opened, the test should be
pecformed Immediately,

PALIMITATION OF THE/TEST/SYSTEM 2L

* The test may yield false positive rosult(s) due to the cross-
feactions andfor non-specific adhesion of certain sample
<components to the capture/detactor antibodies,

* The test may yield false negative resuls. The nON-résponsivenass
of the antigen to the antibodies is most common where the

174
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not to
epitope some unknown components, S0 as
e dﬂt:c':’ :-r::md by the antidodies. The lnw:bliv m:;
degradation of the antigen with tme and/or tcmo«: :m »
cause the false negative 25 it makes antigen unrecog
the antibocies.
» Other factors may interfere with the test and couse erronecus

rricalfprovedural criors, degradation of the
e g “‘ ?‘b ts or prasence of interfering substances

st comp
in the test samples.
« Any cliniesl diagnosis based on the test result must be supporied
by a comprehcnsive judpment of the conzerned physicion

Intiuding clirical symproms and other relevant tost results.

EMATERIALS SURPLIED

Redesrean

Components of ichroma™ T3

* Caruridge Sox:
- Canridges 35
- 1D Chip
« Instruction For Use 1

* Box containing Solution A, 8
- Solution A tubes 25
« Sclution B Vial {3 mL) 1

DEMANDIRRS
hedt - 3

EMATERIALS REQUIREDBUTSURRHEDON
Following itemns can be purchased sep ly from ich
Please comtact our sales division for more infermation.
* Instrument for ikhroma™ tests .
- lchroma™ Reader REH FA203
- tenroma™ nREH rPRR021
- khroma™D 13303
* ichroma™ Printer FPRROO7
* Goditech Hormane Control [REF] CFPO-95

§{SAMPLEICOLIECTION'AND, PROCESSING
The sample type for ichroma™ T3 Is human serum/plasemna.
® It Is recommended to test the samale within 24 hours after
collection.

PO @ Hitoneiaay

Y

Jinimize erronecus (est resuits, we wz.aest lljm the ambi.gnt

; ::H';«‘lum of the cartridge should be 25 °C during the reacticn

timea after kading sample mixture 10 the cartridge.

= To maintaln the ambient temperature 10 25 °C, you <an wse

various devices such 2s an i-Chamber of a0 Incubator 3 5o on.
A o SRR A L A

1) Transter 75yl of sample {Human serum/pla asma/control] using
a transfer pipette t0 3 tube containing the solution A {yellow
wbe), )

2) Clase the Iid of tae solution A tube and mix the sample
thoroughly by shaking it about 10 times. (The sample miqure
mwst be used immediately.) )

3} Add /5 pl of Sekution B using @ transfer pipette wi_th new tip to
the tulie contalaing the sclution A and sample mixture.

4) Close the lid of the solution A tubz 9nd mix the sample
tharoughly by shaking it about 10 times. )

$) Incubate the solution A + Salution B + sample mixture at room

BETESTIPROCEDURERAES

temperature for 8 minutes.

6) Pipette ot 75 b of & sample mixture and load it into the
sample well on the cartridge.

7) Insert the sampledoaded cartridge into the slet of the I-
Chamber ar an incubator (25 “C)

8) Leave the sampledoaded cantridge in the i-Chamber of an
incubater for 8 minutes.
A, Scon the sample-dpeded cartridae inmediotely when the
incubation time is ver, If not, it will cause inexact test result,

over 3

9] To scan the sample-loaded cartridge, insert it into the cartridge
holcer of the instrument for ichroma™ tests. Crsure proper
orientaticn of the caetridgo before pushing it ull the way inside
the carteidge holder. An arcows has been maerked on the
cartricge especially for this purpose.

10)Press “Select” buston on the instrument for ichroma™ tests to
Start the scanning process.

11)inszrument for ichrema™ tests will start scanning the sample-
loaded cartridge immediately,

TERPRETATION ORTES TIRESU T

* Instrument for khroma™ tests calculates the test resuk
automatically and cisplays T3 concentration of the test sample In

= The serum or plasma should be separated from the clot by terms of ng/mL and nmol/L.
contrifugation within 3 hours afer the collection of who'e bloed. = Thocusoff (coforgnce mnge)
= Samples may be stored for up to a manth at 2-8 *°C prier 1o beis
m&f f testing wiill be dekiyed more than 3 month, gt Aoe 8rovn of the sublect ngfmt o
should be frozen at-20 °C. Aduls =T 125308
= Samples stored frozen at -20 °C for 2 months showed no 1-10 yoars [XTET) 126434
pmeg SRBUN(S. Pediiric 115 Male 08235 L1358
» Once the sample was frozen, it should e used one time only for 5 years female 2.6-2.09 092-322
test, b rapeated freezing and thawing can result in the 1617 Male 07-2.12 1.09-3.27
change of test values, kol Female 0.61-1.51 0.94-2.33

HTEST SETUPRS

= Chock the contents of ichroma™ T3: Scaled Cartridge, Solution A
Tubes, Solution B Vial and 10 Chip.

= Ensure that the lot number of the cartridge matches that of the
1D chip a5 wel as the solution A & 8.

= Keep the scaled cortridge {if stored In refrigerator], solution A
and solution B at room temperature for at least 30 minutes just
prior to the test. Place the caneidge on a clean, dust-free and fat
surface,

= Turn on the instrument for ichroma'™ tests.

= Insert the 1D Chip into the ID chip port of the instrument fer
Ichroma'™ tests.

» Press the ‘Select’ button on the Instrumant for Ichroma™ sests,
(Please refer to the ‘Instrument for ikhroma™ tests Operation
Manual” for complete lnf'ocmation and operating instiuctions.)

‘QFAlIGE02-15  (Rev £3)

* Working range ; 0.5-5.0 ng/mL (0.77-7.7 nenol

* Corwersion facter as unix of nmal/L ..
= nmolfL{SIunlt) = 1,54 » ng/mL

= rpfdl= 100 % ngfmL

UAliTYie

Quallt;‘ m:m amm: part of the good testing practica 1o
ts and validity of t

::ﬂfoemoa at regular intervals, G

:o::;-:ll::sts should be performed immediately after cpening
el I; ersure the test performance Is not altered.

oy quumﬁm sts should also be eetformed whenever there s

. e mrerc&numina the validity of the test results,
information rem’g;:e "rb"c_\wlded Wi ichrome™ 73, For rore
e ng obtaining u;e control materials, contact

(Please i ‘
reftff to the instruction for yse of oonlro; material.)

2/4

61



b

pocument No. ; INs
fevision date

T N R

~T3-EN (Rev, 09}
*Fodruary 21, 2017

136 12 14 1w
103 107 0% 1p :;: :::';
Umit of Blank (Lo8 g oo 7 “mn...” ""“*‘," ¢
Umit of Dete n‘m }m] 0.15 ng/mL quantified independently with ich '“7"; and "":;
ool 3¢ Cumgitition 0.25 ng/mlL {Beckman CouXer Inc. USA) as per preseribed test procedyres.
2 loQ) 0.50 ng/mL Test results were compared and the'r comparabllit
* Analytical specificity i ted with linca ’ cation
nvostigated wit " regression and coefficient of corrclation
= Cross reactivity

[R}. Lincar regression
There, in test samples,

a0 coefficient of correlation between the
‘were added 10 the t lare b.q hecules such as brlow the table e v LT 000%9 and 097 emectively
est samplefs) at concentrations mmach higher U
than:hei.rnumalﬂmiologullevelshvmd, Icheoma™ 73 test - 1079¢- 00029
results did not show any significant cross-reactivity with these sl R R=0.97
biomolecules. 09 | N 7O
Cross fe3ctunts < tigr Cross reactivizy (%) ; are < <
&WM 200 ng/ml 0.19 I
~thyzoainn 300 rg/fm! 019 g2 .
Reverse T3 500 ng/fenl ocs i 10 ? .
Salicylic acid 1,000,000 ng/ml N £ f. .
Monolodotyrosire 50,000 ne/ml 0 bl T
* ND : Not Dotected e )
- 0 1 2z ‘ 3 .
Interference Access 213 (nz/iml]
Study of interference from table below wh Icheoma™ T3
showed foliowing results. EDTA (Ks) and sodium citrate o5 an e

anticoagulants, have effects on kchroma™ T3 test in the

3 AR N
prozeduce, 1. O'Neil M), editor, The Merck index, 13th ed. Whisehouse
Interfosence Coacentrall 1 ence (%) Station, #J: Merck & Co,, Inc., 2001;987.983,
D-ghacoss 60 ML <07 2. tkins RP. Methods for the of free thyroid
L-Ascorbic ackd 0.2 mM/L <ga hormones. In: Free Thyroid Mormones: Pracecdings of the
Birubin 04 miAL <01 International Sympasium Held in Venice, Decomber 1978,
Hamoglobin 26 <01 A d pta Madics; 1979:72.92.
Cholesterod 13 mMA 55 3.  Robbns), Rall JE. Tre lodine-containing hormonas. n: Gray
trighyceride 10 mg/ent <23 Qf, J3mes VHY, eds, Hormenss i Bicod. Vol 1, 3rd ed.
EDTA_X» 10.8 mp/mi <162 Londgn: Acsdemic Press, 1979;632-667,
Sodium Heparin S4mg/ml <11 4. Demers LS, Spencer CA, eds. Laborat y medicing p
Sodium Citrate 40 mg/mi <148 auidenes: laboratory suppont for the diagnosis und
= Precision itoring of thyroid disease. Thyrold. 2003;13:3-126.

= BatwaLt 5. Hollander Cs._stmnk‘;nm L Radioimmuncassay for
Ore person tested three differert lots of ichroma™ T3, twenty times aiofum::za; ' '?m;'::: ?‘rmmﬂg',:;nu?‘;‘_’d”'
at exch concentration of the control standard, G Kaplan MM, Larsen PR, Crantz FR, Dzau Vi, Rossing TH,

- Between person Haddow JE. Prevalence of abnormal thyroid functicn test
Three different persons tested ichroma™ T3, three times at each results in patients with acute medical ilinesses. Am J Med.
concentration of the control standard. 1982;72:9-16.

- Betwean Lot 7. lorsen PR. Triiodotlyronine: Review of Recent Studies of Its
One person tested Ichroma™ T3 during five days, three times at Physiology and Pathophysictogy in Man. Metabolism.
owch ion of the 1 standard 1972;21:1072-1092,

- Between Lot 8, KkoGG. Clinical usage recommendations and analytica!
One perscn tested ichroma™ T3 at three different sites, three performance goals for 10131 and free trilodothyranine
1imes ot exch teation of the 1 standard. measurements, Cin Chomn. 1996:42:_155-159.

TF; 3 ~ 7 Liaresiong 9. Iy HY, Wahner HW, Gorman CA. "Trilodothyronine (T3)
Cone « toxcosis™: its role in Graves' discase. Arch Intorn Med.

N S mss S men S mem S 1971:128:529-534.

e T o 10 Holander €S, Mitsuma T, Nihel N, Shenkman L, Burday 52,
T T T e ) Blum M. Clinica] and laboratory observations in cases of

15 152 :s T T T T trliodottyronine taxicosis confirmed by ndivmmunoassay.

Sutammite Lancet, 1972;1:609-611.

* Accura : 11, Sterding K, Refetoff S, Seleniow HA. 13 thyrotoxkosis:
The u:uvmv was confirmed by testing with 3 different lots of mmmm\oenm serum triiodothyranine levels.
ichroma'™ T3. The tests are repeated 3 times in each different JAMA. 1970;213:571.575.
concentration. 12, Kaplan MM, Larsen PR, Crantz R, D23u V), Rossing TH,

[ e lotl Lotz o3 Mesn(g/mi)  Recovery(w) | Hlddowﬁ.ﬁmahmdabwmalwmldhn:’h::m
B o A s results in patients with acute medical linesses. Am J Med.

a2 . o 13. m:ﬁsm M1, Oppenheimer JH. High incidence of

334 326 236 331 327 3 , Opp .

3Ol 333 318 289 307 1021 detreased serum trilodotivronine concentration in paticats
N Y SO Y2 N 7 S - SRS T Nt with northyroid disease. J Cin Endocrinol Metab.

2.3% 24 252 284 240 1025 1975;41:27-40.

10 21 19 1o 200 588 14. Opp&ei?ﬂe‘rm. Thyroid function tests in nonthyroidal

16 175 16 173 170 100.5

disease, ) Chronic Dis. 1982;35:697-701
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P

16, felig 7, Feoheran LA, ods. Endocrinoiogy & Metabolnm, 4th
©d. New York: McGrawe MIL, Iac, 2001:270- 511

17, Botes WM. Ol Lab Poad SO0 0LS.

18 Usiger AL Serum triodothysoning i rin. Avaw Fev Med
1924200530,
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M0 N.

0. Oppentwimer S Rolo of plauma peatelds i the bindeg,
SntrEation 30d metatoliom of the thyrod hormanes. N Engl
1 Wed 1968.278:115340.

I Vo Segroic medicd devicn

Temsatinse lma

Nnw

O not sere

Thes e s tha 1eaubamants of the Directve SUTHIC
©m o vhey Bagremid welasl davhies

%
&
A
e
T3 | mspocces st ot ot Commaoy
A
®
CE

Yeb: #{32) 27325554
Fax {32 27200

| HNGE21S (Rev 03)
! v?ic.-."{ a1

’ ',_’/‘
[\2% ‘ A TSRS B b ey :
oSl T T — T Y y————

63

Y



Appendix 5: ichoma T4 protocol

Dooturrent No. 2 INS.TEEN (Ravld)
Revition date : Suly 20 2016

oy

e @ UIEENE

AR, (NOPRECAUTIONS I
Fov i witro Sagrontic uie aaly,

-
o Carelully bolow the imitructions and peocedures Gasoried in tNs
Tnatruction for e

*  Use oddy fresk samples and svaud deoct sunight.

* 107 members of 8 the test cemponents (Kartridge, 1D chip 884

whation A & B) mest masch each other,

* 00 net interchange the Lest come -~ EMerent W
et o Uhe The test G Mer the mma
RIS which mighe yield sualicaciog of St seuutix)

* Do not reuse. A sohtion A tube should be uied for proceising

o 13emple ondy, 50 shaudd 3 Crvridge.

* The canddge hould remain sealed in its origheal pouth Sefore
wie. 00 not wie the canridge, # is damaged o dready opened.
*  Froven sienple shindd be thawed oely ooce. for shipping.
sawpios ment be packed in acondence with e regulations.

Sample wih seveve hemolytic sed hyperiip Be
wied and whocld be recolested.

® At befare wse, slow The cariridge, wohusion A, sobation B end
Samnple to Be 3t room o 2p0 ey 50

* Ichroma™ T4 a6 wel s the Watrument for khooma™ sests showld
e wsed oty hrom viDation e agnene ficld. During
Scermal Uiage, 10 be Adted Tat imtrument for KAOMa ™ vesls
Iy SAMIVE minee videation,

ol T 4, v g the
mumauuuo«axdu;m
Bownd 1o theee pliams s I blood: Enyroudne Meding gicts

(RG] binds clone 3o 20K, Dwyrowke bincing pre-aiumis (TRA] bings

Used sohation A, B, pigetne 1 and cortridpet should be Mandied
Camoly and Gscanded by an 2pproprate method in sccordance
it rebewint local ragalations,

A% SpOMID 10 Lnger Guantes of sodm atide Ty tause
cortaly hwalth laves Sae comveluions, \ow Seed peeswre and

mmm“mmmsuuuumm

Beart e, boas of (osstimanens, lung Wity 3nd tespenoey
Wnbound 12300 @ OO 4 24y o0 Tme. fubure.

T4 i 3 bl marker for the Gapsces of hypotaokiom and M~ o e oo ok
Pyperinroidan. The lewit of T4 Secheases B hysclwrokbm, the following condions.

orywedera and COMC tyroldrs (r b Sneane). In d = Use kdwoma™ T4 shonid be wied saly in conjunition with
hevels of T4 Mave Deen found in byperthy1oidion due 1o Srave's Groane ptrument for ikheorma™ tests.

804 Murteres dnaang,

T 0S40 AN S TR Ly s S ]
0 this mathod, the 1aget material In De samgle binds to the ®  Thacartdge & stable foe 20 months (whiie sealed in an aluminss

Bocrmcesce (FL-abeled Setecion astdody in detection betler, 1o

ol poech) ¥ stored at 4.30°C.
foam the Comples s sampie mixture. This complies i baded to migesse . MMAmmamummn-wnl
00to the nitroceluione matrl, where U coualent cougle of Té and wed 0t 24 °C,
Bovine serwm dbumin (BSA) s imecbBoed 00 3 1642 e, snd * The sobtion 8 depenced in & vis! is prabe for months ¢ sloved
Intarterat with the bindiag of tapet reaterisl snd FLlabated antbody. nis'c 20

I the more Laspel material exiits in Blood, The less denedtion setibody .
s accumalated, satuiting in The lets Sucvescence pgnald.

MM!umhumuN%lmhm
Wmmwlm(mm

Alter the corteidge pouth 0 opened, the tot ehanuld be peviormed
rmesaedy

ioma™ T4 comshils of ‘cartridget’, “Sobuion A Tuber!, "Solution B
Wil and 80 10 NG
o The carridgs conlbie & test g, The memboane which hat
bowing seruen alumin (BSA) Conpagated T4 ot The tent Yoo, white
stroptividin at The conescl ine.

o fach carridge b individually seed I 30 slurminum 108 pouth ® Theiest may Yl fatie negative sesst. The nosfrexperivaness
Contaning & OECCANL 25 sealed Canridges are pacied A 2 box of the sctigen to D Intdediat ik most where the
which a0 containg 31 10 Shp. 10540 s Mirhed by sore L PONENLS, 1O 35 10K 30 be

o The soition A pradiperded I & Dabe contalng ANS and sodiun mamwhmmmu
20i8e, NaOm in photphane buflered saine

*  The wehstion B ik dapeied @ 3 viol CONtaNG seel b T4
fusrescence  conhagate,  Bs comagate,

bty SSA Sworescence
Dovine secun albwanvin (ESA) 31 3 12abilaer asd sccihum aside a2 *  Othar fictons may interfere with the Jest 36d caune oo

o phonphate bulfered salne. ressa, such 33 Lechnical) | ermoes, degrad of the
o The solution A, B e packaged Sopether it b singie bow, The box a5t componantifresgants of preseace of interiering ssbatances
wil be placed I 8 S5yrofoam box with e pack for shigping. nthe test samoles,
. mmmw«:-wnmamuw
B & compreh 1% of the d oyl
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010 @ TEEMNOLDGY

Including chinical symp and other rel test results. m 5
tE
BMATER(ACS SUPPLiEC SRR T Tremsier 72 i of senple (oman serur/olS 2/ cOnLY M";‘hg
pERCrOC25 2 tronsfer pioeite 1o @ tube contaiaing the
tube).
Components of khroma™ T4 2) Mix well by pipetting 10 times, ¢ 3 pto
m - Corbiden Bam 3) Add 75 pL of solutlen @ using a transfar pipette with new tip
AR S 2 vion A and sample mixtuse.

Cartri 25 the tube cortaining the solution Aa o vamie
- 4) Close the lid of the soluticn A tubo and mix 1EC P
e 1 s ; 10 times.

shoroughly by shaking it about
= hstewction for Use 1 5} kncubate the soltion A e Solution B 4 sample mixture at reom
* Bk comaining SolutionA, 8 Lemperature for B minutes, -
- Solution A tubes o 6) Pipctie cut 75 pt of @ &f:ple mixture and load it into ¢
' well on the cartridge.
- Solution 8 Vial (2.5 mL) 1 = :mm somple foaded test cantridge inta the slot of the -
adi DI Chamber or an Incubator (25 °C).

Follorwing lteens can be purichased soparataly from -."_ §) Leave (ha sample-{oaded test cantrice in the LChamber o a1

i B mi 5.
Please contact our sales division for more information. -n‘chub;:wm lom!f iﬂmmﬂf&m cartridge immediotely when, the
= Iastrument foe ichroma™ tests ittt i over, If not_i2 il p 163t 1Syt
- Khroma™ Reader REF] 203 9] Toscan the sample-loaded cartridge, insert it into the cortridge
- ichroma"™ n [ reAR02: holer of the instrument for ichroma™ tests. Ensure proper

orentation of the cantridge before pushing it ol the way inside
the aridge holder. An arow has been marked on the
cantnidge esuecially for this purpose.

10)Press “Select’ button on the Instrument for ichroma™ tests to
$tart the SCaNning process.

11)Insteument for ichroma™ tests will start scanning the sample-

= ichroma™D 13303
- ichroma™ Printer FPRROO7
=  goditech Hormone Control REF] CFPO-95

& SAMBLECOLUECTION AND PROCESSING PR

1 o | ‘md“. i oG l'
The sampic type for ichrama™ T4 i eman serum/plasma, x : =
2 W e endod 1o 1t the te within 24 hours after 12).ncad.h(;tennwlwtheénﬂwxmoﬂhamtmmth
collaction. KhromoT tests,
=  The serum or pl should be sop ¢ from the dot by — o

cantrifugation within 3 hours after the cailection of whole bload. DR TERPRETATION ORTESTRESOL R |
flonger storage Is required, e g. if the test could not be peeformed s Instrument for ichroma™ tests calculates the test result
within 24 hours, serum or plasma should be immediataly frozen ically and displays T4 ion of the test sample In
be'ow -20 °C, The froozing storage of sample up 16 3 moaths does terms of nmol/L and pg/dL.
not affect the guality of results. = T4 Conversion factor is 12.87 (nmol/L = 12.87 X pp/dL)

»  Once the sampla was frozen, it should be used one time anly for * _ The cutoff reference ange)
a9, b oeated freczing and thawing can result in the = S [
change of test values. Karmal vabos 57.91%0.C nmoyL

s vroay I

»  Check the contents of ichroma™ T4; Scaled Cartridge, Sclution A O ALY CO N R O L R
1webe, Sclution B Vial and 1D Chip, ' e ———

o Ensurc that the lot number of the cartridge matches that of the 1D S m‘:m i falﬁ.iy‘if"? \sulag petcsion
chip as well 35 the solution A & 8, assay and should

b2

s Xoop the scaled caetridge (o s'.otc’d = n:rigetator). soluticn A and m’:;‘:m::‘:w' d ::;'":,:md SR
so'ution B at room temperature for at loast 30 minutes just prior 2 e Immediately after opening
10 the test. Plxce the cartidge on 3 cloan, dust free and flaz ::"'"r mﬂ:‘::";“;’" M": :’;:i;-'f«;:nce is not altered.
surface. A performed whenaver thero is

= Turnonthe instrument forichroma™ tests. :;“:“""‘_‘m"“"ﬂ the vakidity of the test resuits,

= Insert the 1D Chip into the 1D chip port of the Instrument for trol materials are not provided with ichroma™ T4, For more

*  Working range : 10.23-300.0 rmol/L

ichroma'™ tests. Aialoh regarding obtdining the contrel materials, contat
®  Press the ‘Select’ Boditech Med lng iy r
4* button on the Inszrupem for ikheoma™ um: (Pleasa refer ta the instruction for o )
{Please refer to the Tastrument for ichroma™ tests Operation 1 for use of control material.)

Manual' for compléte information and operating instruttions.§

B PR ORMAN CE CHARAGTERISYic S\

o AN O N : LT s
BCAUTION e ST *  Analytkal sensitivity
* Yo minimize erroncous tes: resuls, we suggest that the ambient &z o: Blank (LoB) 6.87 amoliL
temperature of the cartridge should be 25 °C Curing the reaction of Detection (LoD) 9,39 nmolL
|mvr_wbmsam mixture to the cartridge. Limit of Quantification (LoQ) 10.23 nmal/L
* o maintaia the ambient temperatue 10 25 *C, you can use *  Analytical specificity
various devices such as an i-Chamiber er an Incubator and 30 on. - Crass-reactivity

There was no significant cross
-reactivity from :
with the ikhromo™ T4 test measyce o these matesials
Cavgound ments.

TWicas w‘;'““"m v (xmm;:;’uiu(’.)
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Modst ayiecne X
—— . SV 004 )
*ND: Not detected
; There
Was 0 sigrificans interference materiah
mmm*umumw::n Y
—%&Ew; 37 -
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B o ity i
e OO [ gAY -
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1 [i0) )
*  Predigion
« Itrs asaay

The mm‘mme*
mdﬂummnﬁmdwmdmadunun«m

LY Rt

REFERENCES R RN :

1 Thaker €, Salda T.C, Yadlaow N, Tot! sevam levels of
triiodotyrenin{T )| thyroune({Te) and thysotropine(TSH] b
wmmamm:mmm
segion of Astam. dncion ) Physid Phevmocal, 1997, a142): 167
m

2 «Larsen PR, Deckalova ), Sipuls O, Wu 1, M. immenounsey of

Thyrouies in unextracted Homan Sercen, L Clin. Fagiogsinal,

Metobl, 1973, 3SN2)1773182

Wagner NS, Wajser S, M, Mala A. L The Kot of Thyrois

Moemone in testicalis Development and function. L Leclacringd,

2008, 19%7) : 351:365

4 Wabdes A, Wahln T B, Ssad 8. 1, Sactman L. Inflvences of
mmmmmmh wery

o age. L Geraestd & PrychoV Sl Soc. Sel, 3998, 51234239

-

with theee Gifferent lots of kKhwoma'™ 14, mmmnmu&w{»mmm
e el M2 el a6 B v 7 ot e
) 6 OX 000 e a5 et e - -
— O N WM 3w E
e MA) 0ol 3N AT 46 44 CIT) [ ment o e e
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Appendix 6: Ethical Approval

Tol. +2564 (67 364 (22 £ 3050
Fac 4254 087 351 221

FROM: Secretary - MUERC DATE 18" Jdy, 2018

YO: Juma Cmondi Afred REF: MSUDRPIMUERCO07 1818
PGME/SM00011/2018
Department of Medcad Prysiology
School of Medcing

Maseno University
P. O. Bax, Privale Bag, Maseno, Kemys

RE: Eva'u% of Lipid Pﬁo a= m Hormones m.l': i the Serum : HN.
Patients on Highty Active Antiretroviral Therapy at Jaramogl Ogings Odinga Teachieg and
Referrsl Hospital In  Kisumu County, Kenya Proposal Reference Nurmber
MSUDRPIMUERCNOTIBN®

f
Tmuwlmmmummwsmm-mmmmw
oot the athics Bsues were adequely addressed In the inilial proposal. Consaquently, e study
= gramied spproal for implemantation effectve this 15% day of July, 2018 for a period of e (1)
year. This i subject 10 gatting approvais from NACOSTI and cthar relevant suthonties.

Pease note $ot authorization to conduct this study wil auomatically expice an 187 July, 2020, I
you plan to continue with Pw study beyond this dale, please submit an appicason for comruation
spproval 10 the MUERC Secretanat try 15° Juns, 2020,

ﬁppnmlmrmnmmmm-cm:wihowbhcibwmluwbmbﬂondmmol
progresas report that is 1o resch the MUERC Secretaria by 15* June, 2020

m-mmuanymmumdmmmmnmmmwamummm
reparted o MUERC You are required 1o submit sny proposed changes 10 this study to NUERC
for review and approval price 1o initiation. Plasss advice MUERC when #w sludy Is compieted o
dincontioued.

Thank you.

Dr. Berrard h
Secratary, '
Mssano Univershy Ethics Review Commiftee.

Ce. Chakman,
Massno Efrica Raview Commitios.

MA UNIVERSITY IS $001:2008 CER e
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