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Chapter I 

Introduction 

 

1.1 Background and rationale 

 Diabetes mellitus is the global epidemic because of its increasing prevalence 

around the world in each year [1-3]. Wild et al. [3] estimated that the prevalence of 

diabetes for all age-groups worldwide was 2.8% in 2000 and 4.4% in 2030. World 

Health Organization [4] estimated that more than 220 million people around the world 

suffer from this disease. Among all types of this disease, type 2 diabetes mellitus is 

the major type as it affects approximately 90% of all diabetic  patients [2, 5].  

 Abnormally high blood glucose level relates to complications and increased 

risk of cardiovascular disease [6, 7, 8 ]. These complications worsen patients’ quality 

of life such as blindness due to diabetic retinopathy, diabetic renal failure etc [4]. 

Leelawattana et al. [9] estimated that the major causes of total mortality in Thai type 2 

diabetic patients were sepsis and cardiovascular disease. Moreover, there is a positive 

association between type 2 diabetes mellitus and the risk of certain cancers [10].  

 The goals of therapy are to reduce the symptoms, the risk of long-term 

vascular complications, mortality and to improve quality of life [1, 2]. These goals 

can be achieved by strategies to reduce blood glucose level which comprise both 

nonpharmacologic and pharmacologic treatments. The nonpharmacologic treatments 

contain appropriate nutrition, weight reduction and physical activity. The 

pharmacologic treatment is oral antidiabetic drugs which lower blood glucose level by 

various mechanisms. If the patients cannot control their blood glucose levels by only 
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oral drugs, appropriate insulin preparations should be added. Antidiabetic drugs, 

however, have some adverse drug reactions such as metallic taste, anorexia, diarrhea, 

and lactic acidosis [1, 2, 5, 11, 12]. Consequently, the safer alternatives are necessary. 

 Herbal medicine is an intriguing choice for this disease. There are many 

medicinal plants that have antidiabetic effect by various mechanisms. For instance, 

Aloe vera (Thai name: วา่นหางจระเข)้ can lower blood glucose level by controlling 

enzymes in carbohydrate metabolism and by stimulating insulin secretion from beta 

cells. Morus alba (Thai name: หม่อน) has hypoglycemic activity by increasing 

glucose uptake [13]. Amid these herbs, Gymnema spp. has been proved to have an 

hypoglycemic effect both in vitro and in vivo studies [14].  

 Gymnema sylvestre is one of the medicinal plants used in Ayurvedic medicine. 

Its traditional uses are antidiabetic, laxative, stimulant, and stomachic drugs [15]. 

Natural standard herb & supplement guide: an evidence-based reference grades this 

herb for antidiabetic indication as B which means that there is good scientific 

evidence for this indication [16]. Baskaran et al.[17] studied the effect of an extract 

from the leaves of G. sylvestre (GS4) on blood glucose levels of type 2 diabetic 

patients who had conventional drugs, i.e. glibenclamide and tolbutamide. The results 

showed that the patients who received both GS4 and conventional drugs had 

significantly lower blood glucose levels than the initiation of the study and 

significantly more serum insulin levels than the controlled group who received 

conventional drugs alone. The proposed mechanisms of hypoglycemic effect of this 

plant are stimulation of beta-cells regeneration [18], insulin secretion from beta-cells 

[19, 20], peripheral uptake of glucose in the tissues [21], and inhibition of glucose 
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absorption from intestinal tracts [22]. The plant also possesses antioxidant activity 

[15] and antibacterial activity against various bacteria such as Pseudomonas 

aeruginosa, Escherichia coli, Salmonella typhi etc. [23] and antiviral activity against 

influenza virus [15].  

 Another Gymnema spp. in Thailand is Gymnema inodorum (Thai name: ผกั

เชียงดา) which is a vegetable in the northern and north-eastern regions of Thailand [24, 

25].  It is also a medicinal plant of the Thai Yai tribe folklore medicine used to treat 

fever, diabetes mellitus, constipation and dizziness. It is also used as a tonic in the 

folklore medicine of Loei Province [25]. Among 43 edible plant species in Thailand, 

G. inodorum  has the highest antioxidant activity [26]. In the light of antidiabetic 

activity, G. inodorum leaves extract inhibited glucose absorption in guinea pigs and 

improved glucose tolerance of rats [22, 27]. The butanol crude extract of G. inodorum 

also inhibited alpha-amylase in vitro [28]. In the clinical study, G. inodorum tea, 

when consumed immediately or 15 minutes after oral glucose tolerance test in healthy 

humans, lower blood glucose concentrations were found. In addition, comsumption of 

G. inodorum tea did not increase the hepatic enzymes levels and did not induce 

hypoglycemia in healthy humans [24]. Thus, G. inodorum tea has hypoglycemic 

activity without any serious side effects in healthy humans. However, there is a 

limited data about efficacy and safety of G. inodorum tea supplementation in type 2 

diabetic patients. This research aims to study the effect of G.  inodorum tea 

consumption on blood glucose levels of type 2 diabetic patients. The result of this 

study may be beneficial to development a choice of dietary supplement from Thai 

herbal medicine for type 2 diabetic patients. 
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1.2 Objectives 

 To evaluate the effect of Gymnema indorum tea consumption on blood 

glucose level and lipid profiles in type 2 diabetic patients. 

 

1.3 The benefits of this study 

 This study provided the data about the effect of G. inodorum tea consumption 

on blood glucose level in type 2 diabetic patients. It can also be applied to the 

development a choice of Thai herbal dietary supplements for type 2 diabetic patients. 

 

 

 

 

 

 

 



 
 

Chapter II 

Literature Review 

2.1 Diabetes mellitus 

 2.1.1 Epidemiology 

 Diabetes mellitus has been considered as “the global epidemic” due to its 

increasing prevalence around the world. Wild et al. [3] estimated that the prevalence 

of diabetes mellitus for all age-groups around the world was 2.8% in 2000 and will 

rise to 4.4% in 2030. However, Shaw et al. [29] predicted that the prevalence of 

diabetes mellitus in adults (aged 20-79 years) worldwide was 6.4% in 2010 and will 

rise to 7.7% in 2030 which is higher than the prevalence expected by the former 

study.  

 When considering in each region or country, this trend also appears. The 

prevalence of diabetes mellitus in South Asia is increasing especially in urban areas 

[30]. The cohort study in the Philippines revealed that fasting blood glucose levels of 

the Philippines had been increased from 1998 to 2007 and the prevalence of type 2 

diabetes mellitus was 28.0% in 2007 [31].  In Japan, Nakano et al. [32] reported that 

there were 7.4 million diabetic patients from 127 million people in 2002. The number 

of diabetic patients in Japan has increased due to the transition of lifestyle.  

 The survey in Thailand in 1971 showed the prevalence of diabetes mellitus 

was 2.5% [33]. The trend of the prevalence has escalated like other countries. In 2009, 

the prevalence of diabetes mellitus in people aged 15 years and above was 6.9% [34]. 

Seriously, the newly-diagnosed diabetic patients will be rise to 8,200,200 in 2020 

[35]. 
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 2.1.2 Diagnosis 

 There are four types of diabetes mellitus: type 1 diabetes mellitus, type 2 

diabetes mellitus, other specific types, and gestational diabetes mellitus [2, 36, 37]. 

Type 2 diabetes mellitus is the major type as if affects approximately 90-95% of 

diabetic patients [2, 37, 38]. Criteria for the diagnosis of diabetes mellitus are shown 

in Table 1. The criteria number 2 and 3 must be repeated on a different day for the 

diagnosis of diabetes mellitus. When each criterion is considered, an oral glucose 

tolerance test is not advised for a routine work [1, 2, 37, 39]. Although the 

hemoglobin A1C (HbA1C) has a strong relation with the plasma glucose in the last 2-3 

months [2], it is not suitable for the diagnosis of diabetes mellitus, because it is costly 

and there is no standardization of this method in Thailand [37, 39]. In addition, There 

is a high prevalence of hemoglobin abnormalities in Thai people that can affect this 

parameter [39].  

 

Table 1 Criteria for the diagnosis of diabetes mellitus 

No. Criteria 

1. Symptoms of diabetes mellitus plus random blood glucose ≥ 200 mg/dL  

(Symptoms: polyuria, polydipsia, unexplained weight loss) or 

2. Fasting plasma glucose ≥ 126 mg/dL (fasting for at least 8 hours) or 

3. Two-hour post load glucose ≥ 200 mg/dL during an oral glucose tolerance test 

(Glucose load: equivalent to 75 g anhydrous glucose dissolved in water) 

 

 

 



 
 

7 
 

 2.1.3 Pathogenesis of type 2 diabetes mellitus 

 The key factors leading to hypoglycemia are β-cell dysfunction and insulin 

resistance [2, 5, 11]. There are many factors including blood glocose, amino acids, 

ketones, autonomic neurotransmitters, and gastrointestinal hormones regulating the 

secretion of insulin. Among them, blood glucose is the key regulator [36, 40]. When 

glucose is diffused into β-cells through glucose transporter 2 (GLUT2), it is 

metabolized and turned into adenosine triphosphate (ATP). The increased level of 

ATP leads to closure of ATP-sensitive K+ channel which consists of two separate 

proteins: the receptor of some hypoglycemic drugs (e.g. sulphonylureas and glinides) 

and potassium inward rectifier (Kir6.2). Then, the cell membrane becomes 

depolarized and this causes the influx of Ca2+ ions. Finally, the exocytosis of insulin 

granules appears [5, 36, 41]. The pattern of insulin secretion constitutes 2 phases: the 

first phase with a rapid rise of insulin level for a short period and the second phase 

with a slower and more progressive insulin secretion [11, 41]. When insulin binds to 

its receptor at target sites, the intrinsic tyrosine kinase activity of the receptors is 

stimulated, leading to autophosphorylation and the recruitment of intracellular 

signaling molecule which are responsible for the physiological effects of insulin 

including increased storage of carbohydrate and fat and protein synthesis [1].  

Diabetic patients, however, have different ways of insulin secretion and 

insulin function at target sites. Insulin secretion in the first phase of type 2 diabetic 

patients is intensely decreased, while in the second phase is delayed [11, 41]. This 

defect will worsen with increasing diabetic duration. The United Kingdom 

Prospective Diabetes Study (UKPDS) showed that insulin secretion of type 2 diabetic 

patients decreased by 50% at the time of diagnosis and by 65% in 6 years later [11]. 
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There are several explanations of the reasons of this defect including glucotoxicity, 

lipotoxicity, and impaired gut hormones secretion [2, 5, 11].  

Excess glucose may lead to reactive oxygen species which can damage to 

components of β-cells and reactive oxygen species can enhance nuclear factor κB 

(NFκB) activity inducing β-cells apoptosis. In β-cells, free fatty acids are metabolized 

to long-chain acyl coenzyme A which can diminish insulin secretion [1, 5]. Moreover, 

gut hormones i.e. glucagon-like peptide-1 (GLP-1) and glucose-dependent insulin-

releasing peptide (GIP) play a significant role in the stimulation of insulin secretion. 

Diabetic patients have less insulin levels than non-diabetic persons after oral glucose 

intake due to the defect of gut hormone secretion [2]. 

The responses of liver and muscle to insulin in type 2 diabetic patients also 

have problems [1, 2, 11]. Type 2 diabetic patients’ livers produce glucose extensively 

which cause fasting hyperglycemia. Type 2 diabetic patients who have mild to 

moderate fasting hyperglycemia (140 to 200 mg/dL) may have basal hepatic glucose 

production increased by approximately 0.5 mg/kg per minute [2]. The utilization of 

glucose in muscle which is the main peripheral insulin target also decreases [2, 11]. 

For example, the glucose uptake which is the physiologic response of muscle to 

insulin increases linearly and reaches a plateau value of 10 mg/kg per minute. 

However, the onset of this response in type 2 diabetic patients is delayed and the 

ability of insulin to stimulate the glucose uptake of leg muscle is reduced by 50% [2]. 

Obesity is the key factor leading to insulin resistance [1, 2, 5, 11, 42]. Visceral 

adipose tissue, which located in the abdominal cavity, omentum, mesentery, 

peritoneum, and surrounding the kidney, significantly relates to insulin resistance [2]. 
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Adipocytes release free fatty acids and cytokines which can disturb the intracellular 

signaling of insulin, leading to insulin resistance [1, 2, 5, 11].    

 

 2.1.4 Complications of diabetes mellitus 

 Diabetic complications can be divided into two categories: acute and chronic 

complications [36]. Acute complications of diabetic mellitus comprise diabetic 

ketoacidosis (DKA) and hyperglycemic hyperosmolor state (HHS). Both 

complications may lead to considerable danger to diabetic patients [36, 43]. DKA 

occurs in patients with absolute insulin deficiency i.e. type 2 obese diabetic patients 

who are of Hispanic or African-American descent [36]. The lack of insulin results in 

hyperglycemia and glucosuria [43]. Meanwhile the increases in glucagon, 

catecholamines, and growth hormones cause other metabolic abnormalities such as 

glycogenolysis and lipolysis which results in ketoacidosis [36]. Signs and symptoms 

of DKA are nausea, vomiting, polyuria, thirst, shortness of breath, abdominal pain, 

and fruity odor on the patient’s breath because of metabolic acidosis and increased 

acetone [36, 43]. HHS results from insulin insufficiency or relative insulin deficiency 

which cause hyperglycemia through hepatic glucose production and decreased 

glucose utilization in muscle. Serious hyperglycemia (blood glucose level is higher 

than in DKA) contributes to dehydration. However, there is no ketosis in HHS. Signs 

and symptoms of HHS are polyuria, weight loss, hypotension, mental confusion, or 

coma. Moreover, blood sodium level also increases [36, 43].  

 Chronic complications of diabetes mellitus are serious problems that affect 

patients’ quality of life. They are consisted of vascular complications and nonvascular 

complications. The vascular complications can be divided into macrovascular 
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complications (coronary heart disease, peripheral arterial disease, and cerebrovascular 

disease) and microvascular disease (retinopathy, neuropathy and nephropathy). 

Nonvascular complications include gastrointestinal complications, infections, 

cataracts, glaucoma, sexual dysfunction, periodontal disease etc. [36]. The diabetic 

complications relates to the duration of diabetes and the degree of glycemic control 

[44]. The results from UKPDS showed that the risk of microvascular complications 

was reduced by 35% when A1C was reduced by 1% and the strict blood pressure 

control could decrease micro- and macrovascular complications [36]. 

 The mechanism of these complications is still unknown; however there are 

several explanations [36, 44]. The first one is non-enzymatic glycation of proteins 

which occurs by the interaction between glucose and amino groups on proteins, 

resulting in advanced glycation end-products (AGEs). This reaction relates to the 

plasma glucose level [36, 44, 45]. AGEs have deleterious effect on health through 

many mechanisms i.e. cross-linking proteins, reducing nitric oxide synthesis [36], 

interacting with the receptor for AGE (RAGE) on the cell membrane causing reactive 

oxygen species (ROS) in the cell [44]. 

 The second one is the polyol pathway which is the formation of sorbitol form 

glucose through aldose reductase. This reaction can occur in normal people; however, 

in diabetic patients whose plasma glucose is abnormally high, it happens more 

quickly, leading to abnormally high level of sorbitol which can harm the cell by 

increasing cellular osmolality [36, 45]. For example, in case of the lens, accumulation 

of sorbitol may lead to osmotic tissue swelling and damage. [45]. Moreover, this 

reaction uses reduced nicotimamide adenine dinucleotide phosphate (NADPH) as a 

cofactor. If it happens more rapidly, cellular NADPH will decline. The reduced 
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amount of NADPH leads to the change in the intracellular redox balance which 

reduces the production of nitric oxide and increases oxidative stress [46]. NADPH 

also relates to regenerating glutathione; thus, depleted NADPH may affect glutathione 

level and result in oxidative stress [45, 46].  

 The third one is protein kinase C activation. When there is intracellular 

hyperglycemia, the de novo synthesis of diacylglycerol (DAG) is increased and 

protein kinase C (PKC) is finally activated [36, 45-47].  PKC constitutes various 

isoforms. The dominant isoform that plays a role in the pathogenesis of diabetic 

complications is PKC-β because the results from the studies in diabetic animals 

showed that when PKC-β was inhibited by ruboxistaurin mesylate (RBX), a PKC-β 

isoform selective inhibitors, the complications improved. Moreover, the result from 

the clinical study also showed the improvement on endothelial dysfunction, 

nephropathy, and retinopathy in diabetic patients who received RBX. The mechanism 

for generating complications is the alteration in gene expression for vasoactive and 

growth factors [46]. 

 The last one is the hexosamine pathway which hyperglycemia contributes to 

hexosamine through the transfer of the amide group of glutamine to glucose [45]. 

Hexosamine affects the glycosylation of proteins and gene expressions leading to 

diabetic complications [36, 45]. 

 

 2.1.5 Treatment 

 The goals of the treatment are to eliminate symptoms related to 

hyperglycemia, to reduce risk of long-term complications, and to improve quality of 

life. As mentioned above, the glycemic level relates to the risk of diabetic 
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complications; thus the treatment concentrates on the strategies to reduce glycemic 

level which comprise nonpharmacologic (lifestyle modification) and pharmacologic 

treatment [2, 36, 37]. 

 Lifestyle modification consists of medical nutrition therapy, appropriate 

physical activity, and abstaining from smoking [37]. Diabetic patients should not 

consume less than 130 g of carbohydrate per day because carbohydrate is the main 

source of energy, especially the brain and central nervous system [38]. They should 

estimate the amount of carbohydrate they consumed by carbohydrate counting (1 

counting is equivalent to 15 g of carbohydrate), and food exchange lists (which 

comprises 6 lists: starch, fruit, milk, vegetables, meats, and fat) [48-50]. Preferable 

carbohydrate diets should have low glycemic index (glycemic index less than 55). 

The low glycemic index diet can improve glycemic control and are abundant in 

dietary fiber and many nutrients [37, 49]. Caloric intake from carbohydrate should not 

exceed 50-55% of total caloric intake per day [37]. Diabetic patients should not have 

fat more than 25-35% of total caloric intake per day. Saturated fats and trans-fat 

should not exceed 7% and 1% of total caloric intake per day respectively [37, 38, 49]. 

The amount of protein should be 10-20% of total caloric intake per day [37, 49]. 

Nephropathy may be occurred if protein intake exceeds 20% of total caloric intake. In 

case of diabetic patients with nephropathy, the amount of protein should not exceed 

0.8 g/kg/day [38]. 

 Appropriate physical activity and exercise also plays an important role in non-

pharmacologic treatment for type 2 diabetes mellitus because of its benefits including 

weight loss or maintenance, reduced cardiovascular risk, reduced blood glucose level 

and increased insulin sensitivity [2, 36, 38, 51]. Diabetic patients should be advised to 
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have a moderate (50-70% maximal heart rate) aerobic exercise at least 150 

minutes/week [2, 36, 37]. However, patients who receive insulin and/or insulin 

secretagogues may face hypoglycemia from exercise. As a result, these patients 

should monitor their blood glucose levels before exercise. If their blood glucose levels 

are less than 100 mg/dL, they should consume some carbohydrate diets before 

exercise [38]. 

 Pharmacologic treatment should be initiated when the non-pharmacologic 

treatment is begun or fails to control blood glucose level [2, 36, 37]. The data of 

hypoglycemic drugs and insulin preaparations are summarized in Table 2. The 

initiation of monotherapy bases on patients’ characteristics. In patients with fasting 

blood sugar 180-250 mg/dL, if they have the characteristics of insulin resistance 

(body mass index  23 kg/m2, blood pressure  130/85 mmHg etc.), metformin should 

be the first-line medication; while those with near-normal body weight should receive 

sulfonylureas as the first-line medication [2, 37]. However, there is a recommendation 

to use metformin as the first-line drug for all type 2 diabetic patients because of its 

benefits namely low cost, promoting mild weight loss, slight improvement in lipid 

profiles [36]. If monotherapy cannot reduce blood glucose levels in 3 months after the 

initiation of the treatment or initial fasting blood sugar levels are 250-350 mg/dL or 

HbA1C > 9%, the combination of two oral medications should be considered. If dual 

therapy cannot control glycemic level, the third oral agent or insulin preparation 

should be added [2, 36, 37]. 
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Table 2 Hypoglycemic drugs  

Drug classes Disadvantages References 

Sulfonylurea insulin 

secretagogues 

- Hypoglycemia 

- Weight gain  

2, 11, 36, 41 

Non-sulfonylureas insulin 

secretagogues (glinides) 

- Frequent dosing because of short 

half- life  

- Expensive  

37, 38, 41 

 

Dipeptidyl peptidase 4 

inhibitors  

(DPP-4 inhibitors) 

- Lack of safety data of long-term 

use 

- Expensive 

37 

Glucagon-like peptide-1 

analogs (GLP-1 analogs) 

- Injection  

- Gastrointestinal side effects: 

nausea , vomiting, and diarrhea  

- Other serious side effects: 

pancreatitis and reduced renal 

function  

- Very expensive  

2, 36, 37 

 

Biguanides - Gastrointestinal side effects: 

metallic taste, anorexia, nausea, 

vomiting, and diarrhea  

- Rare lactic acidosis which 

probably results from the activation 

of the non-oxidative glucose 

metabolism by metformin  

2, 11, 36, 52 

Thiazolidinediones 

(glitazones) 

- Slow onset  

- Plasma volume expansion due to 

transcription of epithelial sodium 

channel  

- Weight gain 

2, 5, 11, 37 
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Table 2 Hypoglycemic drugs (continued) 

Drug classes Disadvantages References 

α-Glucosidase inhibitors - Gastrointestinal side effects: 

flatulence, abdominal distention, 

bloating, diarrhea, anorexia, nausea, 

vomiting  

2, 11, 53 

Insulin preparations - Hypoglycemia 

- Weight gain 

- Hypersensitivity 

- Skin complications  

(i.e. lipohypertrophy, lipoatrophy, 

edema etc.) due to inappropriate 

administration techniques. 

54 

 

2.2 Gymnema inodorum: the interesting alternative for diabetic patients 

 2.2.1 The role of medicinal plants in the treatment for diabetes mellitus 

 There has been a growing trend in the use of herbal medicines as the data of 

herbal medicines productions revealed. In 2004, the value of herbal medicines 

production in Thailand was more than the value in 1999 by 271%. Moreover, World 

Health Organization reported that the use of herbal medicines grew popular 

worldwide and the value of herbal medicines market tended to increase every year 

[55]. The search for herbal medicines to cure diabetes mellitus has proceeded since 

ancient time as there was the Ebers papyrus (circa 1500 BC) recommending the use of 

high-fiber diet for diabetic patients. Today, although the western medicines (stated in 

the former section) is the mainstream for diabetic patients around the world, the 

search still continues to discover new and safer natural remedies that can activate both 
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the secretion and the action of insulin to prevent long-term complications that affect 

patients’ quality of life [56, 57].  

 The mechanisms for hypoglycemic effect of some medicinal plants are 1) to 

stimulate insulin secretion, 2) to have insulin-like effects and 3) to reduce glucose 

absorption form the gut [58, 59]. The data of some hypoglycemic medicinal plants are 

summarized in Table 3. Although plenty of medicinal plants have hypoglycemic 

effects, only a few species have adequate and clear scientific evidence for the 

treatment for diabetes mellitus [60]. Gymnema sylvestre, a medicinal plant used in 

Ayuravedic, and Siddha medicine, is one of the believable hypoglycemic medicinal 

plants for diabetes mellitus. This woody climber distributes throughout the Deccan 

peninsula, parts of Northern and Western India, tropical Africa, Australia, Vietnam, 

Malaysia, and Sri lanka [61]. Natural standard herb and supplement guide: an 

evidence-based reference [16] grades this herb “B” which means there are good 

scientific evidence for treatment of diabetes mellitus. Its other indications are for the 

treatment for hypercholesteremia, weight loss, constipation, and indigestion. The 

doses of G. sylvestre in diabetic adults (18 years and older) are a 200 mg of extract 

GS4, an alcoholic extract, twice daily or 2 mL of an aqueous decoction (10 g of 

shade-dried powdered leaves per 100 mL) three times daily. Its adverse effects are 

hypoglycemia and bitter taste [16, 60, 62, 63]. 

 

 
 
 
 



 
 

Table 3 Hypoglycemic medicinal plants 

Scientific  

name 

Common 

name 

Part used Mechanism  References 

Aloe vera วา่นหาง
จระเข,้ 
Aloe 

Gel -Reducing glucose 

absorption from the gut  

- Stimulating β-cell 

function  

59, 60, 64 

Ocimum 

basilicum 

แมงลกั, 
Hoary basil 

Seeds - Reducing glucose 

absorption from the gut  

59 

Amorphophallus 

konjac 

บุก, konjac Glucoman-

nan from 

roots and 

corms 

- Reducing glucose 

absorption from the gut  

59 

Scaphium 

scaphigerum 

สาํรอง Mucilage 

from fruits 

- Reducing glucose 

absorption from the gut 

65 

Langerstroemia 

speciosa 

อินทนิลนํ้า, 
Banaba 

Leaves, 

seeds 

- Stimulating insulin 

secretion and/or having 

insulin-like effects  

58, 59, 66 

Syzygium 

cumini 

 

หวา้, 
Black Plum, 
Java Plum 

Leaves, 

seeds 

Stimulating insulin 

secretion and/or having 

insulin-like effects  

66 

Cinnamomum 

spp. 

อบเชย,  
Cinnamon 

Bark Having insulin-like 

effects, increasing 

insulin sensitivity and 

reducing insulin 

resistance  

58-60, 66 

Momordica 
charantia 

มะระ,  
Bitter 
melon, 
Bitter gourd 

Fruits Stimulating insulin 

secretion and/or having 

insulin-like effects  

58-60, 64, 66 
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 Several in vitro and in vivo studies confirm that G. sylvestre stimulates insulin 

secretion and has hypoglycemic effect. Persuad et al. [20] showed that GS4 

stimulated insulin secretion from various β-cell lines and rats’ islet of Langerhans. 

This stimulatory effect positively related to the concentration of GS4 and was 

independent of other factors such as temperature and the function of voltage-operated 

Ca2+ channel of β-cells. In addition, the extract helped tryptan blue penetrate cell 

membrane. Thus, the proposed mechanism from this in vitro study was that saponins 

in the extract increased the permeability of cell membrance rather than stimulating 

through the physiological pathway. In addition, there is another extract which has a 

higher molecular weight than GS4, called OmSantal Adivasi extract (OSA). Liu et al. 

[67] studied the effect of this extract on mouse β-cell line and human islets of 

Langerhans and found that OSA could reversibly stimulate insulin secretion from β-

cells without affecting the integrity of cell membrane when used in low dose. 

 The study in alloxan-diabetic rabbits showed that the diabetic rabbits fed with 

G. sylvestre dried leaves powder had lower fasting blood glucose and higher glycogen 

in the liver than the control group. The activity of insulin-dependent enzymes in 

livers, kidneys, and muscles was restored in G. sylvestre group. The results indicated 

that G. sylvestre improved insulin function and/or secretion [68]. GS4, when given 

per os, also stimulated insulin secretion and had hypoglycemic effect in 

streptozotocin-diabetic rats [69]. Intraperitoneal injection of crude saponin fraction of 

methanol extract of G. sylvestre also had hypoglycemic effect on streptozotocin-

diabetic mice [70]. Furthermore, Yadav et al. [71] studied the effect of solvent (i.e. 

watere, ethanol, methanol, hexane, and chloroform) on efficacy of G. sylvestre. It was 

found that ethanol extract of G. sylvestre, which had the highest amount of saponin 
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among those extracts, when given per os, showed the highest hypoglycemic effect on 

both normal and glucose-induced hyperglycemic rats. The dose of 200 mg/kg body 

weight of ethanol extract can be used with glimepiride at the dose of 5 mg/kg body 

weight without fatal hypoglycemia. 

 More interestingly, G. sylvestre also regenerates β-cells. Shanmugasundaram 

et al. [69] found that streptozotocin-diabetic rats receiving GS4 had more number of 

islets of Langerhans and β-cells than untreated rats. G. sylvestre leaf and callus 

extracts could maintain the pancreas weight in alloxan-diabetic rats. When 

histopathologically examined, pancreatic β-cells of the treatment groups were 

preserved better than those of the diabetic control group. The extracts also helped 

maintain liver glycogen through improved insulin secretion [18]. 

 The study by Shimizu et al. [72] proposed another possible mechanism for 

hypoglycemic effect of G. sylvestre. In the study, nine fractions of G. sylvestre leaves 

extract separated by high performance liquid chromatography (HPLC) were studied 

their effect on the tension and glucose-evoked transmural potential difference of 

isolated guinea pigs’ ileum. The results showed that two fractions could inhibit the 

contraction of ileum induced by high-K+ concentration and reduce glucose-evoked 

transmural potential difference. These indicated that these fractions inhibited glucose 

uptake of intestines. Furthermore, they improved the sucrose tolerance of rats. 

 Clinical studies support the use of G. sylvestre in diabetic patients. GS4 at the 

dose of 400 mg/day could improve fasting blood sugar, HbA1C, blood cholesterol, 

triglyceride, and free fatty acids in type 1 diabetic patients and reduced the dose of 

insulin [73]. In the study by Baskaran et al. [17], type 2 diabetic patients who used 

GS4 at the dose of 400 mg/day with sulfonylureas (glibenclamide or tolbutamide) had 
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improved fasting blood glucose, HbA1C, cholesterol, triglycerides, phospholipids, 

and free fatty acids. They also had higher serum insulin level than the patients who 

received only sulfonylureas. Another G. sylvestre extract, OSA, was also useful in 

type 2 diabetic patients as indicated by the study of Al-Romaiyan et al. [74]. This 

study showed that OSA at the dose of 500 mg twice a day could reduce fasting and 

postprandial blood sugar and also increase serum insulin level. 

 In addition to hypoglycemic effect, the effect of G. sylvestre on lipid profiles 

becomes interesting. Rats receiving high-cholesterol diet and G. sylvestre alcoholic 

extract per os had lower blood cholesterol, triglyceride, low-density lipoprotein 

cholesterol, very low density lipoprotein cholesterol but more high-density lipoprotein 

cholesterol than rats which received only high cholesterol diet [75]. The study by 

Shigematsu et al. [76] showed that G. sylvestre alcoholic extract (containing 2.4%  

gymnemic acid) could decrease blood total cholesterol and triglyceride in both high-

fat diet and low-fat diet groups of rats receiving the extract for 3 weeks. Besides, the 

extract stimulated blood lecithin-cholesterol acyltransferase (LCAT), decreased fat 

digestibility, increased neutral sterol and acid steroid excretion through feces and 

increased amount of acetic acid and propionic acid in rats’ cecum. Thus, the proposed 

mechanism of hypolipidemia of the extract may be due to various mechanisms 

including 1) the increase in excretion of steroids, 2) increase in activity of LCAT 

which help cholesterol esterification, and 3) increase in amount of propionic acid and 

acetic acid which can improve serum lipids. 

 The active phytochemicals of G. sylvestre are triterpenoid saponins called 

gymnemic acids. The study in stretozotocin-diabetic mice indicated that gymnemic 

acid IV had hypoglycemic activity. However it did not inhibit α-glucosidase [70]. 
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 2.2.3 Gymnema inodorum: Uses, Studies, and Phytochemicals 

 Gymnema inodorum (Figure 1) is one of the Gymnema species that has been 

used as food and medicinal plant. It distributes throughout the Northern and Eastern 

part of Thailand [24-26, 77]. Unlike G. sylvestre, G. inodorum does not suppress the 

sensation of sweetness of taste buds [22, 24]. It is used in the folklore medicine of 

Tai-Yai tribe as antiallergic, antipyretic, antidiabetic, and laxative [25]. 

  

Complimentary from Associate Professor Thatree Phadungcharoen,  

Faculty of Pharmaceutical Sciences, Chulalongkorn University 

 

Figure 1 Gymnema inodorum 
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 Four fractions of G. inodorum leaf extract including F-I, F-II, F-III, and F-IV 

were studied both in vitro and in vivo. F-I, F-II, and F-III had the same effect as those 

of G. sylvestre on guinea pigs’ ileum contraction induced by high K+ concentration 

and guinea pigs’ glucose-evoked transmural potential difference. When those extracts 

were administered per os to rats, F-I and F- IV failed to improve glucose tolerance of 

rats but F-II and F-III could. This means that G. inodorum can reduce glucose uptake 

in the intestine like G. sylvestre [22].  The hypoglycemic effect of G. inodorum is 

confirmed by the study of Klungsupya et al. [77] which shows that the aqueous 

extract of G. inodorum leaves could reduce blood sugar level of alloxan-diabetic rats. 

 About the clinical study, Chiabchalard et al. [24] evaluated the effect of G. 

inodorum on humans’ blood sugar levels and elucidated the mechanism of 

hypoglycemic effect of this plant in vitro. In the study, the healthy subjects who 

consumed G. inodorum tea prepared from 1.5 g of ground G. inodorum leaves soaked 

in 150 ml of boiling water for 5 minutes immediately or 15 minutes after oral glucose 

tolerance test had less blood sugar levels than the controlled group. This 

hyperglycemic effect was dose-dependent. When 3.0 g of ground G. inodorum leaves 

was used to prepare a tea and drunk at 15 minutes after oral glucose load, the 

hypoglycemic effect became greater. The hypoglycemic effect of G. inodorum tea 

also appeared even the standard meal was used instead of oral glucose load. G. 

inodorum tea did not affect liver function test or cause hypoglycemia throughout  

28-day consumption. Unlike G. sylvestre, G. inodorum extract did not stimulate 

insulin secretion from INS-1 rat insulinoma cell line. It also lacked α-glucosidase 

inhibitory activity. In contrast to the study by Chiabchalard et al. [24], Yammuenart 
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[28] found that n-BuOH crude extracts of G. inodorum could inhibit α-amylase 

activity.  

 Another activity of G. inodorum that becomes interesting is antioxidant 

activity. Chanwitheesuk et al. [26]  evaluated antioxidant activity of 43 edible plants 

in Thailand by measuring the coupled oxidation of carotene and linoleic acid and 

found that G. inodorum had the highest antioxidant activity and amount of vitamin E 

among those plants. Furthermore, there was the evaluation of antioxidant activity of 

young and mature leaves of G. inodorum by 2,2-Diphenyl-1-picrylhydrazyl (DPPH) 

assay. When antioxidant activity was evaluated by superoxide anion radical 

scavenging activity assay, the young leaves had higher antioxidant activity than the 

mature leaves [77]. 

 The study by Shimizu et al. [27] showed that G. inodorum had hypoglycemic 

triterpenoid saponins like G. sylvestre. In that study, the four saponins, GiA-1, GiA-2, 

GiA-5, and GiA-7, were extracted and tested for bioactivities. GiA-2, GiA-5, and 

GiA-7 could improve glucose tolerance in rats. 

 The literature review reveals the pharmacological properties of G. indorum as 

hypoglycemic and antioxidant. In addition, it is quite a safe medicinal plant since it 

does not affect the liver function test and has been used as a vegetable and a medicinal 

plant for a long time. So, this plant has the potential to be developed to a functional 

food or a herbal medicine for type 2 diabetic patients. 

 
 
 



 Chapter III  

Materials and Methods 

 

3.1 Participants 

 Type 2 diabetic patients at Lerdsin Hospital, Bangkok were recruited in this 

study. All participants aged between 35 and 70 years and received only 

sulphonylureas and/or metformin as their hypoglycemic agents. They did not have 

renal and/or hepatic diseases. They also did not regularly consume alcoholic 

beverages and smoke a cigarette. Moreover, they did not have any herbal medicines 

or dietary supplements that could affect their glucose levels during the study. The 

participants recruited in this study knew Thai language and were willing to attend the 

study. 

 The sample size was calculated by the method stated elsewhere [78]. 

However, there are not any data manifesting the efficacy of Gymnema inodorum tea 

in diabetic patients. Thus, the effect of  Scaphium scaphigerum drink on the glucose 

level of diabetic patients [65] was used to calculate the number of participants by the 

following equation: 

n = 

D

S pzz
2

2
)(
2

 
 

where  n = the number of samples 

 Zα = the critical value which is statistically significant at the 

confidence level of 50%. This value is 1.64 when α is 0.05 

(one-sided).  
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 Zβ = the critical value which the power to test the difference 

between groups. This value is 1.28 when β = 0.20 (one-sided).  

S p
2

= the pooled variance of the means of fasting plasma 

glucose of the treatment group and controlled group at week 8. 

This value is calculated by following equation: 
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     =  1355.23 

 D = the difference between the means of fasting plasma 

glucose of the experimental group and controlled group at week 

8. This value is 169-141 = 28 mg/dL 

 From the equation, the sample size was 14.74; however, there could be a loss 

of data during the study. As a result, the rate of missing data was considered in the 

calculation to maintain the desired number of participants (14.74) throughout the 

study. The equation to calculate the number of participants was [79] 

nnew = 
L

n

1
 

where L = the rate of missing data = 0.10 [80]. 

nnew         = 
10.01

74.14


 

       = 16.38 

 Thus, this study needed 17 participants to study the effect of G. inodorum tea 

consumption on blood glucose levels. 



 

26 

 

 The participants were excluded from the study if they would like to withdraw 

from it or had the followed conditions: hepatic disease, renal disease, gout, thyroid 

disease, cancer, taking other hypoglycemic drugs besides sulphonylureas and/or 

metformin, taking any medicines that can affect carbohydrate metabolism, having any 

serious side effects from the consumption of G. inodorum tea, and inability to comply 

with the study protocol. 

 The study protocol was reviewed and approved by the Ethical Committee of 

Lerdsin Hospital, Bangkok (Appendix A). All participants read the information sheets 

(Appendix B) and signed consent forms (Appendix C) before participating in this 

study. 

 

3.2 Experimental Design 

 The participants participated in this quasi-experimental study from May 2012 

to February 2013.  The study comprised two consecutive phases: the controlled phase 

(8 weeks) and the treatment phase (8 weeks). In the controlled phase, they received 

prescribed antidiabetic drugs. In the treatment phase, in addition to the prescribed 

drugs, G. inodorum tea was supplemented for 8 week. They drank G. inodorum tea 

after 3 meals every day. The biochemical parameters i.e. fasting blood sugar (FBS), 

hemoglobin A1c (HbA1C), total cholesterol (total-C), high-density lipoprotein 

cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglyceride (TG), 

alanine aminotransferase (ALT), aspartate aminotransferase (AST), and serum 

creatinine (SCr) were evaluated at week 0, week 8 and week 16. To determine the 

quantity of energy intake during the study, the participants were asked to do 3-day 

food records at week 0, week 8 and week 16.  
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3.3 Study Procedures  

 3.3.1  The Controlled Phase 

 At week 0, the participants were informed about the study and signed consent 

forms. After that, their demographic data such as educational level, occupation, 

marital status, incomes per month, history of illness and medication uses were 

reported in case report forms (Appendix D). Their fasting venous blood was collected 

to determine baseline blood biochemistry including FBS, HbA1C, total-C, HDL-C, 

LDL-C, TG, ALT, AST, and SCr. Furthermore, anthropometric measurement 

including height, weight, waist circumference, and hip circumference were also 

performed. The energy intake of each subject at week 0 was evaluated by the 3-day 

food record (Appendix E) which they received on the first day. To help the 

participants estimate their consumed food quantity, the article about Thai food 

exchange list [81] and the photographs of food portion (Appendix F) were given to 

the participants. 

 3.3.2 The Treatment Phase 

 At week 8, the biochemical parameters including FBS, HbA1C, total-C,  

HDL-C, LDL-C, TG, ALT, AST, and SCr were determined again. In addition to their 

prescribed drugs, the participants received 180 tea bags of 1.2 g G. inodorum tea for 

8-week supplementation. They drank a cup of G. inodorum tea after their daily three 

meals. To evaluate their caloric intake and adverse events of consumption of G. 

inodorum tea, the participants were asked to record 3-day dietary intake at week 8 and 

adverse events (Appendix G) respectively. In addition, they were asked about the 

frequency and the adverse events of the consumption of G. inodorum tea throughout 

the study. 
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 At week 16, blood samples were collected to evaluate the effect of 

consumption of G. inodorum tea on their biochemical parameters mentioned above. 

Three-day food records at week 16 were collected again to evaluate the caloric and 

nutrient intake at the end of the research. Their compliance was evaluated by counting 

the remaining G. inodorum tea bags. 

 

3.4 Research Instruments 

 3.4.1 Gymnema  inodorum tea 

 G. inodorum tea was produced by Food Technology Department, Thailand 

Institute of Scientific and Technological Research (TISTR), Pathumthani, Thailand 

(Appendix H). One bag of tea contained 1.2 g of ground G. inodorum dried leaves. To 

prepare the tea, one bag of tea was soaked in 150 ml of boiling water for 5 minutes 

without adding sugar, other sweeteners, or milk. The participants drank a cup of G. 

inodorum tea 15 minutes after their daily three meals throughout the treatment phase. 

 3.4.2 Three-day food record 

 The three-day food record was used to evaluate the participants’ energy and 

nutrient intakes. The participants were asked to record name and quantity of their 

consumed food on three days comprising two weekdays and one weekend. The 

recorded data were transformed into calories, nutrients, and distribution of protein, 

fat, and carbohydrate by NutriSurvey for Windows (Dr. Juergen Erhardt, University 

of Indonesia) and the food database collected by Professor Rungsunn Tungtrongchitr, 

Department of Tropical Nutrition and Food Science, Faculty of Tropical Medicine, 

Mahidol University. Mean caloric and macronutrient intakes were expressed in 

kilocalories (kcal). 
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3.5 Determination of Biochemical Parameters 

 Ten milliliters of venous blood was collected at week 0, week 8 and week 16. 

All biochemical parameters including FBS, total-C, HDL-C, LDL-C, TG, ALT, AST 

and SCr were measured by the colorimetric methods while HbA1C was measured by 

the turbidimetric method, using a Siemens Dimension RXL chemistry analyzer 

(Siemens, Erlangen, Germany) at Clinical Chemistry Unit, Department of Pathology, 

Lerdsin Hospital, Bangkok. 

 

3.6 Anthropometric Measurement 

 Anthropometric measurement including body weight, height, body mass index 

(BMI), waist circumference (WC), hip circumference (HC), and waist-to-hip ratio 

(WHR) was performed at week 0. Body weight in kilometers (kg) and height in 

centimeters (cm) were measured by a digital weight balance scale with height 

measuring rod, Zepper TCS-200A-RT (Zepper Scales, Bangkok, Thailand). BMI 

was calculated as follow: 

BMI (kg/m2) =  weight (kg) 
   [height (m)]2 

 

 WC in centimeters was measured by a measuring tape at the midway between 

the lowest rib margin and the lateral iliac crest, and the HC in centimeters was 

measured at the point yielding the maximum circumference over the buttocks. The 

participants were standing when both parameters were measured. WHR was 

calculated as WC divided by HC [82].  
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3.7 Compliance and adverse effects of Gymnema inodorum tea consumption 

 At week 16, the participants returned remaining tea bags which were counted 

and calculated for percent of compliance as follow: 

Percent of compliance =  (180 – number of remaining tea bags) x 100 
        180 

 

 Adverse events of G. inodorum tea consumption were assessed by direct 

question. Moreover, the participants were asked to record any adverse events in the 

adverse events record throughout the study. 

 

3.8 Statistical Analysis 

 The discrete data i.e. genders, education levels, occupations, monthly incomes, 

marital status, adverse events and medication uses were presented as number and 

percentage; while the continuous data i.e. biochemical parameters, BMI, WC, HC, 

WHR, calorie and nutrient intake were presented as mean and standard deviation 

(mean ± SD). Normal distribution of biochemical parameters, calorie and nutrient 

intake were determined by Shapiro-Wilk’s statistics. Data were normally distributed if 

p ≥ 0.05. When the distribution is normal, repeated measure one-way ANOVA were 

used to compare the mentioned parameters at week 0, week 8, and week 16. The 

parameters were significantly different when p < 0.05. 



CHAPTER IV 

RESULTS 

 

4.1 Characteristics of the Participants 

 Nineteen type 2 diabetic patients participated in this study. Three patients 

dropped out from the study because of having other hypoglycemic drugs in addition 

to sulfonylureas and/or metformin (1 male), the adverse event (muscle weakness) (1 

male), and inconvenience to complete the study (1 female). Moreover, the data of one 

female patient was excluded from the data analysis because of her low compliance 

(28.89%). Three female patients also dropped out of the treatment phase because of 

inconvenience. Thus, there were twelve patients (9 males and 3 females) completed 

the study. 

 General and anthropometric characteristics of the patients are shown in Table 

4 and 5 respectively. Half of the patients aged between 50 – 59 years old, graduated 

from primary school, and were housewives or retirees. Their average age was 56.9 ± 

6.8 years old. Fifty percent of the patients had diabetic duration between 6 – 10 years 

and the average duration was 8.3 ± 3.9 years. When considering co-existing diseases, 

4 patients had only dyslipidemia while 8 patients had both dyslipidemia and 

hypertension. Most of the patients used sulphonylureas and metformin while 2 

patients used only metformin. Focusing on anthropometric characteristics, more than 

50% of the patients were obese. The average body mass index (BMI) was 26.34 ± 

2.76. The average waist-to- hip ratio (WHR) of male and female participants were 

0.93 ± 0.02 and 1.23 ± 0.56 respectively. 
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Table 4 Characteristics of the participants (n = 12) 

Characteristics Number (%) 

Gender   

Male 9 (75.0) 

Female 3 (25.0) 

Age distribution (years)   

  40-49 1 (8.3) 

  50-59 6 (50.0) 

  60-69 5 (41.7) 

  Mean ± SD 56.9 ± 6.8 

Marital status   

Single 3 (25.0) 

Married 8 (66.7) 

Divorce/separate 1 (8.3) 

Education   

Primary or lower 5 (41.7) 

Secondary 2 (16.7) 

Diploma 3 (25.0) 

Bachelor or higher education 2 (16.7) 

Occupation   

Housewife/Retiree 7 (58.3) 

Private employee 2 (16.7) 

Trading 3 (25.0) 
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Table 4 Characteristics of the participants (continued) 

Characteristics Number (%) 

Income per month (Baht)   

<5,000 7 (58.3) 

5,001 – 10,000 2 (16.7) 

10,001 – 15,000  1 (8.3) 

15,001 – 20,000 1 (8.3) 

> 20,000 1 (8.3) 

Diabetic duration range (years)   

1 – 5  3 (25.0) 

6 – 10  6 (50.0) 

11 – 15  3 (25.0) 

Mean ± SD 8.3 ± 3.9 

Presence of co-existing diseases   

Dyslipidemia 4 (33.3) 

Hypertension + dyslipidemia 8 (66.7) 

Obesity1 7 (58.4) 

Use of oral hypoglycemic drugs  

 Metformin 2 (16.7) 

Sulfonylurea + metformin 10 (83.3) 

1Obesity was defined as BMI  25 kg/m2 [83]. 
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Table 4 Characteristics of the participants (continued) 

Characteristics Number (%) 

Obesity categorized by body mass index (BMI) (kg/m2)1 

  18.5 – 22.9 (normal) 1 (8.3) 

  23 – 24.9 (overweight) 4 (33.3) 

  25 – 29.9 (obese) 7 (58.4) 

Presence of excess abdominal fat considered by waist circumference (WC)2 

Yes 10 (83.3) 

No 2 (16.7) 

Presence of excess abdominal fat considered by waist-to-hip ratio (WHR)3 

Yes 11 (91.7) 

No 1 (8.3) 

1 Normal, overweigh, and obese were categorized by the criteria adjusted for Asian people [83].  

2 Excess abdominal fat was defined by WC  90 cm in men and  80 cm in women [84]  

3 Excess abdominal fat was defined by WHR > 0.9 in men and >0.8 in women [84] 

 

Table 5 Anthropometric parameters of the participants 

Parameter mean ± SD 

BMI (kg/m2) 26.34 ± 2.76 

WC (cm)  

male 94.21 ± 5.54 

female 94.93 ± 11.00 

BMI = body mass index, WC = waist circumference, HC = hip circumference,  

WHR = waist-to-hip ratio 

 



 

35 

 

Table 5 Anthropometric parameters of the participants (continued) 

Parameter mean ± SD 

HC (cm)  

male 100.84  ± 6.15 

female    86.50 ± 33.97    

WHR (cm)  

male      0.93 ± 0.02 

female      1.23 ± 0.56 

BMI = body mass index, WC = waist circumference, HC = hip circumference, WHR = waist-to-hip 

ratio 

 

4.2 Nutrients and Caloric Intakes of the Participants 

 The nutrients and caloric intakes of 12 participants, collected by 3-day food 

records, are presented in Table 6. Throughout the study, considered from the data at 

week 0, week 8, and week 16, there were no significant differences in total energy 

intakes, calories from carbohydrate, protein, and fat, and amount of dietary fiber 

intake.  
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Table 6 Nutrients and caloric intakes of the participants at week 0, week 8, and week 

16 of the study 

Parameters Week 0 Week 8 Week 16 

Total energy (TE) 

kcal/day 

 

1476.42 ± 607.76 

 

1426.42 ± 563.96 

 

1629.83 ± 723.63 

Carbohydrate    

kcal/day 847.29 ± 421.78 857.47 ± 376.03 903.53 ± 411.33 

%TE   58.08 ± 13.72   59.53 ± 8.83   55.78 ± 7.33 

Protein    

kcal/day 208.11 ± 80.96  256.43 ± 71.86 294.37 ± 138.06 

%TE   14.55 ± 3.79   19.41 ± 6.54   18.50 ± 4.44 

Fat    

kcal/day 418.30 ± 281.68 317.62 ± 165.28 437.62 ± 212.52 

%TE   27.11 ± 12.80   21.91 ± 7.16   26.09 ± 5.98 

Dietary fiber    

g/day      5.82 ± 5.89     4.63 ± 3.08      6.68 ± 4.60 

% Energy Distribution (carbohydrate:protein:fat) 

 58:15:27 60:19:21 56:18:26 

Values are expressed as mean ± SD. kcal = kilocalorie; g = gram; %TE = percentage of total energy 
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4.3 Biochemical profiles of the participants 

 The biochemical parameters of the participants were evaluated at the baseline 

(week 0), the second appointment which the participants received Gymnema 

inodorum tea (week 8), and the end of the study (week 16).  Table 7 shows that fasting 

blood sugar and hemoglobin A1C at week 0, week 8, and week 16 did not differ 

significantly.  

 Table 8 shows the serum lipid profiles of the participants including total-C, 

HDL-C, LDL-C, and triglyceride at week 0, week 8, and week 16. There were no 

significant differences in these parameters at week 0, week 8, and week 16. 

Biochemical parameters evaluating hepatic and renal functions throughout the study 

are shown in table 9. There were no significant changes in ALT, AST and SCr 

throughout the study.  

 

Table 7 Blood sugar levels at week 0, week 8, and week 16 (n = 12) 

Parameters Week 0 Week 8 Week 16 

FBS (mg/dl)  180.42 ± 41.86  158.08 ± 41.59 177.50 ± 48.43 

HbA1C (%)      7.93 ± 1.66      7.48 ± 1.09      8.15 ± 1.57  

Values are expressed as mean ± SD. FBS = fasting blood sugar; HbA1C = hemoglobin A1C 
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Table 8 Serum lipid profiles at week 0, week 8, and week 16 (n = 11) 

Parameters Week 0 Week 8 Week 16 

Total-C (mg/dl) 157.45 ± 38.23 157.27 ± 39.30 167.00 ± 37.44 

HDL-C (mg/dl)     41.54 ± 7.27   42.00 ± 10.38   40.91 ± 11.35 

LDL-C (mg/dl)    84.16 ± 21.11   82.00 ± 31.11   90.22 ± 26.79 

TG-C (mg/dl)  133.00 ± 61.68 125.91 ± 65.50 205.00 ± 243.22 

Values are expressed as mean ± SD. Total-C = total cholesterol; HDL-C = high-density lipoprotein;  

LDL-C = low-density lipoprotein; TG = triglyceride 

 

Table 9 Hepatic and renal functions at week 0, week 8, and week 16 (n = 11) 

Parameters Week 0 Week 8 Week 16 

ALT (U/L)  30.82 ± 12.82 27.82 ± 12.68  32.36 ± 15.21  

AST(U/L)  23.82 ± 8.80  22.00 ± 8.48  23.09 ± 8.29  

SCr (mg/dl)    1.12 ± 0.20   1.15 ± 0.20   1.09 ± 0.22 

Values are expressed as mean ± SD. ALT = serum alanine aminotransferase;  

AST = serum aspartate aminotransferase; SCr = serum creatinine 

 

4.4 Compliance and Adverse Events  

 When twelve patients who completed the study were followed-up, the average 

percentage of compliance was 81.48±15.66. There were 5 male patients out of 13 

patients reporting the adverse events. One reported muscle weakness which made him 

withdraw from the study, one reported dizziness, one reported dizziness, mild 

constipation, bitter taste and thirst, one reported nausea, and the other reported severe 

thirst.  

 



CHAPTER V 

DISCUSSION 

 

5.1 Characteristics of the Participants 

 In this study, approximately 90% of the patients aged between 50 – 70 years 

and the average age was 56.9 ± 6.8 years. It was consistent with other epidemiological 

studies. The survey in Thailand in 2009 revealed that the prevalence of diabetes 

mellitus increased as the age of the population increased [34]. The other studies from 

the other regions of the world also showed the similar results. The study from Ghana 

showed that the average age of type 2 diabetic patients was 54.7 ± 13.4 years [85], 

and the study from South Korea showed that the risk of type 2 diabetes  mellitus was 

increased when the population got older [86]. However, the onset of this disease has 

become younger as more children and adolescents suffered from it. The factors 

leading to this frightening situation are sedentary lifestyle, obesity, and genetics [2, 

87, 88]. 

 In the aspect of educational level, approximately 40% of the patients in this 

study graduated from primary school. The study by Chung et al. [86] showed that 

lower educational levels was the risk factor of type 2 diabetes mellitus. The study in 

Europe also reported the same result [89]. Interestingly, another study from South 

Korea [90] also found that type 2 diabetic patients who had lower educational level 

received less preventive care processe (i.e. fundus examination, microalbuminuria 
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examination, and diabetes mellitus education) than those who received higher 

educational level. 

 When body mass index (BMI) of the participants was considered according to 

the criterion for Asian people developed by Kanazawa et al. [83], more than 50 %  of 

the participants were overweight. This was consistent with the previous 

epidemiological studies which found that BMI had a positive relationship with 

diabetes mellitus [86, 91, 92]. However, there is a drawback of the use of BMI to 

predict the risk of diabetes mellitus as it cannot distinguish weight gain from muscle, 

adipose tissue, or other factors. As a result, a person with high BMI may not have an 

increased risk of diabetes mellitus.  

 Waist circumference (WC) and waist-to-hip ratio (WHR) are anthropometric 

parameters which reflect abdominal fat more accurately than BMI [82]. In this study, 

when the criteria for Asian people [84] were used, almost all participants had both 

parameters exceeding the cut-off. The study from various regions of the world 

showed the positive relationship between these parameters and diabetes mellitus [86, 

91-93]. WC and WHR can reflect the volume of abdominal fat mass. Adipocytes in 

abdominal cavity releases cytokines and free fatty acids which lead to insulin 

resistance both in liver and muscle. So, adipose obesity, displayed by BMI, WC, and 

WHR exceeding the cut-offs, positively relates to diabetes mellitus [2, 5, 11, 94]. On 

the other hand, hip circumference (HC) has been found to inversely relate to diabetes 

mellitus [93, 95-97]. This may be due to the protective effect of gluteofemoral fat 

depot on diabetes mellitus and cardiovascular disease. Gluteofemoral fat has different 

lipid metabolism from abdominal fat. It responses to postprandial fat more slowly 

than abdominal fat and can protect other tissues from excess fatty acids. Moreover, it 
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releases beneficial cytokines including adiponectin which improves glycemic control 

[98]. However, to date there are no criteria or cut-offs to decide how long HC would 

be beneficial. 

 

5.2 Nutrients and Caloric Intakes of the Participants 

 The average total energy intakes of male and female participants throughout 

the study were 1570.8 ± 663.1 and 1331.3 ± 470.7 Kcal/day respectively.  Thai 

dietary reference intake (Thai DRI) states that the appropriate energy intakes are 

2,100 Kcal/day and 1,750 Kcal/day for men and women aged 19-70 years respectively 

[99]. So, the participants in the present study had lower energy intakes than Thai DRI 

recommendation. Percent of DRI for energy intakes of male and female participants 

were 74.8 ± 31.6 and 76.1 ± 26.9 respectively. The average energy intake of male 

participants in this study were less than those of male aged between 51-59 years in the 

survey of diet consumption of Thai people from 2008 to 2009 (1591.1 Kcal/day), 

while these parameters of females in this study were more than those of female aged 

between 60-69 years in that survey (1146.2 Kcal/day) [100]. Moreover, energy 

requirement may be calculated by the equation of Ikeda et al. [101]. The energy 

calculated from that equation is then multiplied by 1.53 which is a mean physical 

activity level (PAL) for sedentary or light activity lifestyle [102]. Almost all of the 

participants in the present study had energy intakes less than energy requirement 

calculated by the stated method.  

 When percentages of energy distribution in this study were compared with that 

of Bangkok people from the survey of diet consumption of Thai people from 2008 to 

2009 [100], percentages of energy distribution in this study werev similar to that 
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survey. The suitable energy distribution is 50-55% of total energy from carbohydrate, 

10-20% of total energy from protein, and 25-35% of total energy from fat [37, 38, 

49]. Percentages of energy distribution in this study was also similar to the 

recommendation. 

 Dietary fiber, which is the non-digestible polysaccharides and lignin occurring 

in plants, has a beneficial effect and the guidelines in many countries determine the 

DRI [103, 104]. The dietary fiber intake of the participants throughout the study was 

less than the dietary fiber intake of Bangkok people from the Thai survey (2008 – 

2009) [100]. The participants of both studies consumed dietary fiber less than DRI for 

Thai (25 g/day) [99]. Dietary fiber has a protective effect on cardiovascular health and 

an inverse relationship with obesity and diabetes mellitus [105]. Some studies showed 

that dietary fiber intake inversely related to waist circumference [106] and could 

reduce the risk of obesity [107]. The consumption of dietary fiber can improve insulin 

sensitivity and blood sugar level [103, 104, 108]. As a result, too low dietary fiber of 

the participants in this study may be related to the inappropriate anthropometric 

parameters and blood sugar level. 

 The nutrients and caloric intakes expressed in this study, however, may be 

underestimated due to several factors. The participants or investigators may not be 

able to estimate the amount of consumed foods. There was a trend to omit recording 

some food that seemed too troublesome to record. When the written record were 

transformed to the food code, the coding errors may occurred as the food description 

was inadequate to understand the type and quantity of ingredients [82]. Other factors 

included limited dietary database and possible bias from the investigator [100]. 
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5.3 Effect of Gymnema inodorum Tea on Blood Sugar Level 

 Fasting blood sugar levels and hemoglobin A1C (HbA1C) at week 0, week 8, 

and week 16 did not differ significantly. It indicated that the consumption of G. 

inodorum tea for 8 weeks had no effect on blood sugar levels.  Total energy intakes, 

calories from carbohydrate, protein, and fat, and amount of dietary fiber intake did not 

significantly change throughout the study. It seems that they were not confounder for 

determining the effect of G. indorum tea on blood sugar levels and lipid profiles. 

However, the study by Chiabchalard et al. [24] found that the consumption of G. 

inodorum tea had the hypoglycemic effect in healthy subjects. There were two factors 

that may be related to the inconsistent result. Firstly, the characteristics of the 

participants in both studies were different. The participants in this study were type 2 

diabetic patients who had hypoglycemic drugs and abnormal anthropometric 

parameters which related to metabolic and cardiovascular diseases while the 

participants in the other study were healthy. Secondly, the carbohydrate intakes of the 

participants in this study and that study were different. Given that the participants in 

this study consumed 3 meals of food per day, the average carbohydrate intake per 

meal was 289.81 kcal, while the standard meal used in the other study provided 225 

kcal. As Chiabchalard et al. discussed that the hypoglycemic effect of G. inodorum 

tea was dose-dependent, the dose of G. inodorum tea used in this study may be 

insufficient. 

 Moreover, when this study was compared to the studies about the efficacy of  

G. sylvestre which had hypoglycemic triterpenoid saponins like G. inodorum [17, 74, 

109], the result was still inconsistent. It may be caused by different dosage form in 

each study. The study by Baskaran et al. [17] used GS4, the alcoholic extract of  
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G. sylvestre, at the dose of 400 mg/day, while the study by Al-Romaiyan et al. [74] 

used OSA, another type of the alcoholic extract of G. sylvestre, at the dose of 1 

g/day. The recent clinical study by Paliwal et al. [109] used the powder of dried G. 

sylvestre leaves at the dose of 6 g/day.  Hence the participants in those studies might 

receive more hypoglycemic triterpenoid saponins than in the present study. 

Characteristics of the participants in each study were also another factor that should 

be considered. The average diabetic duration of the participants in the study by 

Baskaran et al. [17] was 2.7 ± 1.2 years. The study by Paliwal et al. [109] used newly 

diagnosed patients. The average diabetic duration in the present study was 8.3 ± 3.9 

years.  The more diabetic duration of the present study may be one factor that affected 

the efficacy of G. inodorum tea as the study from Japan showed that the more the 

diabetic duration was, the more fasting blood sugar and HbA1C  were [110]. 

 HbA1C is another parameter evaluating blood glucose levels in the present 

study. Its advantage is that it reflects blood sugar levels in the long term and is not 

affected by the recently-consumed meal [111]. Its disadvantage is that its 

concentration depends on the lifespan of the red blood cell which is 120 days while 

the duration of the controlled and treatment phases were 8 weeks (about 60 days). 

However, there is a study that used HbA1C to evaluate the effect of the intervention on 

blood glucose levels and found significant change in 8 weeks such as the study of the 

hypoglycemic effect of Scaphium scaphigerum drink in type 2 diabetic patients [65]. 

The present study, on the other hand, did not found the significant change of HbA1C 

after the 8-week intervention. 

 Fructosamine, a product of the interaction between glucose and albumin, may 

detect the change of blood glucose levels because albumin has a shorter lifespan than 
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red blood cell. So a change in glucose level can be detected by fructosamine earlier 

than HbA1C [111].  For example, the study by Ryan et al. [112], which studied the 

effect of the consumption of herbal tea containing Populus tremuloides and 

Heracleum lanatum for 10 days, the blood sugar values and HbA1C of diabetic 

patients who had poor glycemic control (HbA1C > 120% of normal value) did not 

change significantly while fructosamine reduced significantly.  

 

5.4 Effects of Gymnema  inodorum Tea on Serum Lipid Profiles 

 In the present study, there were no significant changes in lipid profiles 

throughout the study. It indicated that the consumption of G. inodorum tea had no 

effect on lipid profile. This result of the present study was inconsistent with those of 

G. sylvestre. One study on the effect of G. sylvestre hydroalcoholic extract in rats for 

10 weeks showed that the extract could reduce plasma triglyceride level in the rats 

receiving normal-fat diet [113]. Another study in rats from India also showed that G. 

sylvestre extract could reduce total-C, LDL-C, TG, and very-low-density lipoprotein 

(VLDL-C), and increase HDL-C [75]. The clinical study by Baskaran et al. [17] 

indicated that G. sylvestre alcoholic extract could reduce total-C, TG, phospholipids, 

and free fatty acids after the use of the extract about 18-20 months. To date, the data 

of antihyperlipidemic of G. indorum both in vivo studies and clinical trials are 

limited. Thus the further studies are needed to evaluate this effect. 

 In addition, there is the relationship between lipid profiles and glucose level. 

The study by Wägner et al. [114] revealed that optimized glycemic control could 

increase HDL-C level, reduce LDL-C level and particle sizes. On the other hand, the 

TG level positively relates to fasting and 2 hour post-load glucose whereas HDL-C 
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inversely relates to those parameters [115]. In the present study, uncontrolled fasting 

blood sugar levels might lead to no improvement on lipid profiles, or else no 

improvement on lipid profiles might contribute to poor glycemic control. 

 

5.5 Effects of Gymnema  inodorum Tea on Hepatic and Renal Functions 

 Effect of the consumption of G. inodorum tea on hepatic function was 

evaluated by serum aspartate aminotransferase (AST) and alanine aminotransferase 

(ALT) which are enzymes required for amino-transfer reactions. ALT is more liver-

specific than AST because it is found primarily in the liver and kidney whereas AST 

is found at the heart, liver, skeletal muscle, and kidney. Hepatic injuries increase the 

activity of both enzymes in serum [116]. There were no significant differences in both 

enzymes throughout the study. The average serum activity of both enzymes also did 

not exceed the normal range. These indicated that G. inodorum tea did not have 

deleterious effects on the liver. The result was consistent with the study by 

Chiabchalard et al. [24] which found that G. inodorum tea had no effect on liver 

function profiles of healthy subjects. Moreover, the result was consistent with the in 

vivo study of G. sylvestre including the study in rats by Shigematsu et al. [113]. There 

were no differences in AST and ALT between the controlled group and the group 

receiving G. sylvestre hydroalcoholic extract. The study in rats by Ogawa et al. [117] 

also showed no differences in AST and ALT between the controlled group and the 

group receiving G. sylvestre extraction powder. 

 Effect of the consumption of G. inodorum tea on renal function was evaluated 

by serum creatinine (SCr) which is the product of creatine and phosphocreatine 

breakdown in muscle and excreted through the kidney. Its serum level inversely 
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related to glomerular filtration rate although it can be affected by age, sex, exercise, 

some drugs, muscle mass, nutritional status, and meat intake [118]. The present study 

showed that average SCr did not significantly change throughout the study and did 

not exceed the normal range. This could infer that G. inodorum tea had no effect on 

the kidney. To date, there are no in vivo or clinical studies evaluating the effect of G. 

inodorum on renal function. The result of the present study was consistent with the in 

vivo studies in rats which found that G. sylvestre extract had no effect of renal 

function [113, 117].  

 

 

 



Chapter VI 

Conclusion 

 

 This quasi-experimental study evaluated the effect of the consumption of 

Gymnema inodorum tea on blood sugar, lipid profiles, hepatic and renal functions, 

and adverse events in type 2 diabetic patients. After the consumption of G. inodorum 

tea for 8 weeks, there were no significant differences in fasting blood sugar and 

hemoglobin A1C before and after the intervention. Hence G. inodorum tea had no 

effect on blood sugar level. The consumption of G. inodorum tea did not affect the 

serum levels of total cholesterol, high-density lipoprotein cholesterol, low-density 

lipoprotein cholesterol, and triglyceride. It also had no effect on liver and hepatic 

functions as serum activity of alanine transferase, aspartate transferase, and serum 

level of creatinine did not significantly change throughout the study. There are some 

limitations in this study. Firstly, the sample size was quite small. Secondly, the data 

from 3-day food records may estimate nutrients and caloric intakes inaccurately. 

Lastly, physical activities which also affect the glycemic control and lipid profiles are 

not evaluated throughout the study. The further study should have larger sample size 

and longer study duration. Other confounders including nutrients and caloric intakes, 

physical activity etc. should be measured by the standard and convenient method. In 

addition, more biochemical parameters should be measured. Other study design such 

as a crossover trial or randomized controlled trial should be applied. 
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เอกสารช้ีแจงโครงการวิจยัเร่ือง ผลของชาผกัเชียงดาต่อระดบัน้ําตาล
ในเลือดของผูป่้วยนอกโรคเบาหวานชนิดท่ี 2 ณ โรงพยาบาลเลิดสิน 

 
 โครงการวจิยัน้ีดาํเนินการโดยนิสติในหลกัสตูรเภสชัศาสตรมหาบณัฑติ สาขาวชิา
อาหารเคมแีละโภชนศาสตรท์างการแพทย ์คณะเภสชัศาสตร ์จุฬาลงกรณ์มหาวทิยาลยั และ
ไดร้บัอนุมตัจิากคณะกรรมการพจิารณาจรยิธรรมการวจิยัในมนุษยเ์รยีบรอ้ยแลว้ โครงการวจิยัน้ี
ตอ้งการอาสาสมคัรจาํนวน 16 คน ขอความกรณุาอา่นขอ้ความในเอกสารฉบบัน้ี และตดัสนิใจ
วา่ทา่นยนิดเีขา้รว่มโครงการวจิยัน้ีหรอืไม ่ทา่นสามารถสอบถามคาํถามเกีย่วกบัโครงการวจิยัน้ี
กบัผูว้จิยัไดเ้สมอ 
 
ทาํไมจึงต้องมีการศึกษาวิจยัน้ี 
 จุดประสงคข์องการวจิยัน้ี คอื เพือ่ศกึษาผลของการบรโิภคชาผกัเชยีงดาต่อระดบั
น้ําตาลในเลอืดของผูป้ว่ยเบาหวานชนิดที ่2 
 ขอ้มลูทีไ่ดจ้ากการศกึษาวจิยัน้ีจะเป็นประโยชน์ในพฒันาผลติภณัฑเ์สรมิอาหารจาก
สมนุไพรไทยสาํหรบัผูป้ว่ยโรคเบาหวานชนิดที ่2 
 
บคุคลใดบา้งท่ีสามารถเป็นอาสาสมคัรในโครงการวิจยัน้ี 

 ไดร้บัการวนิิจฉยัวา่เป็นโรคเบาหวานชนิดที ่2 โดยแพทย ์
 ใชย้าเฉพาะในกลุ่มซลัโฟนิลยเูรยี (sulphonylureas) ไดแ้ก่ กลยัพไิซด ์

(Glipizide) 
 กลยัคลาไซด ์(Gliclazide) กลยัเบนคลาไมด ์(Glibenclamide) กลยัเมอพไิรด ์
(Glimepiride) และ/หรอืเมท็ฟอรม์นิ (metformin) 

 อายรุะหวา่ง 35 ถงึ 60 ปี 
 ไมม่โีรคตบัและโรคไต 
 ไมส่บูบุหรีห่รอืดื่มเครือ่งดื่มทีม่แีอลกอฮอล ์
 ไมใ่ชย้าสมนุไพรหรอืผลติภณัฑเ์สรมิอาหารชนิดอื่นเป็นเวลาอยา่งน้อย 3 เดอืน

ก่อนเขา้การศกึษา 
 
ท่านจะต้องทาํอะไรบา้งเมื่อเป็นอาสาสมคัร 
 เจา้หน้าทีป่ระจาํโครงการวจิยัจะถามคาํถามเกีย่วกบัขอ้มลูสว่นตวั ขอ้มลูเกีย่วกบัอาชพี
และรายได ้วถิกีารดาํเนินชวีติ ภาวะโภชนาการโดยการคาํนวณคา่ดชันีมวลกาย คา่อตัราสว่น
ระหวา่งเอวต่อสะโพก นอกจากน้ีทา่นจะตอ้งบนัทกึชนิดและปรมิาณอาหารและเครือ่งดื่มที่
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บรโิภคไปขา้งหน้าเป็นเวลา 3 วนัตดิต่อกนั ซึง่ประกอบดว้ยวนัทาํงาน 2 วนั และวนัหยดุประจาํ
สปัดาห ์1 วนั สง่แก่ผูว้จิยัในตอนเริม่ตน้การศกึษา สปัดาหท์ี ่8 ของการศกึษา และสิน้สดุ
การศกึษาทีส่ปัดาหท์ี ่16  
 ทา่นจะไดร้บัการตรวจรา่งกายโดยแพทยป์ระจาํโครงการ 3 ครัง้ ไดแ้ก่ ตอนเริม่ตน้
การศกึษา สปัดาหท์ี ่8 และสิน้สดุการศกึษาทีส่ปัดาหท์ี ่16 ทา่นจะถูกเจาะเลอืดโดยเจา้หน้าที่
ของโรงพยาบาลครัง้ละประมาณ 10 มลิลลิติร (2 ชอ้นชา) เพือ่ตรวจดคูา่น้ําตาลและไขมนัใน
เลอืด ตลอดจนประเมนิการทาํงานของตบัและไต ทา่นไมต่อ้งเสยีคา่ผลตรวจทางหอ้งปฏบิตักิาร
และคา่ชาผกัเชยีงดาเพิม่เตมิจากสทิธทิีท่า่นใชอ้ยูเ่ป็นปรกต ิ
 ทา่นจะตอ้งบนัทกึอาการขา้งเคยีงทีอ่าจจะเกดิขึน้จากยาหรอืการรกัษาใดทีท่า่นไดร้บั
ตลอด 16สปัดาหท์ีท่า่นเขา้รว่มการวจิยั สว่นในชว่งสปัดาหท์ี ่8 ถงึ สปัดาหท์ี ่16 ทา่นจะไดร้บั
ชาผกัเชยีงดา ใหท้า่นรบัประทานครัง้ละ 1 ซองหลงัจากรบัประทานอาหารไมเ่กนิ 15 นาท ีวนั
ละ 3 ครัง้ ไดแ้ก่ เชา้ กลางวนั และเยน็ ใหท้า่นชงชาโดยนําชา 1 ซอง แชใ่นน้ําเดอืดปรมิาณ 
150 มลิลลิติร เป็นเวลา 5 นาท ีระหวา่งการศกึษา ผูว้จิยัอาจจะโทรศพัทม์าหาทา่นเป็นระยะๆ 
เพือ่เตอืนใหท้า่นปฏบิตัตินตามทีก่าํหนดไว ้ผูว้จิยัจะดแูลทา่นโดยการยํา้เตอืนใหท้า่นทราบถงึ
อาการขา้งเคยีงทีอ่าจเกดิขึน้จากการบรโิภคชาผกัเชยีงดา พรอ้มทัง้ใหท้า่นสามารถถอนตวัจาก
การศกึษาไดท้นัทใีนกรณทีีเ่กดิอาการขา้งเคยีงหรอืไมป่ระสงคจ์ะเขา้รว่มการศกึษาต่อไป 
 
ท่านจะเป็นอาสาสมคัรนานเท่าใด 
 ทา่นจะเป็นอาสาสมคัรของโครงการวจิยัน้ีนบัตัง้แต่ทา่นลงนามยนิยอมเขา้รว่ม
โครงการวจิยั และอกี 16 สปัดาหน์บัจากตรวจสขุภาพครัง้แรก 
 
ท่านจะได้รบัเงินค่าตอบแทนอย่างไร 
 ทา่นจะไดร้บัคา่ตอบแทนเมือ่เขา้รว่มจนถงึสิน้สดุการศกึษาเป็นจาํนวนเงนิ 200 บาท 
 
มีความเส่ียงใดบา้งท่ีอาจจะเกิดขึน้ต่อท่านเม่ือเข้าร่วมเป็นอาสาสมคัรของโครงการวิจยั
น้ี 
 ทา่นอาจรูส้กึเจบ็เพยีงเลก็น้อยขณะถูกเจาะเลอืด หรอือาจเกดิอาการหน้ามดื หรอืรูส้กึ
วงิเวยีนได ้นอกจากน้ีการเจาะเลอืดอาจก่อใหเ้กดิรอยชํ้า หรอืมกีอ้นเลอืดใตผ้วิหนงัได ้หรอือาจ
เกดิการตดิเชือ้บรเิวณทีแ่ทงเขม็เจาะเลอืด แต่มโีอกาสเกดิขึน้น้อยมาก 
 สาํหรบัทา่นทีไ่ดร้บัชาผกัเชยีงดารบัประทานคูก่บัยาเบาหวานทีไ่ดร้บัจากโรงพยาบาล 
อาจจะพบภาวะน้ําตาลในเลอืดตํ่า ซึง่มอีาการไดแ้ก่ อ่อนเพลยี วงิเวยีน หน้ามดื ตาลาย ใจหววิ 
ใจสัน่ หวิ ออ่นแรง หรอือาจพบการแพช้าผกัเชยีงดา มอีาการผืน่ขึน้ตามตวั ตวับวม ปากบวม 
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หายใจไมอ่อก อยา่งไรกต็าม การวจิยัผลของการดื่มชาผกัเชยีงดาในผูท้ีม่สีขุภาพดก่ีอนหน้าน้ี 
ไมพ่บอาการดงักล่าว นอกจากน้ีผกัเชยีงดาเป็นผกัพืน้บา้นและสมนุไพรทีม่กีารรบัประทานมา
เป็นเวลานานทางภาคเหนือและภาคตะวนัออกเฉียงเหนือ อยา่งไรกต็าม ถา้หากทา่นพบอาการ
ขา้งเคยีงดงักล่าว ทา่นสามารถถอนตวัจากการวจิยัไดท้นัท ีและถา้เป็นไปไดข้อความกรณุาแจง้
ผูว้จิยัดว้ย 
 อน่ึง ผูใ้ห้ทุนและนักวิจยัไม่มีการให้ทุนสาํหรบัการรกัษาผลแทรกซ้อนใดๆท่ีอาจ
เกิดขึน้ในการศึกษา 
 
ท่านจะได้รบัประโยชน์ใดจากการเข้าร่วมโครงการวิจยัในครัง้น้ี 
 ทา่นจะไมไ่ดร้บัประโยชน์โดยตรงต่อการเขา้รว่มโครงการวจิยัครัง้น้ี แต่ขอ้มลูทีไ่ดร้บั
จากการทีท่า่นเขา้รว่มเป็นอาสาสมคัรจะมปีระโยชน์ต่อสว่นรวมในอนาคต 
 
บคุคลใดบา้งท่ีจะสามารถอ่านบนัทึกประวติัต่างๆ รวมถึงประวติัสขุภาพของท่านได้ 
และบคุคลใดบา้งท่ีจะทราบว่าท่านเป็นอาสาสมคัรในโครงการวิจยัน้ี 
 ถา้ทา่นตดัสนิใจเป็นอาสาสมคัรของโครงการวจิยัน้ี ทางโครงการจะปกปิดชื่อ และ
นามสกุลของทา่นเป็นความลบั จะมเีพยีงแพทย ์ผูว้จิยั และเจา้หน้าทีป่ระจาํโครงการ 
ผูส้นบัสนุนการวจิยั คณะกรรมการพจิารณาจรยิธรรมการวจิยัในมนุษย ์และผูต้รวจสอบจาก
องคก์รของรฐัเทา่นัน้ทีม่สีทิธิใ์นการอา่นบนัทกึประวตัต่ิางๆ รวมถงึประวตัสิขุภาพของทา่นได ้
เพือ่ตรวจสอบขอ้มลูการวจิยั 
 
หากท่านมีคาํถาม จะสามารถถามได้ท่ีใดบา้ง 
 หากทา่นมคีาํถามเกีย่วกบัโครงการศกึษาวจิยัน้ี รวมถงึการเจบ็ปว่ยและอาการบาดเจบ็
ใดๆ ทีม่สีาเหตุมาจากการศกึษาวจิยัน้ี ทา่นสามารถสอบถามไดท้ีห่วัหน้าคณะผูว้จิยั เภสชักร 
รพงษ์ เบศรภญิโญวงศ ์หลกัสตูรอาหารเคมแีละโภชนศาสตรท์างการแพทย ์คณะเภสชัศาสตร ์
จุฬาลงกรณ์มหาวทิยาลยั ถนนพญาไท เขตปทุมวนั กรงุเทพมหานคร 10330 โทร 
0859967047 หรอืไปรษณยีอ์เิลก็ทรอนิกส ์rapong@hotmail.com 
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ท่านสามารถปฏิเสธไม่เข้าร่วมโครงการวิจยัหรือถอนตวัจากการเป็นอาสาสมคัรใน
โครงการน้ีได้หรือไม่ และท่านสามารถถกูยกเลิกจากการเป็นอาสาสมคัรในโครงการน้ีได้
หรือไม่ 
 ทา่นจะเขา้รว่มโครงการน้ีโดยสมคัรใจ ทา่นสามารถเลอืกทีจ่ะไมเ่ขา้เป็นอาสาสมคัรใน
โครงการน้ี หรอือาจขอลาออกจากโครงการวจิยั ก่อนสิน้สดุการวจิยัไดต้ลอดเวลา ทา่นสามารถ
ถูกยกเลกิจากการเป็นอาสาสมคัรในโครงการน้ีเมือ่ไมส่ามารถใหค้วามรว่มมอืแก่ผูว้จิยั เกดิ
อาการขา้งเคยีงอยา่งรนุแรงจากชาผกัเชยีงดา และไดร้บัยาเบาหวานในกลุ่มอื่นนอกจากกลยัพิ
ไซด ์(Glypizide) กลยัเบนคลาไมด ์(Glibenclamide) กลยัคลาไซด ์(Gliclazide) กลยัเมอพไิรด ์
(Glimepiride) และ/หรอืเมทฟอรม์นิ (metformin) อน่ึง การตดัสนิใจไมเ่ขา้รว่มโครงการ ออก
จากโครงการวจิยัก่อนสิน้สดุการวจิยั และการถูกยกเลกิจากการเป็นอาสาสมคัรจะไมม่ผีลต่อการ
รกัษา หรอืการเขา้รบับรกิารทางการแพทยใ์นอนาคต โดยทา่นจะไดร้บัการรกัษาพยาบาลตาม
มาตรฐาน 
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Appendix C 

The Consent Form 
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หนังสือแสดงความยินยอมเข้าร่วมโครงการวิจยั 
 ขา้พเจา้ นาย/นาง/นางสาว............................................................................... 
 ทีอ่ยูเ่ลขที.่..............ซอย....................................ถนน.................................หมูท่ี.่..........  
แขวง/ตาํบล.........................................เขต/อาํเภอ..................................จงัหวดั................ 
รหสัไปรษณยี.์..............................หมายเลขโทรศพัทท์ีต่ดิต่อได.้.............................. 
จดหมายอเิลก็ทรอนิกส ์(E-mail)....................................................................... 
บตัรประจาํตวัประชาชน/ขา้ราชการเลขที ่.............................................................. 
ขอใหค้วามยนิยอมของตนเองทีจ่ะเขา้เกีย่วขอ้งในการวจิยัเรือ่ง ผลของชาผกัเชยีงดาต่อระดบัน้ําตาล
ในเลอืดของผูป้ว่ยนอกโรคเบาหวานชนิดที ่2 ณ โรงพยาบาลเลดิสนิ ซึง่ผูว้จิยัไดแ้ก่ เภสชักร รพงษ์ 
เบศรภญิโญวงศ ์ไดอ้ธบิายต่อขา้พเจา้เกีย่วกบัการวจิยัครัง้น้ีแลว้ พรอ้มทัง้แจง้ใหท้ราบแลว้วา่ ผูใ้หทุ้น
และผูว้จิยัไมม่กีารใหทุ้นสาํหรบัรกัษาอาการแทรกซอ้นใดๆทีอ่าจเกดิขึน้ตลอดการศกึษา ผูว้จิยัมคีวาม
ยนิดทีีจ่ะตอบคาํถามประการใดทีข่า้พเจา้มตีลอดระยะเวลาการเขา้รว่มการวจิยัครัง้น้ี ผูว้จิยัรบัรองวา่
จะเกบ็ขอ้มลูเฉพาะทีเ่กีย่วกบัตวัขา้พเจา้เป็นความลบั และจะเปิดเผยไดเ้ฉพาะในรปูทีเ่ป็นสรุป
ผลการวจิยั และผูว้จิยัจะไดป้ฏบิตัใินสิง่ทีไ่มก่่อใหเ้กดิอนัตรายต่อรา่งกายและจติใจของขา้พเจา้ตลอด
การวจิยัน้ี 
 ขา้พเจา้ยนิยอมเขา้รว่มการวจิยัโดยสมคัรใจ และสามารถทีจ่ะถอนตวัจากการวจิยัเมือ่ไหรก่็
ได ้ทัง้น้ี โดยไมม่ผีลกระทบต่อการรกัษาพยาบาลทีข่า้พเจา้จะไดร้บัถา้หากขา้พเจา้เป็นผูป้ว่ย และใน
กรณทีีเ่กดิขอ้ขอ้งใจหรอืปญัหาทีข่า้พเจา้ตอ้งการปรกึษากบัผูว้จิยั ขา้พเจา้สามารถตดิต่อกบัผูว้จิยัไดท้ี่
หลกัสตูรอาหารเคมแีละโภชนศาสตรท์างการแพทย ์คณะเภสชัศาสตร ์จุฬาลงกรณ์มหาวทิยาลยั ถนน
พญาไท เขตปทุมวนั กรุงเทพมหานคร 10330 หมายเลขโทรศพัท ์085-996-7047 จดหมาย
อเิลก็ทรอนิกส ์rapong@hotmail.com 
 
ลายมอืชือ่ของอาสาสมคัร      วนัเดอืนปี (ตอ้งเขยีนดว้ยลายมอื 

                  อาสาสมคัร) 

 

ชือ่-นามสกุลของอาสาสมคัร (ตวับรรจง) 

 

ลายมอืชือ่ของเจา้หน้าทีป่ระจาํโครงการ    วนัเดอืนปี 

 

ชือ่-นามสกุลของเจา้หน้าทีป่ระจาํโครงการ (ตวับรรจง) 
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Appendix D 

Case Report Form 
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ทะเบียนประวติัผูเ้ข้าร่วมการวิจยั 
 
ลาํดบัที ่ 
ID................................................... 
ชื่อยอ่............................................... 
คาํหน้าชื่อ นาย นาง นางสาว อื่นๆ โปรดระบุ........................... 
ชื่อ............................นามสกุล...........................................เลขประจาํตวัผูป้ว่ย
.....................................สถานทีท่ีต่ดิต่อไดส้ะดวก.........................เลขที.่..................ซอย
........................ถนน...........................หมูบ่า้น..........................แขวง/ตําบล..........................
เขต/อาํเภอ....................จงัหวดั..........................รหสัไปรษณยี.์.............................................. 
หมายเลขโทรศพัทบ์า้น..............................................หมายเลขโทรศพัทม์อืถอื........................ 
จดหมายอเิลก็ทรอนิกส ์(E-mail)............................................................................................. 
บุคคลทีส่ามารถตดิต่อไดใ้นกรณฉุีกเฉิน.........................................เกีย่วขอ้งเป็น.................... 
หมายเลขโทรศพัทท์ีส่ามารถตดิต่อไดข้องบุคคลดงักลา่ว.......................................................... 
เพศ  ชาย  หญงิ วนัเดอืนปีเกดิ วนัที.่......... เดอืน.....................พ.ศ. ..................  

 
 

หมายเหต:ุ เอกสารน้ีแยกเกบ็จากเอกสารอื่น 
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ลาํดบัที.่............. 

แบบบนัทกึขอ้มลูผูป้ว่ย 
(Case report form) 

ผลของชาผกัเชยีงดาต่อระดบัน้ําตาลในเลอืดของผูป้ว่ยนอกโรคเบาหวาน
ชนิดที ่2  

ณ โรงพยาบาลเลดิสนิ 
 
ส่วนท่ี 1 เกณฑก์ารคดัเข้า (Inclusion criteria) 

คาํช้ีแจง กรณุาทาํเครือ่งหมายถูก () ลงในชอ่งสีเ่หลีย่มทา้ยคาํถามแต่ละขอ้ตามความเป็นจรงิ 
 
ไดร้บัการวนิิจฉยัวา่เป็นโรคเบาหวานชนิดที ่2 โดย
แพทย ์

 ใช ่   ไมใ่ช ่

 
ใชเ้ฉพาะยาเบาหวานทีม่รีายชื่อดงัต่อไปน้ีเทา่นัน้ 
ไดแ้ก่ amaryl (glimepiride), diamicron 
(gliclazide), glibenclamide, glipizide, metformin 

 ใช ่   ไมใ่ช ่

 

ฉีดอนิซลูนิ  ใช ่   ไมใ่ช ่
 

มอีายรุะหวา่ง 35-60 ปี  ใช ่   ไมใ่ช ่
เป็นโรคตบั  ใช ่   ไมใ่ช ่
เป็นโรคไต  ใช ่   ไมใ่ช ่
ดื่มเหลา้/ไวน์/เครือ่งดื่มทีม่แีอลกอฮอล ์  ใช ่   ไมใ่ช ่
ใชย้าสมนุไพรหรอืผลติภณัฑเ์สรมิอาหารภายใน 3 
เดอืนก่อนวนัทีต่อบแบบสอบถาม 

 ใช ่   ไมใ่ช ่
 

สามารถอา่นและเขยีนภาษาไทยได ้  ใช ่   ไมใ่ช ่
ยนิดเีขา้รว่มการศกึษาและไดร้บัทราบขอ้มลูที่
เกีย่วขอ้งจากผูว้จิยั 

 ใช ่   ไมใ่ช ่
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ส่วนท่ี 2 ข้อมลูส่วนตวั 
คาํช้ีแจง กรณุาทาํเครือ่งหมายกรอกขอ้มลูต่างๆดว้ยตวับรรจงและตรงตามความเป็นจรงิ 
 
 ระดบัการศกึษาสงูสดุ  ประถมศกึษา  

 มธัยมศกึษา  
 ปวช./ปวส./อนุปรญิญา 
 ปรญิญาตร ี
 สงูกวา่ปรญิญาตร ี 
 

 อาชพี  ไมไ่ดป้ระกอบอาชพี/แมบ่า้น 
 ขา้ราชการ/พนกังานของรฐั/ลกูจา้งของรฐั 
 พนกังานหน่วยงานเอกชน 
 คา้ขาย/ประกอบกจิการสว่นตวั 
 อื่นๆ โปรดระบุ......................................................... 
 

 สถานภาพการสมรส  โสด 
 สมรส 
 แยกกนัอยู ่
 หยา่รา้ง 
 คูส่มรสเสยีชวีติ 
 
 

 รายไดต่้อเดอืน  ตํ่ากวา่ 5,000 บาท 
 5,000 – 10,000 บาท 
 10,001 – 15,000 บาท 
 15,001 – 20,000 บาท 
 20,000 บาทขึน้ไป 
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ส่วนท่ี 3 ประวติัการเจบ็ป่วย 

คาํช้ีแจง กรณุากรอกขอ้มลูดว้ยตวับรรจงและตรงตามความเป็นจรงิ และทาํเครือ่งหมายถูก () 
ลงในชอ่งสีเ่หลีย่ม 
 
 ระยะเวลาทีป่ว่ยเป็นโรคเบาหวานชนิดที ่2 ............................... ปี 
 โรคประจาํตวัอื่นๆ 
โรค............................................................................ระยะเวลาทีเ่ป็น..........................ปี 
โรค............................................................................ระยะเวลาทีเ่ป็น..........................ปี 
โรค............................................................................ระยะเวลาทีเ่ป็น..........................ปี 
 

 มพีอ่แมแ่ละญาตพิีน้่องปว่ยเป็นเบาหวานหรอืไม ่    ม ี   ไมม่ ี
 

ส่วนท่ี 4 ประวติัการใช้ยา 

คาํช้ีแจง กรณุาทาํเครือ่งหมายถูก () ในชอ่งสีเ่หลีย่มหน้าขอ้ทีต่รงกบัความเป็นจรงิ 
 

เคยแพย้า/สมนุไพร/ผลติภณัฑเ์สรมิอาหาร/อาหาร/สารเคม ีหรอืไม ่
 เคย ผลติภณัฑท์ีแ่พช้ื่อ.............................................................................................. 
 ไมเ่คย 

ทา่นเคยพบอาการขา้งเคยีงจากการใชย้ารกัษาเบาหวานหรอืไม ่  เคย   ไมเ่คย 
ในกรณทีีเ่คย โปรดระบุอาการขา้งเคยีงจากการใชย้ารกัษาเบาหวานทีท่า่นพบ 
  หวิ ใจสัน่ เหงือ่ออก กระวนกระวาย  
  ตวับวม น้ําหนกัขึน้ 
  ปวดทอ้ง ทอ้งรว่ง 
  เลอืดจางเน่ืองจากเมด็เลอืดแตก 
  คลื่นไส ้อาเจยีน 
  การรบัรสชาตผิดิปรกต ิ
  เลอืดเป็นกรด 
  อื่นๆ โปรดระบุ......................................................................... 
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 ตารางต่อไปน้ี ผูว้จิยัจะเป็นผูบ้นัทกึโดยอาศยัขอ้มลูจากเวชระเบยีน 
ยาทีไ่ดร้บัครัง้ล่าสดุ วนั/เดอืน/ปี............................................................................................... 
ชื่อยา, ขนาด วธิใีช ้ ปรมิาณ 
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ส่วนท่ี 5 ผลการตรวจทางห้องปฏิบติัการ 
คาํช้ีแจง สว่นน้ีผูว้จิยัจะเป็นผูบ้นัทกึขอ้มลูจากหอ้งปฏบิตักิารของโรงพยาบาล ณ ตอนเริม่ตน้
การศกึษา (สปัดาหท์ี ่0) สปัดาหท์ี ่8 และสิน้สดุการศกึษา (สปัดาหท์ี ่16) 
 
รายการ คา่ปรกต ิ สปัดาหท์ี ่0 

วนัเดอืนปี 
 

สปัดาหท์ี ่8 
วนัเดอืนปี 

สปัดาหท์ี ่16 
วนัเดอืนปี 

หน่วย 

Fasting blood sugar 70-110    mg/dL 
HbA1C 4.8-6%    % 
LDL <130    mg/dL 
HDL 35-60    mg/dL 
Cholesterol 150-250    mg/dL 
Triglyceride 30-150    mg/dL 
ALT (SGPT) <45    IU/L 
AST (SGOT) <35    IU/L 
GGT ชาย <94 

หญงิ <70 
   IU/L 

Serum creatinine 0.6-1.6    mg/dL 
 
ส่วนท่ี 6 การประเมินภาวะโภชนาการ 
คาํช้ีแจง ผูว้จิยัจะทาํการประเมนิภาวะโภชนาการของอาสาสมคัร แลว้บนัทกึลงในสว่นน้ี 
 
น้ําหนกั........................กโิลกรมั   สว่นสงู...............................เซนตเิมตร 
คา่ดชันีมวลกาย.........................................กโิลกรมั/เมตร2 
เสน้รอบเอว................................................เซนตเิมตร 
เสน้รอบสะโพก...........................................เซนตเิมตร 
อตัราสว่นเสน้รอบเอวต่อเสน้รอบสะโพก......................................................................... 
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Appendix E 

3-day Food Record 
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Appendix F 

Photographs of Food Portion 
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Appendix G 

Record Form of Adverse Events 
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แบบรายงานเหตกุารณ์ไม่พึงประสงค ์
 
เหตุการณ์ไมพ่งึประสงคท์ีพ่บ วนั เดอืน ปี 

ทีเ่ริม่เหตุการณ์ 
วนั เดอืน ปี  
ทีส่ิน้สดุเหตุการณ์ 
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Appendix H 

The Production of G. inodorum Tea 
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Appendix I 

Analysis of Data 

 Shapiro Wilk’s test 

 Skewness and Kurtosis test 

 Repeated measure one-way ANOVA of 
studied parameters 
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Tabel J-1 Shapiro-Wilk’s test of nutrients and caloric intakes data 

Parameters Time Shapiro-Wilk’s Value df p 

Total energy (kcal/day) week 0 0.935 12 0.436 

 week 8 0.926 12 0.344 

 week 16 0.974 12 0.945 

Carbohydrate (kcal/day) week 0 0.848 12 0.034* 

 week 8 0.952 12 0.667 

 week 16 0.911 12 0.217 

Carbohydrate (%TE) week 0 0.920 12 0.285 

 week 8 0.955 12 0.707 

 week 16 0.748 12 0.003* 

Protein (kcal/day) week 0 0.979 12 0.977 

 week 8 0.937 12 0.456 

 week 16 0.899 12 0.154 

Protein (%TE) week 0 0.951 12 0.645 

 week 8 0.747 12 0.002* 

 week 16 0.933 12 0.412 

Fat (kcal/day) week 0 0.917 12 0.259 

 week 8 0.959 12 0.768 

 week 16 0.989 12 1.000 

Fat (%TE) week 0 0.928 12 0.361 

 week 8 0.956 12 0.723 

 week 16 0.847 12 0.033* 

df = degree of freedom; TE = total energy per day. * Data were not normally distributed (p < 0.05). 
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Tabel J-1 Shapiro-Wilk’s test of nutrients and caloric intakes data (continued) 

Parameters Time Shapiro-Wilk’s Value df p 

Dietary fiber (g/day) week 0 0.754 12 0.003* 

 week 8 0.855 12 0.043* 

 week 16 0.917 12 0.265 

df = degree of freedom. * Data were not normally distributed (p < 0.05). 

 

Table J-2 Shapiro-Wilk’s test of biochemical parameters 

Parameters Time Shapiro-Wilk’s Value df p 

Fasting blood sugar (mg/dl) week 0 0.960 12 0.784 

 week 8 0.914 12 0.242 

 week 16 0.933 12 0.410 

Hemoglobin A1C (%) week 0 0.857 12 0.045*

 week 8 0.919 12 0.282 

 week 16 0.917 12 0.260 

Total cholesterol (mg/dl) week 0 0.734 11 0.001*

 week 8 0.885 11 0.122 

 week 16 0.895 11 0.161 

High-density lipoprotein 

(mg/dl) 

week 0 0.983 11 0.982 

 week 8 0.906 11 0.221 

 week 16 0.885 11 0.119 

df = degree of freedom .* Data were not normally distributed (p < 0.05). 
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Table J-2 Shapiro-Wilk’s test of biochemical parameters (continued) 

Parameters Time Shapiro-Wilk’s Value df p 

Low-density lipoprotein (mg/dl) week 0 0.960 11 0.767 

 week 8 0.749 11 0.002*

 week 16 0.907 11 0.223 

Triglyceride (mg/dl) week 0 0.971 11 0.899 

 week 8 0.956 11 0.723 

 week 16 0.551 11 0.000*

Alanine aminotransferase (U/L) week 0 0.951 11 0.658 

 week 8 0.912 11 0.260 

 week 16 0.902 11 0.194 

Aspartate aminotransferase 

(U/L) 

week 0 0.808 11 0.012*

 week 8 0.836 11 0.028*

 week 16 0.632 11 0.000*

Serum creatinine (mg/dl) week 0 0.926 11 0.344 

 week 8 0.879 11 0.085 

 week 16 0.962 11 0.813 

* Data were not normally distributed (p < 0.05). 
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Table J-3 The skewness and kurtosis test of nutrients and caloric intakes data 

Parameters Time Skewness value 

(SE) 

Kurtosis value (SE) 

Total energy (kcal/day) week 0 0.722 (0.637) - 0.120 (1.232) 

 week 8 0.423 (0.637) -1.162 (1.232) 

 week 16 0.434 (0.637) - 0.449 (1.232) 

Carbohydrate (kcal/day) week 0 1.272 (0.637) 0.732 (1.232) 

 week 8 0.561 (0.637) - 0.324 (1.232) 

 week 16 0.426 (0.637) - 1.267 (1.232) 

Carbohydrate (%TE) week 0 -1.070 (0.637) 1.248 (1.232) 

 week 8 -0.503 (0.637) - 0.428 (1.232) 

 week 16 1.950 (0.637) 3.631 (1.232) 

Protein (kcal/day) week 0 0.314 (0.637) - 0.129 (1.232) 

 week 8 0.141 (0.637) - 1.318 (1.232) 

 week 16 1.230 (0.637) 2.724 (1.232) 

Protein (%TE) week 0 0.660 (0.637) 2.043 (1.232) 

 week 8 2.044 (0.637) 4.839 (1.232) 

 week 16 0.691 (0.637) - 0.034 (1.232) 

Fat (kcal/day) week 0 1.031 (0.637) 0.953 (1.232) 

 week 8 0.567 (0.637) 0.008 (1.232) 

 week 16 0.007 (0.637) - 0.290 (1.232) 

TE = total energy per day. SE = standard error 
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Table J-3 The skewness and kurtosis test of nutrients and caloric intakes data 

(continued) 

Parameters Time Skewness value 

(SE) 

Kurtosis value (SE) 

Fat (%TE) week 0 0.914 (0.637) 1.321 (1.232) 

 week 8 0.196 (0.637) 0.703 (1.232) 

 week 16 -1.654 (0.637) 3.683 (1.232) 

Dietary fiber (g/day) week 0 2.057 (0.637) 4.572 (1.232) 

 week 8 1.719 (0.637) 4.424 (1.232) 

 week 16 0.652 (0.637) 0.343 (1.232) 

TE = total energy per day. SE = standard error 

Table J-4 The skewness and kurtosis test of nutrients and caloric intakes data 

Parameters Time Skewness value 

(SE) 

Kurtosis value (SE) 

Fasting blood sugar (mg/dl) week 0 0.064 (0.637) 1.151 (1.232) 

 week 8 0.623 (0.637) - 0.832 (1.232) 

 week 16 0.887 (0.637) 0.616 (1.232) 

HbA1C (%) week 0 0.952 (0.637) - 0.003 (1.232) 

 week 8 0.793 (0.637) 0.601 (1.232) 

 week 16 0.626 (0.637) -0.306 (1.232) 

Total cholesterol (mg/dl) week 0 2.297 (0.661) 6.328 (1.279) 

 week 8 1.180 (0.661) 0.892 (1.279) 

 week 16 0.851 (0.661) -0.194 (1.279) 

TE = total energy per day. SE = standard error 
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Table J-4 The skewness and kurtosis test of nutrients and caloric intakes data 

(continued) 

Parameters Time Skewness value 

(SE) 

Kurtosis value (SE) 

High-density lipoprotein (mg/dl) week 0 0.295 (0.661) - 0.294 (1.279) 

 week 8 0.312 (0.661) - 1.516 (1.279) 

 week 16 0.716 (0.661) -0.639 (1.279) 

Lowe-density lipoprotein (mg/dl) week 0 0.760 (0.661) 0.647 (1.279) 

 week 8 1.389 (0.661) 0.672 (1.279) 

 week 16 0.751 (0.661) - 0.255 (1.279) 

Triglyceride (mg/dl) week 0 0.550 (0.661) - 0.105 (1.279) 

 week 8 0.668 (0.661) 0.435 (1.279) 

 week 16 3.027 (0.661) 9.588 (1.279) 

Alanine aminotransferase (U/L) week 0 0.470 (0.661) - 0.048 (1.279) 

 week 8 1.127 (0.661) 1.758 (1.279) 

 week 16 0.870 (0.661) - 0.228 (1.279) 

Aspartate aminotransferase (U/L) week 0 1.162 (0.661) 0.047 (1.279) 

 week 8 1.602 (0.661) 3.149 (1.279) 

 week 16 2.804 (0.661) 8.671 (1.279) 

Serum creatinine (mg/dl) week 0 0.634 (0.661) - 0.223 (1.279) 

 week 8 0.459 (0.661) - 0.757 (1.279) 

 week 16 - 0.291(0.661) - 0.637 (1.279) 

TE = total energy per day. SE = standard error 
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Repeated measure one-way ANOVA of Total energy (kcal/day) 

Mauchly's Test of Sphericity 
Measure: time  

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx. 
Chi-

Square df Sig. 

Epsilon 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

Total energy .749 2.892 2 .235 .799 .914 .500
 

 

 

Tests of Within-Subjects Effects 
 

Measure: time  

Source 
  

Type III 
Sum of 
Squares 

df 
Mean 
Square 

F Sig.

Total energy 
Sphericity 
Assumed 

269636.336 2 134818.168 .955 .400

  
Greenhouse-
Geisser 

269636.336 1.598 168681.055 .955 .385

  Huynh-Feldt 269636.336 1.828 147537.540 .955 .394
  Lower-bound 269636.336 1.000 269636.336 .955 .349
Error 
(total energy) 

Sphericity 
Assumed 

3104844.871 22 141129.312     

  
Greenhouse-
Geisser 

3104844.871 17.583 176577.398     

  Huynh-Feldt 3104844.871 20.103 154444.106     
  Lower-bound 3104844.871 11.000 282258.625     
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Repeated measure one-way ANOVA of carbohydrate (kcal/day) 

Mauchly's Test of Sphericity 
 
Measure: time  

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx. 
Chi-

Square df Sig. 

Epsilon 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

carbohydrate .919 .844 2 .656 .925 1.000 .500
 
 

 

 

Tests of Within-Subjects Effects 
 
Measure: time  
Source 
  

Type III Sum 
of Squares 

df 
Mean 
Square 

F Sig.

carbohydrate 
Sphericity 
Assumed 

21557.255 2 10778.628 .354 .706

  
Greenhouse-
Geisser 

21557.255 1.850 11650.806 .354 .690

  Huynh-Feldt 21557.255 2.000 10778.628 .354 .706
  Lower-bound 21557.255 1.000 21557.255 .354 .564

Error(carbohydrate) 
Sphericity 
Assumed 

670524.334 22 30478.379     

  
Greenhouse-
Geisser 

670524.334 20.353 32944.609     

  Huynh-Feldt 670524.334 22.000 30478.379     
  Lower-bound 670524.334 11.000 60956.758     
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Repeated measure one-way ANOVA of carbohydrate (%TE) 

Mauchly's Test of Sphericity 
 
Measure: time  

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx. 
Chi-

Square df Sig. 

Epsilon 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

%TE  .780 2.482 2 .289 .820 .944 .500
 

 

 

 

Tests of Within-Subjects Effects 
 
Measure: time  
Source 
  

Type III Sum 
of Squares 

df 
Mean 
Square 

F Sig.

%TE Sphericity Assumed 86.095 2 43.047 .570 .573
  Greenhouse-Geisser 86.095 1.640 52.507 .570 .542
  Huynh-Feldt 86.095 1.888 45.592 .570 .564
  Lower-bound 86.095 1.000 86.095 .570 .466
Error(%TE) Sphericity Assumed 1660.053 22 75.457     
  Greenhouse-Geisser 1660.053 18.036 92.040     
  Huynh-Feldt 1660.053 20.772 79.917     
  Lower-bound 1660.053 11.000 150.914     
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Repeated measure one-way ANOVA of protein (kcal/day)  

Mauchly's Test of Sphericity 
 
Measure: time  
Within 
Subjects 
Effect 
  

Mauchly's 
W 
  

Approx. 
Chi-
Square 
  

df 
  

Sig. 
  

Epsilon 

Greenhouse-
Geisser 

Huynh-
Feldt 

Lower-
bound 

protein .344 10.659 2 .005 .604 .638 .500
 
 
 
 
 
 
 
 

Tests of Within-Subjects Effects 
 
Measure: time  
Source 
  

Type III Sum 
of Squares df 

Mean 
Square F Sig. 

protein Sphericity 
Assumed 

44855.923 2 22427.962 2.679 .091

  Greenhouse-
Geisser 

44855.923 1.208 37131.654 2.679 .121

  Huynh-Feldt 44855.923 1.276 35148.694 2.679 .118
  Lower-bound 44855.923 1.000 44855.923 2.679 .130

Error 
(protein) 

Sphericity 
Assumed 

184154.553 22 8370.661    

  Greenhouse-
Geisser 

184154.553 13.288 13858.438    

  Huynh-Feldt 184154.553 14.038 13118.348    
  Lower-bound 184154.553 11.000 16741.323    
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Repeated measure one-way ANOVA of protein (%TE) 

Mauchly's Test of Sphericity(b) 
 
Measure: time  

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx. 
Chi-

Square df Sig. 

Epsilon 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

%TE .941 .608 2 .738 .944 1.000 .500
 

 

 

 

 
Tests of Within-Subjects Effects 
 
Measure: time  
Source 
  

Type III Sum  
of Squares df 

Mean 
Square F Sig.

p_pro Sphericity Assumed 160.173 2 80.087 3.509 .048
  Greenhouse-Geisser 160.173 1.889 84.812 3.509 .051
  Huynh-Feldt 160.173 2.000 80.087 3.509 .048
  Lower-bound 160.173 1.000 160.173 3.509 .088
Error(p_pro) Sphericity Assumed 502.159 22 22.825    
  Greenhouse-Geisser 502.159 20.774 24.172    
  Huynh-Feldt 502.159 22.000 22.825    
  Lower-bound 502.159 11.000 45.651    
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Repeated measure one-way ANOVA of fat (kcal/day) 

Mauchly's Test of Sphericity 
 
Measure: time  

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx. 
Chi-

Square df Sig. 

Epsilon 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

fat .530 6.340 2 .042 .680 .743 .500
 

 

 

 

Tests of Within-Subjects Effects 
 
Measure: time  
Source 
  

Type III Sum 
of Squares df 

Mean 
Square F Sig. 

fat Sphericity Assumed 99635.482 2 49817.741 1.296 .294
  Greenhouse-Geisser 99635.482 1.361 73208.063 1.296 .288
  Huynh-Feldt 99635.482 1.487 67010.533 1.296 .290
  Lower-bound 99635.482 1.000 99635.482 1.296 .279
Error 
(fat) 

Sphericity Assumed 
845587.227 22 38435.783   

  Greenhouse-Geisser 845587.227 14.971 56482.072   
  Huynh-Feldt 845587.227 16.355 51700.503   
  Lower-bound 845587.227 11.000 76871.566   
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Repeated measure one-way ANOVA of fat (%TE) 

Mauchly's Test of Sphericity 
 
Measure: time  

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx. 
Chi-

Square df Sig. 

Epsilon 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

%TE .404 9.057 2 .011 .627 .669 .500
 

 

 

 

Tests of Within-Subjects Effects 
 
Measure: time  
Source 
  

Type III Sum 
of Squares df 

Mean 
Square F Sig.

p_fat Sphericity Assumed 182.317 2 91.159 1.543 .236
  Greenhouse-Geisser 182.317 1.253 145.464 1.543 .241
  Huynh-Feldt 182.317 1.338 136.269 1.543 .241
  Lower-bound 182.317 1.000 182.317 1.543 .240
Error(p_fat) Sphericity Assumed 1299.729 22 59.079   
  Greenhouse-Geisser 1299.729 13.787 94.273   
  Huynh-Feldt 1299.729 14.717 88.314   
  Lower-bound 1299.729 11.000 118.157   
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Repeated measure one-way ANOVA of dietary fiber (g/day) 

Mauchly's Test of Sphericity 
 
Measure: time  

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx. 
Chi-

Square df Sig. 

Epsilon 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

fiber .806 2.157 2 .340 .838 .971 .500
 

 

 

 

Tests of Within-Subjects Effects 
 
Measure: time  

Source 
  

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. 

fiber Sphericity Assumed 25.229 2 12.614 .809 .458
  Greenhouse-Geisser 25.229 1.675 15.061 .809 .440
  Huynh-Feldt 25.229 1.941 12.997 .809 .455
  Lower-bound 25.229 1.000 25.229 .809 .388
Error(fiber) Sphericity Assumed 343.022 22 15.592    
  Greenhouse-Geisser 343.022 18.426 18.617    
  Huynh-Feldt 343.022 21.352 16.065    
  Lower-bound 343.022 11.000 31.184    
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Repeated measure one-way ANOVA of fasting blood sugar (FBS, mg/dl) 

Mauchly's Test of Sphericity 
 
Measure: time  

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx. 
Chi-

Square df Sig. 

Epsilon 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

FBS .771 2.596 2 .273 .814 .935 .500
 

 

 

 

 

 
Tests of Within-Subjects Effects 
 
Measure: time  

Source 
  

Type III 
Sum of 
Squares df 

Mean 
Square F Sig.

FBS Sphericity Assumed 3537.167 2 1768.583 1.071 .360
  Greenhouse-Geisser 3537.167 1.628 2173.007 1.071 .350
  Huynh-Feldt 3537.167 1.871 1890.752 1.071 .357
  Lower-bound 3537.167 1.000 3537.167 1.071 .323
Error(FBS) Sphericity Assumed 36317.500 22 1650.795   
  Greenhouse-Geisser 36317.500 17.906 2028.285   
  Huynh-Feldt 36317.500 20.578 1764.828   
  Lower-bound 36317.500 11.000 3301.591   
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Repeated measure one-way ANOVA of HbA1C (%) 

Mauchly's Test of Sphericity 
 
Measure: time  

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx. 
Chi-

Square df Sig. 

Epsilon 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

HbA1C .484 7.261 2 .027 .660 .714 .500
 

 

 

 

 

 

Tests of Within-Subjects Effects 
 
Measure: time  
Source 
  

Type III Sum 
of Squares df 

Mean 
Square F Sig.

HbA1C Sphericity Assumed 2.776 2 1.388 1.978 .162
  Greenhouse-Geisser 2.776 1.319 2.104 1.978 .180
  Huynh-Feldt 2.776 1.428 1.943 1.978 .178
  Lower-bound 2.776 1.000 2.776 1.978 .187
Error(HbA1C) Sphericity Assumed 15.438 22 .702   
  Greenhouse-Geisser 15.438 14.510 1.064   
  Huynh-Feldt 15.438 15.713 .982   
  Lower-bound 15.438 11.000 1.403   
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Repeated measure one-way ANOVA of total cholesterol (total-C, mg/dl) 

Mauchly's Test of Sphericity 
 
Measure: time  

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx. 
Chi-

Square df Sig. 

Epsilon 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

total-C .804 1.963 2 .375 .836 .984 .500
 

 

 

 

 

Tests of Within-Subjects Effects 
 
Measure: time  
Source 
  

Type III Sum 
of Squares df 

Mean 
Square F Sig.

total-C Sphericity Assumed 681.152 2 340.576 .705 .506
  Greenhouse-Geisser 681.152 1.672 407.331 .705 .484
  Huynh-Feldt 681.152 1.969 345.998 .705 .504
  Lower-bound 681.152 1.000 681.152 .705 .421
Error 
(total-C) 

Sphericity Assumed 
9658.848 20 482.942   

  Greenhouse-Geisser 9658.848 16.722 577.603   
  Huynh-Feldt 9658.848 19.687 490.631   
  Lower-bound 9658.848 10.000 965.885   
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Repeated measure one-way ANOVA of high-density lipoprotein (HDL, mg/dl) 

Mauchly's Test of Sphericity 
 
Measure: time  

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx. 
Chi-

Square df Sig. 

Epsilon 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

HDL .975 .230 2 .891 .975 1.000 .500
 

 

 

 

 

Tests of Within-Subjects Effects 
 
Measure: time  
Source 
  

Type III Sum 
of Squares df 

Mean 
Square F Sig.

HDL Sphericity Assumed 6.606 2 3.303 .148 .863
  Greenhouse-Geisser 6.606 1.951 3.386 .148 .858
  Huynh-Feldt 6.606 2.000 3.303 .148 .863
  Lower-bound 6.606 1.000 6.606 .148 .708
Error(HDL) Sphericity Assumed 445.394 20 22.270   
  Greenhouse-Geisser 445.394 19.508 22.832   
  Huynh-Feldt 445.394 20.000 22.270   
  Lower-bound 445.394 10.000 44.539   
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Repeated measure one-way ANOVA of low-density lipoprotein (LDL, mg/dl) 

Mauchly's Test of Sphericity 
 
Measure: time  

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx. 
Chi-

Square df Sig. 

Epsilon 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

LDL .943 .532 2 .766 .946 1.000 .500
 

 

 

 

 

 

Tests of Within-Subjects Effects 
 
Measure: time  

Source 
  

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. 

LDL Sphericity Assumed 399.217 2 199.608 1.033 .374
  Greenhouse-Geisser 399.217 1.891 211.073 1.033 .371
  Huynh-Feldt 399.217 2.000 199.608 1.033 .374
  Lower-bound 399.217 1.000 399.217 1.033 .333
Error 
(LDL) 

Sphericity Assumed 
3863.770 20 193.188    

  Greenhouse-Geisser 3863.770 18.914 204.284    
  Huynh-Feldt 3863.770 20.000 193.188    
  Lower-bound 3863.770 10.000 386.377    
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Repeated measure one-way ANOVA of triglyceride (TG, mg/dl) 

Mauchly's Test of Sphericity 
 
Measure: time  

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx. 
Chi-

Square df Sig. 

Epsilon 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

TG .078 22.908 2 .000 .520 .527 .500
 

 

 

 

 
Tests of Within-Subjects Effects 
 
Measure: time  

Source 
  

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. 

TG Sphericity Assumed 42128.727 2 21064.364 1.192 .324
  Greenhouse-Geisser 42128.727 1.041 40476.346 1.192 .302
  Huynh-Feldt 42128.727 1.055 39944.590 1.192 .303
  Lower-bound 42128.727 1.000 42128.727 1.192 .301
Error 
(TG) 

Sphericity Assumed 
353400.606 20 17670.030    

  Greenhouse-Geisser 353400.606 10.408 33953.946    
  Huynh-Feldt 353400.606 10.547 33507.877    
  Lower-bound 353400.606 10.000 35340.061    
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Repeated measure one-way ANOVA of alanine aminotransferase (ALT, U/L) 

Mauchly's Test of Sphericity 
 
Measure: time  

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx. 
Chi-

Square df Sig. 

Epsilon 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

ALT .788 2.142 2 .343 .825 .967 .500
 

 

 

 

 

Tests of Within-Subjects Effects 
 
Measure: time  

Source 
  

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. 

ALT Sphericity Assumed 117.515 2 58.758 1.086 .357
  Greenhouse-Geisser 117.515 1.650 71.203 1.086 .349
  Huynh-Feldt 117.515 1.935 60.738 1.086 .355
  Lower-bound 117.515 1.000 117.515 1.086 .322
Error 
(ALT) 

Sphericity Assumed 
1082.485 20 54.124    

  Greenhouse-Geisser 1082.485 16.504 65.588    
  Huynh-Feldt 1082.485 19.348 55.949    
  Lower-bound 1082.485 10.000 108.248    
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Repeated measure one-way ANOVA of aspartate aminotransferase (AST, U/L) 

Mauchly's Test of Sphericity 
 
Measure: time  

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx. 
Chi-

Square df Sig. 

Epsilon 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

AST .851 1.452 2 .484 .870 1.000 .500
 

 

 

 

 

Tests of Within-Subjects Effects 
 
Measure: time  

Source 
  

Type III 
Sum of 
Squares df 

Mean 
Squar

e F Sig. 
AST Sphericity Assumed 18.424 2 9.212 .364 .699 
  Greenhouse-Geisser 18.424 1.741 10.585 .364 .671 
  Huynh-Feldt 18.424 2.000 9.212 .364 .699 
  Lower-bound 18.424 1.000 18.424 .364 .560 
Error 
(AST) 

Sphericity Assumed 
506.242 20 25.312     

  Greenhouse-Geisser 506.242 17.406 29.084     
  Huynh-Feldt 506.242 20.000 25.312     
  Lower-bound 506.242 10.000 50.624     
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Repeated measure one-way ANOVA of serum creatinine (SCr, mg/dl) 

 

Mauchly's Test of Sphericity 

 
Measure: MEASURE_1  

Within 
Subjects 
Effect 

Mauchly's 
W 

Approx. 
Chi-

Square df Sig. 

Epsilon 
Greenhouse-

Geisser 
Huynh-
Feldt 

Lower-
bound 

SCr .893 1.016 2 .602 .904 1.000 .500
 

 

 

 

 

Tests of Within-Subjects Effects 
  
Measure: MEASURE_1  

Source 
  

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. 

SCr Sphericity Assumed .020 2 .010 .649 .533
  Greenhouse-Geisser .020 1.807 .011 .649 .519
  Huynh-Feldt .020 2.000 .010 .649 .533
  Lower-bound .020 1.000 .020 .649 .439
Error 
(SCr) 

Sphericity Assumed 
.305 20 .015    

  Greenhouse-Geisser .305 18.072 .017    
  Huynh-Feldt .305 20.000 .015    
  Lower-bound .305 10.000 .031    
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