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Abstract
Objective—Green tea (Camellia sinensis) has shown to exert cardio-protective benefits in
observational studies. The objective of this clinical trial was to assess the effects of green tea on
features of metabolic syndrome and inflammation in obese subjects.

Methods—We conducted a randomized controlled trial in obese subjects with metabolic
syndrome. Thirty-five subjects [age (mean±SE) 42.5±1.7 years, BMI 36.1±1.3 kg/m2] completed
the 8-week study and were randomly assigned to receive green tea (4 cups/day), green tea extract
(2 capsules and 4 cups water/day), or no treatment (4 cups water/day). Both the beverage and
extract groups had similar dosing of epigallocatechin-3-gallate (EGCG), the active green tea
polyphenol. Fasting blood samples were collected at screening, four, and eight weeks of the study.

Results—Green tea beverage or extract supplementation did not significantly alter features of
metabolic syndrome or biomarkers of inflammation including adiponectin, C-reactive protein
(CRP), interleukin-6 (IL-6), interleukin-1β (IL-1β), soluble vascular cell adhesion molecule-1
(sVCAM-1), soluble intercellular adhesion molecule-1 (sICAM-1), leptin, or leptin:adiponectin
ratio. However, both green tea beverage and extracts significantly reduced plasma serum amyloid
alpha (SAA) versus no treatment (p<0.005).

Conclusion—This study suggests that the daily consumption of green tea beverage or extracts
for 8 weeks was well tolerated but did not affect the features of metabolic syndrome. However,
green tea significantly reduced plasma SAA, an independent CVD risk factor, in obese subjects
with metabolic syndrome.
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Introduction
A growing body of evidence indicates the role of green tea or its bioactive polyphenol,
epigallocatechin gallate (EGCG), in significantly ameliorating features of metabolic
syndrome, and subsequent risks for type 2 diabetes mellitus and cardiovascular disease
(CVD) [1–3]. Metabolic syndrome, a constellation of several risk factors, including
abdominal adiposity, hypertension, dyslipidemia (high triglycerides, low HDL), and
impaired fasting glucose, has also been associated with chronic inflammation, insulin
resistance and endothelial dysfunction [4,5]. Habitual consumption of green tea (Camellia
sinensis), a popular beverage used in traditional Chinese medicine, has been associated with
decreased risks for obesity [6], diabetes [7,8], hypertension [9], dyslipidemia [10,11], and
CVD mortality [12–14] in several epidemiological studies. In selected clinical trials, green
tea supplementation has been shown to significantly improve features of metabolic
syndrome, such as, decreased abdominal adiposity indicated by waist circumference in
obese subjects [15–17], reduced blood glucose and hemoglobin A1C in pre-diabetic or
diabetic patients [18,19], improved postprandial lipid responses in subjects with mild
hypertriglyceridemia [20], and, increased flow-mediated dilation in smokers or subjects with
endothelial dysfunction [21,22]. However, these epidemiological and clinical studies have
been mostly conducted in populations in Asian countries with habitual green tea
consumption. Also, in some trials outcomes are significant versus baseline but not control
group, or are possibly confounded by the habitual caffeine intake by the subjects, or caffeine
content in green tea. Thus, these limited human studies showing positive effects of green tea
in metabolic syndrome, emphasize the need for further controlled intervention trials using
decaffeinated green tea in populations with salient features of metabolic syndrome and CVD
risk factors.

Clinical trials have reported mixed results on the effects of green tea on biomarkers of
inflammation, which is associated with metabolic syndrome and CVD. In an uncontrolled
study in male smokers, green tea consumption (600mL/day) for four weeks was shown to
decrease P-selectin levels, suggesting a decrease in risk factors of atherosclerosis in these
subjects [23]. In contrast, in a randomized controlled study, green tea intervention (900 ml
green tea or 3.6g green tea polyphenols) for four weeks showed no effects on inflammatory
markers such as C-reactive protein (CRP), interleukin-6 (IL-6), interleukin- 1β (IL-1β), or
tumor necrosis factor-α (TNF-α) in healthy smokers [24]. In a postprandial study, green tea
intake (6 g) versus controls improved endothelial function, but had no effects on biomarkers
of inflammation in healthy individuals [25]. Studies in subjects with borderline diabetes or
diabetes have shown no significant effects of green tea consumption (456mg green tea
catechins for two months or 900ml of green tea for four weeks) on markers of inflammation
[18,26]. Thus, based on these results, anti-inflammatory effects of green tea supplementation
need further investigation in subjects with metabolic syndrome in controlled long-term
intervention trials.

Several mechanistic studies using animal models of obesity, metabolic syndrome and CVD
also provide data substantiating the anti-obesity [27,28], anti-diabetic [29,30], anti-
hypertensive [31,32], anti-hyperlipidemic [33,34], and anti-inflammatory [35,36] effects of
green tea. Ramadan et al. [34] have reported the effects of a 28-day supplementation of
green tea aqueous extracts in significantly alleviating hyperglycemia, dyslipidemia, and
impaired liver function in male Wistar albino rats fed a cholesterol-rich diet. Ramesh et al.
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[35] have shown anti-inflammatory effects of intraperitoneal administration of EGCG
(100mg/kg body weight) in significantly reducing serum CRP levels and hematological
markers of inflammation in rats fed an atherogenic diet versus the untreated group. Oral
administration of EGCG (100 mg/kg body weight) in aged male Wistar albino rats fed a
high-fat diet was also shown to significantly decrease CRP and TNF-α versus the
unsupplemented group [36]. Thus, these animal studies show the benefits of green tea
extracts or EGCG treatment in reversing high-fat diet induced inflammation and glucose and
lipid abnormalities associated with metabolic syndrome. These potential benefits of green
tea need to be confirmed in clinical trials, especially in US populations with increasing
prevalence of obesity and metabolic syndrome [37].

Thus, the objective of our study was to test whether daily consumption of green tea beverage
(4 cups/day) or extracts (2 capsules/day and 4 cups water/day) over a period of eight weeks
would affect biomarkers of inflammation and features of metabolic syndrome versus age
and gender matched no treatment (4 cups water/day) group, thereby lowering CVD risk
factors in the US population with metabolic syndrome.

Materials & Methods
Subjects

Forty-one subjects with metabolic syndrome were recruited by flyers and e-mail
advertisements at the General Clinical Research Center (GCRC) at University of Oklahoma
Health Sciences Center (OUHSC). Subjects were included in the study if they had three of
five features of metabolic syndrome as defined by the National Cholesterol education
Program (NCEP), Adult Treatment Panel III (ATP III) guidelines [38]. Participants were
excluded from the trial if they were under 21 years of age, had a pre-existing condition (e.g.
diabetes, cancer, heart disease), liver or renal disorders, or anemia. Potential recruits were
also excluded if they were consuming > 1g/day of antioxidants/fish oil supplements, were
current smokers or used any kind of tobacco products, consumed alcohol on a regular basis
(except social drinking), were pregnant or lactating or if their hemoglobin (Hb), white blood
cells (WBC), platelets, liver, renal, or thyroid function tests were outside of the normal
ranges. Subjects on stable medications (except hypoglycemic and hypolipidemic agents)
were included in the study. Written informed consent was obtained from all potential
recruits at the screening visit. The study was approved by the Institutional Review Board
(IRB) at University of Oklahoma Health Sciences Center (OUHSC) and at Oklahoma State
University (OSU).

Green tea beverage and extracts
Decaffeinated green tea bags were purchased from RC Bigelow Inc.© (Fairfield, CT). Four
tea bags were steeped in 4 cups of boiled water (8 oz/cup) for 10 minutes. No sugar or milk
was added to the tea, but artificial sweetener was used according to the preference of the
participants. Each cup of green tea provided approximately 110mg of EGCG, 55 mg EGC,
45mg ECG, and 22mg EC. The decaffeinated green tea extract capsules were purchased
from Solaray® (Park City, UT). The capsules were manufactured from the same lot numbers
of raw materials. The label claimed 500 mg of green tea extract providing 400mg catechins
and 250 mg EGCG. Other ingredients included in the capsule as filler were vegetable
cellulose, magnesium stearate and silica. Each capsule contained approximately 230mg
EGCG, 120mg EGC, 60mg ECG, and 25mg EC.

The catechin content, primarily EGCG, EGC, ECG, and EC, in green tea leaves (tea bags)
and capsules were analyzed using the procedure described previously by Seeram et al. [39].
Briefly, 100mg of green tea leaves or extract powder were weighed and sonicated for 10
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minutes in methanol:water (1:1). The extracts were filtered (0.22µm) and analyzed on a
Waters column (Symmetry C18, 100 mm × 4.6 mm, 3.5 µm). Mobile phase consisted of
acetonitrile and 0.2% aqueous phosphoric acid under binary linear gradient conditions. The
wavelength was detected at 278nm and catechins were quantified using reference standards.
All solvents were HPLC grade and purchased from Pharmco (Brookfield, CT). Catechin
standards (EGCG, EGC, ECG & EC) were purchased from Sigma Aldrich Co. (St. Louis,
MO). The HPLC-UV detection system consisted of a Waters 600 Controller multisolvent
delivery system pump, a Waters 717plus Auto sampler, a Waters 2487 Dual λ Absorbance
Detector, and Empower Pro software, Build 1154 (Waters, Milford, MA).

Study protocol
This was a randomized controlled trial with a single blind and permuted block
randomization design. To account for the effects of age and gender on the variables of
interest, participants were recruited into trios matched for age (± 5 years) and gender. The
age and gender for a trio was determined by the first participant assigned to that trio. The
next consecutive participant that met the matching criteria of that trio was assigned as the
second participant of that trio, and so on. Each trio had one participant in each of the three
intervention groups: green tea (4 cups/day), green tea extracts (2 capsules, 4 cups water/
day), or no treatment (4 cups water/day). While trios were filled consecutively with
participants meeting the matching parameters, the intervention to which the first, second,
and third participants in the trio were assigned was pre-determined by random permutation.

Participants in the no treatment and green tea extract groups came in for follow-up visits at
2, 4, 6, & 8 weeks and were provided with containers to measure 4 cups of water to be
consumed on a daily basis. Those in the extract group received a 2-week supply of capsules
during their follow-up visits and were instructed to take 2 capsules a day, morning and
evening at least 6–8 hours apart. Compliance was confirmed by pill count. The green tea
beverage group made daily visits to the GCRC for a fresh supply of tea. This was to ensure
compliance and consistency since, in our opinion, instructing subjects to prepare the tea
themselves and drink 4 cups a day for 8 weeks would introduce inconsistencies and lack of
compliance. Subjects in the green tea group consumed 2 cups of green tea in the morning at
the GCRC and were provided with another 2 cups in a container and asked to consume at
least 6–8 hours later in the day. Participants were told not to reheat the tea which they
consumed later in the day, but to drink it straight from the container. The Bionutrition unit at
the GCRC prepared the green tea for the subjects and monitored compliance. All subjects
were asked to refrain from any other source of green tea or related supplements other than
that provided by the study, and to maintain their usual diet, physical activity and lifestyle
while enrolled in the study. Bionutrition staff was instructed not to discuss diet or weight
issues with participants to avoid potential confounding factors which may arise as a result of
daily visits of the tea group versus weekly visits of the extract and no treatment groups at the
clinic. Subjects were compensated during their follow-up visits. Since we compared the
effects of green tea beverage or green tea extract capsules with water, it was not possible to
blind the participants to the interventions. However, the laboratory personnel and GCRC
nurses were blinded to the particpants’ intervention group; the recruitment and Bionutrition
staff at the GCRC was not involved in physical measurements or laboratory analyses.
Participants were asked not to discuss or mention their intervention with the GCRC nurses.
Dietary data were collected at screen and eight weeks of the study.

Body weight, height, blood pressure and waist circumference were measured by trained
personnel at GCRC. At screening visit, fasting serum samples were drawn and sent to the
University of Oklahoma Medical Center (OUMC) Laboratory for analyses of fasting
glucose, lipid profile {total cholesterol, triglycerides, low-density lipoproteins (LDL), high-
density lipoproteins (HDL)}, and other blood variables [hemoglobin (Hb), platelets, white
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blood cells (WBC), liver enzymes, creatinine, body urea nitrogen (BUN), electrolytes,
albumin, total protein, and thyroid-stimulating hormone (TSH)]. Fasting EDTA-plasma
samples were collected at screen, four and eight weeks of the study, separated by
centrifugation (3000 rpm for 10 min at 4°C) and stored at −80°C for subsequent analyses of
biomarkers of inflammation.

Biomarkers of inflammation
Plasma concentrations of CRP, Adiponectin, IL-6, IL-1β, sICAM-1, sVCAM-1, and leptin
were determined using ELISA kits (R&D Systems, Inc. Minneapolis, MN) according to the
manufacturer’s protocol. The plasma was diluted in diluent buffer in the following ratio:
1/10000, 1/10000, 1/1, 1/100, 1/1000, 1/1000, and 1/100 respectively. The minimum
detectable level was 15.625, 62.5, 9.375, 0.04, 15.625, 15.625 and 31.25 pg/ml, for each
assay, respectively. The inter-assay CV was 6.24, 3.59, 3.10, 2.56, 3.51, 7.59, and 11.68%,
respectively. Plasma levels of SAA were determined using ELISA kit (Invitrogen
Corporation, Camarillo, CA), based on the manufacturer’s guidelines. The minimum
detectable level was <4ng/mL. Plasma samples were diluted 200-fold in diluent buffer and
the average inter-assay CV was 6.8% for SAA.

Statistical analyses
All measures had descriptive statistics calculated and graphs drawn to look for outliers.
Outliers due to data errors were corrected where possible or removed. Pair wise differences
(green tea versus no treatment and green tea extracts versus no treatment) between the three
groups at baseline were assessed using student t-tests.

Changes in measurements over the eight week study period were assessed by calculating the
difference between the pre- (baseline) and post- (8 weeks) intervention measurements.
Differences between the green tea or green tea extract group and the no treatment group
were tested essentially using t-tests for paired data: differences calculated for the green tea
and green tea extract groups were conditioned on their respective no treatment group; the
difference seen in the no treatment participant was subtracted from the difference seen in
each corresponding green tea and green tea extract participant within the age and gender
matched trio. These conditional differences for the green tea and green tea extract groups
were then assessed as being different from zero (no change) using student t-tests. All
statistical tests were two-tailed with a conservative Bonferroni adjustments for multiple
hypothesis testing in which alpha was set at 0.005. SPSS for Windows (version 15.0, SPSS
Inc., 2006) was used for the statistical calculations.

Results
Forty-one individuals were recruited for the study. Two people withdrew due to relocation
and personal reasons, and four were withdrawn on account of starting cholesterol (1) and
glucose lowering (1) medications during the study, and for smoking (2). Thus, a total of 35
subjects completed the study with a mean age of 42.5±1.7 years and a mean BMI of
36.1±1.3 kg/m2 at screening visit. No significant differences were noted in baseline
characteristics except for total and LDL- cholesterol levels which were significantly higher
in the no treatment group in comparison to those taking green tea extracts (Table 1).

Out of fifteen trios created throughout the two-year study period, eleven were completed or
had a no treatment and tea or no treatment and supplement pair which could be used for
comparisons. Trios without a no treatment participant had to be excluded from data
analyses. Consequently, a total of 29 subjects were used in data analyses, forming 11 green
tea – no treatment and 7 green tea extract – no treatment pairs.
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Plasma concentrations of adiponectin, CRP, IL-6, IL-1β, sVCAM-1, sICAM-1, leptin and
leptin: adiponectin ratio were not significantly affected by green tea beverage or extract
supplementation for eight weeks versus age and gender-matched no treatment group (Table
2). However, the green tea beverage group showed a non-significant decrease in IL-6 levels
(37%, p=0.3) compared to baseline. Pair wise comparisons showed a significant decrease in
plasma SAA in green tea beverage (14.4%, p<0.005) and green tea extract (24.5%, p<0.005)
groups versus no treatment subjects at eight weeks of the study (Table 2).

Green tea beverage or green tea extract supplementation did not significantly affect features
of metabolic syndrome as defined in this study [38], including waist circumference, systolic
and diastolic blood pressure, triglycerides, HDL, and fasting glucose versus no treatment
group. The prevalence of the features of metabolic syndrome was the highest for low HDL
(94%), followed by enlarged waist circumference (91%), elevated systolic and/or diastolic
blood pressure or on blood pressure medications (71%), elevated triglycerides (54%), and
impaired fasting glucose (20%) among the study subjects. Plasma concentrations of safety
parameters including AST, ALT, BUN, creatinine, Hb, platelets, WBC, electrolytes,
albumin, total protein, and TSH remained unaltered by green tea beverage or extract
supplementation for all participants.

Discussion
To our knowledge, this is the first study investigating the effects of decaffeinated green tea
supplementation on biomarkers of inflammation and features of metabolic syndrome in
obese population in the US. Our study results show that green tea beverage or extract
supplementation selectively lower plasma SAA versus the no treatment group. However,
green tea intervention did not affect inflammatory markers including CRP, IL-6, IL-1β,
sVCAM-1, sICAM-1, adiponectin and leptin or features of metabolic syndrome.

SAA, a family of apolipoproteins expressed in hepatocytes and adipocytes has been shown
to increase oxidative stress, decrease endothelial nitric oxide synthase (eNOS) activity, and
impair reverse cholesterol transport by HDL particles [40–43]. A cross-sectional study
among overweight or obese postmenopausal women has shown lower SAA levels among
women with higher quality dietary patterns versus those with lower scores [44]. A 6-week
green tea polyphenol supplementation significantly decreased SAA and severity of colitis in
an animal model of chronic inflammation at dietary achievable doses [45]. However,
catechin supplementation for six weeks in apo E-deficient mice had no effects on plasma
SAA [46]. Clinical studies investigating the effects of dietary factors including polyphenols
on SAA are limited. Previously, Nantz et al [47]. have reported that green tea polyphenols
significantly reduced SAA in healthy adult volunteers. The subjects took 200 mg of
decaffeinated green tea extracts twice a day for 3 weeks. In contrast, polyphenols from soy,
instead of green tea, showed no effect on plasma SAA. In a 3-month study involving a one
month control phase, followed by one month each of high- and low-soy isoflavone
intervention, no treatment differences were observed on plasma SAA among
hypercholesterolemic men and postmenopausal women [48]. In our study, administration of
green tea beverage or extract, equivalent to approximately 440mg or 460mg EGCG,
respectively, was effective in reducing SAA in obese subjects with metabolic syndrome. In
comparison to our study, the null effects reported by Jenkins et al. [48] may be explained by
the short duration of each intervention, differences in study sample, and possible differential
effects of soy flavonoids versus green tea flavonoids in lowering SAA. Cardiovascular
epidemiology has shown SAA to be an independent predictor for cardiovascular disease in
women with suspected myocardial ischemia and for early mortality in patients with acute
coronary syndromes [49,50]. Furthermore, baseline serum SAA in our subjects with
metabolic syndrome (mean±SE, 53.0±1.0 µg/mL) was higher than the levels reported by
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Nantz et al. [47] or Jenkins et al. [48] in their healthy or hypercholesterolemic subjects,
respectively, and was comparable to SAA reported in women with advanced CVD [50].
Thus, our data suggest the possible anti-inflammatory role of green tea flavonoids in
reducing elevated SAA in obese subjects with metabolic syndrome. However, this
observation needs to be confirmed in larger clinical trials.

CRP, an acute phase protein synthesized by the liver has shown to be a powerful predictor of
cardiovascular risk compared to other inflammatory markers [51,52]. In our study subjects
with metabolic syndrome, all participants had baseline CRP level >3mg/L (mean±SE,
6.2±1.2 mg/L), a high-risk category for CVD [53]. Serum CRP has been inversely
associated with dietary flavonoid intake in US adults, especially with the intakes of foods
and beverages high in flavonols (onions, apples, tea), anthocyanidins (berries), procyanidins
(dark chocolate) and isoflavones (soy) [54,55]. However, limited clinical data exist on the
effects of tea flavonoids on CRP. Both acute and chronic (4 weeks) consumption of 450ml
and 900ml of black tea, respectively, showed no effects on CRP in patients with coronary
artery disease [56]. Acute consumption of green tea (6g) by smokers failed to show any
effects on CRP compared to the matched caffeine or water group [25]. In another 4-week
study among smokers, de Maat et al. [24] reported no effects of green tea intervention (3.6g
polyphenols) on plasma CRP levels. We report similar findings in our 8-week study which
showed no effects of green tea (960ml) or green tea extract (870mg green tea catechins)
supplementation on plasma CRP levels. It is possible that a higher dose of green tea
flavonoids or a combination of different flavonoids might be effective in lowering CRP and
this remains an area of further investigation.

Circulating levels of adipocytokines, such as IL-6, IL-1β and adhesion molecules like
sVCAM-1 and sICAM-1 expressed in vascular endothelium, have been associated with
increased risks of cardiovascular events in apparently healthy subjects or in patients with
existing CAD [57–60]. While limited in vitro data show the inhibitory effects of green tea
polyphenols or EGCG on IL-1β and/or IL-6 synthesis [61,62] and/or expression of VCAM-1
[63], human studies are inadequate and remain inconclusive. Lee et al. [23] showed a
selective effect of green tea beverage in lowering P-selectin, an adhesion molecule in
smokers in an uncontrolled 4-week study. However, no effects were seen in IL-6 in type 2
diabetic subjects following green tea intervention for 4 weeks [26]. We found no significant
change in circulating levels of cytokines or adhesion molecules in our study subjects with
metabolic risk factors. Thus, flavonoid modulation of cytokines and adhesion molecules in a
clinical setting appears to be selective and warrants further investigation. Also, baseline
mean concentrations of IL-6 (23.5±12.0 µg/L), IL-1β (0.22±0.02 pg/mL), sVCAM-1
(250.1±24.2 ng/mL) and sICAM-1 (107.3±9.7 ng/mL) were lower in our subjects with
metabolic syndrome in comparison to previously reported levels in subjects with metabolic
syndrome or advanced CVD [59,60,64,65], and this may account for the null effects of
green tea intervention. Furthermore, certain classes of anti-hypertensive medications, such
as angiotensin II antagonists and angiotensin converting enzyme inhibitors, have been
shown to exert anti-inflammatory effects [66,67]. Since a significant number of our study
subjects were on stable medications for hypertension, this could possibly contribute to the
observed null effects of green tea intervention on inflammatory markers including CRP,
IL-6, IL-1β or adhesion molecules.

Adiponectin, an anti-inflammatory adipocytokine has shown to be reduced in subjects with
metabolic syndrome versus subjects with null or fewer features of metabolic syndrome
[68,69]. Subjects in our study had mean baseline adiponectin concentrations of 2.0±0.4 mg/
L, which are comparable to previously reported studies in which subjects in the lowest
quartile of adiponectin (< 5.0 mg/L) had highest incidence or risks of metabolic syndrome
[70,71]. Green tea catechins have been shown to up regulate adiponectin expression in

Basu et al. Page 7

Nutrition. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



mouse preadipocyte cells [72]. However, in our study, green tea supplementation had no
significant effects on adiponectin levels. Our results are comparable to previously reported
dietary intervention studies in which adiponectin levels were unaltered: following green tea
supplementation in type 2 diabetic subjects [26], after significant diet-induced weight loss
[73], or in obese subjects on a very low-calorie diet [74]. Thus, the role of dietary factors in
modulating adiponectin levels needs further investigation. We also measured leptin:
adiponectin ratios in our study, which however showed no significant effects. Leptin, a
hormone secreted by adipose tissue has been positively correlated with obesity and
metabolic syndrome [75,76]. In our study, the average baseline leptin concentrations of
39.0±7.2 ng/mL are higher than previously reported studies in subjects with metabolic
syndrome [77,78]. A combination of soy, black and green tea polyphenols was shown to
significantly reduce serum leptin concentrations in both male and female mice, though the
effects cannot be attributed to green tea per se [79]. While green tea polyphenols and leptin
levels have not been previously correlated in humans, our data suggest that the cardio
protective effects of green tea are not mediated via circulating leptin levels in obese subjects.

Furthermore, the baseline values for individual components of metabolic syndrome,
including glucose and lipid profiles, were mildly elevated in our study subjects. The mean
baseline values for blood pressure, glucose, triglycerides and total cholesterol were either
normal or slightly elevated in the green tea, green tea extract or no treatment group. Also,
the recently updated definition of metabolic syndrome has unifying criteria, and requires the
cut points for waist circumference to be specific to the population being studied, and the
country of study setting [80]. In light of this new definition, our sample size of primarily US
adult women has only two significant abnormal features out of five: elevated waist
circumference and low HDL-cholesterol levels, with blood pressure slightly above the cut
points and normal glucose and slightly elevated triglycerides. Thus, mild prevalence of
metabolic syndrome in conjunction with low concentrations of interleukins and adhesion
molecules in our subjects may contribute to the overall lack of positive effects of an eight-
week green tea intervention on these variables. On the other hand, in future studies, a higher
dose of green tea or longer study duration may be effective in decreasing elevated CRP or
increasing low adiponectin levels in subjects with metabolic syndrome. Other limitations of
our study involve a high female: male ratio, and a small study sample which limits
generalizability to a larger population. Also, genetic variations in phase-II metabolizing
enzymes [81] may affect the overall metabolism, clearance and thus physiological effects of
green tea polyphenols and were not accounted for in this study.

Conclusion
Green tea beverage or extract supplementation of obese subjects with metabolic syndrome
for 8 weeks was well tolerated and reduced circulating SAA versus no treatment group, but
did not affect other biomarkers of inflammation (CRP, IL-6, IL-1β, sICAM-1, sVCAM-1),
adiponectin, and features of metabolic syndrome. Thus, green tea may be included as part of
a comprehensive strategy involving diet, exercise, and specific dietary supplementations
aimed at reversing inflammation, endothelial dysfunction and cardiovascular risk factors in
subjects with metabolic syndrome.

Acknowledgments
This work was supported by the University of Oklahoma Health Sciences Center General Clinical Research Center
grant M01-RR14467, National Center for Research Resources, National Institutes of Health. Also supported by
Core Research grant from College of Human Environmental Sciences, Oklahoma State University.

Basu et al. Page 8

Nutrition. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



References
1. Thielecke F, Boschmann M. The potential role of green tea catechins in the prevention of the

metabolic syndrome - a review. Phytochemistry 2009;70:11–24. [PubMed: 19147161]
2. Wolfram S. Effects of green tea and EGCG on cardiovascular and metabolic health. J Am Coll Nutr

2007;26:373S–388S. [PubMed: 17906191]
3. Crespy V, Williamson G. A review of the health effects of green tea catechins in in vivo animal

models. J Nutr 2004;134:3431S–3440S. [PubMed: 15570050]
4. Rana JS, Nieuwdorp M, Jukema JW, Kastelein JJ. Cardiovascular metabolic syndrome – an

interplay of, obesity, inflammation, diabetes and coronary heart disease. Diabetes Obes Metab
2007;9:218–232. [PubMed: 17391148]

5. Buscemi S, Verga S, Cottone S, Azzolina V, Buscemi B, Gioia D, Cerasola G. Glycaemic
variability and inflammation in subjects with metabolic syndrome. Acta Diabetol 2009;46:55–61.
[PubMed: 18818862]

6. Wu CH, Lu FH, Chang CS, Chang TC, Wang RH, Chang CJ. Relationship among habitual tea
consumption, percent body fat, and body fat distribution. Obes Res 2003;11:1088–1095. [PubMed:
12972679]

7. Iso H, Date C, Wakai K, Fukui M, Tamakoshi A. The relationship between green tea and total
caffeine intake and risk for self reported type 2 diabetes among Japanese adults. Ann Intern Med
2006;144:554–562. [PubMed: 16618952]

8. Yamaji T, Mizoue T, Tabata S, Ogawa S, Yamaguchi K, Shimizu E, Mineshita M, Kono S. Coffee
consumption and glucose tolerance status in middle-aged Japanese men. Diabetologia
2004;47:2145–2151. [PubMed: 15662555]

9. Yang YC, Lu FH, Wu JS, Wu CH, Chang CJ. The protective effect of habitual tea consumption on
hypertension. Arch Intern Med 2004;164:1534–1540. [PubMed: 15277285]

10. Imai K, Nakachi K. Cross sectional study of effects of drinking green tea on cardiovascular and
liver diseases. BMJ 1995;310:693–696. [PubMed: 7711535]

11. Sasazuki S, Kodama H, Yoshimasu K, Liu Y, Washio M, Tanaka K, Tokunaga S, Kono S, Arai H,
Doi Y, Kawano T, Nakagaki O, Takada K, Koyanagi S, Hiyamuta K, Nii T, Shirai K, Ideishi M,
Arakawa K, Mohri M, Takeshita A. Relation between green tea consumption and the severity of
coronary atherosclerosis among Japanese men and women. Ann Epidemiol 2000;10:401–408.
[PubMed: 10964006]

12. Kuriyama S, Shimazu T, Ohmori K, Kikuchi N, Nakaya N, Nishino Y, Tsubono Y, Tsuji I. Green
tea consumption and mortality due to cardiovascular disease, cancer, and all causes in Japan: the
Ohsaki study. JAMA 2006;296:1255–1265. [PubMed: 16968850]

13. Sesso HD, Gaziano JM, Buring JE, Hennekens CH. Coffee and tea intake and the risk of
myocardial infarction. Am J Epidemiol 1999;149:162–167. [PubMed: 9921961]

14. Shimazu T, Kuriyama S, Hozawa A, Ohmori K, Sato Y, Nakaya N, Nishino Y, Tsubono Y, Tsuji I.
Dietary patterns and cardiovascular disease mortality in Japan: a prospective cohort study. Int J
Epidemiol 2007;36:600–609. [PubMed: 17317693]

15. Nagao T, Komine Y, Soga S, Meguro S, Hase T, Tanaka Y, Tokimitsu I. Ingestion of a tea rich in
catechins leads to a reduction in body fat and malondialdehyde-modified LDL in men. Am J Clin
Nutr 2005;81:122–129. [PubMed: 15640470]

16. Westerterp-Plantenga MS, Lejeune MP, Kovacs EM. Body weight loss and weight maintenance in
relation to habitual caffeine intake and green tea supplementation. Obes Res 2005;13:1195–1204.
[PubMed: 16076989]

17. Auvichayapat P, Prapochanung M, Tunkamnerdthai O, Sripanidkulchai BO, Auvichayapat N,
Thinkhamrop B, Kunhasura S, Wongpratoom S, Sinawat S, Hongprapas P. Effectiveness of green
tea on weight reduction in obese Thais: A randomized, controlled trial. Physiol Behav
2008;93:486–491. [PubMed: 18006026]

18. Fukino Y, Shimbo M, Aoki N, Okubo T, Iso H. Randomized controlled trial for an effect of green
tea consumption on insulin resistance and inflammation markers. J Nutr Sci Vitaminol (Tokyo)
2005;51:335–342. [PubMed: 16392704]

Basu et al. Page 9

Nutrition. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



19. Fukino Y, Ikeda A, Maruyama K, Aoki N, Okubo T, Iso H. Randomized controlled trial for an
effect of green tea-extract powder supplementation on glucose abnormalities. Eur J Clin Nutr
2008;62:953–960. [PubMed: 17554248]

20. Unno T, Tago M, Suzuki Y, Nozawa A, Sagesaka YM, Kakuda T, Egawa K, Kondo K. Effect of
tea catechins on postprandial plasma lipid responses in human subjects. Br J Nutr 2005;93:543–
547. [PubMed: 15946418]

21. Kim W, Jeong MH, Cho SH, Yun JH, Chae HJ, Ahn YK, Lee MC, Cheng X, Kondo T, Murohara
T, Kang JC. Effect of green tea consumption on endothelial function and circulating endothelial
progenitor cells in chronic smokers. Circ J 2006;70:1052–1057. [PubMed: 16864941]

22. Widlansky ME, Hamburg NM, Anter E, Holbrook M, Kahn DF, Elliott JG, Keaney JF Jr, Vita JA.
Acute EGCG Supplementation Reverses Endothelial Dysfunction in Patients with Coronary Artery
Disease. J Am Coll Nutr 2007;26:95–102. [PubMed: 17536120]

23. Lee W, Min WK, Chun S, Lee YW, Park H, Lee DH, Lee YK, Son JE. Long-term effects of green
tea ingestion on atherosclerotic biological markers in smokers. Clin Biochem 2005;38:84–87.
[PubMed: 15607322]

24. de Maat MP, Pijl H, Kluft C, Princen HM. Consumption of black and green tea had no effect on
inflammation, haemostasis and endothelial markers in smoking healthy individuals. Eur J Clin
Nutr 2000;54:757–763. [PubMed: 11083483]

25. Alexopoulos N, Vlachopoulos C, Aznaouridis K, Baou K, Vasiliadou C, Pietri P, Xaplanteris P,
Stefanadi E, Stefanadis C. The acute effect of green tea consumption on endothelial function in
healthy individuals. Eur J Cardiovasc Prev Rehabil 2008;15:300–305. [PubMed: 18525384]

26. Ryu OH, Lee J, Lee KW, Kim HY, Seo JA, Kim SG, Kim NH, Baik SH, Choi DS, Choi KM.
Effects of green tea consumption on inflammation, insulin resistance and pulse wave velocity in
type 2 diabetes patients. Diabetes Res Clin Pract 2006;71:356–358. [PubMed: 16169629]

27. Choo JJ. Green tea reduces body fat accretion caused by high-fat diet in rats through beta-
adrenoceptor activation of thermogenesis in brown adipose tissue. J Nutr Biochem 2003;14:671–
676. [PubMed: 14629899]

28. Klaus S, Pultz S, Thone-Reineke C, Wolfram S. Epigallocatechin gallate attenuates diet-induced
obesity in mice by decreasing energy absorption and increasing fat oxidation. Int J Obes Relat
Metab Disord 2005;29:615–623.

29. Yamabe N, Yokozawa T, Oya T, Kim M. Therapeutic potential of (–)-epigallocatechin 3-O-gallate
on renal damage in diabetic nephropathy model rats. J Pharmacol Exp Ther 2006;319:228–236.
[PubMed: 16835369]

30. Chakravarthy BK, Gupta S, Gambhir SS, Gode KD. The prophylactic action of (–)-epicatechin
against alloxan induced diabetes in rats. Life Sci 1981;29:2043–2047. [PubMed: 7031399]

31. Potenza MA, Marasciulo FL, Tarquinio M, Tiravanti E, Colantuono G, Federici A, Kim JA, Quon
MJ, Montagnani M. EGCG, a green tea polyphenol, improves endothelial function and insulin
sensitivity, reduces blood pressure, and protects against myocardial I/R injury in SHR. Am J
Physiol Endocrinol Metab 2007;292:E1378–E1387. [PubMed: 17227956]

32. Negishi H, Xu JW, Ikeda K, Njelekela M, Nara Y, Yamori Y. Black and green tea polyphenols
attenuate blood pressure increases in stroke-prone spontaneously hypertensive rats. J Nutr
2004;134:38–42. [PubMed: 14704290]

33. Yang M, Wang C, Chen H. Green, oolong and black tea extracts modulate lipid metabolism in
hyperlipidemia rats fed high-sucrose diet. J Nutr Biochem 2001;12:14–20. [PubMed: 11179857]

34. Ramadan G, El-Beih NM, Abd El-Ghffar EA. Modulatory effects of black v. green tea aqueous
extract on hyperglycaemia, hyperlipidaemia and liver dysfunction in diabetic and obese rat
models. Br J Nutr 2009:1–9. [Epub ahead of print]. [PubMed: 19995474]

35. Ramesh E, Geraldine P, Thomas PA. Regulatory effect of epigallocatechin gallate on the
expression of C-reactive protein and other inflammatory markers in an experimental model of
atherosclerosis. Chem Biol Interact. 2009 [Epub ahead of print].

36. Senthil Kumaran V, Arulmathi K, Sundarapandiyan R, Kalaiselvi P. Attenuation of the
inflammatory changes and lipid anomalies by epigallocatechin-3-gallate in hypercholesterolemic
diet fed aged rats. Exp Gerontol. 2009 [Epub ahead of print].

Basu et al. Page 10

Nutrition. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



37. Nguyen XM, Lane J, Smith BR, Nguyen NT. Changes in inflammatory biomarkers across weight
classes in a representative US population: a link between obesity and inflammation. J Gastrointest
Surg 2009;13:1205–1212. [PubMed: 19415399]

38. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, Gordon DJ, Krauss
RM, Savage PJ, Smith SC Jr, Spertus JA, Costa F. American Heart Association; National Heart,
Lung, and Blood Institute: Diagnosis and management of the metabolic syndrome: an American
Heart Association/National Heart, Lung, and Blood Institute Scientific Statement. Circulation
2005;112:2735–2752. [PubMed: 16157765]

39. Seeram NP, Henning SM, Niu Y, Lee R, Scheuller HS, Heber D. Catechin and caffeine content of
green tea dietary supplements and correlation with antioxidant capacity. J Agric Food Chem
2006;54:1599–1603. [PubMed: 16506807]

40. Wang X, Chai H, Wang Z, Lin PH, Yao Q, Chen C. Serum amyloid A induces endothelial
dysfunction in porcine coronary arteries and human coronary artery endothelial cells. Am J
Physiol Heart Circ Physiol 2008;295:H2399–H2408. [PubMed: 18931033]

41. Kim F, Pham M, Maloney E, Rizzo NO, Morton GJ, Wisse BE, Kirk EA, Chait A, Schwartz MW.
Vascular inflammation, insulin resistance, and reduced nitric oxide production precede the onset of
peripheral insulin resistance. Arterioscler Thromb Vasc Biol 2008;28:1982–1988. [PubMed:
18772497]

42. Poitou C, Viguerie N, Cancello R, De Matteis R, Cinti S, Stich V, Coussieu C, Gauthier E,
Courtine M, Zucker JD, Barsh GS, Saris W, Bruneval P, Basdevant A, Langin D, Clément K.
Serum amyloid A: production by human white adipocyte and regulation by obesity and nutrition.
Diabetologia 2005;48:519–528. [PubMed: 15729583]

43. Coetzee GA, Strachan AF, van der Westhuyzen DR, Hoppe HC, Jeenah MS, de Beer FC. Serum
amyloid A-containing human high density lipoprotein 3. Density, size, and apolipoprotein
composition. J Biol Chem 1986;261:9644–9651. [PubMed: 3525531]

44. Boynton A, Neuhouser ML, Wener MH, Wood B, Sorensen B, Chen-Levy Z, Kirk EA, Yasui Y,
Lacroix K, McTiernan A, Ulrich CM. Associations between healthy eating patterns and immune
function or inflammation in overweight or obese postmenopausal women. Am J Clin Nutr
2007;86:1445–1455. [PubMed: 17991658]

45. Varilek GW, Yang F, Lee EY, deVilliers WJ, Zhong J, Oz HS, Westberry KF, McClain CJ. Green
tea polyphenol extract attenuates inflammation in interleukin-2-deficient mice, a model of
autoimmunity. J Nutr 2001;131:2034–2039. [PubMed: 11435526]

46. Auclair S, Milenkovic D, Besson C, Chauvet S, Gueux E, Morand C, Mazur A, Scalbert A.
Catechin reduces atherosclerotic lesion development in apo E-deficient mice: a transcriptomic
study. Atherosclerosis 2009;204:e21–e27. [PubMed: 19152914]

47. Nantz MP, Rowe CA, Bukowski JF, Percival SS. Standardized capsule of Camellia sinensis lowers
cardiovascular risk factors in a randomized, double-blind, placebo-controlled study. Nutrition
2009;25:147–154. [PubMed: 18848434]

48. Jenkins DJ, Kendall CW, Connelly PW, Jackson CJ, Parker T, Faulkner D, Vidgen E. Effects of
high- and low-isoflavone (phytoestrogen) soy foods on inflammatory biomarkers and
proinflammatory cytokines in middle-aged men and women. Metabolism 2002;51:919–924.
[PubMed: 12077742]

49. Johnson BD, Kip KE, Marroquin OC, Ridker PM, Kelsey SF, Shaw LJ, Pepine CJ, Sharaf B,
Bairey Merz CN, Sopko G, Olson MB, Reis SE. National Heart, Lung, and Blood Institute. Serum
amyloid A as a predictor of coronary artery disease and cardiovascular outcome in women: the
National Heart, Lung, and Blood Institute-Sponsored Women's Ischemia Syndrome Evaluation
(WISE). Circulation 2004;109:726–732. [PubMed: 14970107]

50. Morrow DA, Rifai N, Antman EM, Weiner DL, McCabe CH, Cannon CP, Braunwald E. Serum
amyloid A predicts early mortality in acute coronary syndromes: A TIMI 11A substudy. J Am Coll
Cardiol 2000;35:358–362. [PubMed: 10676681]

51. Koenig W, Sund M, Fröhlich M, Fischer HG, Löwel H, Döring A, Hutchinson WL, Pepys MB. C-
Reactive protein, a sensitive marker of inflammation, predicts future risk of coronary heart disease
in initially healthy middle-aged men: results from the MONICA (Monitoring Trends and
Determinants in Cardiovascular Disease) Augsburg Cohort Study, 1984 to 1992. Circulation
1999;99:237–242. [PubMed: 9892589]

Basu et al. Page 11

Nutrition. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



52. Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other markers of
inflammation in the prediction of cardiovascular disease in women. N Engl J Med 2000;342:836–
843. [PubMed: 10733371]

53. Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO 3rd, Criqui M, Fadl YY,
Fortmann SP, Hong Y, Myers GL, Rifai N, Smith SC Jr, Taubert K, Tracy RP, Vinicor F. Centers
for Disease Control and Prevention; American Heart Association. Markers of inflammation and
cardiovascular disease: application to clinical and public health practice: A statement for
healthcare professionals from the Centers for Disease Control and Prevention and the American
Heart Association. Circulation 2003;107:499–511. [PubMed: 12551878]

54. Chun OK, Chung SJ, Claycombe KJ, Song WO. Serum C-reactive protein concentrations are
inversely associated with dietary flavonoid intake in U.S. adults. J Nutr 2008;138:753–760.
[PubMed: 18356331]

55. di Giuseppe R, Di Castelnuovo A, Centritto F, Zito F, De Curtis A, Costanzo S, Vohnout B, Sieri
S, Krogh V, Donati MB, de Gaetano G, Iacoviello L. Regular consumption of dark chocolate is
associated with low serum concentrations of C-reactive protein in a healthy Italian population. J
Nutr 2008;138:1939–1945. [PubMed: 18806104]

56. Widlansky ME, Duffy SJ, Hamburg NM, Gokce N, Warden BA, Wiseman S, Keaney JF Jr, Frei B,
Vita JA. Effects of black tea consumption on plasma catechins and markers of oxidative stress and
inflammation in patients with coronary artery disease. Free Radic Biol Med 2005;38:499–506.
[PubMed: 15649652]

57. Ridker PM, Rifai N, Stampfer MJ, Hennekens CH. Plasma concentration of interleukin-6 and the
risk of future myocardial infarction among apparently healthy men. Circulation 2000;101:1767–
1772. [PubMed: 10769275]

58. Ferroni P, Basili S, Vieri M, Martini F, Labbadia G, Bellomo A, Gazzaniga PP, Cordova C,
Alessandri C. Soluble P-selectin and proinflammatory cytokines in patients with polygenic type
IIa hypercholesterolemia. Haemostasis 1999;29:277–285. [PubMed: 10754380]

59. Mulvihill NT, Foley JB, Murphy R, Crean P, Walsh M. Evidence of prolonged inflammation in
unstable angina and non-Q wave myocardial infarction. J Am Coll Cardiol 2000;36:1210–1216.
[PubMed: 11028472]

60. Blankenberg S, Rupprecht HJ, Bickel C, Peetz D, Hafner G, Tiret L, Meyer J. Circulating cell
adhesion molecules and death in patients with coronary artery disease. Circulation
2001;104:1336–1342. [PubMed: 11560847]

61. Ahmed S, Marotte H, Kwan K, Ruth JH, Campbell PL, Rabquer BJ, Pakozdi A, Koch AE.
Epigallocatechin-3-gallate inhibits IL-6 synthesis and suppresses transsignaling by enhancing
soluble gp130 production. Proc Natl Acad Sci U S A 2008;105:14692–14697. [PubMed:
18796608]

62. Neyestani TR, Gharavi A, Kalayi A. Selective effects of tea extract and its phenolic compounds on
human peripheral blood mononuclear cell cytokine secretions. Int J Food Sci Nutr 2008:1–10.
[Epub ahead of print].

63. Ludwig A, Lorenz M, Grimbo N, Steinle F, Meiners S, Bartsch C, Stangl K, Baumann G, Stangl
V. The tea flavonoid epigallocatechin-3-gallate reduces cytokine-induced VCAM-1 expression
and monocyte adhesion to endothelial cells. Biochem Biophys Res Commun 2004;316:659–665.
[PubMed: 15033450]

64. Gonçalves FM, Jacob-Ferreira AL, Gomes VA, Casella-Filho A, Chagas AC, Marcaccini AM,
Gerlach RF, Tanus-Santos JE. Increased circulating levels of matrix metalloproteinase (MMP)-8,
MMP-9, and pro-inflammatory markers in patients with metabolic syndrome. Clin Chim Acta
2009;403:173–177. [PubMed: 19254704]

65. Balducci S, Zanuso S, Nicolucci A, Fernando F, Cavallo S, Cardelli P, Fallucca S, Alessi E, Letizia
C, Jimenez A, Fallucca F, Pugliese G. Anti-inflammatory effect of exercise training in subjects
with type 2 diabetes and the metabolic syndrome is dependent on exercise modalities and
independent of weight loss. Nutr Metab Cardiovasc Dis. 2009 [Epub ahead of print].

66. Koh KK, Han SH, Chung WJ, Ahn JY, Jin DK, Kim HS, Park GS, Kang WC, Ahn TH, Shin EK.
Comparison of effects of losartan, irbesartan, and candesartan on flow-mediated brachial artery
dilation and on inflammatory and thrombolytic markers in patients with systemic hypertension.
Am J Cardiol 2004;93:1432–1435. [PubMed: 15165934]

Basu et al. Page 12

Nutrition. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



67. Marketou ME, Zacharis EA, Koukouraki S, Stathaki MI, Arfanakis DA, Kochiadakis GE,
Chlouverakis G, Karkavitsas NS, Vardas PE. Effect of angiotensin-converting enzyme inhibitors
on systemic inflammation and myocardial sympathetic innervation in normotensive patients with
type 2 diabetes mellitus. J Hum Hypertens 2008;22:191–196. [PubMed: 18046434]

68. Matsushita K, Yatsuya H, Tamakoshi K, Wada K, Otsuka R, Takefuji S, Sugiura K, Kondo T,
Murohara T, Toyoshima H. Comparison of circulating adiponectin and proinflammatory markers
regarding their association with metabolic syndrome in Japanese men. Arterioscler Thromb Vasc
Biol 2006;26:871–876. [PubMed: 16456090]

69. Saltevo J, Vanhala M, Kautiainen H, Kumpusalo E, Laakso M. Gender differences in C-reactive
protein, interleukin-1 receptor antagonist and adiponectin levels in the metabolic syndrome: a
population-based study. Diabet Med 2008;25:747–750. [PubMed: 18435780]

70. Koh SB, Park JK, Yoon JH, Chang SJ, Oh SS, Kim JY, Ryu SY, Kim KS, Lee TY, You JS. A
serious link between adiponectin levels and metabolic syndrome in a Korean nondiabetic
population. Metabolism. 2009 [Epub ahead of print].

71. Hung J, McQuillan BM, Thompson PL, Beilby JP. Circulating adiponectin levels associate with
inflammatory markers, insulin resistance and metabolic syndrome independent of obesity. Int J
Obes (Lond) 2008;32:772–779. [PubMed: 18253163]

72. Cho SY, Park PJ, Shin HJ, Kim YK, Shin DW, Shin ES, Lee HH, Lee BG, Baik JH, Lee TR. (-)-
Catechin suppresses expression of Kruppel-like factor 7 and increases expression and secretion of
adiponectin protein in 3T3-L1 cells. Am J Physiol Endocrinol Metab 2007;292:E1166–E1172.
[PubMed: 17164435]

73. Dvoráková-Lorenzová A, Suchánek P, Havel PJ, Stávek P, Karasová L, Valenta Z, Tintera J,
Poledne R. The decrease in C-reactive protein concentration after diet and physical activity
induced weight reduction is associated with changes in plasma lipids, but not interleukin-6 or
adiponectin. Metabolism 2006;55:359–365. [PubMed: 16483880]

74. Kovacova Z, Vitkova M, Kovacikova M, Klimcakova E, Bajzova M, Hnevkovska Z, Rossmeislova
L, Stich V, Langin D, Polak J. Secretion of adiponectin multimeric complexes from adipose tissue
explants is not modified by very low calorie diet. Eur J Endocrinol 2009;160:585–592. [PubMed:
19155318]

75. Ntyintyane L, Panz V, Raal FJ, Gill G. Leptin, adiponectin, and high-sensitivity C-reactive protein
in relation to the metabolic syndrome in urban South African blacks with and without coronary
artery disease. Metab Syndr Relat Disord 2009;7:243–248. [PubMed: 19462476]

76. Corica F, Allegra A, Corsonello A, Buemi M, Calapai G, Ruello A, Nicita Mauro V, Ceruso D.
Relationship between plasma leptin levels and the tumor necrosis factor-alpha system in obese
subjects. Int J Obes Relat Metab Disord 1999;23:355–360. [PubMed: 10340812]

77. Esteghamati A, Khalilzadeh O, Anvari M, Rashidi A, Mokhtari M, Nakhjavani M. Association of
serum leptin levels with homeostasis model assessment-estimated insulin resistance and metabolic
syndrome: the key role of central obesity. Metab Syndr Relat Disord 2009;7:447–452. [PubMed:
19419266]

78. Stenholm S, Koster A, Alley DE, Visser M, Maggio M, Harris TB, Egan JM, Bandinelli S,
Guralnik JM, Ferrucci L. Adipocytokines and the metabolic syndrome among older persons with
and without obesity - the InCHIANTI Study. Clin Endocrinol (Oxf). 2009 [Epub ahead of print].

79. Zhou JR, Li L, Pan W. Dietary soy and tea combinations for prevention of breast and prostate
cancers by targeting metabolic syndrome elements in mice. Am J Clin Nutr 2007;86:s882–s888.
[PubMed: 18265483]

80. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, Fruchart JC, James WP,
Loria CM, Smith SC Jr. International Diabetes Federation Task Force on Epidemiology and
Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart
Federation; International Atherosclerosis Society; International Association for the Study of
Obesity. Harmonizing the metabolic syndrome: a joint interim statement of the International
Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and
Blood Institute; American Heart Association; World Heart Federation; International
Atherosclerosis Society; and International Association for the Study of Obesity. Circulation
2009;120:1640–1645. [PubMed: 19805654]

Basu et al. Page 13

Nutrition. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



81. Rai AJ, Udar N, Saad R, Fleisher M. A multiplex assay for detecting genetic variations in
CYP2C9, VKORC1, and GGCX involved in warfarin metabolism. Clin Chem 2009;55:823–826.
[PubMed: 19233910]

Basu et al. Page 14

Nutrition. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Basu et al. Page 15

Ta
bl

e 
1

B
as

el
in

e 
ch

ar
ac

te
ris

tic
s, 

sa
fe

ty
 p

ar
am

et
er

s a
nd

 fe
at

ur
es

 o
f M

et
ab

ol
ic

 S
yn

dr
om

e 
at

 0
 a

nd
 8

 w
ee

ks
 in

 G
re

en
 T

ea
 st

ud
y 

(n
=3

5)
1

V
ar

ia
bl

es
G

re
en

 T
ea

N
o 

tr
ea

tm
en

t
G

re
en

 te
a 

ex
tr

ac
t

N
13

12
10

G
en

de
r (

fe
m

al
e/

m
al

e)
10

/3
10

/2
7/

3

A
ge

 (y
ea

rs
)

42
.8

±2
.6

44
.6

±3
.2

39
.5

±3
.0

P 
va

lu
e

0.
66

2
0.

26
3

W
ei

gh
t (

kg
)

0 
w

k
96

.4
±4

.7
10

2.
7±

6.
6

10
6.

2±
7.

5

8 
w

k
94

.5
±4

.5
10

3.
2±

6.
6

10
5.

7±
7.

2

P 
va

lu
e

0.
28

2
0.

80
3

W
ai

st
 c

irc
um

fe
re

nc
e

(in
ch

es
)

0 
w

k
41

.3
±1

.1
42

.5
±2

.0
45

.3
±2

.5

8 
w

k
41

.7
±1

.4
42

.2
±1

.7
44

.8
±2

.1

P 
va

lu
e

0.
83

2
0.

34
3

Sy
st

ol
ic

 b
lo

od
 p

re
ss

ur
e

(m
m

 H
g)

0 
w

k
13

2.
0±

3.
5

13
0.

0±
2.

6
12

8.
0±

3.
3

8 
w

k
12

7.
6±

3.
1

12
7.

3±
2.

6
12

7.
9±

2.
1

P 
va

lu
e

0.
94

2
0.

86
3

D
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e
(m

m
 H

g)

0 
w

k
83

.0
±2

.2
80

.0
±2

.1
82

.0
±1

.7

8 
w

k
80

.1
±2

.5
80

.3
±2

.6
82

.7
±2

.3

P 
va

lu
e

0.
96

2
0.

48
3

G
lu

co
se

 (m
m

ol
/L

)

0 
w

k
5.

0±
0.

2
4.

9±
0.

2
4.

7±
0.

2

8 
w

k
4.

9±
0.

1
4.

8±
0.

2
4.

6±
0.

4

P 
va

lu
e

0.
55

2
0.

74
3

H
bA

1C
 (%

)

0 
w

k
5.

5±
0.

1
5.

6±
0.

1
5.

5±
0.

1

Nutrition. Author manuscript; available in PMC 2012 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Basu et al. Page 16

V
ar

ia
bl

es
G

re
en

 T
ea

N
o 

tr
ea

tm
en

t
G

re
en

 te
a 

ex
tr

ac
t

N
13

12
10

8 
w

k
5.

7±
0.

1
5.

5±
0.

1
5.

4±
0.

1

P 
va

lu
e

0.
43

2
0.

54
3

To
ta

l c
ho

le
st

er
ol

 (m
m

ol
/L

)

0 
w

k
5.

0±
0.

3
5.

48
±0

.2
7

4.
4±

0.
4*

8 
w

k
4.

9±
0.

2
5.

43
±0

.2
3

4.
3±

0.
3*

P 
va

lu
e

0.
16

2
0.

84
3

LD
L-

ch
ol

es
te

ro
l (

m
m

ol
/L

)

0 
w

k
3.

16
±0

.2
6

3.
73

±0
.2

4
2.

59
±0

.2
5*

8 
w

k
2.

98
±0

.2
3

3.
71

±0
.1

8
2.

55
±0

.2
3

P 
va

lu
e

0.
21

2
0.

08
3

H
D

L-
ch

ol
es

te
ro

l (
m

m
ol

/L
)

0 
w

k
1.

04
±0

.0
5

1.
08

±0
.0

5
0.

98
±0

.1
3

8 
w

k
1.

01
±0

.0
3

1.
11

±0
.0

2
0.

97
±0

.1
2

P 
va

lu
e

0.
92

2
0.

38
3

Tr
ig

ly
ce

rid
es

 (m
m

ol
/L

)

0 
w

k
1.

9±
0.

3
1.

5±
0.

2
1.

82
±0

.3
1

8 
w

k
2.

0±
0.

3
1.

6±
0.

3
1.

79
±0

.2
8

P 
va

lu
e

0.
48

2
0.

76
3

A
ST

 (U
/L

)

0 
w

k
24

.7
±2

.1
27

.5
±3

.4
28

.7
±4

.5

8 
w

k
23

.7
±1

.7
28

.4
±3

.5
29

.0
±4

.2

P 
va

lu
e

0.
84

2
0.

67
3

A
LT

 (U
/L

)

0 
w

k
28

.2
±3

.4
36

.5
±7

.3
33

.8
±6

.6

8 
w

k
27

.5
±3

.2
34

.7
±6

.8
32

.5
±5

.8

P 
va

lu
e

0.
88

2
0.

73
3

B
U

N
 (m

g/
dL

)

0 
w

k
10

.5
±0

.7
11

.5
±1

.2
10

.8
±0

.6

8 
w

k
9.

7±
0.

6
12

.3
±1

.6
11

.6
±0

.7

Nutrition. Author manuscript; available in PMC 2012 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Basu et al. Page 17

V
ar

ia
bl

es
G

re
en

 T
ea

N
o 

tr
ea

tm
en

t
G

re
en

 te
a 

ex
tr

ac
t

N
13

12
10

P 
va

lu
e

0.
78

2
0.

85
3

C
re

at
in

in
e 

(µ
m

ol
/L

)

0 
w

k
70

.7
±8

.8
70

.7
±8

.8
80

.0
±8

.8

8 
w

k
72

.6
±7

.8
68

.5
±8

.4
81

.6
±7

.4

P 
va

lu
e

0.
64

2
0.

73
3

A
lb

um
in

 (g
/L

)

0 
w

k
39

.0
±1

.0
39

.0
±1

.0
38

.0
±1

.0

8 
w

k
38

.3
±0

.9
37

.8
±0

.8
39

.2
±0

.9

P 
va

lu
e

0.
72

2
0.

66
3

H
em

og
lo

bi
n 

(g
/L

)

0 
w

k
13

8.
0±

4.
0

13
6.

0±
3.

0
14

0.
0±

5.
0

8 
w

k
14

1.
0±

4.
1

13
5.

7±
2.

6
14

1.
0±

5.
2

P 
va

lu
e

0.
74

2
0.

83
3

W
hi

te
 b

lo
od

 c
el

ls
 (K

/m
m

3 )

0 
w

k
6.

8±
0.

6
6.

2±
0.

4
7.

5±
0.

4*

8 
w

k
7.

0±
0.

7
6.

5±
0.

6
7.

2±
0.

3

P 
va

lu
e

0.
68

2
0.

77
3

A
nt

ih
yp

er
te

ns
iv

e 
m

ed
ic

at
io

n
us

er
s (

%
)

55
24

90

   
   

   
 A

C
EI

s (
%

)
16

0
10

   
   

   
 A

R
B

s (
%

)
0

0
20

   
   

   
 B

B
s (

%
)

15
8

10

   
   

   
 C

C
B

s (
%

)
8

0
10

   
   

   
 D

iu
re

tic
s (

%
)

16
8

30

   
   

   
 C

om
bi

na
tio

ns
 (%

)
0

8
10

A
sp

iri
n 

us
er

s (
%

)
8

8
0

M
ul

ti-
vi

ta
m

in
 u

se
rs

 (%
)

38
.5

8
30

H
er

bs
/b

ot
an

ic
al

 u
se

rs
 (%

)
0

17
10

1 V
al

ue
s a

re
 m

ea
ns

±S
E

Nutrition. Author manuscript; available in PMC 2012 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Basu et al. Page 18
2 p-

 v
al

ue
 fo

r p
ai

re
d 

t-t
es

t f
or

 G
re

en
 te

a 
ve

rs
us

 N
o 

tre
at

m
en

t

3 p-
va

lu
e 

fo
r p

ai
re

d 
t-t

es
t f

or
 G

re
en

 te
a 

ex
tra

ct
 v

er
su

s N
o 

tre
at

m
en

t

* si
gn

ifi
ca

nt
ly

 d
iff

er
en

t f
ro

m
 n

o 
tre

at
m

en
t (

p<
0.

05
)

A
C

EI
s-

 a
ng

io
te

ns
in

 c
on

ve
rti

ng
 e

nz
ym

e 
in

hi
bi

to
rs

, A
R

B
s-

 a
ng

io
te

ns
in

 re
ce

pt
or

 b
lo

ck
er

s, 
B

B
s-

be
ta

 b
lo

ck
er

s, 
C

C
B

s-
 c

al
ci

um
 c

ha
nn

el
 b

lo
ck

er
s

Nutrition. Author manuscript; available in PMC 2012 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Basu et al. Page 19

Ta
bl

e 
2

M
ar

ke
rs

 o
f i

nf
la

m
m

at
io

n 
an

d 
at

he
ro

sc
le

ro
si

s i
n 

su
bj

ec
ts

 w
ith

 m
et

ab
ol

ic
 sy

nd
ro

m
e 

fo
llo

w
in

g 
8-

w
ee

k 
su

pp
le

m
en

ta
tio

n 
of

 g
re

en
 te

a 
be

ve
ra

ge
 o

r e
xt

ra
ct

ve
rs

us
 c

on
tro

ls
1

V
ar

ia
bl

es
G

re
en

 te
a

N
o 

tr
ea

tm
en

t
G

re
en

 te
a 

ex
tr

ac
t

N
11

11
7

A
di

po
ne

ct
in

 (m
g/

L)

0 
w

k
1.

9±
0.

3
2.

4±
0.

4
1.

6±
0.

3

8 
w

k
2.

2±
0.

4
3.

3±
0.

9
1.

5±
0.

3

C
on

di
tio

na
l d

iff
er

en
ce

−
0.
1±
0.
6

−
0.
5±
0.
7

P 
va

lu
e

0.
88

2
0.

53
3

C
-r

ea
ct

iv
e 

pr
ot

ei
n 

(m
g/

L)

0 
w

k
5.

1±
0.

9
6.

1±
1.

2
7.

4±
1.

5

8 
w

k
8.

0±
1.

8
6.

3±
1.

3
8.

6±
1.

8

C
on

di
tio

na
l d

iff
er

en
ce

3.
2±

2.
2

2.
7±

2.
2

P 
va

lu
e

0.
24

2
0.

26
3

In
te

rle
uk

in
-6

 (µ
g/

L)

0 
w

k
21

.5
±6

.7
30

.2
±1

4.
2

18
.9

±1
4.

7

8 
w

k
13

.5
±4

.1
22

.9
±9

.4
20

.5
±1

7.
6

C
on

di
tio

na
l d

iff
er

en
ce

−
1.
9±
5.
9

17
.6

±1
4.

2

P 
va

lu
e

0.
76

2
0.

67
3

In
te

rle
uk

in
-1
β 

(p
g/

m
L)

0 
w

k
0.

20
±0

.0
4

0.
20

±0
.0

3
0.

25
±0

.1

8 
w

k
0.

23
±0

.1
0

0.
30

±0
.1

0
0.

2±
0.

02

C
on

di
tio

na
l d

iff
er

en
ce

0.
01

±0
.0

2
−
0.
01
±0
.0
5

P 
va

lu
e

0.
62

2
0.

91
3

sV
C

A
M

-1
 (n

g/
m

L)

0 
w

k
28

4.
6±

24
.7

22
4.

3±
27

.9
24

1.
3±

20
.0

8 
w

k
28

6.
8±

32
.8

20
1.

9±
20

.0
31

4.
7±

44
.9

C
on

di
tio

na
l d

iff
er

en
ce

6.
0±

43
.2

70
.1

±4
4.

7

P 
va

lu
e

0.
89

2
0.

17
3

sI
C

A
M

-1
 (n

g/
m

L)

Nutrition. Author manuscript; available in PMC 2012 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Basu et al. Page 20

V
ar

ia
bl

es
G

re
en

 te
a

N
o 

tr
ea

tm
en

t
G

re
en

 te
a 

ex
tr

ac
t

N
11

11
7

0 
w

k
11

9.
0±

9.
10

10
7.

6±
10

.8
94

.8
±9

.3
0

8 
w

k
11

9.
6±

13
.5

88
.1

±8
.7

0
13

1.
0±

25
.2

C
on

di
tio

na
l d

iff
er

en
ce

29
.1

±2
7.

2
49

.0
±3

1.
0

P 
va

lu
e

0.
32

2
0.

16
3

Le
pt

in
 (n

g/
m

L)

0 
w

k
37

.9
±8

.0
44

.0
±7

.2
36

.3
±6

.5

8 
w

k
38

.4
±7

.8
48

.7
±8

.5
41

.8
±8

.5

C
on

di
tio

na
l d

iff
er

en
ce

0.
7±

3.
4

4.
5±

6.
9

P 
va

lu
e

0.
84

2
0.

53
3

Le
pt

in
/A

di
po

ne
ct

in

0 
w

k
24

.9
±6

.5
17

.6
±3

.9
26

.7
±5

.5

8 
w

k
23

.4
±6

.5
19

.3
±3

.9
36

.2
±9

.2

C
on

di
tio

na
l d

iff
er

en
ce

1.
6±

8.
9

11
.3

±1
1.

5

P 
va

lu
e

0.
85

2
0.

36
3

Se
ru

m
 a

m
yl

oi
d 

A
 (µ

g/
m

L)

0 
w

k
52

.7
±0

.6
52

.0
±1

.3
54

.2
±1

.1

8 
w

k
45

.1
±0

.6
62

.2
±1

.2
40

.9
±0

.4

C
on

di
tio

na
l d

iff
er

en
ce

−
18
.5
±1
.8

−
21
.5
±1
.1

P 
va

lu
e

0.
00

00
12

0.
00

00
13

1 V
al

ue
s a

re
 m

ea
ns

±S
E

2 p-
 v

al
ue

 fo
r p

ai
re

d 
t-t

es
t u

si
ng

 c
on

di
tio

na
l d

iff
er

en
ce

 fo
r G

re
en

 te
a 

ve
rs

us
 N

o 
tre

at
m

en
t

3 p-
va

lu
e 

fo
r p

ai
re

d 
t-t

es
t u

si
ng

 c
on

di
tio

na
l d

iff
er

en
ce

 fo
r G

re
en

 te
a 

ex
tra

ct
 v

er
su

s N
o 

tre
at

m
en

t

Nutrition. Author manuscript; available in PMC 2012 February 1.


