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The purpose of this study was to investigate the effects of zinc supplementation
on the levels of plasma zinc, plasma TNF-a, transmembrane TNF-o (tmTNF-a) in
peripheral blood mononuclear cells (PBMC), fasting blood sugar (FBS), hemoglobin Alc
(HbA1c), triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), and low-density lipoprotein cholesterol (LDL-C) in type 2 diabetic patients
with metabolic syndrome (MS). Twenty-three type 2 diabetic patients who had MS
diagnosed by the International Diabetes Federation criteria were included in the study.
They were divided into 2 groups, the zinc group (supplemented with zinc sulfate
equivalent to elemental zinc 30 mg/d, n = 10) and the control group (supplemented with
placebo equivalent to corn starch 132 mg/d, n = 11) for 8 weeks. At baseline and at week
8, fasting blood samples were collected to determine biochemical parameters. PBMC
were isolated for tmTNF-a analysis. Anthropometric parameters and blood pressure were
also measured. Furthermore, the patients completed questionnaires about the dietary
pattern intake in the past 1 month and 24-hour dietary recall.

The results of the study showed that after zinc supplementation for 8 weeks, the
plasma zinc levels were significantly increased from the baseline (p < 0.001) and were
significantly higher than those in the placebo group (p = 0.001). The FBS levels were
significantly reduced from the baseline (p = 0.007) after zinc supplementation; however,
there was no significant difference from those in the placebo group. At week 8, the levels
of plasma TNF-a, tmTNF-o in PBMC, HbAlc, TG, TC, HDL-C, LDL-C, waist
circumference, weight, BMI, and blood pressure in both groups were not significantly
changed from baseline. The levels of these parameters were not significantly differences
between groups at baseline and week 8. No severe adverse effect of zinc supplementation
was found. This study showed that zinc supplementation at the dose of 30 mg/day for 8
weeks offered a therapeutic approach in maintaining plasma zinc and controlling blood
sugar levels in type 2 diabetic patients with MS.
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CHAPTER |

INTRODUCTION

1.1 Background and Rationale

Type 2 diabetes mellitus (DM) is a chronic disease. It is triggered by
insulin resistance and relative insulin deficiency which is associated with failure of
beta (B)-cell function. According to the Ministry of Public Health, over 8 million Thai
people will be diagnosed with diabetes in 2020. This number is expected to be
doubled by 2026. Moreover, the incidence of type 2 DM is increased in metabolic
syndrome (MS) patients (Laaksonen et al., 2002; Haffner, 2006). MS is a cluster of
abnormalities including abdominal obesity, high blood glucose, dyslipidemia, and
high blood pressure (Haffner et al., 2006). Normally, patients are diagnosed with MS
according to International Diabetes Federation (IDF) criteria or National Cholesterol
Education Program’'s Adult Treatment Panel (NCEP ATP) IlI criteria. Nowadays, the
risks of cardiovascular atherosclerotic diseases are increased in MS patients especially
in type 2 diabetic patients with MS (Grundy, 2005; Haffner et al., 2006). The
prevalence of coronary heart disease (CHD) has been highest in type 2 diabetic
patients with MS when compared to diabetic patients, MS patients, and healthy
volunteers (Alexander et al., 2003). Hence, type 2 DM accompanied with MS is a
global public health that requires therapeutic strategies in order to treat the disease
and prevent possible complications.

The pathogenesis of type 2 DM, MS and CHD complication are related
with tumor necrosis factor alpha (TNF-a), which acts as a pro-inflammatory cytokine

and an immune regulator (Sigal and Ron, 1993). It is mainly produced by the



monocytes/macrophages. Other cells are also produced TNF-a, such as adipocytes,
fibroblasts and smooth muscle cells (Sigal et al, 1994; Zhang and Tracy, 1998). There
are two forms of TNF-a, namely soluble TNF-o (sTNF-a)) and transmembrane TNF-a
(tmTNF-a) (Kriegler et al., 1988). sTNF-a is cleaved from tmTNF-a by
metalloprotease TNF-a converting enzyme (Black et al., 1997).

It was found that STNF-a secreted from the adipose tissue is associated
with insulin resistance (IR), dyslipidemia, and abdominal obesity in type 2 diabetic
patients with MS (Hotamisgil et al., 1993; Katsuki et al., 1998; Winkler et al., 1998;
Tsigos et al., 1999). The influence of STNF-a on pancreatic 3 cell function can lead to
IR by impairing insulin secretion. STNF-a acts on the liver to stimulate the production
of cholesterols, triglycerides (TG), and very low-density lipoprotein (VLDL) which is
changed in the bloodstream to low-density lipoprotein cholesterol (LDL-C) resulting
in high blood LDL-C levels. sSTNF-a also inhibits the biosynthesis of high-density
lipoprotein cholesterol (HDL-C) in the liver. These are common features of
dyslipidemia found in type 2 diabetic patients with MS (IDF, 2005). Moreover, STNF-
a stimulates release of cortisol hormone from the brain, and this hormone is related
with abdominal obesity. STNF-a also stimulates the production of the C-reactive
protein (CRP) and the plasminogen in the liver. These proteins are considered as
strong risk factors for CHD (Pickup and Crook, 1994; Pickup, Dphil and Frcpath,
2004).

tmTNF—a, which is produced by macrophages/monocytes, plays a role in
potent antibacterial and antitumor activities (Sigal and Ron, 1993). Other biological
activities of the tmTNF-a include cytotoxic activity, host defense against intracellular

pathogens, T cell activation, and immunoglobulin production (Horiuchi et al., 2010).


http://en.wikipedia.org/wiki/Low-density_lipoprotein

Impaired immune function has been observed in peripheral blood mononuclear cells
(PBMC) of diabetic patients. It was found that tmTNF-a production from PBMC in
response to phorbol-myristate acetate in type 1 and type 2 diabetic patients were
lower than that in healthy control (Alexandraki et al., 2007). Secretion of tmTNF-a
from monocytes/macrophages in response to lipopolysaccharides (LPS) has been also
decreased in both diabetic mice and in diabetic human (Lapchak et al., 1992; Ptak et
al., 1998; Zykova et al., 2000; Komura et al., 2010). Thus, immune dysfunction is
important problem in diabetic patients as well.

Zinc deficiency is one of the factors contributing to immune dysfunction in
human (lbs and Rink, 2003). Zinc deficiency and high urinary zinc excretion in
diabetic patients have been observed (Al-Timimi and Mahmoud, 2001). Poor zinc
status could lead to increased oxidative stress and inflammation (Prasad et al., 2004;
Bao et al., 2010), which are associated with the development and progression of
atherosclerosis in diabetic and MS patients (Hansson, 2005). Zinc is an essential
micronutrient that plays a role in numerous aspects of body function. Zinc
supplementation may help maintain the plasma zinc within the optimal level, and thus
preserve optimal zinc functions in human (Ibs and Rink, 2003). It was found that zinc
supplementation could reduce the levels of fasting blood sugar (FBS), hemoglobin
A1C (HbAlc), homeostasis assessment model of insulin resistance (HOMA-IR), total
cholesterol (TC), LDL-C and TG in type 2 diabetic and MS patients (Oh and Yoon,
2008; Kelishadi et al., 2010). It also reduced inflammation markers such as CRP and
TNF-a in healthy subjects (Bao et al., 2010; Kelishadi et al., 2010).

Studies have shown several beneficial effects of zinc supplementation in

patients with DM and MS (Niewoehner et al., 1996; Al-Maroof and Al-Shabatti,



2006; Oh and Yoon, 2008; Kelishadi et al., 2010). Nevertheless, there are still limited
informations on effects of zinc sulfate supplementation on plasma zinc, TNF-a, FBS
and serum lipid profiles in type 2 diabetic patients with MS. Hence, the present study
was conducted to investigate the effects of zinc sulfate supplementation on the levels
of plasma zinc, TNF-a in plasma and PBMC, FBS, HbAlc, serum lipid profiles in
type 2 diabetic patients with MS.

1.2 Objectives of the Study

To study the effects of zinc supplementation on the levels of plasma zinc,
plasma TNF-o, tmTNF-a in PBMC, FBS, HbAlc, and serum lipid profiles (TG, TC,

HDL-C and LDL-C) in type 2 diabetic patients with MS.

1.3 Benefits of the Study

This study provides information on the roles of zinc sulfate
supplementation in type 2 diabetic patients with MS. Results of the study could offer
a therapeutic approach in controlling blood sugar and serum lipid levels, and thus

preventing the risk of CHD complication.

1.4 Scope of the Study

The study was conducted in type 2 diabetic patients with MS at the Public

Health Center 66, Health Department, Bangkok Metropolitan Administration.



CHAPTER Il

LITERATURE REVIEW

2.1 Type 2 diabetes mellitus

Diabetes mellitus (DM) is s a chronic hyperglycemia condition. There are
2 types of DM including type 1 DM and type 2 DM. The prevalence of type 2 DM
(about 80 % of the cases of DM) is higher than type 1 DM (about 5-10 % of the cases
of DM) (Quarishi et al., 2005). According to the Ministry of Public Health, over 8
million Thai people will be diagnosed with diabetes in 2020. This number is expected
to be doubled by 2026. In addition, according to the World Health Organization, over
180 billion people now have diabetes worldwide, and this number is expected to
doubled by the year 2030 (Pradhan, 2007). This epidemiologic data suggest that type

2 DM is one of global public health problem.

Type 2 DM is a chronic hyperglycemic condition that is the consequence
of impaired insulin secretion and increased insulin resistance (IR). Insulin is a
hormone that stimulates the uptake of glucose into skeletal muscle cells and
adipocytes. In addition, insulin inhibits gluconeogenesis but stimulates glycogenesis,
lipogenesis and protein synthesis in the liver (Wassink, Olijhoek and Visseren, 2007).
Insulin binds to insulin receptor and activates signaling transduction pathway
resulting in phosphorylation of insulin receptor substrate (IRS) protein in controlling
the balance of plasma glucose in body (Wassink et al., 2007). The development of the
deterioration of pancreatic beta (B) cell function leads to chronic elevation of blood

glucose. Insulin resistance can be identified as an inadequate response of target



organs, such as liver and peripheral tissues (skeletal muscle and adipose tissue), to
physiological plasma insulin levels. In an IR state, glucose uptake in adipocytes and
skeletal muscle cells is reduced while hepatic glucose production is elevated. A
compensatory in the pancreatic  cell is subsequently elevated production of insulin in
order to maintain normal plasma glucose. Hyperinsulinemia is the consequent in IR
state (Wassink et al., 2007). Clinical tests to assess the extent of insulin resistance
include homeostasis model assessment for insulin resistance (HOMA-IR), insulin

sensitivity test (loading test), and steady-state plasma glucose (Kaku, 2010).

The molecular mechanism of IR is related to genetic factors including
insulin receptor and IRS-1 gene polymorphisms that directly affect insulin signals. In
addition, environmental factors such as hyperglycemia, free fatty acids and
inflammatory cytokines are also related with IR. In particular, tumor necrosis factor
(TNF)-a is one of the important factors that causes impaired insulin secretion and
impaired insulin signaling. There are various diabetic complications including
diabetic neuropathy, diabetic nephropathy, diabetic retinopathy and coronary artery
disease (CAD) (Jansen, Karges and Rink, 2009). It was reported that CAD
complication is a major cause of hospitalization in diabetic patients, and more than 75
% of all hospitalization for diabetic complications are related to CAD (Aronson and
Rayfield, 2002). Hyperglycemia could promote atherosclerosis by several molecular
mechanisms such as nonenzymatic glycosylation of lipids and proteins, protein kinase
C activation, and oxidative stress (Aronson and Rayfield, 2002). Currently, the
incidence of type 2 DM and CAD complication are increased in metabolic syndrome

(MS) patients (Haffner, 2006).



Table 1 The metabolic syndrome diagnosed by the IDF and NCEP ATP Il criteria.

Parameters IDF NCEP-ATP 111
Abdominal obesity and two Three or more of the
of the following four factors following criteria
are diagnosed as MS. are diagnosed as MS.

WC (cm)

Male >90 cm > 90 cm
Female >80 cm > 80 cm
FBS (mg/dL) > 100 mg/dL > 100 mg/dL
previously-diagnosed type 11 DM
TG (mg/dL) > 150 mg/dL > 150 mg/dL
specific treatment for this lipid
abnormality

HDL-C (mg/dL)
Male < 40 mg/dL <40 mg/dL
Female < 50 mg/dL <50 mg/dL
specific treatment for this lipid
abnormality
SBP/DBP (mmHg) > 130/85 >130/85

treatment of previously-diagnosed
hypertension

WC = waist circumference; FBS = fasting blood sugar; TG = triglycerides; HDL-C = high-density
lipoprotein cholesterol

2.2 Metabolic syndrome

MS is a cluster of abnormalities including abdominal obesity, high blood
glucose, dyslipidemia, and high blood pressure. It can be diagnosed by either
International Diabetes Federation (IDF) and National Cholesterol Education
Program's Adult Treatment Panel criteria (NCEP ATP) Il criteria (Table 1). MS is
related with increased risks of diabetes and CAD complications (Koehler et al., 2007,
Won et al.,, 2013). About 65-85% of the cases of diabetes are found with MS

(Koehler et al., 2007). In addition, the prevalence of coronary heart disease (CHD) is



increased according to the increasing number of risk factors, such as DM and MS
(Prahan et al., 2007). The incidences of CAD complications have been found to be
increased in type 2 diabetic and MS patients (Pradhan et al., 2003; Hense et al., 2011).
According to the American Heart Association (2007), the cause of death in 65 % of
diabetic patients was CAD. This problem should be concerned especially in type 2
diabetic patients with MS. The percentage of CHD prevalence was found to be
highest in diabetic patients with MS when compared to those in healthy volunteers,

MS patients, and diabetic patients without MS (Alexander et al., 2003).

Abdominal obesity in MS patients is closely related with IR in diabetic
patients. In addition, it is involved in independent risk factors for cardiovascular
disease. Accumulation of visceral fat results in elevation of free fatty acid (FFA) in
adipocytes and skeletal muscle cells that is an important factor in the development of
abdominal obesity, dyslipidemia and IR (Wassink et al., 2007). The elevation of FFA
in skeletal muscle cells and adipocytes lead to IR by stimulating tyrosine
phosphorylation of IRS-1 and inhibiting serine phosphorylation of IRS-1 (Wassink et
al., 2007). These effects result in inhibition phosphorylation of phosphatidyl inositol
(PD-3 and subsequently reduce translocation of insulin sensitive glucose transporter
(GLUT-4) to the plasma membrane, and then glucose uptake is decreased (Wassink et
al., 2007). Increased of FFA in adipocytes is closely associated with TNF-a which

play a key role in the pathogenesis of type 2 DM and MS (William et al., 2007).



2.3 Tumor necrosis factor-alpha

TNF-a is a primary mediator of immune regulation and inflammatory
responses. There are two forms of TNF-a, namely soluble TNF-a (sTNF-a) and
transmembrane tumor necrosis factor-a (tmTNF-a). For STNF-a, the important
function involves chronic wasting. It can induce the catabolic state by suppressing
activity of key lipogenic enzymes, including lipoprotein lipase, acetyl-CoA,
carboxylase, and fatty acid synthetase (Signal, Ron and Hill, 1993). sTNF-a also
causes marked stimulation of glycogenolysis which can later cause depletion in
glycogen storage and increase in lactate production (Signal et al., 1993). STNF-a can
precipitate fibroblast proliferation and release of lymphokines which lead to a fever
and other systemic symptoms. Additionally, it also induces osteoclast-mediated bone
resorption (Signal et al., 1993). As it plays a major role in localization of leukocytes
to inflammatory sites, it can cause increased release of neutrophils. STNF-a directly
affects endothelial cells, increasing production of vasodilating prostaglandins (PGl,
and PGE;) and chemotactic factors for inflammatory cells. It also increases the
pro-coagulant activity on the endothelial cell surface. TNF-a is associated with
pathogenesis of many diseases such as septic shock, infectious disease, and
autoimmune disease (Zhang and Tracy, 1998). Moreover, TNF-a is found to involve
in metabolic abnormalities in type 2 diabetic and MS patients as well (Hotamisgil et

al., 1993; Winkler et al., 1998; Katsuki et al., 1998; Tsigos et al., 1999).

tmMTNF-a is produced as a type Il transmembrane protein. It consists of
233 amino acid residues, which are arranged in stable homotrimers on activated

macrophages, lymphocytes, and other cells (Kriegler et al., 1988; Tang, Hung and
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Klostergard, 1996; Horiuchi et al., 2010). Soluble TNF-a consists of 157 amino acid
residues (Horiuchi et al., 2010). It is cleaved from tmTNF-a by the function of
metalloprotease TNF-a converting enzyme (TACE) (Black et al., 1997). TNF-a is
mainly produced by the monocytes/macrophages. It was also found to be produced by
other cells including adipose tissue, smooth muscle cells, astrocytes, endothelial cells,
fibroblasts, and osteoblasts (Zhang and Tracy, 1998). TNF-a interacts with two types
of receptors, TNF-a receptor type I (TNF-RI; p55) and TNF-a receptor type II (TNF-
R 1I; p75), which are found in all cell types except erythrocytes (Hohmann et al.,
1989). TNF-RI is the major receptor which is related to inhibition of insulin action
(Peraldi et al., 1996), while TNF-RII is responsible for biological activities of tmTNF-
a. tmTNF-a acts as both ligand and receptor. By acting as a ligand, tmTNF-a
performs several activities such as cytotoxic activity, host defense against intracellular
pathogens, T cell activation, and immunoglobulin production. When it acts as a
receptor, it can increase cytotoxic activity by up-regulating the function of perforin

and granzyme B in NK-cells (Horiuchi et al., 2010).

2.3.1 Role of TNF-a in diabetes mellitus and metabolic syndrome

The pathogenesis of type 2 DM, MS are related with secreted STNF-a
from the adipose tissue. STNF-a is associated with abdominal obesity, insulin
resistance (IR) and dyslipidemia in type 2 diabetic patients with MS (Hotamisgil et
al., 1993; Winkler et al., 1998; Katsuki et al., 1998; Tsigos et al., 1999). Moreover,
STNF-a is related with CAD complication in patients with DM and MS (Guha et al.,

2000).
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2.3.1.1 Abdominal obesity

Studies have indicated that TNF-a is related to abdominal obesity in type 2
diabetic and MS patients (Katsuki et al., 1998; Winkler et al., 1998; Tsigos et al.,
1999). Tsigos et al. (1999) conducted a study in obese women with body mass
indexes (BMI) of more than 30 kg/m? compared with age-matched non-obese controls
with BMI of less than 26 kg/m?. The waist to hip ratio (WHR) was employed in the
classification of former patterns of fat distribution. The participants with the WHR
over 0.9 were considered to have abdominal fat distribution, while those with the
WHR below 0.9 were considered to have peripheral fat distribution. The researchers
found that the plasma TNF-a levels were increased significantly, compared to those
with peripheral obesity. In addition, they found a significant positive relationship
between plasma TNF-a levels and WHR, while no significant association was found
between plasma TNF-a levels and BMI. They also discovered significant positive
relationships between plasma TNF-a levels and FBS levels, and between plasma
TNF-a levels and insulin levels. The investigators thus concluded that TNF-a was
associated with important components causing MS, including abdominal obesity and

insulin resistance (; Katsuki et al., 1997; Winkler et al.,1998; Nilsson et al.,1998).

Winkler et al. (1998) conducted research in type 2 diabetic patients with
abdominal obesity (BMI > 30 kg/m?, WHR > 0.9) compared with healthy lean
controls. The plasma TNF-a levels in type 2 diabetic patients with android type
obesity were significantly higher than those of controls. In addition, Katsuki et al.
(1997) studied in type 2 diabetic patients with obesity (BMI > 26 kg/m?) compared

with type 2 diabetic patients without obesity and normal healthy controls. They found
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that serum TNF-a levels in type 2 diabetic with obese patients were significantly
higher than those of type 2 diabetic patients without obesity and those of normal
healthy controls (p < 0.01). Another study by Nilsson et al. (1998) in elderly men with
type 2 DM demonstrated a significant positive correlation between plasma TNF-a
levels and BMI. Based on these previous studies, it can be concluded that TNF-a is
closely related with abdominal obesity in type 2 diabetic patients and MS patients.
Moreover, TNF-a is also associated with insulin resistance in both type 2 diabetic and

MS patients (Hotamisgil et al., 1993; Winkler et al., 1998; Tsigos et al., 1999).

2.3.1.2 Insulin resistance

According to the IDF, 246 million people worldwide experience type 2
DM which accounting for 90 % to 95 % of all diagnosed cases associated with obesity
(American Diabetes Association, 2006). Insulin resistance is commonly found in type
2 diabetic and MS patients. Several studies have indicated that TNF-a is associated
with insulin resistance (Hotamisgil et al., 1993; Tsigos et al., 1999; Winkler et al.,
1998; Katsuki et al., 1998). Hivert et al. (2008) studied in volunteers with MS
according to the NCEP ATP Il criteria in 2005. The HOMA-IR was used to quantify
insulin resistance and (-cell function. They found that the levels of TNF-o and
HOMA-IR were significantly higher in the MS group than in the healthy control
group. Various studies have also indicated that high TNF-a is associated with high
blood sugar levels in type 2 diabetic and MS patients (Hotamisgil et al., 1995; Nilsson
et al., 1998; Saiem Al-Dahr and Essam, 2010). Saiem Al-Dahr and Essam (2010)
studied in type 2 diabetic patients with obesity compared with type 2 diabetic patients

without obesity.
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The researchers also demonstrated that plasma TNF-a levels were
increased in patients with MS, obesity and diabetes (Hotamisgil et al., 1995; Nilsson
et al.,, 1998; Al-Dahr and Essam, 2010). Nilsson et al. (1998) found that TNF-a
concentrations were significantly correlated with FBS concentrations in elderly men
with type 2 DM. Hotamisgil et al. (1995) revealed that body weight reduction in obese
participants resulted in improve insulin sensitivity, and there was also a significant
decrease in TNF-o messenger ribonucleic acid (TNF-a mRNA) expression in adipose
tissues. The evidence, therefore, has indicated that TNF-a is associated with
abdominal obesity and insulin resistance in type 2 diabetic patients and MS patients.
TNF-a can induce insulin resistance and consequently leads to hyperglycemia via
several molecular mechanisms. The influence of TNF-a on pancreatic 3 cell function

can lead to IR by impairing insulin secretion and impaired insulin signaling.

Generally, insulin signaling is initiated when insulin binds with insulin
receptor. Activated signaling transduction pathway results in phosphorylation of
insulin receptor as shown in Figure 1 (Borst, 2004). TNF-o. diminishs insulin
signaling by several molecular mechanisms. TNF-a can diminish insulin signaling by
inhibiting insulin receptor autophosphorylation (Kroder et al., 1996). Furthermore,
TNF-a can bind to TNF-RI and subsequently contribute to serine or threonine
phosphorylation of IRS-1. These actions result in IRS-1 resistance to tyrosyl
phosphorylation which is stimulated by insulin (Feinstein et al., 1993; Hotamisgil et

al., 1996; Draznin, 2006).



Insulin

Insulin receptor

Circulation fm

Figure 1 The role of TNF-a in insulin signaling (Moller, 2000; Borst, 2004)
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The other mechanism proposed is that TNF-a can induce down regulation of GLUT 4
synthesis and down regulation of insulin receptor and IRS-1 synthesis (Hotamisgil et

al., 1994; Szalkowski et al., 1995; Stephen et al., 1999; Uysal et al., 1997).

2.3.1.3 Lipid abnormality

Several studies have indicated that TNF-o is associated with lipid
abnormality in patients with type 2 DM and/or MS (Nilsson et al., 1998; Saiem Al-
Dahr and Essam, 2010). Saiem Al-Dahr and Essam (2010) found that plasma TNF-a,
TC, LDL-C levels were significantly higher in type 2 diabetic patients with obesity
than those in type 2 diabetic patients without obesity. Nilsson et al. (1998) found that
TNF-a showed a significant positive correlation with serum TG levels and TNF-o had
a significant negative correlation with HDL-C levels. TNF-a is considered to be
associated with lipid abnormality in type 2 diabetic patient and/or MS patients
(Pickup et al.,1994; Tsigos et al., 1999). For the role of STNF-a in lipid abnormalities,
STNF-a acts on the liver to stimulate the production of cholesterols, triglycerides (TG)
and very-low density lipoprotein (VLDL) which is changed in the bloodstream to
low-density lipoprotein (LDL) resulting in high blood LDL-C levels. TNF-a also
inhibits the biosynthesis of high-density lipoprotein cholesterol (HDL-C) in the liver.
These are common features of dyslipidemia found in type 2 diabetic patients with MS
(IDF, 2005). Moreover, STNF-a stimulates release of cortisol hormone from the brain.

This hormone is related with abdominal obesity.

Generally, in adipocytes excess energy is stored in the form of lipid
droplets rich in triacylglycerols (TAG). The substrates for TAG synthesis

(lipogenesis) are glycerol-3-P, which is an intermediate product in glycolysis, and free
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fatty acid (FFA). FFAs are released from chylomicron and VLDL in circulation by
lipoprotein lipase (LPL) and de novo fatty synthesis from glucose, lactate and amino
acid. STNF-a inhibits fatty acid uptake into adipocytes by binding with TNF-RI, and
consequently inhibits fatty acid transport protein, fatty acid translocase and LPL
expression. For inhibition of de novo fatty synthesis, STNF-a binds with TNF-RI
resulting in down-regulation of lipogenic gene, peroxisome proliferator-activated
receptor gamma (PPARy) (Figure 2). Moreover, sTNF-o induces lipolysis in
adipocytes by binding with TNF-RI leading to up-regulation of lipolytic genes,
including hormone sensitive lipase (HSL) and perillipin, which subsequently
stimulate protein kinase A (PKA) via C-Jun N-terminal kinase (JNK) pathway and
extracellular signal-regulated protein kinase (ERK) pathway. PKA activates enzyme
phosphodiesterase (PDE) in order to convert cyclic adenine monophosphate (CAMP)
to adenine monophosphate (AMP), then enzyme HSL and perillipin are subsequently
phosphorylated and stimulate lipolysis to release FFA into circulation (Figure 2)

(Cawthorn and Sethi, 2008).
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Figure 2 Molecular mechanism of TNF-a on lipid metabolism (Cawthorn and

Sethi, 2007)
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2.3.1.4 Role of TNF-a on coronary artery diseases complication

TNF-a is associated with pathogenesis of CAD complications in DM and
MS by stimulating the production of the C-reactive protein (CRP) and the
plasminogen in the liver. These proteins are considered as strong risk factors for CHD
(Pickup and Crook, 1994; Pickup, Dphil and Frcpath, 2004). Molecular mechanism is
proposed by Guigliano et al. (1996). They indicated that TNF-a was associated with
atherosclerotic plaque formation in diabetic patients. They discovered that increased
levels of TNF-a had been detected in atherosclerotic plaque in diabetic patients. The
researchers proposed the molecular mechanism of atherosclerotic plaque formation in
diabetic patients that hyperglycemia produced reactive oxygen species (ROS) by slow
auto-oxidation of glucose. An increase in ROS led to oxidative stress in monocytes
and an increase in TNF-o mRNA expression via activation of transcription factors
like the nuclear factor (NF)-kB. They were of the opinion that TNF-a bound with its
receptor in endothelial cells, contributing formation of foam cells in diabetic patients

(Figure 3).
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Figure 3 Molecular mechanism of STNF-a on CAD complication (Guha et al., 2000)
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2.3.1.5 Role of tnMTNF-a on immune functions

tmTNF—a, which is produced by macrophages/monocytes, plays a role in
potent antibacterial and antitumor activities (Sigal and Ron, 1993). Moreover, several
biological activities of the tmTNF-a are cytotoxic activity, host defense against
intracellular pathogens, T cell activation and immunoglobulin production (Horiuchi
et al., 2010). Immune dysfunction has been observed in peripheral blood mononuclear
cells (PBMC) of diabetic patients (Kolluru, Bir and Kevil, 2012). It was found that
TNF-a production from PBMC in response to phorbol-myristate acetate in type 1 and
type 2 diabetic patients were lower than those in healthy control (Alexandraki et al.,
2007). The problem might be related with dysfunction in diabetic patients might be
related with function abnormality of monocytes/macrophages. Lipopolysaccharides
(LPS) is a component of the gram negative bacteria cell wall, recognized by the innate
immunity especially on monocytes/macrophages through Toll Like Receptor 4 (TLR

4).

TLR 4 on monocytes/macrophages is activated by LPS and induces TNF-a,
secretion to regulate immune signaling including cell proliferation, cell growth and
migration of immune cells via NF-kB, p38 mitogen-activated protein kinase (p38
MAPK) (Figure 4) (Hoareau et al., 2010). Impaired secretion of TNF-a from
monocytes/macrophages in response to LPS has been observed in both diabetic mice
and in diabetic human (Lapchak et al., 1992; Ptak et al., 1998; Zykova et al., 2000;
Komura et al.,, 2010). Based on the previous studies, monocytes/macrophages

dysfunction plays a key role in the immune dysfunction in type 2 DM.
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Figure 4 Signaling pathway of TNF-a production in monocytes (Hoareau et al.,

2010)

2.4 Zinc
2.4.1 Role of zinc in human

Zinc is an essential trace mineral. It is needed in a tiny amount to maintain
normal body function. The amount of total body zinc is approximately 1.4 to 2.5
grams. It is stored in many organs and tissues including the skeletal muscle, bone,
skin, brain, eye, liver, spleen, kidney, pancrease, red blood cells, white blood cells,
and spermatozoa (Stargrove, Treasure and Mckee, 2008). Zinc can also be obtained

from food, and major sources of zinc in food are seafood and red meats, especially
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liver and other organ meats. Absorption of zinc occurs in the duodenum, jejunum, and
ileum (Boullata, Armenti and Hardy, 2010). In plasma, zinc is bound to albumin
(57%), a2-macroglobulin (40%) and low molecular weight ligands, such as amino
acids (3%) for distribution to tissues (Boullata et al., 2010). Albumin is the major
plasma carrier of zinc, and albumin is also a transport protein for various types of
mineral cations. Thus, the amount of zinc transported in the bloodstream depends not
only on an amount of zinc but also on availability of albumin. High calcium intake
can reduce zinc absorption and homeostasis. Most of zinc in the blood is localized in
erythrocytes for approximately 80% and circulates in the plasma around 16 %
(Gallagher, 2008). Excretion of zinc in normal individuals is almost entirely via the
feces but increased urinary excretion has been reported in patients with nephrosis,

diabetes, and hepatic cirrhosis (Gallagher, 2008).

Zinc involves in biological activities of many enzymes, such as alchohol
dehydrogenase, retinol dehydrogenase, delta-6-reductase, and super oxide dismutase.
Moreover, zinc is a cofactor in biosynthesis of proteins, fats, and cholesterols
(Stargrove et al., 2008). It is crucial for DNA synthesis, RNA transcription, cell
division, and cell activation. In addition, zinc plays a central role not only in growth
and health promotion, but also in disease prevention (Gallagher, 2008). Zinc is
essential for maturation of sperm, for ovulation and fertilization, as well as for normal
fetal development (Stargrove et al., 2008). Zinc can help reduce amounts of ROS
(Roussel et al., 2003; Bao et al., 2010) and NF-xB expression (Bulow et al., 2007;
Bao et al., 2010). Furthermore, zinc can reduce levels of inflammatory markers, such

as C-reactive protein and plasma TNF-a (Kelishadi et al., 2010; Yalcin et al., 2011).
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2.4.2. Role of zinc in diabetes mellitus and metabolic syndrome

2.4.2.1 Zinc deficiency

Zinc is essential for adequate immunological responses to all pathogens
and it is associated with apoptosis and control immune signal transduction via
regulating the activity of transcription factors, kinases and phosphatases (Haase and
Rink, 2009). Generally, zinc is essential for activities of immune cells in innate and
adaptive immunity. Cell proliferation and differentiation require zinc to protect
human organism (Ibs and Rink, 2003). Zinc is important for normal development and
function of cells mediating the innate immunity such as neutrophils, natural-killer
cells, and macrophages (Prasad, 2008). Zinc deficiency is one of factor contributing to
immune dysfunction in human. Zinc deficiency decreases physiologic functions of
immune cells such as monocyte, natural Killer (NK)-cell and neutrophil. (Ibs and

Rink, 2003; Haase and Rink, 2009).

Zinc deficiency can lead to growth retardation, delayed sexual maturation,
delayed wound healing, alopecia, and skin lesions. Zinc deficiency results in various
immunologic defects. Severe deficiency is accompanied by thymic atrophy,
lymphopenia, reduced lymphocyte proliferative response to mitogens, and decreased
NK activity. Moderate zinc deficiency is associated with diminished Natural killer
cell activity, but not with thymic atrophy or lymphopenia. Likewise, zinc deficiency
could cause impairment in phagocytosis, parasite Kkilling, oxidative burst of
monocytes and neutrophils, and decrease in NK cell activity (Allen et al 1983; Wirth,

Fraker and Kierzenbaum, 1989).
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Zinc deficiency and high urinary zinc excretion in diabetic patients have
been observed (Al-Timimi and Mahmoud, 2001; Al-Maroof and Al-Sharbatti, 2006).
Mean value of serum zinc levels in both type 1 and type 2 diabetic patients (64.2 =
12.6 pg/dL in type 1 diabetic patients and 68.9 = 11.9 pg/dL in type 2 diabetics
patients) were significantly lower than healthy controls (83.4 + 12.5 pg/dL). In
addition, significant negative correlation between serum zinc level and baseline
HbA1c in the diabetic groups was also observed (Al-Maroof and Al-Sharbatti, 2006).
Poor zinc status in diabetic patients might be associated with abnormality of blood
sugar levels in diabetic patients. Moreover, zinc deficiency could lead to increased
oxidative stress and inflammation (Prasad et al., 2004; Bao et al., 2010), which are
associated with the development and progression of atherosclerosis in diabetic and
MS patients (Hansson et al., 2005). Molecular mechanisms of zinc deficiency on
insulin resistance were found to be through decreased insulin receptor synthesis,
interference in insulin receptor binding and impaired insulin secretion by the pancreas
(Salgueiro et al., 2001). Hence, zinc supplementation would show the beneficial

effects on clinical outcomes in type 2 diabetic patients and MS patients.

2.4.2.2 Roles of zinc supplementation in patients with type 11 DM and MS

The recommended daily intake of zinc for the Thai people 6 years of age
and older is 15 milligrams. The tolerable upper intake level of daily zinc intake is 40
mg/day, representing total zinc intake from food, water, and supplement (Gallagher,
2008). Zinc supplementation may help maintain the plasma zinc within the optimal
level, and thus preserve optimal zinc functions to improve immune functions and

control abnormality of metabolic parameters in patients with DM and MS. Zinc
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supplementation also improves immune function by increasing T lymphocytes in
response to phyohemagglutinin in diabetic patients (Niewoehner et al., 1996; Al-
Maroof and Al-Shabatti, 2006). In addition, evidence has indicated that zinc can
improve insulin sensitivity, reduce blood sugar levels, and improve lipid profiles in
patients with type 2 diabetes mellitus and metabolic syndrome (Oh and Yoon, 2008;
Hashemipour et al., 2009; Kelishadi et al., 2010; Jayawardena et al., 2012). Kelishadi
et al. (2010) conducted a study by giving zinc sulfate supplementation (20 mg/day) to
children with MS for 8 weeks. They found that zinc sulfate could significantly reduce
levels of FBS, HOMA-IR, TG, TC, and LDL-C concentrations. Oh and Yoon (2008)
conducted a study on zinc gluconate supplementation (50 mg/day) for 4 weeks in
patients with type 2 diabetes mellitus. They found that zinc gluconate could
significantly reduce the levels of fasting blood sugar and glycosylated haemoglobin.
Moreover, zinc supplementation has beneficial effects on diabetic neuropathy and

diabetic nephropathy (Farvid et al., 2005; Farvid et al., 2011).



CHAPTER 111

MATERIALS AND METHODS

3.1 Participants

The participants in this study were recruited from the outpatient section of
the Public Health Center 66, Health Department, Bangkok Metropolitan
Administration. The type 2 diabetic patients with MS who had body mass index
(BMI) between 18.50-29.99 kg/m? were included. The MS was defined according to
the International Diabetes Federation (IDF) criteria (IDF, 2005). Patients with diabetic
nephropathy, diabetic neuropathy and diabetic retinopathy were excluded. All patients
received sulfonylureas and/or biguanides only. None of them had acute or chronic
inflammation for at least 1 month before participating into the study. They were not
on insulin injection, aspirin, immunosuppressive medications, antibiotics,
anti-inflammatory drugs, oral contraceptives, hormone replacement therapy or any
nutritional or herbal supplements. In addition, they had no allergic history of zinc
sulfate or any excipients in tested supplements. Pregnant and lactating patients were
also excluded. Participants received oral and written information about the
experimental procedures before they gave their written informed consent and were
recruited into the study. The study was approved by the Ethics Committee for

Researches Involving Human Subjects, the Bangkok Metropolitan Administration.
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3.2 Study design

This study was a randomized double-blind placebo controlled trial. At the
beginning of the study, the patients were required to fill in a questionnaire and were
interviewed about their demographic characteristics. In addition, they were asked to
answer the questions about their dietary patterns of the past 1 month and fill in the
24-hour recall questionnaire. Blood pressure, weight, height and waist circumference
(WC) were measured. BMI was calculated, and the patients were categorized
according to the WHO Asia-Pacific guidelines for Asian adults (International Obesity

Task Force, 2000) as followed:

BMI (ka/m?) Nutritional status
<185 underweight
18.5-22.9 normal weight
23.0-24.9 overweight
>25 obese

The patients received nutrition counseling and diabetes self-care booklets. Blood
samples (15 ml) were collected to determine the levels of plasma zinc, plasma tumor
necrosis factor (TNF)-a, transmembrane TNF-a (tmTNF-a) in peripheral blood
mononuclear cells (PBMC), fasting blood sugar (FBS), hemoglobin Alc (HbAlc),
triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), and complete blood count

(CBC).

The patients were randomly assigned into the zinc group and the placebo

group. Each patient in the zinc group administered zinc at a dose of 30 mg/day. They
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were required to take 1 capsule of zinc sulfate (Zincate®, Thai pharmed 1942
Co., Ltd.) twice daily after breakfast and dinner for 8 weeks. Each capsule contained
66 mg of zinc sulfate (equivalent to 15 mg of elemental zinc). The patients in the
placebo group administered placebo capsules containing 66 mg of cornstarch twice
daily after breakfast and dinner for 8 weeks. The placebo capsules were also
manufactured by the Thai pharmed 1942 Co., Ltd., and their appearances were
identical with the zinc capsules. During the study period, the patients were called at
least once a week to ensure their compliance. Additionally, they were asked about
undesirable effects that might occur during supplementation period. At the end of the
study (week 8), all parameters including dietary intake, blood pressure,

anthropometry, and biochemistry were determined again.
3.3 Blood sample collection

Venous blood samples of the patients were collected at baseline and at
week 8 of the study. The patients were asked to fast overnight (about 8-10 hours)
before blood samples were drawn in the morning. At each time point, 15 ml of the
venous blood sample was collected. The sample in the amount of 2 ml was drawn into
the tube containing sodium fluoride to determine the FBS levels while the blood
sample in the amount of 5 ml was collected into the tube without clotting factor to
determine serum lipid profiles including the levels of TG, TC, and HDL-C. Then,

LDL-C level was calculated based on Friedewald equation:
LDL-C = TC - (HDL-C) - (TG/5) (Friedewald et al., 1972).

The vacutainer containing di-potassium ethylenediamine tetraacetate (K.EDTA) was

used to collect the blood sample (5 ml) to determine HbAlc, CBC and plasma zinc



29

levels. The levels of plasma TNF-a and tmTNF-o in PBMC were determined from

3-ml blood samples collected in a lithium heparin vacutainer.

The levels of FBS, HbAlc, TG, TC, HDL-C and CBC were analyzed at
the laboratory unit, Public Health Laboratory Division, Bangkok Metropolitan
Administration. Plasma TNF-a levels were determined by the sandwich enzyme-
linked immunosorbent assay (ELISA) using the human TNF-o Quantikine HS kit
(R&D systems, Minneapolis, Minnesota, USA) following the manufacturing protocol.
The tmTNF-a in PBMC were analyzed by flow cytometry at the Department of
Immunology, Faculty of Dentistry, Chulalongkorn University. Plasma zinc levels
were examined by atomic absorption spectrophotometry at Scientific and

Technological Research Equipment Center of Chulalongkorn University.
3.4 PBMC isolation and measurement of tmTNF-a level

PBMC were isolated by the density-gradient centrifugation technique at
the Department of Food and Pharmaceutical Chemistry, Faculty of Pharmaceutical
Sciences, Chulalongkorn University. Three milliliters of polysucrose sodium
diatrizoate solution with a density of 1.077 g/mL (Histopaque®-1077, Sigma-Aldrich
Corporation, ST. Louis, United States of America) was added into conical centrifuge
tube, and blood sample at the same amount of Histopaque®-1077 was added
subsequently on the top. The tube was then centrifuged at the speed of 400 g for 30
minutes. The plasma separated at the top of centrifuge tube was removed and kept at
-70 °C for analysis of TNF-a level. The PBMC layer was carefully pipetted into a
new conical centrifuge tube and washed 3 times with phosphate buffer saline (PBS)

pH 7.4 by centrifugation at the speed of 250 g for 10 minutes.
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After washing step, 1 % bovine serum albumin in PBS (1 ml) was added
into isolated PBMC. The PBMC were counted and fixed with 4% paraformaldehyde
for 10 minutes at 22 °C. The PBMC were then washed with PBS pH 7.4 by
centrifuging at 500 g for 5 minutes. Finally, the PBMC were resuspended in PBS.
Monoclonal anti-TNF-a-fluorescein antibody (Sigma-Aldrich Corporation, ST. Louis,
United States of America) was then added into PBMC solution, and the stained
PBMC were incubated at 22 °C for 40 minutes. After incubation, the cells were
washed 2 times with PBS by centrifuging at 500 g for 5 minutes and finally
resuspended in 200 uL of PBS. The fixative buffer (4% paraformaldehyde) was

added, and tmTNF-a level in PBMC was analyzed by flow cytometry.

3.5 Determination of plasma zinc by atomic absorption spectrophotometry

Plasma was separated from whole blood by centrifugation at 900 g for 20
minutes. One milliliter of plasma was pipetted into a conical centrifuge tube and
diluted with 4-ml ultrapure water. Standard zinc solutions at the concentrations of 0,
0.1, 0.2, 0.4 and 0.6 mg/L were diluted with 3 % glycerol. The plasma and standard
zinc solutions were analyzed by atomic absorption spectrophotometer at the
wavelength of 213.9 nm and the slit width of 1.0 nm. The standard curve was

generated, and the plasma zinc concentration was obtained.
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3.6 Compliance and adverse effects of zinc sulfate supplementation

The patients received a phone call once a week throughout the study to
ensure about the compliance. They were also asked about adverse effects that may
occur during supplementation period. At the end of study, the patients returned their
remaining zinc sulfate or placebo capsules to be counted. The percentage of

compliance was then calculated based on the following equation:

Number of eaten capsules
% compliance = x 100
Number of given capsules

3.7 Statistical analysis

Values were presented as mean * standard error of the mean (SEM).
Distribution of each parameter was tested by Shapiro-Wilk test. Demographic data
between the two groups were compared by Chi-square tests. Student’s t-test was used
to compare the difference between the groups when the data were normally
distributed, and the Mann-Whitney U-test was used when the data were not normally
distributed. Referring to the comparisons within the group, the paired t-test was used
when the data were normally distributed, and Wilcoxon Signed Ranks test was used
when the data were not normally distributed. For each analysis conducted, the

significance level was set at the level of p < 0.05.



CHAPTER IV

RESULTS

4.1 Baseline characteristics of the patients

Twenty-three (7 males and 16 females) type 2 diabetic patients with MS
who had no neuropathy, nephropathy and retinopathy complications participated in
this study. Baseline characteristics of the patients are presented in Table 2. Obesity,
abdominal obesity, hyperglycemia, and high blood pressure were common baseline
characteristics of the patients in this study (Table 2 and Table 3). The levels of lipid
profiles of the patients at baseline were within normal values, except for LDL-C. The
levels of LDL-C were quite higher than referenced values. Correlation of study
parameters was also determined. The correlations between the levels of plasma zinc,
plasma TNF-a levels, and parameters including abdominal obesity (WC and BMI),
glycemic control (FBS and HbAlc) and lipid levels (TC, TG, HDL-C, and LDL-C)

were determined (Table 4). There were no correlations between these parameters.

In this study, the patients were divided into the zinc group (12 patients)
and the placebo group (11 patients). However, only 21 patients completed the study.
Two patients in the zinc group were excluded because one patient had flatulence and
abdominal pain, and the other one lost to follow up. Therefore, the zinc group finally
included 10 patients (4 males and 6 females), and the control group included 11

patients (2 males and 9 females).
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Parameters Total (n = 23) Recommended ranges
Age (year) 58.52 + 2.00
Diabetic duration (years) 6.57 £0.94
Plasma zinc (pg/dL) 73.37 £ 0.89
Plasma TNF-a (pg/mL) 1.40 +0.13
Weight (Kg) 69.03 + 1.58
Height (cm) 162.30 £ 1.53
BMI (kg/m?) 26.17 +0.37 18.5-22.9 kg/m?*
WC (cm)
male 96.50 + 2.14 <90 cm in male @
female 91.64 + 1.62 < 80 cm in female
FBS (mg/dL) 134.91 + 8.96 70-130 mg/dL®
HbA1lc (%) 7.22+0.28 <7%®
TG (mg/dL) 116.26 + 9.68 < 150 mg/dL®
TC (mg/dL) 187.61 + 8.05 < 200 mg/dL®
HDL-C (mg/dL)
male 46.60 + 3.05 > 40 mg/dL in male ©
female 62.16 + 7.15 > 50 mg/dL in female ®
LDL-C (mg/dL) 109.18 + 5.99 <100 mg/dL®
SBP (mmHg) 135.17 + 3.09 < 140 mmHg ©®
DBP (mmHg) 80.30 + 4.41 < 80 mmHg ®

Data are presented as mean * standard error of the mean (SEM).
FBS levels were determined in 20 patients.
The WHO Asia-Pacific guidelines for Asian adults, ’IDF criteria for Asian adults, >American Diabetes

Association 2013, TNF-a. = tumor necrosis factor-alpha; BMI = body mass index; WC = waist
circumference; FBS = fasting blood sugar; HbAlc = hemoglobin Alc; TG = triglycerides; TC = total
cholesterol; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein
cholesterol; SBP = systolic blood pressure; DBP = diastolic blood pressure; pg/dL = microgram per
deciliter; pg/mL = pictogram per milliliter; kg = kilogram; cm = centimeters; kg/m? = kilogram per
meter square; cm = centimeter; mg/dL = milligram per deciliter; mmHg = millimeter of mercury
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Table 3 The percentage of each component in the metabolic syndrome diagnosed by

the International Diabetes Federation criteria (n = 23)

Parameters Number (%)
Waist circumference
> 90 ¢cm in male and > 80 cm in female 23 (100)
Fasting blood sugar
> 100 mg/dL or previously-diagnosed type 2 DM 23 (100)
Blood pressure
> 130/85 mmHg or previously-diagnosed hypertension 19 (82.61)
Triglycerides
> 150 mg/dL or specific treatment for this lipid abnormality 9 (39.13)

High-density lipoprotein cholesterol
<40 mg/dL in male and < 50 mg/dL in female or specific 11 (47.83)

treatment for this lipid abnormality




Table 4 Correlation between the levels of plasma TNF-a, plasma zinc and other baseline parameters of the patients

Plasma TNF-a, Plasma zinc WC BMI FBS HbAlc TG TC HDL-C LDL-C
Plasma zinc
Correlation 0.035 1.000 -0.174 0.182 0.366 -0.198 -0.063 -0.053 0.135 -0.093
p-value 0.882 - 0.427 0405 0.086 0366 0.774 0.811 0.538 0.673
Plasma TNF-a
Spearman correlation 1.000 0.035 -0.105 0.147  -0.331  0.168 0.277  -0.247 -0.195 -0.232
p-value - 0.882 0.660 0535 0.154 0480  0.237 0.294  0.410 0.326

Correlations between plasma zinc and WC, TC, HDL-C, LDL-C were examined by Pearson’s correlation.

Correlations between plasma zinc and plasma TNF-a, BMI, FBS, HbAlc, and TG were examined by Spearman’s rank correlation.
Correlations between plasma TNF-a and all baseline parameters were examined by Spearman’s rank correlation.

Ge
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4.2 Demographic data and baseline clinical parameters of the patients

General demographic data of the patients in the zinc group and the placebo
group are presented in Table 5. There were no significant differences in gender, age,
BMI and diabetic duration between groups. Most of the patients in both groups had
age distribution between 40-59 years. In the zinc group, 10 % of the patients were
classified into overweight category, and 90 % of the patients were classified into
obese category. In the placebo group, 45.45 % of the patients were classified into
overweight category, and 54.55 % of the patients were classified into obese category.
Most of the patients in the zinc group had diabetic duration > 5 years (60 %) while
most of the patients in the placebo group had diabetic duration < 5 years (54.55 %).
Most of the patients in both groups had exercise < 3 times/week (80 % in the zinc
group and 72.73 % in the placebo group). For cigarette smoking, most of the patients
in both groups were non-smokers (90 % in the zinc group and 90.91 % in the placebo
group). The baseline characteristics data of the patients in the zinc group and the
placebo group are shown in Table 6. None of the measured parameters differed

between groups.
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Demographic data Zinc group Placebo group X p-value
(n =10) (n=11)

Gender
Male 4 (40.00) 2 (18.18) 3.857  0.050
Female 6 (60.00) 9(81.82)

Age distribution (years)
40-59 7 (70.00) 6 (54.55) 1.190  0.275
> 60 3 (30.00) 5 (45.45)

Body mass index (kg/m?)
23-24.9 (overweight) 1 (10.00) 5 (45.45) 3.857  0.050
25-29.9 (obese) 9 (90.00) 6 (54.55)

Diabetic duration (years)
<5 4 (40.00) 6 (54.55) 0.048  0.827
>5 6 (60.00) 5 (45.45)

Exercise (times/week)
<3 8 (80.00) 8 (72.73) 5762  0.016
>3 2 (20.00) 3(27.27)

Cigarette smoking
Non smoker 9 (90.00) 10 (90.91) 13.762 <0.001
Current smoker 1 (10.00) 1 (9.09)

Data are presented as number (%, percentage).
x* = comparison of frequency between groups by Chi-square test; kg/m? = kilogram per meter square
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Table 6 Baseline clinical parameters of the patients

Parameters Zinc group (n =10)  Placebo group (n = 11)
Plasma zinc (pg/dL) 73.45+1.25 73.67 £1.34
Plasma TNF-a (pg/mL) 1.27 +0.13 1.54+0.21

Waist circumference (cm)

male 95.38 £ 2.91 9450+ 1.44

female 92.25 + 2.66 92.20 £ 4.20
Weight (kg) 70.47 +2.25 67.26 + 1.88
Height (cm) 162.40 £ 2.41 161.91 +£2.13
BMI (kg/m?) 26.70 + 0.54 25.66 + 0.53
FBS (mg/dL) 141.67 + 18.93 137.64 +10.08
HbA1lc (%) 7.23 +0.57 7.25+0.31
TG (mg/dL) 123.20 + 13.76 115.00 +15.98
TC (mg/dL) 201.60 + 15.57 178.45 +8.11

HDL-C (mg/dL)

male 46.32 + 4.61 47.95 + 8.05
female 60.63 + 8.75 60.85 + 4.15
LDL-C (mg/dL) 117.91 + 11.90 101.50 + 5.86
SBP (mmHg) 134.60 + 5.38 127.45 + 3.97
DBP (mmHg) 83.70 +9.28 76.27 + 3.96

Data are presented as mean + standard error of the mean.

Plasma zinc and plasma FBS levels in the zinc group were examined in 9 patients.

Plasma TNF-a levels in the placebo group were examined in 10 patients.

FBS levels were determined by nonparametric statistics.

n = number; TNF-a = tumor necrosis factor-alpha; WC = waist circumference; BMI = body mass index; FBS =
fasting blood sugar; HbAlc = hemoglobin Alc; TG = triglycerides; TC = total cholesterol; HDL-C = high-density
lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; SBP = systolic blood pressure; DBP =
diastolic blood pressure; pg/dL = microgram per deciliter; pg/mL = pictogram per milliliter; cm = centimeter; kg =
kilogram; kg/m? = kilogram per meter square; mg/dL = milligram per deciliter; mmHg = millimeter of mercury
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4.3 Effects of zinc and placebo supplementation on plasma zinc, plasma TNF-a
and blood cells

The levels of plasma zinc, plasma TNF-a, RBC, lymphocytes, monocytes,
neutrophils, and basophils at baseline and week 8 are presented in Table 7. At
baseline, plasma zinc levels of patients in the zinc group and the control group were
73.45 + 1.25 pg/dL and 73.67 + 1.34 pg/dL respectively. There was no significant
difference in plasma zinc levels between groups. At week 8, plasma zinc levels of the
patients in the zinc group were significantly increased from baselines (p < 0.001), and
the levels were significantly higher than those of the patients in the placebo group
(p = 0.001). In placebo group, there were no significant change in plasma zinc from
baselines at week 8.

Baseline plasma TNF-a levels of the patients in the zinc group and in the
placebo group were 1.27 + 0.13 pg/mL and 1.54 + 0.21 pg/mL respectively. The
levels of plasma TNF-a were not significantly changed from baseline in both groups
after 8-week zinc supplementation. There were no significant differences in plasma
TNF-a levels between groups at baseline and week 8. Blood cells including RBC,
lymphocytes, monocytes, neutrophils, and basophils were not significantly changed
from baseline in both groups. The differences between groups in these parameters

were not observed at baseline and week 8.
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Table 7 The levels of plasma zinc, plasma TNF-a and blood cells in the patients at

baseline and week 8.

Zinc group (n =10) Placebo group (n =11)

Parameters Baseline Week 8 Baseline Week 8

Plasma zinc 7345 +1.25 86.56 +1.13*t  73.67 +1.34 73.93 +1.38
(Mg/dL)

Plasma TNF-a . 1.27 +0.13  1.08 +0.12 1.54 +0.21 1.50 +0.25
(pg/mL)
RBC (10%/mL) 481 +0.18 4.74 +0.19 4.49 +0.14 458 +0.15

% Lymphocytes 36.90 +1.90 40.74 +2.46 35.95 +2.21 37.05 +2.76

% Monocytes 6.80 £0.60 592 +0.45 5.93 £0.50 6.05 +0.68

% Neutrophils ~ 49.11 £3.12 47.24 +2.96 5429 £235 5222 +3.26

% Basophils 0.43 £0.07  0.38 £0.05 0.48 +0.06 0.38 £0.05

Data are presented as mean + standard error of the mean.

Plasma zinc levels and blood cells in the zinc group were examined in 9 patients.

Plasma TNF-a levels in the placebo group were examined in 10 patients.

*Significant difference from baseline within group (p < 0.05)

*Significant difference from the control group at the same time point (p < 0.05)

n = number; TNF-a = tumor necrosis factor-alpha; RBC = red blood cell; pug/dL = microgram per
deciliter; pg/mL = pictogram per milliliter; 120¢/mL = 1,000,000 per milliliter; % = percentage
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4.4 Effects of zinc and placebo supplementation on tmTNF-a in peripheral blood

mononuclear cells (PBMC)

The levels of tmTNF-a. in PBMC of 7 patients in the zinc group and 6
patients in the placebo group were analyzed by flow cytometry. As shown in Figures
5 and 6, the levels of tmTNF-a in PBMC of the patients were not significantly
changed from baselines in both groups. There were no significant differences in

tmTNF-a levels between groups at baseline and week 8.

4.5 Effects of zinc and placebo supplementation on glycemic control, lipid

profiles and blood pressure

The levels of FBS, HbAlc, TG, TC, HDL-C, LDL-C, SBP and DBP of the
patients at baseline and week 8 are presented in Table 8. At baseline, FBS levels of
patients in the zinc group and the control group were 141.67 + 18.93 pg/dL and
137.64 = 10.08 pg/dL respectively. There were no significant differences in baseline
FBS levels between groups. After 8 weeks of zinc supplementation, the levels of FBS
in the zinc group were significantly decreased from their baselines (p = 0.007).
However, there were no significant differences in FBS levels between groups. The
other clinical parameters including HbAlc TG, TC, HDL-C, LDL-C, SBP and DBP
at week 8 were not significantly different from their baselines in both groups. The
differences between groups in these parameters were not observed at baseline and

week 8.



42

® Baseline " Week 8
% tmMTNF-a

58.42

60.00
50.00
40.00

5131

46.89
41.01 4189 40514088

33.88 34.63
26.42 26.66

38.55
31.06

35.17
30.00
20.00
10.00

0.00

Patient number

Figure 5 The percentage of tmTNF-a in PBMC at baseline and week 8 in the zinc
group
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Figure 6 The percentage of tmTNF-a in PBMC at baseline and week 8 in the placebo

group
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Table 8 Glycemic control, lipid profiles and blood pressure in the patients at baseline

and week 8
Zinc group (n =10) Placebo group (n =11)
Parameters Baseline Week 8 Baseline Week 8

FBS (mg/dL) 141.67 £18.93 130.22 +20.08* 137.64+10.08 129.73+7.43
HbAlc (%) 7.23+0.57 7.00 £ 0.54 7.25+ 0.31 6.94 £ 0.24
TG (mg/dL) 123.20+£13.76 122.40+15.01  115.00 £ 15.98 131.73+24.44
TC (mg/dL) 201.60 +15.57 192.30+15.32 178.45+8.11 196.36 + 12.67
HDL-C (mg/dL) 58.05+ 5.52 58.72 £ 5.36 53.92 +3.16 53.13+£3.82
LDL-C (mg/dL)  117.91+11.90 109.01 +11.72 101.50£5.86 112.53+8.79
SBP (mmHg) 13460 £5.38 119.80 + 6.80 127.45+3.97 126.18 + 3.76
DBP (mmHg) 83.70 £ 9.28 71.50 £ 2.38 76.27 + 3.96 72.45 +2.88

Data are presented as mean + standard error of the mean.

FBS levels in the zinc group were determined in 9 patients.
FBS levels in both groups were determined by nonparametric statistics.
*Significant difference from baseline within group (p < 0.05)

FBS = fasting blood sugar; HbAlc = hemoglobin Alc; TG = triglycerides; TC = total cholesterol;
HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; SBP =
systolic blood pressure; DBP = diastolic blood pressure; mg/dL = milligram per deciliter; % =
percentage; mmHg = millimeter of mercury
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Table 9 Anthropometric parameters of the patients at baseline and week 8

Zinc group (n=10) Placebo group (n=11)
Parameters Baseline Week 8 Baseline Week 8
WC (cm) 93.17+1.18 93.61 +2.16 89.35+1.44 89.38 +£1.38

Weight (kg) 70.47 £ 2.25 70.49 + 2.61 67.26 +1.88 67.22 +1.83

BMI (kg/m?)  26.70+0.54  26.70+0.65  2566+053 2562 +0.43

Data are presented as mean + standard error of the mean.
WC levels in both groups were determined by nonparametric statistics. WC = waist circumference;

BMI = body mass index; cm = centimeter; kg = kilogram; kg/m* = kilogram per meter square

4.6 Effects of zinc and placebo supplementation on anthropometric parameters

Anthropometric parameters including WC, weight and BMI of the patients
are shown in Table 9. These anthropometric parameters at week 8 were not
significantly different from their baselines in both groups. There were no significant

differences between groups in these parameters at baseline and week 8.
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4.7 Dietary intake of the patients

Dietary patterns, macronutrient and energy intake of the patients are shown
in Tables 10 and 11. Dietary patterns of the patients at baseline and week 8 were not
significantly different from their baselines in both groups. It was found that total
energy intake (TE) at baseline was approximately 1,500 kcal/day in both groups, and
there was no significant difference in the amount of TE between groups. At the end of
study, there was no significant difference in amount of TE from baseline in both
groups. The amount of carbohydrate, fat and protein intakes were not significantly
different from their baselines in both groups. The differences between groups in these
parameters were not observed at baseline and week 8. At baseline, energy distribution
of carbohydrate, fat and protein were 54: 26: 20 in the zinc group and 55: 25: 20 in
the placebo group. There was no significant difference in energy distribution between
groups. At the end of study, no significant differences in the amount of total energy

intake from baselines were found in both groups.
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Zinc group (n=10) Placebo group (n=11)
Parameters

Baseline Week 8 Baseline Week 8

Frequency of meat and meat product intake

4-7 days/week 7 (70) 6 (60) 7 (63.6) 6 (54.5)
1-3 days/week 2 (20) 3(30) 3(27.3) 4 (36.4)
1-3 days/month 1 (10) 1(10) 1(9.1) 1(9.1)

Frequency of fried food intake

4-7 days/week 4 (40) 3 (30) 4 (36.3) 4 (36.3)
1-3 days/week 5 (50) 5 (50) 2 (18.2) 1(9.1)
1-3 days/month 1 (10) 2 (20) 5 (45.5) 6 (54.6)

Frequency of vegetable intake

4-7 days/week 6 (60) 6 (60) 6 (54.5) 6 (54.5)
1-3 days/week 3(30) 3(30) 2(18.2) 3(27.3)
1-3 days/month 1 (10) 1 (10) 3(27.3) 2 (18.2)

Frequency of fruit intake

4-7 days/week 5 (50) 6 (60) 7 (63.6) 7 (63.6)
1-3 days/week 3(30) 4 (40) 2(18.2) 3(27.3)
1-3 days/month 2 (20) 0 (0.0) 2 (18.2) 1(9.1)

Data are presented as number (percentage).
¥* = comparison frequency between groups by Chi-square test
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Zinc group (n=10)

Placebo group (n=11)

Parameters
Baseline Week 8 Baseline Week 8
Frequency of cereal intake
4-7 days/week 2 (20) 2 (20) 1(9.1) 1(9.1)
1-3 days/week 2 (20) 2 (20) 2 (18.2) 1(9.1)
1-3 days/month 6 (60) 6 (60) 8 (72.7) 9 (81.8)
Frequency of sweeten or carbonated beverages intake
4-7 days/week 2 (20) 1(10) 1(9.1) 1(9.1)
1-3 days/week 3(30) 4 (40) 2 (18.2) 1(9.1)
1-3 days/month 5 (50) 5 (50) 8 (72.7) 9(81.8)
Frequency of dairy products intake
4-7 days/week 3 (30) 3 (30) 2 (18.2) 2 (18.2)
1-3 days/week 4 (40) 3(30) 5 (45.5) 4 (36.3)
1-3 days/month 3 (30) 4 (40) 4 (36.3) 5 (45.5)
Frequency of tea and coffee intake
4-7 days/week 2 (20) 2 (20) 2 (18.2) 3(27.3)
1-3 days/week 2 (20) 2 (20) 2 (18.2) 1(9.1)
None 6 (60) 6 (60) 7 (63.6) 7 (63.6)

Data are presented as number (percentage).

¥* = comparison frequency between groups by Chi-square test
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Zinc group (n=10)

Placebo group (n =11)

Parameters
Baseline Week 8 Baseline Week 8

Total energy intake

keal/day 1513.44 +39.46 1481.45+40.10 1475.68 +35.34 1505.58 + 24.46
Carbohydrate intake

gram/day 205.06 +5.74  203.93+5.01 207.60 +6.44  204.81+4.41

kcal/day 820.22 +2296 815.72+20.05  810.38+25.80 819.24 +17.63
% total energy intake 54.18 + 0.36 55.09+0.14 55.13+0.93 5448 £ 0.71
Fat intake

gram/day 43.74 £ 0.84 41.18 +1.50 41.82+1.50 42.34 £1.36

kcal/day 393.62 £ 7.54 370.64 +13.54  376.36 + 13.52 381.44 £ 12.26
% total energy intake ~ 26.12 + 0.63 25.06 £ 0.77 24.86 £ 0.72 25.15+0.99
Protein intake

gram/day 74.90 + 3.90 73.77 £ 4.26 72.23+3.88 76.32+4.91

kcal/day 299.60 £ 15.61  295.09 +17.10  288.93 +15.53 305.30 + 19.64
% total energy intake ~ 19.70 £ 0.59 19.85+£0.81 19.55 £ 0.90 20.21+1.15
Energy distribution
CHO: Fat: Protein 54: 26: 20 55: 25: 20 55: 25: 20 55: 25: 20

Data are presented as mean + standard error of the mean.
n = number; CHO = carbohydrate
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4.8 Compliance and adverse effects of zinc sulfate and placebo

In this study, the patients were administered with zinc sulfate at the dose of
132 mg/day (equivalence to 30 mg/day of elemental zinc) or placebo for 8 weeks. At
the end of study, the patients were evaluated for their compliance by counting the
remaining zinc or placebo capsules. All patients had good compliance, the average
percentage of compliance of the patients in the zinc group and the placebo groups
were 99.94 + 0.88 and 98.45 £ 1.27 respectively. The adverse effects of zinc sulfate
found in this study were flatulence and abdominal pain. These effects were found only
in one patient, and this patient finally withdrew from the study. There was no
complaint about adverse effects from the other patients in the zinc group and all

patients in the placebo group.



CHAPTER V

DISCUSSION

This study examined the effects of zinc supplementation on the levels of
tumor necrosis factor (TNF)-a including, soluble TNF-o (sTNF-0) and
transmembrane (tmMTNF-a) in peripheral blood mononuclear cell (PBMC), glycemic
control (FBS and HbA1c), and lipid control (TG, TC, HDL-C, and LDL-C) in type 2
diabetic patients with MS at the Public Health Center 66, Health Department,

Bangkok Metropolitan Administration.

5.1 Zinc status and plasma TNF-a levels in type 2 diabetic patients with MS

Plasma or serum zinc level is normally used to indicate zinc status. The
optimal ranges of zinc in the blood vary among a number of studies. Al-Maroof and
Al-Sharbetti (2001) suggested that plasma zinc level of higher than 80 pg/dL was
normal in healthy individuals, while Al-Timimi and Mahmoud (2011) stated that zinc
deficiency was classified when serum zinc levels were lower than 70 pg/dL. The
results of the present study showed that mean plasma zinc levels of the type 2 diabetic
patients with MS were considered normal. These findings were in agreement with
those of Marreiro et al. (2004) and Dourado Ferro et al. (2011). Normally, zinc
deficiency has been observed in both type 1 and type 2 diabetic patients particularly in
patients with poor glycemic control (Al-Maroof and Al-Sharbatti, 2006; Al-Timimi

and Mahmoud, 2011).

It was reported that excretion of zinc in urine was increased

(hyperzincuria) in patients with DM (Salgueiro et al., 2001). Nevertheless, zinc
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deficiency, based on plasma zinc levels, was not found in the patients with type 2 DM
and MS in the present study. This may be due to the differences in characteristics and
severity of the disease of the patients in this study compared to the other studies
(Marreiro et al., 2004; Al-Maroof and Al-Sharbatti., 2006; Dourado Ferro et al.,
2011). In addition, capability of controlling blood sugar and blood lipid of the patients
are also involved in differences of zinc status among the studies (Marreiro et al.,
2004; Al-Maroof and Al-Sharbatti., 2006; Dourado Ferro et al., 2011). Oxidative
stress could be the result from hyperglycemia and hyperlipidemia and consequently
induces zinc deficiency (Tesfamarium and Cohen, 1992; Eide, 2011). It was found
that most of the patients in this study could maintain their glycemic levels and lipid

profiles within acceptable ranges, thus optimal zinc status could be also maintained.

In the present study, the mean plasma TNF-a level in type 2 diabetic
patients with MS at the baseline was in the range of 1.40 + 0.13 pg/mL. The levels of
plasma TNF-a in the healthy subjects, diabetic patients, and MS patients varied
among previous studies. In healthy subjects, Al-dahr and Jiffri (2010) demonstrated
that plasma TNF-a levels in individuals aged 40 to 60 years were in the range of 1.07
+ 0.2 pg/mL, while Winkler et al. (1998) stated that plasma TNF-a levels in those
aged 40 to 71 years were in the range of 6.32 £ 0.26 pg/mL. In obese patients with
type 2 DM and MS, the levels of plasma TNF-o were in the range of 2-13 pg/mL
(Winkler et al., 1998; Al-dahr and Jiffri, 2010; Gupta et al., 2012). Al-dahr and Jiffri
(2010) demonstrated that plasma TNF-a levels in obese patients with type 2 DM aged
40 to 60 years were in the range of 1.9 £ 0.5 pg/mL, whereas Winkler et al. (1998)
stated that plasma TNF-a levels in type 2 diabetic patients with abdominal obesity

(BMI > 30 kg/m? and WHR > 0.9) aged 48 to 73 years were in the range of 10.51 +
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0.84 pg/mL. In MS patients, Gupta et al. (2012) suggested that plasma TNF-a levels

in MS patients aged 20 to 40 years were in the range of 13.0 £ 7.51 pg/mL.

Based on previous studies, the baseline TNF-a levels in the present study
were considered low when compared to those in the patients with DM and MS in
previous studies (Marreiro et al., 2004; Al-Maroof and Al-Sharbatti., 2006). The
variation among the previous studies may be associated with age. It was found that
the levels of plasma TNF-a showed positive correlations with increasing age and with
insulin resistance (Kirwan et al., 2001; Prasad et al., 2007). Severity of inflammation
also affects plasma TNF-a level. In chronic systematic inflammatory disease such as
rheumatoid arthritis and congestive heart failure, the levels of plasma TNF-a were
much higher than those in healthy subjects (Yalcin et al., 2011; Satoh et al., 2004). It
was found that plasma TNF-o levels in the patients with severe congestive heart
failure were in the range of 173.5 £ 63.5 pg/mL (Dutka et al., 1993), and plasma
TNF-a levels in theumatoid arthritis were in the range of 100-170 pg/mL (Sato et al.,

2011).

Severity of inflammation is one of the factors influencing plasma TNF-a
levels (Dutka et al., 1993; Satoh et al., 2004; Sato et al., 2011; Yalcin et al., 2011). In
the present study, the patients had well-controlled levels of blood sugar and lipid
profiles (except LDL-C levels). The patients also had no severe complications and
had no acute or chronic inflammation during participating in the study. The patients in
this study, therefore, were in healthy conditions. Although pathogenesis of type 2 DM
is associated with inflammation, good glycemic control without complications can

keep inflammation to be in subclinical stage. The levels of circulating TNF-o. may not



53

be as high as those observed in other inflammatory diseases. However, inflammation
is still a common feature found in type 2 diabetic patients with MS, and pro-
inflammatory cytokine TNF-a is found to be related with initiation and progression of
insulin resistance and CAD complications in patients with DM and MS (Pick up and
Crook, 1998; Wassink et al., 2007). Strategy for inhibiting the production of TNF-a in
circulation is essential for treatment and prevents complications in patients with DM

and/or MS.

5.2 Correlation between the levels of plasma zinc, plasma TNF-a levels, and

other parameters

This study showed that plasma zinc was not correlated with metabolic
abnormality in type 2 diabetic patients with MS. These findings were in compliance
with the results from the studies of Akhuemokhan, Eregie, and Fasanmade (2010) and
Taghdir et al. (2011) in which there were no significant correlations between serum
zinc concentrations and the levels of TNF-a, FBS, and HbAlc in diabetic patients.
Similarly, in the work of Negger (2001), there were no significant correlations
between serum zinc concentrations and the levels of TC, HDL-C, LDL-C, and TG.
On the other hand, several studies have suggested a negative correlation between
serum zinc and the levels of TNF-a, FBS, HbAlc, TG, TC, and LDL-C, while
positive correlation between zinc and HDL-C was found in diabetic patients (Al-

Maroof and Al-Shabarti, 2006; Mariani et al., 2006; Al-Sabaawy, 2012).

Hyperglycemia and hyperlipidemia contribute to oxidative stress inducing
zinc deficiency (Disilvestro, 2000; Eide, 2011). Normally, reduction of plasma zinc

levels together with their relations with blood sugar and blood lipids were found in



54

DM patients and MS patients who had chronic hyperglycemia and hyperlipidemia
(Al-Maroof and Al-Shabarti, 2006; Mariani et al., 2006; Al-Sabaawy, 2012).
However, the levels of blood sugar and blood lipids in most of the patients in this
study were in the recommended ranges. This might be the reason why correlations of

plasma zinc and metabolic abnormalities were not noticed in the present study.

The present study suggested that plasma TNF-a level was not correlated
with metabolic abnormality in type 2 diabetic patients with MS. The results were in
agreement with those of the studies by Bluher, Kratzsoh, and Paschke (2001) and
Morris, Noakes, and Clifton (2004). There were no correlations between the levels of
plasma TNF-a, WC, BMI, weight, and the degree of insulin resistance in both insulin
resistance subjects and obese patients with type 2 DM (Kratzsoh and Paschke, 2001;
Morris et al., 2004). On the other hand, the results were different from several studies
(Nillson et al., 1998; Tsigos et al., 1999; Mishima et al., 2001; Gwozdziewiczova et
al., 2005; Swaroop, Rajarajeswari, and Naidu, 2012). Abdominal obesity is a major
cause of insulin resistance and chronic inflammation, and TNF-a is a pro-
inflammatory cytokine that induces insulin resistance (Hotamisgil et al., 1995). It was
reported that the levels of plasma TNF-o were positively correlated with the degree of
insulin resistance in obese subjects (Katsuki et al., 1998). The use of anti-TNF-a
antibody has been successful in improving insulin resistance (Ofei et al., 1996).

Previous studies found that plasma TNF-a level was positively correlated
with waist to hip ratio (parameter of abdominal obesity), BMI, FBS, HOMA-IR,
insulin level, and TG level (Nillson et al., 1998; Tsigos et al., 1999; Mishima et al.,
2001; Gwozdziewiczova et al., 2005; Swaroop et al., 2012), but negatively correlated

with HDL-C in diabetic patients, MS patients and obese patients with DM (Tsigos et
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al., 1999; Gwozdziewiczova et al., 2005). Furthermore, Bertin et al. (2000) discovered
positive association between plasma TNF-a levels, and BMI. Katsuki et al. (1998)
also found a significant positive association between serum TNF-a levels and the
areas of visceral fat in obese type 2 DM patients. Generally, the relations between
plasma TNF-a and blood sugar and lipids profiles were observed in obese patients,
especially abdominal obesity together with poor glycemic and lipid control
(Hotamisgil, Shargil, and Haffner., 1995; Kern et al., 1995; Zinman et al., 1999;
Gupta et al., 2012). In the present study, there were no correlations between TNF-a
and abdominal obesity (WC and BMI), glycemic control (FBS and HbAlc), and
blood lipid profiles (TC, TG, LDL-C, and HDL-C) in type 2 diabetic with MS. This
may be the results of the patients’ characteristics. The information in the present study
showed that the levels of blood sugar and lipid profiles in type 2 diabetic patients with
MS were similar to those in healthy subjects. Hence, the correlations of plasma

TNF-a level and the study parameters were not clearly found in this study.

5.3 Effects of zinc supplementation on plasma zinc levels

Zinc is an essential micronutrient that provides several beneficial functions
in the body. The important functions of zinc in diabetic patients and MS patients may
be through its anti-oxidant and anti-inflammatory (Bulow et al., 2007; Bao et al.,
2010). Plasma zinc levels in the patients with DM and MS can be decreased resulting
from oxidative stress. Zinc is a structure component of an anti-oxidant enzyme
superoxide dismutase, and zinc ion also has anti-oxidant effect (Ozata et al., 2002;
Roussel et al., 2003; Prasad et al., 2004; Smolin and Grosvenor, 2008). During

oxidative stress event, superoxide dismutase requires high levels of zinc to maintain



56

its activity in order to protect organisms, leading to reduced zinc levels (Ozata et al.,
2002). Likewise, high urinary zinc excretion and zinc deficiency in diabetic patients
have been observed (Al-Timimi and Mahmoud, 2001). Zinc deficiency involves in
pathogenesis of DM (Salgueiro et al., 2001). Molecular mechanisms of zinc
deficiency inducing insulin resistance were found to be through decreased insulin
receptor synthesis, interference in insulin receptor binding and impaired insulin
secretion in the pancreas (Salgueiro et al., 2001).

Progression of disease stage and several complications such as diabetic
retinopathy, diabetic nephropathy, diabetic neuropathy and coronary artery disease
(CAD) involves oxidative stress and inflammation (Prasad et al., 2004; Jansen et al.,
2009; Bao et al., 2010). Furthermore, immune dysfunction has been found in zinc
deficiency and diabetic patients (Alexadraki et al., 2007). Zinc supplementation
appeared to provide various beneficial effects in patients with DM and MS in many
studies such as reduction of pro-inflammatory cytokine TNF-a and reduction of blood
sugars and blood lipid profiles (Oh and Yoon, 2008; Bao et al., 2010; Kelishadi et al.,
2010). In this study, the plasma zinc levels of the patients were significantly increased
after daily supplementation of 30 mg elemental zinc for 8 weeks. The increased zinc
levels could indicate good compliance of the patients with zinc supplementation. An
elevation of plasma zinc levels after zinc supplementation may improve various
clinical outcomes, which are related with zinc functions and may also prevent several
diabetic complications, such as infection, diabetic nephropathy, diabetic retinopathy,
CAD, and enhance immune functions in diabetic patients (Bao et al., 2008; Bulow et

al., 2007; Jansen et al., 2009).
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5.4 Effects of zinc supplementation on STNF-a and tmTNF-a in PBMC

The present study evaluated the effects of zinc supplementation on STNF-a
(plasma TNF-a) and tmTNF-a in PBMC in type 2 diabetic patients with MS.
Although many studies suggested that zinc has anti-inflammatory and anti-oxidants
effects (Bulow et al.,, 2007; Prasad et al., 2007; Bao et al., 2008), zinc
supplementation at the dose of 30 mg/day for 8 weeks did not affect the levels of
plasma TNF-a in the patients with type 2 DM with MS in this study. The results were
consistent with those found by Mocchegiani et al. (2008), in which the plasma TNF-a
levels of healthy adults aged 65-85 years did not change from the baseline levels after
zinc aspartate supplementation (elemental zinc 10 mg daily) for 48 days. In contrast,
the finding disagreed with previous randomized double blind placebo control trials
conducted by Kara et al. (2011) and Yalcin et al. (2011). Serum TNF-a levels in
children with cardiac diseases aged 9-18 years were decreased from the baseline when

supplemented with zinc sulfate (30 mg zinc/day) for 28 days (Yalcin et al., 2011).

Based on previous studies, anti-inflammatory effect of zinc is dependent
on zinc dosage. Zinc provides anti-inflammatory effect when elemental zinc was
supplemented at the dose of > 30 mg (Yalcin et al., 2011). Administration of zinc at
the dose of 10 mg daily did not show anti-inflammatory effect (Foster and Samman,
2012). A significant reduction of plasma TNF-a may also depend on severity of
inflammation in the patients. It was found that mean plasma TNF-a levels in patients
with congestive heart failure were in the range of 173.5 + 63.5 pg/mL (Dutka et al.,
1993), while the mean plasma TNF-a in type 2 diabetic patients with MS in the

present study were in the range of 1.40 £ 0.13 pg/mL. Zinc supplementation only
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showed a significant anti-inflammatory effect in patients with cardiac disease who
had high inflammation (Yalcin et al., 2011), but did not affect plasma TNF-a. levels in
healthy subjects (Mocchegiani et al., 2008). In subclinical inflammation as observed
in the patients in the present study, no change in plasma TNF-a was found after
8-week zinc supplementation. However, there was a trend of decreased plasma TNF-a
level at week 8 of zinc supplementation. Longer supplementation period may be

required in order to clarify the effects of zinc on plasma TNF-a level.

Impaired immune function has been observed in PBMC of diabetic
patients (Alexandraki et al., 2007). It was found that tmTNF-a production from
PBMC in response to phorbol-myristate acetate in type 1 and type 2 diabetic patients
were lower than in healthy control (Alexandraki et al., 2007). The production of
tmMTNF-a produced from monocytes/macrophage provides potent antibacterial and
antitumor activities. When impairment of tmTNF-a was found, incidences of
infections, cancer and delayed wound healing have shown to be increased in patients
with DM and MS (Zykova et al., 2000; Komura et al., 2010). It was reported that zinc
supplementation improves functions of various immune cells (Shanger and Prasad,
1998; Ibs and Rink, 2003; Smolin and Grosvenor, 2008). Strategy of zinc
supplementation to enhance immune function through increased tmTNF-a levels in

PBMC could be beneficial in the treatment of type 2 diabetic patients with MS.

Although zinc supplementation was found to improve immune functions in
the previous study (Ibs and Rink, 2003), the results in the present study showed that
tmTNF-a levels in PBMC of type 2 diabetic patients with MS did not differ from the

baseline levels after zinc administration (30 mg daily) for 8 weeks. These results were
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in disagreement with those of previous studies (Driessen et al., 1994; Wellinghausen
et al., 1996; Prasad et al., 2004; Chang et al., 2006; Bulow et al., 2007; Prasad et al.,
2007; Bao et al., 2008; Bao et al., 2010) that showed both stimulatory effects and
inhibitory effects of zinc supplementation on TNF-a secretion in PBMC. The effects
were dependent on zinc dosages. Zinc supplementation at the dose of < 20 mg/day
were associated with increase in ex vivo generated levels of TNF-a in stimulated
mononuclear cells isolated from human subjects (Aldemir et al., 2006; Kahmann et
al., 2008). It was reported that zinc supplementation can stimulate immune cells by
increasing ex vivo generated levels of TNF-a in stimulated mononuclear cells isolated
from human subjects (Aldemir et al., 2006; Kahmann et al., 2008). Aldemir et al.
(2006) demonstrated that ex vivo TNF-a generation in mononuclear cells after LPS
stimulation in healthy men aged 19-31 years old was increased from the baseline
levels after zinc supplementation (15 mg/day) for 10 days. Kahmann et al. (2008)
indicated that ex vivo TNF-a generation in mononuclear cells of healthy individuals
after streptococcal pyrogenic exotoxin A (SPEA) stimulation was increased from the
baseline levels after zinc supplementation (10 mg daily) for 48 days. The results from
zinc-supplemented subjects have advocated the hypothesis of the immune-stimulatory

role for zinc.

Capability of immune response might be related with zinc status in
individuals. Zinc deficiency can cause impaired functions of monocytes and
neutrophils as well as impairment of phagocytosis processes (lbs and Rink, 2003;
Haase and Rink, 2009). Thus, zinc supplementation may show significantly beneficial
effects on immune cells when zinc deficiency is presented. It appears that zinc shows

an effect on specific immune cells, particularly on monocytes which is a major cell
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for tmTNF-a production. Data have shown that zinc is essential for LPS-mediated
signal transduction in monocytes (Haase et al., 2008). Interestingly, our early study
(unpublished data) suggested that zinc supplementation (30 mg daily) for 8 weeks
increased tmTNF-a levels in monocytes, but not in lymphocytes. Therefore, when the
study on the role of zinc in tmTNF-a production was conducted in PBMC which
consist of various immune cells, the improved tmTNF-o production could not be seen.
The clear effects possibly can be observed only when specific immune cells were

isolated.

5.5 Effect of zinc supplementation on blood sugar

The present study evaluated the effects of zinc supplementation on FBS
and HbA1c in type 2 diabetic patients with MS. The result showed that the levels of
FBS were significantly decreased from the baseline after 8-week zinc
supplementation. However, the levels of HbAlc were not significantly reduced from
the baseline after 8-week zinc supplementation. Reduction of FBS levels after zinc
supplementation in this study is consistent with many studies (Al-Maroof et al., 2006;
Afkhami-ardekani et al., 2008; Oh and Yoon, 2008; Parham et al.,, 2008;
Hashemipour et al., 2009; Kelishadi et al., 2010). Several molecular mechanisms of
zinc have been suggested to improve insulin sensitivity and thus reduce blood
glucose. Zinc is useful in the synthesis, storage, and secretion of insulin and it is also
related with insulin signaling (Jansen et al, 2009). It appears that zinc improves
insulin signaling by stimulating autophophoryation of the B subunit of insulin receptor
and subsequently stimulates tyrosine phosphorylation of insulin receptor substrate-1

(Jansen et al., 2009). Phosphatidyl inositol-3 kinase is then activated and subsequently
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induces the translocation of GLUT-4 to the plasma membrane, leading to an increased
uptake of glucose into tissue cells including liver, muscle and adipocytes (Jansen et
al., 2009). Furthermore, oxidative stress is considered as one of the factors
contributing to the initiation and progression of insulin resistance. Zinc is a
component of antioxidant enzyme superoxide dismutase and is required for optimum
superoxide dismutase activity (Jansen et al., 2009). Hence, an antioxidant effect of

zinc is one of the molecular mechanisms of zinc in improving insulin resistance.

In the present study, the levels of HbAlc were not significantly reduced
from the baseline after 8-week zinc supplementation. The result of zinc
supplementation on HbA1c levels agreed with Roussel et al. (2003) in which zinc
gluconate (zinc 30 mg/day) supplementation for 4 weeks could not affect HbALc in
Turnisian type 2 diabetic patients. Conversely, previous studies have shown beneficial
effect of zinc on HbAlc in patients with DM. Al-Maroof and Al-sharbetti (2006)
indicated that the level of HbAlc was reduced after zinc sulfate (zinc 30 mg/day)
supplementation in diabetic patients for 3 months. Additionally, the levels of HbAlc
in type 2 diabetic patients were reduced after supplementation with 150 mg/d of zinc
for 3 months (Afkhami-Ardekani et al., 2008). Based on these previous studies, the
reduction of HbAlc levels were found when zinc was supplemented for > 12 weeks (3
months). The 8-weeks supplementation in the present study may not be enough time

to observe the change in HbAlc.

More than 75 % of all hospitalizations for diabetic complications and
about 65 % of causes of death in patients with DM are related with CAD (Aronson

and Rayfield, 2002; American Heart Association, 2007). Moreover, the prevalence of
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CAD has been highest in type 2 diabetic patients with MS (Alexander et al., 2003).
Hyperglycemia in patients with DM promotes atherosclerosis by several molecular
mechanisms such as oxidative stress, inflammation and protein kinase C activation
(Wassink et al., 2007). Thus, controlling blood sugar within the recommendation
ranges can decrease hospitalization and mortality from CAD complication in diabetic
patients and/or MS patients. It was suggested that zinc is an anti-atherosclerotic
agent, and the inhibition of TNF-a mRNA and NF-kB expression are proposed as
molecular mechanisms of zinc (Bulow et al., 2007; Bao et al., 2010). Beneficial
effect of zinc on FBS levels in the present study suggested that zinc may be used as a
supplement to control blood sugar and consequently prevent diabetic complications

in patients with DM who also had MS.

5.6 Effect of zinc supplementation on lipid profiles

No significant change in the levels of lipid profiles after 8-week zinc
supplementation in the present study. These findings were consistent with those of
Parham et al. (2008). Parham et al. (2008) stated that the levels of TG, TC, HDL-C
and LDL-C of type 2 diabetic patients did not change from the baseline levels after
zinc sulfate supplementation for 12-weeks (30 mg zinc/day). In contrast, several
studies found improved serum lipid levels after zinc supplementation in diabetic
patients and in MS patients (Partida-Hernandeze et al., 2006; Afkhami-ardekani et al.,
2008; Hashemipour et al., 2009; Kelishadi et al., 2010; Jayawardena et al., 2012). In
type 2 diabetic patients, Partida-Hernandeze et al. (2006) demonstrated that 12-week
zinc sulfate supplementation (22.76 mg zinc/day) could reduce the levels of TG, TC

and increase the levels of HDL-C. With increasing the dose of zinc sulfate (150 mg
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zinc/day), Afkhami-ardekani et al. (2008) also found reduced levels of TG, TC and
LDL-C in type 2 diabetic patients after 12-weeks of supplementation. In MS children,
Hashemipour et al. (2009) and Kelishadi et al. (2010) showed that the levels of TG,
TC and LDL-C were reduced after 8-week zinc sulfate supplementation (20 mg

zinc/day).

Base on the previous studies, it seemed that zinc supplemented > 30 mg/d
(around two fold the RDA for adults) and the duration of zinc supplementation > 12
weeks (3 months) enhances serum lipid profiles in diabetic patients. For children with
MS, it was found that a dose of 20 mg zinc/day (around two fold the RDA for
children) could improve lipid profiles. Although there were no significant changes in
the levels of lipid profiles of type 2 diabetic patients with MS in the present study,
there were trends of decreases in TC and LDL-C levels after 30 mg/d of zinc
supplementation for 8 weeks. Hyperlipidemia contributes to lipid peroxidation, and
subsequently increased in free fatty acid in circulation. Thus, the inhibition of lipid
peroxidation by antioxidant effect of zinc is proposed as a possible mechanism in
lowering plasma lipid concentrations in diabetic patients (Faure et al., 1995, Faure et

al., 1993; Bao et el., 2010).

Although zinc supplemented 150 mg zinc/day for 3 months could improve
serum lipid profiles (Afkhami-ardekani et al., 2008), high dose of elemental zinc >
150 mg/day is not recommended because zinc supplementation at the dose higher than
150 mg/day contributes to immune dysfunction (Chandra, 1984). Furthermore, zinc
supplementation at the dose of higher than 50 mg/day for 1 year was found to

contribute to copper deficiency (Sandstead et al., 1995). For long-term zinc
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supplementation (> 1 years), copper supplementation 1-2 mg daily may be considered
(Hashemipour et al., 2009). Hence, zinc supplementation should be carefully
considered about an appropriate dosage to maximize the benefits and minimize the

risks that may occur.

5.7 Effects of zinc supplementation on anthropometric parameters

Benefits of zinc supplementation on anthropometric parameters were not
observed in this study. These results were in agreement with those of other double
blind randomized placebo-controlled trials conducted by Marreiro et al. (2006),
Afkhani-Ardekani et al. (2008) and Hashemipour et al. (2009). Kim and Lee (2012)
and Marreiro et al. (2006) indicated that the supplementation of zinc aminochelate at
the dose of 30 mg elemental zinc daily for 4-weeks did not affect BMI and WC in
obese women. Afkhani-Ardekani et al. (2008) also demonstrated no effect of 6-week
zinc sulfate supplementation (150 mg zinc/day) on BMI in type 2 diabetic patients. In
addition, it was found that zinc sulfate supplementation (elemental zinc 20 mg/day)
for 8 weeks did not affect WC and BMI in obese Iranian children with MS
(Hashemipour et al., 2009). In obese Korean women, zinc gluconate supplementation

(30 mg zinc/day) for 8-weeks shows no effects on WC and BMI (Kim and Lee, 2012).

Despite of no effect of zinc supplementation on anthropometry in the
present study, Kelishadi et al. (2010) found that zinc sulfate supplementation with
elemental zinc 20 mg daily for 8-weeks decreased weight and BMI without causing
change in WC in obese Iranian children with MS (Kelishadi et al., 2010). A similar

result was found with increased amount of supplemented zinc with shorter duration.
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Payahoo et al. (2013) found that 30 mg/day of zinc administration for 4-weeks can

reduce weight and BMI in either obese male and obese female adults.

Several factors promote obesity such as type of disease (hypothyroidism),
genetic and lifestyle (Dandona and Aljada, 2004; Wassink et al., 2007). Patterns of
food intakes and exercise are also important factors which influence anthropometric
parameters. In the present study, the energy distribution of carbohydrate, fat and
protein were complied with recommendation of American Diabetes Association
(Franz, 2008). At week 8, the pattern and amount of dietary intakes did not differ
from the baseline. In addition, the patients still maintained their activity at the same
levels throughout the study. Dietary intake and activity factors may be one of the
reasons of unchanged anthropometric parameters in this study. Currently, knowledge
about effects of zinc supplementation on anthropometric parameters is still limited

and the effects seem to be inconsistent in type 2 diabetic patients and in MS patients.

5.8 Adverse effects of zinc sulfate supplementation

The minor adverse effect of zinc sulfate was found in the present study. It
was found that one patient had flatulence and abdominal pain, and this patient finally
withdrew from the study. This observation is consistent with Afkhami-Ardekani et al.
(2008). They reported two cases of mild abdominal pain in type 2 diabetic patients

who obtained 150 mg zinc/day of zinc sulfate for 3 months.



CHAPTER VI

CONCLUSION

The present study was conducted to assess the effects of zinc
supplementation on the levels of plasma zinc, TNF-a in plasma and PBMC, glycemic
control and lipid profiles in type 2 diabetic patients with MS according to the IDF
criteria. The levels of plasma zinc were significantly increased after 8-week zinc
supplementation. In the patients supplemented with zinc, FBS levels were
significantly decreased from baseline, but the levels were still not different from those
in the control group at week 8. Zinc supplementation did not influence the levels of
plasma TNF-a, tmTNF-a, HbAlc, lipid profiles, anthropometric parameters and
dietary intake in this study. There were no severe adverse effects of zinc
supplementation. Only flatulence and abdominal pain were found in one patient.

The information obtained in the present study suggested the beneficial
effects of zinc sulfate supplementation in increasing plasma zinc levels and reducing

FBS levels in type 2 diabetic patients with MS.



67

Recommendations for further research

Further studies may consider increased sample size and duration for
supplementation to confirm the effects of zinc supplementation on clinical outcomes
of type 2 DM patients with MS. For immune-related functions of zinc, PBMC isolated
from the patients may be stimulated with mitogens in order to evaluate immune
response at baseline and after zinc supplementation. Healthy individuals may be
included in the study as controls to compare the results with those found in the

patients.
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Appendix C

Data record sheet and booklet for diabetic patient
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Appendix D

Analytical report of zinc capsule and placebo capsule
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THAIPHARMED 1942 CO., LTD., BANGKOK , THAILAND

. Quality Control @gﬁm‘mﬁt
Analytical Report |
Product : ZINCATE*
Reg. No. : 1A 497/42 Lot No. : 59495 Conﬁ'ol No. : 65/2010
MFé. : 17.3.2010 EXP.: 17.32013 Batch size : 100,000 's Report date : . 30.3.2010
Description Blue-grey gelatin capsule no.4 with white powder inside, printed ZINCATE in
black color on cap and body. ‘
Content Each capsule gontairis - 2

Identification test

Zinc Sulfate eq. to elemental Zinc

Positive.

Average net weight per capsule

0.1797

Average grdss weight per capsule

Weight variation

Disintegration time

0.2201

-4.2582 ;+ 5.7612

2

15 mg

g
% (+ 10%)

min. ( nmt. 30 min. )

o Analytical Items

Method of Analysis

Limit

Result of Analysis

Quantity per unit

Ylabeled amount

Zinc sulfate eq. to

elemental Zinc

USP 23, p.1646

90.0 ~ 110.0 %la
of Zinc (Zn)

14.6976 mg/capsule

97.98 %la

Comment :

The samples meet the requirements.

’ LAnalyst :

g 7—1’0170&14/

X1 3 10 ]ChiefonC.dept.: e

30 54, 753 |




MuaziBbauariereninned noduudautsznayly

Placebo 1{ 1 capsule (Wag)
fingdudludaulszneuses  Placebo #a
i0 ing Winm
Corn starch 66 mg
Lactose LA ) 20 mg
Colloidal Silicon Dioxide "J / //’/ 05 m
: \\\‘J 4’// 9
starch (Tapioca) S _—— 79 mg
Nt Q -
Purified water * :7’ Y 0.03 ml
y V/ \
p
RE
* Removed during sing
: (Swm‘»,
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APPENDIX E

Normality test of data and statistical analysis



Table E-1 Shapiro-Wilk’s of data
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Parameters? Groups Shapiro-Wilk’s Value p-value
Plasma zinc (ng/dL) Zinc 0.946 0.649
Placebo 0.948 0.723
Plasma TNF-a (pg/mL) Zinc 0.861 0.099
Placebo 0.846 0.147
% tmTNF-0 in PBMC  Zinc 0.948 0.672
Placebo 0.923 0.527
Weight (Kg) Zinc 0.872 0.129
Placebo 0.908 0.422
BMI (kg/m?) Zinc 0.876 0.142
Placebo 0.911 0.445
WC (cm) Zinc 0.652 <0.001*
Placebo 0.557 <0.001*
FBS (mg/dL) Zinc 0.737 0.004*
Placebo 0.864 0.203
% HbAlc zZinc 0.831 0.046
Placebo 0.886 0.299
TG (mg/dL) Zinc 0.966 0.858
Placebo 0.839 0.127
TC (mg/dL) zZinc 0.849 0.073
Placebo 0.987 0.980

*Data were not normally distributed (p < 0.05), *Mean differences were used to analyze normality test
of data. Mean differences = Data at Baseline — Data at week 8
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Table E-1 Shapiro-Wilk’s of data (continued)

Parameters® Groups Shapiro-Wilk’s Value p-value
HDL-C (mg/dL) Zinc 0.921 0.400
Placebo 0.914 0.464
LDL-C (mg/dL) zZinc 0.881 0.163
Placebo 0.940 0.662
SBP (mmHg) Zinc 0.888 0.189
Placebo 0.970 0.891
DBP (mmHg) Zinc 0.958 0.776
Placebo 0.826 0.100
RBC (10°/mL) Zinc 0.978 0.955
Placebo 0.876 0.252
% Lymphocytes Zinc 0.955 0.740
Placebo 0.911 0.443
% Monocytes Zinc 0.861 0.099
Placebo 0.881 0.272
% Neutrophils Zinc 0.879 0.155
Placebo 0.957 0.798
% Basophils Zinc 0.920 0.395
Placebo 0.805 0.066
TE (kcal/d) Zinc 0.959 0.777
Placebo 0.931 0.423

Mean differences = Data at Baseline - Data at week 8
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Table E-1 Shapiro-Wilk’s of data (continued)

Parameters® Groups Shapiro-Wilk’s Value p-value
Protein intake (g/d) Zinc 0.932 0.471
Placebo 0.855 0.049
Protein intake (kcal/d) Zinc 0.932 0.471
Placebo 0.855 0.049
% Protein Zinc 0.915 0.319
Placebo 0.862 0.061
CHO intake (g/d) Zinc 0.932 0.471
Placebo 0.898 0.174
CHO intake (kcal/d)  Zinc 0.932 0.471
Placebo 0.898 0.174
% CHO Zinc 0.860 0.076
Placebo 0.920 0.317
Fat intake (g/d) Zinc 0.737 0.182
Placebo 0.646 0.095
Fat intake (kcal/d) Zinc 0.737 0.182
Placebo 0.646 0.095
% Fat Zinc 0.867 0.092
Placebo 0.887 0.126

®Mean differences were used to analyze normality test of data.
Mean differences = Data at Baseline — Data at week 8



Table E-2 Paired t test
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Parameters Groups p-value

Plasma zinc (ng/dL) Zinc <0.001*
Placebo 0.296
Plasma TNF-a (pg/mL) Zinc 0.079
Placebo 0.805
% tmMTNF-a in PBMC Zinc 0.393
Placebo 0.710
Weight (Kg) Zinc 0.971
Placebo 0.950
BMI (kg/m?) Zinc 0.992
Placebo 0.897
% HbAlc Zinc 0.071
Placebo 0.291
TG (mg/dL) Zinc 0.947
Placebo 0.155
TC (mg/dL) Zinc 0.149
Placebo 0.069
HDL-C (mg/dL) Zinc 0.814
Placebo 0.774

* Significant difference from baseline within group (p < 0.05)
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Table E-2 Paired t test (continued)

Parameters Groups p-value
LDL-C (mg/dL) Zinc 0.191
Placebo 0.229
SBP (mmHg) Zinc 0.143
Placebo 0.617
DBP (mmHg) Zinc 0.191
Placebo 0.399
RBC (10°/mL) Zinc 0.346
Placebo 0.259
% Lymphocytes Zinc 0.052
Placebo 0.518
% Monocytes Zinc 0.238
Placebo 0.897
% Neutrophils Zinc 0.347
Placebo 0.328
% Basophils Zinc 0.489
Placebo 0.093
Total energy intake (kcal/d) Zinc 0.223

Placebo 0.245




Table E-2 Paired t test (continued)

130

Parameters Groups p-value
Carbohydrate intake (g/d) Zinc 0.743
Placebo 0.538

Carbohydrate intake (kcal/d) Zinc 0.743
Placebo 0.538

% Carbohydrate intake Zinc 0.056
Placebo 0.700

Fat intake (g/d) Zinc 0.091
Placebo 0.400

Fat intake (kcal/d) Zinc 0.091
Placebo 0.400

% Fat intake Zinc 0.268
Placebo 0.755

Protein intake (g/d) Zinc 0.703
Placebo 0.546

Protein intake (kcal/d) Zinc 0.703
Placebo 0.546

% Protein intake Zinc 0.824
Placebo 0.659




Table E-3 Wilcoxon Signed Ranks Test
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Parameters Groups p-value
Fasting blood sugar (mg/dL) Zinc 0.007*
Placebo 0.859
Waist circumference (cm) Zinc 0.500
Placebo 0.500
* Significant difference from baseline within group (p < 0.05)
Table E-4 Mann-Whitney Test
Parameters Baseline Week 8
Fasting blood sugar (mg/dL) 0.710 0.131
Waist circumference (cm) 0.197 0.247

Data are presented as p-value
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Table E-5 Independent t-test at baseline and week-8

Parameters Baseline Week 8
Plasma zinc (ng/dL) 0.909 0.001*
Plasma TNF-a (pg/mL) 0.313 0.146
% tmTNF-a in PBMC 0.881 0.056
Weight (Kg) 0.284 0.310
BMI (kg/m?) 0.184 0.178
% HbAlc 0.328 0.460
TG (mg/dL) 0.102 0.462
TC (mg/dL) 0.146 0.774
HDL-C (mg/dL) 0.835 0.610
LDL-C (mg/dL) 0.247 0.604
SBP (mmHg) 0.410 0.456
DBP (mmHg) 0.456 0.803
RBC (10%/mL) 0.163 0.205
% Lymphocytes 0.756 0.260
% Monocytes 0.276 0.533
% Neutrophils 0.193 0.205
% Basophils 0.600 0.776

Data are presented as p-value.
* Significant difference from the control group at the same time point (p < 0.05)



133

Table E-5 Independent t-test at baseline and week-8 (continued)

Parameters Baseline Week 8
Total energy intake (kcal/d) 0.483 0.615
Carbohydrate intake (g/d) 0.780 0.896
Carbohydrate intake (kcal/d) 0.780 0.896
% Carbohydrate intake 0.498 0.332
Fat intake (g/d) 0.292 0.575
Fat intake (kcal/d) 0.292 0.575
% Fat intake 0.654 0.795
Protein intake (g/d) 0.702 0.894
Protein intake (kcal/d) 0.702 0.894
% Protein intake 0.800 0.796

Data are presented as p-value



Table E-6 Chi-Square Test
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Parameters Zinc Placebo
Baseline Week 8 Baseline Week 8
Meat 6.200 3.800 5.091 3.455
p-value 0.045 0.150 0.078 0.178
Meat product 1.400 1.400 2.364 1.273
p-value 0.479 0.479 0.307 0.529
High carbohydrate and high fat 0.200 2.600 1.273 1.273
p-value 0.905 0.273 0.529 0.529
Fried food 2.600 1.400 3.455 0.727
p-value 0.273 0.497 0.178 0.695
Saturated fatty acid food 4.400 2.000 0.727 0.182
p-value 0.221 0.572 0.695 0.913
Vegetable 3.800 3.800 2.364 2.364
p-value 0.150 0.150 0.307 0.367
Fruit 1.400 0.400 4.545 5.091
p-value 0.497 0.527 0.103 0.078
Cereal 3.200 3.200 5.091 2.909
p-value 0.202 0.202 0.078 0.234
Fast food 3.800 2.600 4.545 2.364
p-value 0.150 0.273 0.103 0.307

Data are presented as y°
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Table E-6 Chi-Square Test (continued)

Parameters Zinc Placebo
Baseline Week 8 Baseline Week 8
Salty food 4.400 3.600 6.091 4.636
p-value 0.221 0.308 0.107 0.200
Sweeten or carbonated beverage 1.400 2.600 3.455 5.091
p-value 0.497 0.273 0.178 0.078
Snack 1.400 2.600 2.364 1.273
p-value 0.497 0.273 0.367 0.529
Tea 3.800 3.800 4.545 2.364
p-value 0.150 0.150 0.103 0.307
Coffee 3.200 3.200 4.545 5.091
p-value 0.202 0.202 0.103 0.078

Data are presented as 2
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