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Abstract

Coffee contains phytocomponents including caffeine, chlorogenic acid (CGA), and ferulic acid. This study was in-
tended to explore the impact of light roasted coffee rich in CGA on anthropometric parameters, lipid, and glycaemic 
indices, along with various lipid metabolizing molecules in healthy obese subjects. Forty healthy obese subjects (n 
= 40) were recruited and divided into 2 groups as experimental (CGA-340 mg/day and caffeine-220 mg/day; n = 20) 
and placebo (CGA-12.4 mg/day and caffeine-220 mg/day; n = 20). Daily consumption of the experimental sample 
resulted in a significant decrease (p < 0.05) in body weight, body fat, BMI, waist circumference, total cholesterol, and 
low-density lipoprotein cholesterol. Various lipid metabolism-related signaling molecules like AMPK-α and PPAR-α 
were improved (p < 0.05) after 12 weeks of supplementation with experimental samples as compared to the pla-
cebo group. The adiponectin levels were increased (p < 0.05) in the experimental group, levels of leptin, LXR-α, 
and PPAR-γ were decreased (p < 0.05). No significant difference was observed in any glycaemic indices or hepatic/
renal markers in either the experimental or placebo group. The present outcome depicts that consumption of cof-
fee (experimental/test sample) rich in CGA and caffeine (holistically) for 12 weeks could positively alter various lipid 
metabolizing signaling molecules and thereby lower the body fat accumulation and the incidence of obesity.

Keywords: Light roasted coffee; Chlorogenic acid; Caffeine; Body fat; Obesity.

1. Introduction

Obesity is a metabolic derangement, which resulted due to an 
imbalance between energy expenditure and energy intake, which 
leads to excessive accumulation of body fat especially visceral fat, 
and eventually ends up in obesity (Segula, 2014). Previous reports 
showcase that obesity directly or indirectly contributes to various 
health ailments like dyslipidemia, hypertension, diabetic mellitus, 

cardiovascular diseases, and cancer (Lu et al., 2019; Rodgers et al., 
2012; Mokdad et al., 2003). A recent study conducted by World 
Health Organisation (WHO) shows that approximately 1.9 billion 
adults were overweight and 600 million adults were obese and also 
they predicted these numbers will be doubled by the year 2030 
(WHO, 2013). The above data indicated that obesity could pose 
an enormous psychological, physical and social-economic burden 
(health concern) to the world and need to be addressed as soon as 
possible. Hence, recently many researchers are showing immense 
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interest to negate and treat obesity as well as its related compli-
cations through developing novel therapy using functional foods/
nutraceuticals (Nijhawan and Behl, 2020; Venkatakrishnan et al., 
2019).

Coffee is a one of the most popular and highly consumed bever-
age, which is rich in various bioactive phytocomponents including 
polyphenols and alkaloids like caffeine, chlorogenic acid (CGA), 
caffeic acid, ferulic acid, caffeol, and diterpenes (kahweol) with 
numerous health benefits (Chen, 2019; Suzuki et al., 2019). Es-
pecially the CGA and caffeine from coffee are considered as the 
major phytocomponents, that might have contributed to various bi-
ological functions and hence they are recommended as functional 
food/nutraceuticals (Karuppagounder et al., 2021; Santana-Galvez 
et al., 2017). Light roasted coffee has rich content of CGA and caf-
feine than medium or high roasted coffee. Due to the high content 
of CGA, many researchers are showing immense interest in light 
roasted coffee to explore the better health benefits. CGA is an ester 
formed between quinic acid (5-caffeoyl quinic acid) and caffeic/
ferulic acid or trans-cinnamic/coumaric acid. Its various active me-
tabolite includes caffeic acid -3-O-sulfate and dihydro-ferulic ac-
id-4-O-sulfate (Pimpley et al., 2020; Li et al., 2020). CGA displays 
a wide range of biological properties including antioxidant, anti-
inflammatory, anti-microbial, anti-hyperlipidemic, anti-cancer, 
anti-hypertensive, anti-obesity (thermogenesis), and anti-diabetic 
activities as well as possessing neuroprotective, hepatoprotective 
and cardio-protective properties (Suzuki et al., 2019; Wang et al., 
2019). Moreover, caffeine (moderate consumption) is also reported 
to stimulate the nervous system (neuro-stimulant), promote blood 
circulation, mood enhancer, antioxidant and anti-obesity (thermo-
genesis) activities as well as neuroprotective and cardioprotective 
properties (Clark et al., 2019; Tabrizi et al., 2019; Golzarand et al., 
2018; Sugiura et al., 2012).

Previous cell line and animal models have demonstrated that 
administration of CGA and caffeine individually or in combina-
tion, would considerably regulate lipid/fat metabolism and thus 
lower the risk of obesity and its related complications (Xu et al., 
2019; Zhao et al., 2017; Zheng et al., 2014). Although CGA and 
caffeine have been certified as FOSHU, clinical trials investigat-
ing their effects on lipid metabolism (Sarria et al., 2020; Wata-
nabe et al., 2019) have yielded variable results, highlighting the 
need for further research to better understand their impact of the 
exact mechanism behind regulating various lipid metabolizing 
molecules. Therefore, this novel pilot clinical trial was designed to 
check the effect of light roasted coffee rich in CGA and caffeine on 
anthropometric parameters, lipid profile, and various lipid metabo-
lizing molecules in healthy obese subjects.

2. Materials and methods

2.1. Sample

Both placebo and experimental coffee samples were provided by 
Chateau No. 26 company (Tainan, Taiwan). Nutrient contents in 
one pack (10 g) of experimental sample includes 0.7 g carbohy-
drates, 0.6 g protein, and 0.12 g of protein. The duration of light 
roasted coffee was 13 minutes under 185 °C. Both placebo and 
experimental samples were provided Chateau No. 26 premium 
coffee powder (Manor No. 26 Premium Coffee Shop, Tainan, 
Taiwan). The experimental pack (light roasted coffee powder-10 
g) contains 170 mg of CGA and 110 mg of caffeine and the pla-
cebo pack contains coffee flavored powder, which contains only 
6.2 mg of CGA and 110 mg of caffeine. Both sample drinks were 

prepared by mixing the total pack content (10 g) in 90–95 °C hot 
drinking water.

2.2. Subject enrolment

The current trial was conducted at Chung Shan Medical University 
Hospital, Taichung, Taiwan from Feb to June 2021. The human 
clinical trial ethical review committee board affiliated with Chung 
Shan Medical University Hospital, Taichung, Taiwan (IRB No: 
CS1-20073) in accordance with the Declaration of Helsinki has 
approved this clinical trial. All the participants are enrolled into 
this trial based on various inclusion and exclusion criteria. Inclu-
sion criteria: Only the healthy obese subjects, whose BMI ≥ 27 
and body fat (male 20–25%; female 25–30%) aged between 20 to 
70 were recruited for this trial. Several exclusion criteria such as 
subjects who are pregnant and breastfeeding women, Without any 
major cardiovascular diseases, hepatic or renal disorders as well as 
subjects under health supplementation especially CGA or caffeine 
and heavy coffee or alcohol drinkers. Volunteers were recruited 
through, advertisement based on the above-mentioned inclusion, 
and exclusion criteria by telephone. Eligible subjects were request-
ed to visit Chung Shan Medical University Hospital for further 
screening by basic biochemical analysis and anthropometric meas-
urements, followed by documenting their medical history. Before 
enrolling in the trial all the participants were requested to sign the 
written consent.

2.3. Experimental design/grouping

Based on the advertisement, a total of 62 subjects visited Chung 
Shan Medical University Hospital for initial screening, but only 
40 subjects are eligible were included in this trial. All the healthy 
obese subjects (n = 40) were divided equally into 2 groups experi-
mental and placebo groups. Experimental group subjects (n = 20) 
were requested to consume 2 packs of coffee powder rich in CGA 
(340 mg) and caffeine (220 mg) every day for 12 weeks by dissolv-
ing in hot water. Placebo group subjects (n = 20) were requested to 
consume a coffee flavored drink with CGA (12.4 mg) and caffeine 
(6.4 mg) every day for 12 weeks. Subjects can decide to drink be-
fore or after breakfast and lunch at their choice/discretion. Subjects 
have the freedom to withdrew from this trial at any time. After 12 
weeks of intervention with experimental or placebo sample, fol-
lowed by 2 weeks of the follow-up period (confirmed the impact 
of light roasted coffee- experimental sample). Every four weeks 
subjects are requested to visit Chung Shan Medical University 
Hospital for every four weeks to get samples as well as to record 
dietary intake (crosscheck CGA or coffee intake) as well as blood 
samples were collected for various biochemical analyses. Moreo-
ver, subjects are enquired about any side effects or discomfort after 
experimental or placebo drink consumption. Figure 1 shows the 
schematic representation of present clinical trials.

2.4. Sample collection and processing

After recruitment, subjects are requested to visit the hospital on 
0, (baseline/initial), 4th, 8th, 12th (last week of treatment), and 14th 
(Follow up) weeks, and the blood sample was collected in the hep-
arinized tube for plasma sample and non-heparinized tube for se-
rum preparation. Both plasma and serum samples were stored at 
−80 °C until biochemical analysis. Likewise, the various anthropo-
metric parameters were also conducted on the 0, (baseline/initial), 
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4th, 8th, 12th, and 14th (Follow up) weeks. The body weight, height, 
body fat, and body mass index (BMI) were measured with Omron 
Karada Body Scan/analyzer (HBF:370). Whereas, Waist circum-
ference (WC) and Rump circumference (RC) were measured us-
ing inch tape on bare skin. Also, the triceps skinfold (TSF), was 
measured with Holtain T/W skin caliper (Holtain Ltd., Crymych, 
UK). Mid-arm circumference (MAC) was measured as indicated 
in our previous studies (Lu et al., 2019). The basic characteristics 
of subjects including age, gender, height, weight, BMI, and dietary 
intake (macronutrient and energy) of all subjects are furnished in 
the supplementary document.

2.5. Biochemical Parameters

Various lipid profiles including total cholesterol (TC), triglycer-
ide (TG), and high-density lipoprotein cholesterol (HDL-c) were 
estimated by a commercial kit bought from Roche Diagnostics 
(Mannheim, Germany). However, low-density lipoprotein choles-
terol (LDL-c) was calculated using the Friedewald method (1972). 
Serum adiponectin and leptin levels were determined using an 
ELISA kit bought from MyBioSource (CA, USA). Also, various 
lipid metabolizing signaling molecules (transcription factors/pro-
teins) like Adenosine monophosphate-activated protein kinase-
alpha (AMPK-α), peroxisome proliferator-activated receptor al-
pha (PPAR-α), Liver X receptor alpha (LXR-α) and peroxisome 
proliferator activated receptor gamma (PPAR-γ) were measured 
in blood samples using ELISA kit bought from MyBioSource, 
CA, USA. The lipid peroxidation products like thiobarbituric acid 
reactive substance (TBARS) were evaluated in plasma by the 
methods of Draper and Hadley, 1990. The total protein contents 
were estimated using a commercial bicinchoninic acid (BCA) kit 
(Thermo Fisher Scientific, IL, USA). The fasting blood glucose 
(FBG), insulin, and HbA1c levels were determined using a com-
mercial kit (Thermo Scientific Inc., MO, USA). The homeostasis 
model assessment of Insulin resistance (HOMA-IR) was calcu-
lated by the formula insulin × FBG/405. The hepatic markers like 
glutamic pyruvic acid transaminase (GPT), glutamic oxaloacetic 
acid transaminase (GOT), as well as renal markers like Blood urea 

nitrogen (BUN) and creatinine (Cr), were assessed using a com-
mercial kit from AppliedBio (CA, USA).

2.6. Statistical analysis

All values are expressed as mean ± standard deviation (SD) and p < 
0.05 is considered statistically significant. The Significant difference 
between the initial (0 week) and after 12 weeks of treatment [0 vs 
12th weeks] and follow up (14th week) [12 vs 14th weeks] in the same 
group was calculated by paired t-test using Statistical Package for 
Social Sciences (SPSS) version 21 (IBM Inc, NY, USA). Bonferroni 
correction post hoc test (one-way ANOVA) and student t-test was 
performed pairwise for multiple comparisons between experimental 
vs placebo group at a different time interval (0 or 12th or 14th week).

3. Results

3.1. Changes in Anthropometric parameters

The impact of experimental and placebo samples on various an-
thropometric parameters was epitomized in Table 1. After 12 
weeks of intervention with experimental sample rich in CGA and 
caffeine showed a significant reduction (p < 0.05) in body weight, 
BMI, body fat, WC, and RC. Especially in the 8th week of inter-
vention the fat reduction was prominent in the experimental group. 
The placebo group also showed a slight decrease in body weight, 
BMI, body fat, WC, and RC. But not that significant as compared 
to the experimental group.

3.2. Changes in Lipid profile

The effect of experimental and placebo samples on various lipid 
profiles was showcased in Table 2. Lipid profiles including TC, 
TG, LDL-c, and HDL-c did not show any significant impact after 
12 weeks of placebo intervention. However, TC and LDL-c levels 

Figure 1. Shows the schematic representation of present clinical trials. 
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Table 2.  Effect of experimental and placebo samples on various lipid profile

Parameters W0 W4 W8 W12 Follow-up

TC (mg/dL)

  Experiment 208.05 ± 34.67a* 200.50 ± 32.66b* 197.30 ± 31.88c** 201.30 ± 35.17b* 199.50 ± 31.94bc*

  Placebo 213.05 ± 38.54a 209.40 ± 31.69a 207.70 ± 36.54a 205.30 ± 36.58b 205.15 ± 35.71b

TG (mg/dL)

  Experiment 140.95 ± 26.99a* 134.30 ± 23.86ab* 129.85 ± 30.40b** 127.05 ± 28.06b** 130.65 ± 24.80ab*

  Placebo 150.60 ± 34.42a 147.55 ± 29.50a 146.70 ± 32.23a 150.20 ± 29.05a 145.15 ± 24.23a

HDL-C (mg/dL)

  Experiment 44.32 ± 10.25a* 45.92 ± 9.44ab 46.64 ± 9.02b 47.05 ± 7.86c 46.87 ± 8.31b

  Placebo 47.07 ± 8.75a 47.40 ± 10.10a 47.90 ± 8.87a 47.97 ± 8.74a 47.45 ± 8.58a

LDL-C (mg/dL)

  Experiment 133.27 ± 27.05a* 126.57 ± 27.32ab 120.20 ± 26.31b 117.96 ± 28.52b 124.10 ± 26.34ab

  Placebo 128.06 ± 26.90a 125.78 ± 26.70a 121.78 ± 28.11a 119.89 ± 27.61a 122.36 ± 26.69a

Value are expressed as mean ± SD (Standard deviation). Data bearing different superscript letters within the same row are significantly different (p < 0.05). *p < 0.05, **p < 0.01: 
Experimental sample Vs placebo on same week comparison. TC: Total Cholesterol; TG: Triacylglycerol; HDL-c: High-Density Lipoprotein Cholesterol; LDL-c: Low-Density Lipoprotein 
Cholesterol;

Table 1.  Effect of experimental and placebo samples on various anthropometric parameters

Parameters W0 W4 W8 W12 Follow-up

BW (kg)

  Experiment 90.68 ± 20.06a* 89.26 ± 19.59a* 88.72 ± 19.67ab 88.16 ± 19.36ab 87.29 ± 18.74b

  Placebo 87.00 ± 10.43a 86.24 ± 10.42a 86.12 ± 10.34a 86.07 ± 10.61a 86.14 ± 10.62a

BMI (kg/m2)

  Experiment 31.26 ± 4.39a* 30.71 ± 4.32b 30.56 ± 4.39b 30.04 ± 4.29c 30.16 ± 4.06bc

  Placebo 29.19 ± 2.29a 29.91 ± 2.25a 29.87 ± 2.27a 29.84 ± 2.28a 30.07 ± 2.36a

Body fat (%)

  Experiment 36.72 ± 5.10a* 35.54 ± 5.66ab* 34.50 ± 5.40b* 32.72 ± 5.49c* 33.30 ± 5.39bc*

  Placebo 31.86 ± 5.50a 31.13 ± 6.18a 31.04 ± 6.03a 31.01 ± 5.48a 31.07 ± 5.53a

WC (cm)

  Experiment 99.45 ± 13.39a* 99.08 ± 13.43a* 99.03 ± 12.59a* 96.15 ± 13.04b* 96.15 ± 13.04b*

  Placebo 91.76 ± 7.60a 92.43 ± 7.29a 92.12 ± 7.43a 91.05 ± 7.48a 91.05 ± 7.48a

RC (cm)

  Experiment 109.15 ± 7.23a* 109.00 ± 7.30a* 109.60 ± 7.87a* 106.30 ± 8.06b* 106.30 ± 8.06b

  Placebo 103.03 ± 4.02a 103.1 ± 3.62a 102.95 ± 3.80a 101.91 ± 3.23a 102.21 ± 3.23a

MAC (cm)

  Experiment 33.37 ± 3.99a* 33.32 ± 3.07a* 33.08 ± 2.94a* 32.73 ± 4.06a* 32.93 ± 4.06a*

  Placebo 29.69 ± 2.48a 29.97 ± 2.08a 29.69 ± 1.98a 29.43 ± 2.27a 29.33 ± 2.27a

TSF(cm)

  Experiment 23.63 ± 8.18a* 22.93 ± 8.33a* 22.74 ± 8.13a* 22.63 ± 7.49a* 22.63 ± 7.49a*

  Placebo 19.75 ± 5.99a 19.28 ± 5.87a 19.58 ± 6.02a 18.90 ± 6.26a 18.90 ± 6.26a

Value are expressed as mean ± SD (Standard deviation). Data bearing different superscript letters within the same row are significantly different (p < 0.05). *p < 0.05, **p < 0.01: 
Experimental sample Vs placebo on same week comparison. BW: Body weight; BMI: Body Mass Index; WC: Waist Circumference: RC: Rump Circumference; MAC: Mid-arm Cir-
cumference; TSF: Triceps skin fold.
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were significantly lowered (p < 0.05) in obese subjects who con-
sumed the experimental sample (CGA and Caffeine rich), but no 
significant changes were observed in TG and HDL-c (but showed a 
lower trend). Overall, 12 weeks of supplementation with CGA and 
Caffeine rich coffee drinks display a considerable decrease (p < 0.05) 
in TC and LDL-c as compared to a placebo group. Also, a significant 
difference (p < 0.05/p < 0.01) was noted in the baseline (0 weeks) 
between the placebo and experimental group in all lipid profiles.

3.3. Changes in lipid metabolizing related signaling molecules 
(hormone/transcription factors)

Table 3, shows the changes in lipid metabolizing related signal-
ing molecules (hormone/transcription factors) after 12 weeks of 
drinking coffee rich in CGA and caffeine. As compared to a pla-
cebo group, the experimental group showed a significant increase 
(p < 0.05) in the levels of AMPK-α, PPAR-α, and adiponectin. 
Whereas, the levels of PPAR-γ, LXR-α, and leptin were substan-
tially decreased (p < 0.05) in obese subjects who consume ex-
perimental sample rich in CGA and caffeine. This may indicate a 
distinct metabolic response associated with obesity. In non-obese 
(healthy) subjects, the changes in these markers were less pro-
nounced and did not reach statistical significance. Nevertheless, 
the levels of various lipid metabolizing related signaling molecules 
like AMPK-α, PPAR-α, PPAR-γ, LXR-α, leptin, and adiponectin 
did not show any significant changes in the placebo group. In addi-
tion, on the 12th week of supplementation, a significant difference 
(p < 0.01) was noted between the experimental and placebo group, 
which indicates the efficiency of experimental samples on various 

lipid metabolizing related signalling molecules.

3.4. Changes in glycaemic and oxidative indices

There was no significant difference in the levels of glycaemic indi-
ces like FBG, insulin, HbA1c, and HOMA-IR in the experimental 
and/or placebo group (Table 4). Nevertheless, the lipid peroxida-
tion products (oxidative indices) like TBARS was significantly de-
clined (p < 0.05) in the experimental group of obese subjects. Also, 
a considerable change in the levels of TBARS is noted between the 
experimental and placebo group (exp vs placebo) on the 4th, 8th, 
12th, and 14th weeks.

3.5. Changes in various biochemical parameters

Effects of experimental and placebo samples on various biochemi-
cal parameters like hepatic and renal markers were indicated in 
Table 5. GOT, GPT, and renal markers BUN and Cr showed a de-
creasing trend after 12 weeks of intervention with the experimental 
sample, although not all changes were statistically significant. The 
above data infer that holistically CGA and caffeine did not alter 
any other enzyme activity and thus maintain normal physiology/ 
chemical reaction.

4. Discussion

Obesity is one of the major health issues with a complex patho-

Table 3.  Effect of experimental and placebo samples on various lipid metabolizing related signalling molecules

Parameters W0 W12

AMPK-α (pg/mL)

  Experiment 1,398.39 ± 106.57a 2,077.15 ± 156.65b**

  Placebo 1,403.19 ± 119.43a 1,513.27 ± 120.07a

Adiponectin (µg/mL)

  Experiment 9.48 ± 3.92a 18.43 ± 4.88b**

  Placebo 12.49 ± 3.40a 14.10 ± 6.41a

PPAR-α (ng/mL)

  Experiment 0.040± 0.002a 0.049 ± 0.001b*

  Placebo 0.042 ± 0.001a 0.045 ± 0.001a

PPAR-γ (ng/mL)

  Experiment 0.555± 0.14a 0.286 ± 0.10b**

  Placebo 0.485 ± 0.305a 0.522 ± 0.403a

Leptin (pg/mL)

  Experiment 2,672.97±12.53a 2,009.18 ± 11.24b**

  Placebo 2,401.36 ± 17.97a 2,222.86 ± 16.48a

LXR-α (ng/mL)

  Experiment 0.028 ± 0.012a 0.011 ± 0.009b**

  Placebo 0.027 ± 0.011a 0.022 ± 0.008a

Value are expressed as mean ± SD (Standard deviation). Data bearing different superscript letters within the same row are significantly different (p < 0.05). *p < 0.05, **p < 0.01: 
Experimental sample Vs placebo on same week comparison. AMPK-α: Adenosine monophosphate activated protein kinase-alpha; PPAR-α: Peroxisome proliferator activated 
receptor-alpha; PPAR-γ: Peroxisome proliferator activated receptor-gamma; LXR-α: Liver X receptor-alpha.
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physiological impact, which is tightly associated with various 
health complications like hypertension, diabetic mellitus, and car-
diovascular diseases (Lu et al., 2019; Rodgers et al., 2012). Obesity 
and its related complication can be abolished by using various nu-
traceuticals/function foods, one such popular nutraceuticals/func-
tion food is CGA and caffeine. This is the very first pilot clinical 
trial conducted to explore the impact of light roasted coffee rich in 
CGA and caffeine on anthropometric parameters, lipid profile, and 
various lipid metabolizing molecules in healthy obese subjects. 
Also, the in-depth molecular mechanism behind the lipid-lowering 
effect of CGA and caffeine in obese subjects was explained in this 

trial with proper evidence.
Various anthropometric parameters were checked to confirm 

the impact of light roasted coffee rich in CGA and caffeine in 
healthy obese subjects. The mean body weight, BMI, body fat, 
WC, and RC levels were substantially decreased after 12 weeks 
of consumption with experimental samples (light roasted coffee 
rich in CGA and caffeine). However, a significant difference was 
observed in all anthropometric parameters between the placebo 
and experimental group in all time frames (exp vs placebo on 0, 
4th weeks) as the mean values of the experimental and placebo 
group are considerably different. But, overall 12 weeks of drink-

Table 4.  Effect of experimental and placebo samples on various glycaemic and oxidative indices

Parameters W0 W4 W8 W12 Follow-up

FBG (mg/dL)

  Experiment 102.20 ± 15.37a 104.05 ± 12.50a 104.35 ± 14.63a 105.95 ± 15.59a 105.35 ± 14.73a

  Placebo 100.80 ± 17.74a 101.40 ± 15.42a 99.95 ± 10.57a 99.75 ± 11.48a 99.60 ± 11.78a

Insulin (uIU/mL)

  Experiment 20.24 ± 5.27a 19.09 ± 4.29a 18.76 ± 4.60a 18.43 ± 5.78a 18.29 ± 4.66a

  Placebo 20.17 ± 5.51a 19.68 ±4.95a 18.91 ± 3.09a 18.51 ± 3.14a 18.86 ± 4.29a

HOMA-IR

  Experiment 5.03 ± 1.67a 4.93 ± 1.83a 4.29 ± 1.33a 4.17 ± 1.62a 4.58 ± 1.34a

  Placebo 5.10 ± 1.06a 4.94 ± 1.06a 4.84 ± 2.76a 4.40 ± 1.08a 4.53 ± 2.03a

HbA1C (%)

  Experiment 5.89 ± 0.91a 5.94 ± 0.92a 5.91 ± 0.98a 5.93 ± 1.00a 5.94 ± 0.99a

  Placebo 5.94 ± 1.47a 5.93 ± 1.18a 5.81 ± 0.97a 5.80 ± 0.85a 5.82 ± 0.90a

TBARS (µM)

  Experiment 1.71 ± 0.21a 1.32 ± 0.20b* 1.15 ± 0.18c** 1.13 ± 0.17c** 1.21 ± 0.19bc**

  Placebo 1.70 ± 0.27a 1.63 ± 0.31a 1.55 ± 0.17a 1.48 ± 0.15b 1.48 ± 0.20b

Value are expressed as mean ± SD (Standard deviation). Data bearing different superscript letters within the same row are significantly different (p < 0.05). *p < 0.05, **p < 0.01: 
Experimental sample Vs placebo on same week comparison. FBG: Fasting blood glucose; HOMA-IR: Homeostasis model assessment of Insulin resistance; HbA1c: Glycosylated 
hemoglobin; TBARS: Thiobarbituric acid reactive substance.

Table 5.  Effect of experimental and placebo samples on various hepatic and renal markers

Parameters W0 W4 W8 W12 Follow-up

GOT (IU/L)

  Experiment 26.45 ± 8.04a 26.90 ± 9.02a 25.40 ± 10.80a 25.01 ± 9.56a 24.80 ± 10.04a

  Placebo 24.95 ± 7.93a 23.90 ± 5.25a 24.90 ± 10.79a 25.20 ± 12.14a 25.05 ± 11.17a

GPT (IU/L)

  Experiment 40.05 ± 10.86a* 39.30 ± 10.89a* 38.55 ± 12.25a 37.45 ± 10.26a 38.20 ± 11.35a

  Placebo 34.10 ± 11.06a 33.25 ± 10.58a 33.00 ± 10.63a 35.65 ± 12.35a 34.50 ± 11.09a

BUN (mg/dL)

  Experiment 14.80 ± 3.76a 14.15 ± 2.96a 13.70 ± 3.97a 13.45 ± 3.64a 14.05 ± 2.61a

  Placebo 13.35 ± 3.72a 13.25 ± 3.61a 13.10 ± 3.48a 13.50 ± 3.22a 13.50 ± 3.63a

Creatinine (mg/dL)

  Experiment 0.87 ± 0.22a 0.90 ± 0.24a 0.88 ± 0.25a 0.89 ± 0.24a 0.90 ± 0.24a

  Placebo 0.81 ± 0.21a 0.82 ± 0.21a 0.83 ± 0.24a 0.82 ± 0.21a 0.83 ± 0.22a

Value are expressed as mean ± SD (Standard deviation). Data bearing different superscript letters within the same row are significantly different (p < 0.05). *p < 0.05, **p < 0.01: 
Experimental sample Vs placebo on same week comparison. Glutamic pyruvic acid transaminase (GPT); Glutamic oxaloacetic acid transaminase (GPT); blood urea nitrogen (BUN).
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ing experimental sample showed a significant decline in various 
anthropometric measurements like body weight, BMI, body fat, 
WC, and RC. The above data are in line with the results of a clini-
cal trial conducted by Sarria and his co-worker (2020), who in his 
study confirmed that intake of coffee rich in CGA and caffeine 
showed a significant decrease in body weight, body fat, BMI and 
WC in hypercholesterolemic subjects. Recently, a systematic re-
view is done by Asbaghi and his colleagues (2020), also concluded 
that drinking green coffee extract rich in CGA and caffeine could 
considerably lower various anthropometric parameters. A handful 
of studies demonstrated that CGA and caffeine would trigger ther-
mogenesis and lipogenesis and thereby suppressing fat accumula-
tion and eventually lower various anthropometric parameters (Xu 
et al., 2019; Zhao et al., 2017).

Dyslipidaemia (hyperlipidemia/hypercholesterolemia) is one of 
the crucial factors which might result in obesity and cardiovascular 
diseases (CVDs). Hence, the levels of various lipid profile levels 
(TC, TG, LDL-c, and HDL-c) were determined. After 12 weeks 
of drinking light roasted green coffee (rich in CGA and caffeine) 
the levels of LDL-c and TC were significantly decreased without 
altering TG or HDL-c. Present data are in correspondence with 
the findings of Xu and his co-worker (2019), who also indicated 
that combinational treatment with CGA and caffeine significantly 
decreased the levels of TC and LDL-c by altering the AMPK and 
LXR signaling pathways. Moreover, CGA active metabolites like 
5-caffeoyl quinic acid and caffeic/ferulic/coumaric acid are re-
ported to positively alter microbiota and thereby increasing short 
chain fatty acids (SCFA) production, which resulted in improved 
lipid metabolism (Xie et al., 2021; Li et al., 2020; Madrid-Gambin 
et al., 2016).

Ample amount of studies indicated that the AMPK and PPAR 
signaling pathways are the major signaling pathway as they regu-
late the metabolic homeostasis (cellular energy sensor) and sub-
sequent lipid/fat metabolizing downstream signaling molecules 
(Zhao et al., 2017; Ahn et al., 2008). Moreover, few researchers 
revealed that a combination of CGA and caffeine might holisti-
cally activate the AMPK and PPAR signaling pathway in an effec-
tive way (Vasileva et al., 2020; Zheng et al., 2014). Based on the 
above data, the author speculates that a combination of CGA and 
caffeine (light roasted coffee) might effectively lower body weight 
and positively regulate lipid metabolism via triggering the AMPK 
(p-AMPK) and PPAR signaling pathway. PAMPK is a heterotri-
meric kinase contains catalytic α subunit and regulatory β and γ 
subunits. AMP activate AMPK by binding to the γ subunit and 
induce a confirmational change which relieves the autoinhibition 
γ domain from the kinase protein and allows phosphorylation at 
Thr172 residue of the α subunit. The activated AMPK- α is the criti-
cal regulator of short-term fatty acid oxidation. Hence AMPK- α is 
used a marker of AMPK activity (Hawley et al., 1996; Sozio et al., 
2011). AMPK, a key regulator of cellular energy status, is predom-
inantly active within cells, particularly in response to metabolic 
stress where it is activated via phosphorylation. The presence of 
AMPK in the bloodstream does not necessarily indicate its active 
phosphorylated state or functional role but may reflect a general 
response to metabolic alterations or, in some cases, tissue damage 
or cellular turnover (Steinberg and Kemp, 2009). This has to be 
understood in the way that the systemic presence of these proteins 
is the indirect insights but must be interpreted with caution, par-
ticularly in distinguishing between normal metabolic signaling and 
potential tissue leakage or damage.

Present data confer our speculation that light roast coffee (rich 
in CGA and caffeine) intervention significantly improved the lev-
els of AMPK-α, and PPAR-α, which in turn also suppress the lev-
els of PPAR-γ, LXR-α. CGA and caffeine (experimental sample) 

would activate AMPK-α (p-AMPK-α) which triggers the further 
activation of PPAR-α. Activated PPAR-α could inhibit LXR-α and 
thus increase LDL-c receptor (lower LDL-c circulation) as well 
as enhance β- oxidation and inhibit endogenous cholesterol syn-
thesis (downregulate HMG-CoA reductase). The fat storage abil-
ity of adipocytes is orchestrated by PPAR-γ. The accumulation of 
PPAR-γ facilitates accumulation of fat in the subcutaneous tissues 
(Dixon et al., 2021). PPAR-γ also involves in the fat acid metabo-
lism by influencing free fatty acid transporters, lipogenic and lipo-
lytic genes which helps in the uptake of free fatty acid (Frohnert 
et al., 1999). LXR ability to regulate the inflammatory response is 
depends on the changes in lipid metabolism. The role of LXR in 
inflammation is studied by LXR agonists, that inhibit the entry of 
nuclear factor-kappa B (NF-κB) into nucleus by negatively influ-
encing the phosphorylation and ubiquitin-dependent inhibitory κB 
proteins degradation (Bi et al., 2016). Supporting this evidence, 
our results showed that experimental group subjects exhibited sig-
nificantly reduced PPAR-γ and LXR in week 12.

CGA and caffeine are reported to increase cholesterol excretion 
through bile (through feces) and also regulate lipid metabolism 
(trigger lipolysis and lower fat accumulation), and thus promote 
anti-obesity activity (Xu et al., 2019; Zhao et al., 2017; Hoang et 
al., 2012). This combination (CGA + caffeine) could be an alter-
native and safe way to lower body weight and abdominal obesity 
(Asbaghi et al., 2020; Zheng et al., 2014). Furthermore, the au-
thor checked the levels of two major adipokines like leptin and 
adiponectin. Since both adipokines work opposite to each other 
during fat/lipid metabolism. Leptin was directly proportionate to 
fat level, but adiponectin was inversely proportionate to fat level. 
Hence many scientists focus on these adipokines to check the anti-
obesity activity of any drug of interest (Fruhbeck et al., 2018). Our 
results showed that 12 weeks of drinking experimental samples 
rich in CGA and caffeine showed a significant increment in the 
levels of adiponectin and a decline in the levels of leptin. Accu-
mulating evidence has conferred that administration of unroasted/
light roasted coffee rich in CGA and caffeine and its metabolites 
could substantially lower leptin circulation along with increase 
adiponectin circulation. Thus, effectively alter various lipid metab-
olism-related molecules and thereby suppress fat deposition (Xu et 
al., 2019; Lee et al., 2017; Zheng et al., 2014).

CGA and caffeine were reported to improve various endog-
enous antioxidants as well as lower inflammatory cascade by 
improving adiponectin via positively modulating the AMPK sign-
aling pathway (Xu et al., 2019; Zheng et al., 2014). The present 
trial also showed the decrease in the levels of lipid peroxidation 
products like TBARS were significantly reduced after 12 weeks of 
supplementation with light roasted green coffee in healthy obese 
subjects. Similarly, green coffee extract supplementation would 
considerably improve antioxidant capacity as well as lower lipid 
peroxidation product formation in dyslipidemic subjects (Salamat 
et al., 2019; Martinez-Lopez et al., 2019). However, the author has 
not found any significant changes in term of glycaemic indices 
(FBG, insulin, HbA1c, and HOMA-IR) and other biochemical 
parameters like GOT, GPT, and renal markers BUN, Cr. But, all 
the above said parameters were in a downtrend from baseline (0 
week) to the 12th week, which indicated that CGA and caffeine 
showed moderate anti-glycaemic activity. GOT and GPT levels in 
the serum is a direct marker of fatty liver or liver injury due to wide 
range of etiologies. The inflammation induced due to obesity dis-
turb the liver function and may cause the release of GOT and GPT 
in serum and are considered as a marker for hepatic dysfunction 
(Sookoian and Pirola, 2015). In our study, the decreasing trend in 
both GOT and GPT from week 0 till week 12 and also follow up 
visit in the experimental group indicates that the CGA and caffeine 



Journal of Food Bioactives | www.isnff-jfb.com8

Impact of light roasted coffee enriched with chlorogenic acid Chiu et al.

might reduce the liver upset.
In addition, both CGA and caffeine did not pose any adverse 

impact on renal or hepatic functions. A few limitations of this trial 
include no separate group for CGA or Caffeine alone group as well 
as the author failed to include a few lipid metabolizing markers/
enzymes/hormones and antioxidants/inflammatory markers. Since 
it’s a pilot study, the author included only major parameters but 
would like to add more parameters in upcoming trials. The ma-
jor advantage of this trial includes the assessment of various lipid 
metabolizing enzymes/hormones/signaling molecules to explore 
the in-depth possible mechanism behind the anti-obesity effect of 
CGA and caffeine. Also, the follow-up period (2 weeks) was in-
cluded to confirm the impact of CGA and caffeine after 12 weeks 
of intervention.

5. Conclusion

The present pilot clinical trial demonstrates that drinking light-
roasted coffee rich in chlorogenic acid and caffeine (holistic effect) 
for 12 weeks would considerably lower various anthropometric 
parameters (body weight, body fat, BMI, WC), lipid profile (TC 
and LCL-c) as well as positively modulate various hormones and 
lipid metabolizing molecules such as leptin, adiponectin as well as 
AMPK-α, PPAR-α, LXR-α, and PPAR-γ and thus effectively pro-
mote body weight reduction and suppress visceral fat accumula-
tion (regulating lipid profile). Based on the above study, the author 
recommends that drinking light-roasted coffee rich in chlorogenic 
acid and caffeine along with a healthy lifestyle (exercise and intake 
of healthy food) would help to lower obesity (control body weight) 
and its related cardiovascular complication. Further, longer (more 
than 4 months) and large clinical trial (more than 100 participants, 
including high BMI obese subjects) would be planned to explore 
whether the light-roasted coffee rich in chlorogenic acid and/or 
caffeine has a positive impact on the regulation of lipid metabo-
lism, blood pressure, and blood sugar. However, our study faces 
certain limitations in the study of AMPK-α in the blood. As be-
cause, while the concentrations of these AMPK-α in the blood can 
provide indirect insights into cellular metabolic processes, they do 
not necessarily reflect the exact levels or activation states within 
specific target tissues. Emphasizing that while circulating levels 
offer valuable information, they may not fully represent intracel-
lular dynamics. For this a more detailed molecular study of gene 
expression may be more beneficial.

References

Ahn, J., Lee, H., Kim, S., Park, J., and Ha, T. (2008). The anti-obesity effect 
of quercetin is mediated by the AMPK and MAPK signaling pathways. 
Biochem. Biophys. Res. Commun. 373(4): 545–549.

Asbaghi, O., Sadeghian, M., Rahmani, S., Mardani, M., Khodadost, M., 
Maleki, V., and Sadeghi, O. (2020). The effect of green coffee extract 
supplementation on anthropometric measures in adults: A compre-
hensive systematic review and dose-response meta-analysis of rand-
omized clinical trials. Complement. Ther. Med. 51: 102424.

Bi, X., Song, J., Gao, J., Zhao, J., Wang, M., Scipione, C.A., Koschinsky, M.L., 
Wang, Z.V., Xu, S., and Fu, G. (2016). Activation of liver X receptor 
attenuates lysophosphatidylcholine-induced IL-8 expression in en-
dothelial cells via the NF-κB pathway and SUMOylation. J. Cell. Mol. 
Med. 20(12): 2249–2258.

Chen, X. (2019). A review on coffee leaves: Phytochemicals, bioactivities 
and applications. Crit. Rev. Food Sci. Nutr. 59(6): 1008–1025.

Clark, K.S., Coleman, C., Shelton, R., Heemstra, L.A., and Novak, C.M. 
(2019). Caffeine enhances activity thermogenesis and energy ex-

penditure in rats. Clin. Exp. Pharmacol. Physiol. 46(5): 475–482.
Dixon, E.D., Nardo, A.D., Claudel, T., and Trauner, M. (2021). The Role of 

Lipid Sensing Nuclear Receptors (PPARs and LXR) and Metabolic Li-
pases in Obesity, Diabetes and NAFLD. Genes 12(5): 645.

Draper, H.H., and Hadley, M. (1990). Malondialdehyde determination as 
index of lipid Peroxidation. Methods in enzymology. Vol. 186. Aca-
demic press, pp. 421–431.

Friedewald, W.T., Levy, R.I., and Fredrickson, D.S. (1972). Estimation of 
the concentration of low-density lipoprotein cholesterol in plasma, 
without use of the preparative ultracentrifuge. Clin. Chem. 18(6): 
499–502.

Frohnert, B.I., Hui, T.Y., and Bernlohr, D.A. (1999). Identification of a func-
tional peroxisome proliferator-responsive element in the murine 
fatty acid transport protein gene. J. Biol. Chem. 274(7): 3970–3977.

Fruhbeck, G., Catalán, V., Rodríguez, A., and Gómez-Ambrosi, J. (2018). 
Adiponectin-leptin ratio: a promising index to estimate adipose tis-
sue dysfunction. Relation with obesity-associated cardiometabolic 
risk. Adipocyte 7(1): 57–62.

Golzarand, M., Toolabi, K., and Aghasi, M. (2018). Effect of green tea, caf-
feine and capsaicin supplements on the anthropometric indices: A 
meta-analysis of randomized clinical trials. J. Funct. Foods 46: 320–
328.

Hawley, S.A., Davison, M., Woods, A., Davies, S.P., Beri, R.K., Carling, D., 
and Hardie, D.G. (1996). Characterization of the AMP-activated pro-
tein kinase kinase from rat liver and identification of threonine 172 
as the major site at which it phosphorylates AMP-activated protein 
kinase. J. Biol. Chem. 271(44): 27879–27887.

Hoang, M.H., Jia, Y., Jun, H.J., Lee, J.H., Lee, B.Y., and Lee, S.J. (2012). Fu-
costerol is a selective liver X receptor modulator that regulates the 
expression of key genes in cholesterol homeostasis in macrophages, 
hepatocytes, and intestinal cells. J. Agric. Food Chem. 60(46): 11567–
11575.

Karuppagounder, S.S., Uthaythas, S., Govindarajulu, M., Ramesh, S., Para-
meshwaran, K., and Dhanasekaran, M. (2021). Caffeine, a natural 
methylxanthine nutraceutical, exerts dopaminergic neuroprotection. 
Neurochem. Int. 148: 105066.

Lee, C.B., Yu, S.H., Kim, N.Y., Kim, S.M., Kim, S.R., Oh, S.J., and Lee, J.E. 
(2017). Association between coffee consumption and circulating lev-
els of adiponectin and leptin. J. Med. Food 20(11): 1068–1075.

Li, L., Su, C., Chen, X., Wang, Q., Jiao, W., Luo, H., and Guo, S. (2020). Chlo-
rogenic acids in cardiovascular disease: A review of dietary consump-
tion, pharmacology, and pharmacokinetics. J. Agric. Food Chem. 
68(24): 6464–6484.

Lu, T.M., Chiu, H.F., Chen, Y.M., Shen, Y.C., Han, Y.C., Venkatakrishnan, K., 
and Wang, C.K. (2019). Effect of a balanced nutrition meal replace-
ment diet with altered macromolecular composition along with 
caloric restriction on body weight control. Food Funct. 10(6): 3581–
3588.

Madrid-Gambin, F., Garcia-Aloy, M., Vázquez-Fresno, R., Vegas-Lozano, E., 
de Villa Jubany, M.C.R., Misawa, K., and Andres-Lacueva, C. (2016). 
Impact of chlorogenic acids from coffee on urine metabolome in 
healthy human subjects. Food Res. Int. 89: 1064–1070.

Martinez-Lopez, S., Sarriá, B., Mateos, R., and Bravo-Clemente, L. (2019). 
Moderate consumption of a soluble green/roasted coffee rich in 
caffeoylquinic acids reduces cardiovascular risk markers: Results 
from a randomized, cross-over, controlled trial in healthy and hyper-
cholesterolemic subjects. Eur. J. Nutr. 58(2): 865–878.

Mokdad, A.H., Ford, E.S., Bowman, B.A., Dietz, W.H., Vinicor, F., Bales, V.S., 
and Marks, J.S. (2003). Prevalence of obesity, diabetes, and obesity-
related health risk factors, 2001. JAMA 289(1): 76–79.

Nijhawan, P., and Behl, T. (2020). Nutraceuticals in the management of 
obesity. Obes. Med. 17: 100168.

Pimpley, V., Patil, S., Srinivasan, K., Desai, N., and Murthy, P.S. (2020). The 
chemistry of chlorogenic acid from green coffee and its role in atten-
uation of obesity and diabetes. Prep. Biochem. Biotechnol. 50(10): 
969–978.

Rodgers, R.J., Tschöp, M.H., and Wilding, J.P. (2012). Anti-obesity drugs: 
past, present and future. Dis. Models Mech. 5(5): 621–626.

Salamat, S., Sharif, S.S., Nazary-Vanani, A., Kord-Varkaneh, H., Clark, C.C., 
and Mohammadshahi, M. (2019). The effect of green coffee extract 
supplementation on serum oxidized LDL cholesterol and total antiox-



Journal of Food Bioactives | www.isnff-jfb.com 9

Chiu et al. Impact of light roasted coffee enriched with chlorogenic acid

idant capacity in patients with dyslipidemia: a randomized, double-
blind, placebo-controlled trial. Eur. J. Integr. Med 28: 109–113.

Santana-Galvez, J., Cisneros-Zevallos, L., and Jacobo-Velázquez, D.A. 
(2017). Chlorogenic acid: Recent advances on its dual role as a food 
additive and a nutraceutical against metabolic syndrome. Molecules 
22(3): 358.

Sarria, B., Sierra-Cinos, J.L., García-Diz, L., Martínez-López, S., Mateos, R., 
and Bravo-Clemente, L. (2020). Green/roasted coffee may reduce 
cardiovascular risk in hypercholesterolemic subjects by decreasing 
body weight, abdominal adiposity and blood pressure. Foods 9(9): 
1191.

Segula, D. (2014). Complications of obesity in adults: a short review of the 
literature. Malawi Med. J. 26(1): 20–24.

Sookoian, S., and Pirola, C.J. (2015). Liver enzymes, metabolomics and 
genome-wide association studies: from systems biology to the per-
sonalized medicine. World J. Gastroenterol. 21(3): 711–725.

Sozio, M.S., Lu, C., Zeng, Y., Liangpunsakul, S., and Crabb, D.W. (2011). 
Activated AMPK inhibits PPAR-α and PPAR-γ transcriptional activity 
in hepatoma cells. Am. J. Physiol. Gastrointest. Liver Physiol. 301(4): 
G739–G747.

Steinberg, G.R., and Kemp, B.E. (2009). AMPK in Health and Disease. Phys-
iol. Rev. 89(3): 1025–1078.

Sugiura, C., Nishimatsu, S., Moriyama, T., Ozasa, S., Kawada, T., and Say-
ama, K. (2012). Catechins and caffeine inhibit fat accumulation in 
mice through the improvement of hepatic lipid metabolism. J. Obes. 
2012: 520510.

Suzuki, A., Nomura, T., Jokura, H., Kitamura, N., Saiki, A., and Fujii, A. 
(2019). Chlorogenic acid-enriched green coffee bean extract af-
fects arterial stiffness assessed by the cardio-ankle vascular index in 
healthy men: a pilot study. Int. J. Food Sci. Nutr. 70(7): 901–908.

Tabrizi, R., Saneei, P., Lankarani, K.B., Akbari, M., Kolahdooz, F., Esmaillza-
deh, A., and Asemi, Z. (2019). The effects of caffeine intake on weight 
loss: a systematic review and dos-response meta-analysis of rand-
omized controlled trials. Crit. Rev. Food Sci. Nutr. 59(16): 2688–2696.

Vasileva, L.V., Savova, M.S., Amirova, K.M., Balcheva-Sivenova, Z., Fer-
rante, C., Orlando, G., and Georgiev, M.I. (2020). Caffeic and chlo-
rogenic acids synergistically activate browning program in human 
adipocytes: Implications of AMPK-and PPAR-mediated pathways. Int. 
J. Mol. Sci. 21(24): 9740.

Venkatakrishnan, K., Chiu, H.F., and Wang, C.K. (2019). Extensive review 
of popular functional foods and nutraceuticals against obesity and 
its related complications with a special focus on randomized clinical 
trials. Food Funct. 10(5): 2313–2329.

Wang, Z., Lam, K.L., Hu, J., Ge, S., Zhou, A., Zheng, B., and Lin, S. (2019). 
Chlorogenic acid alleviates obesity and modulates gut microbiota in 
high-fat-fed mice. Food Sci. Nutr. 7(2): 579–588.

Watanabe, T., Kobayashi, S., Yamaguchi, T., Hibi, M., Fukuhara, I., and Osa-
ki, N. (2019). Coffee abundant in chlorogenic acids reduces abdomi-
nal fat in overweight adults: A randomized, double-blind, controlled 
trial. Nutrients 11(7): 1617.

World Health Organization (WHO). (2013). http://www.who.int/media-
centre/factsheets/fs311/en/.

Xie, M.G., Fei, Y.Q., Wang, Y., Wang, W.Y., and Wang, Z. (2021). Chlorogenic 
acid alleviates colon mucosal damage induced by a high-fat diet via 
gut microflora adjustment to increase short-chain fatty acid accumu-
lation in rats. Oxid. Med. Cell. Longevity 2021: 456542.

Xu, M., Yang, L., Zhu, Y., Liao, M., Chu, L., Li, X., and Zheng, G. (2019). Col-
laborative effects of chlorogenic acid and caffeine on lipid metabo-
lism via the AMPKα-LXRα/SREBP-1c pathway in high-fat diet-induced 
obese mice. Food Funct. 10(11): 7489–7497.

Zhao, Y., Yang, L., Huang, Z., Lin, L., and Zheng, G. (2017). Synergistic ef-
fects of caffeine and catechins on lipid metabolism in chronically fed 
mice via the AMP-activated protein kinase signaling pathway. Eur. J. 
Nutr. 56(7): 2309–2318.

Zheng, G., Qiu, Y., Zhang, Q.F., and Li, D. (2014). Chlorogenic acid and caf-
feine in combination inhibit fat accumulation by regulating hepatic 
lipid metabolism-related enzymes in mice. Br. J. Nutr. 112(6): 1034–
1040.

http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/mediacentre/factsheets/fs311/en/

	Abstract
	1. Introduction
	2. Materials and methods
	2.2. Subject enrolment
	2.3. Experimental design/grouping
	2.4. Biochemical Parameters
	2.5. Statistical analysis

	3. Results
	3.1. Changes in Anthropometric parameters

	5. Conclusion
	References
	

	Abstract
	1. Introduction
	2. Materials and methods
	2.2. Subject enrolment
	2.3. Experimental design/grouping
	2.4. Sample collection and processing
	2.5. Biochemical Parameters
	2.6. Statistical analysis

	3. Results
	3.1. Changes in Anthropometric parameters
	3.2. Changes in Lipid profile
	3.3. Changes in lipid metabolizing related signaling molecules (hormone/transcription factors)
	3.4. Changes in glycaemic and oxidative indices
	3.5. Changes in various biochemical parameters

	4. Discussion
	5. Conclusion
	References

