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Abstract 
 

      There are contradictory opinions about the effect of coffee 

on serum markers of atherogenesis in the literature. This study 

aimed to assess the effect of decaffeinated coffee consumption 

on serum lipid levels, atherogenic index of plasma (AIP), and 

markers of carbohydrate (CHO) metabolism, in diet-induced 

dyslipidemia in rats. 

 

      Twenty-five Wistar albino rats were divided into 5 groups 

(n=5per group). Animals in group 1 served as a normal control 

group (NCTRL) and were given a normal diet and water only. 

Animals in group 2 received a hyperlipidemic diet. Animals in 

groups 3, 4, and 5 in addition to the hyperlipidemic diet were 

treated with low, medium, and high doses of decaffeinated 

coffee respectively for 28 days. At the end of the coffee 

treatment, and 8h after feeding, all animals were sacrificed and 

blood obtained was analyzed for the biochemical indices of 

atherogenesis and CHO metabolism using standard methods. 

 

      There were significant (P<0.05) increases in serum levels 

of total cholesterol (TC), triglyceride cholesterol (TG-C), low-

density lipoprotein cholesterol (LDL-C), very low-density 

lipoprotein cholesterol (VLDL-C), AIP, and markers of CHO 

metabolism (FBG, insulin, and Homeostatic Model Assessment of 

Insulin Resistance (HOMA-IR)), as well as a decrease in high-

density lipoprotein cholesterol (HDL-C) in the hyperlipidemic 

alone group. Treatment with different doses of decaffeinated 

coffee caused a reversal of these indices to near levels in the 

control group in a dose-dependent manner, especially in the 

medium-dose group. 

 

      Moderate consumption of decaffeinated coffee can ameliorate 

diet-induced dyslipidemia and improved markers of CHO 

metabolism. 

 

Keywords: Atherogenesis; Coffee; Hyperlipidemic Diet; Serum 

Lipids 

 

Introduction 
 

      Dyslipidemia is a metabolic disorder characterized by high 

low-density lipoprotein cholesterol (LDL-C), high total blood 

cholesterol (T-chol), low level of high-density lipoprotein 

cholesterol (HDL-C), and hypertriglyceridemia. It is one of the 

most important factors for the development of atherosclerosis that 

leads to coronary heart diseases (CHD). CHD is the most 

common cause of death among women [1], and in particular, 

high triglyceride (TG) to low HDL-C (TG/HDL-C) ratio is a 

powerful independent predictor of all-cause mortality and 

cardiovascular event. High TG-C and low HDL-C when co-

occurring with elevated Apo-protein B and small dense LDL-

C particles are strongly predictive of metabolic syndrome and 

CVD morbidity in the general population [2]. 

 

      The status for dyslipidemia varies from one individual to 

another and may be influenced by some non-modifiable and 

modifiable factors including age, ethnicity, genetics, and 

lifestyle factors such as diet. From the dietary perspective, a 
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noteworthy link exists between diet and abnormal serum lipid 

levels. Evidence has been garnered indicating that diet high in 

saturated fatty acids and cholesterol, but low in fibers, plant 

foods, and unsaturated fatty acids drive abnormal serum lipid 

profile and atherosclerosis [3]. Conversely diets low in fat, but 

high in fruits, vegetables, plant foods is the key to lowering 

blood lipid and keeping dyslipidemia in control and 

manageable level. 

 

       Given the enormous side effects associated with the use of 

synthetic lipid-lowering drugs (fibrates and statins), there is a 

fervent search for dietary options to complement drug therapy. 

Nutritional modification could lead to a reduction in dose and 

duration of use of drugs and by extension reduction in adverse 

health effects of drug therapy. 

 

      Coffee is one such plant-derived food which although 

widely consumed and socially accepted all over the world has 

not been adequately evaluated for its role in dyslipidemia. 

Coffee is a brewed beverage prepared from the roasted seeds 

of several species of an evergreen shrub of the genus Coffee. 

 

      Coffee seed apart from the caffeine content has several 

bioactive constituents and consumption of coffee tea has been 

shown to provide some health benefits including a reduction in 

the risk of Alzheimer’s disease, dementia [4] Parkinson's 

disease, heart disease, diabetes mellitus, cirrhosis, and 

gout.The present study aimed to evaluate the effect of coffee 

on serum uric acid (SUA), glucose and log TG/HDL-C and 

markers of insulin resistance (IR) in the animal model of 

dyslipidemia. 

 

Materials and Methods 
 

Selection/treatment of experimental animals 

 

      Twenty-five matured male Wistar albino rats weighing 

170-233g were obtained from the animal house at the Faculty 

of Basic Medical Sciences, University of Uyo, Nigeria. The 

rats were kept in standard stainless steel cages for 14 days for 

acclimatization. Their body weight was monitored before and 

after the experiment. 

 

      They were kept on a 12h light/dark cycle, at room 

temperature (25-29oC), and with a relative humidity of 56% ± 

8%. All animals were fed standard animal feed and water 

adlibitum. After the period of acclimatization, the rats were 

randomly divided into 5 groups (n=5 per group). Group 1 

served as normal control and was administered normal feed 

and water only. Groups 2, 3, 4, and 5 were fed a hyperlipidemic 

diet (g/100g of normal diet) consisting of egg yolk 35g, 

cholesterol 0.5g, fish oil, and sunflower oil 20g [5, 6]. 

 

      After the determination of LD50 for coffee, animals in 

groups 3, 4, and 5 were concomitantly treated with low (0.20ml), 

medium (0.40ml), and high dose (0.65ml) respectively of 

diluted (decaffeinated coffee-Nestle Gold, UK) once daily 

(morning) by oral gavage for 28 days. Animals in group 2 

served as hyperlipidemic diet (HLD) control.  

 

Biochemical Analyses 
 

      At the end of coffee administration (i.e., 28 days after) and 

8h after feeding, all animals were anesthetized with chloroform, 

and blood was obtained by cardiac puncture into specimen 

bottles with no anti-coagulant. Serum lipid sub-fractions 

including HDL-C, TG-C, T-chol, and VLDL-C were determined 

using lipid profile automated measuring system (Lipid 

proTM), model ILM-001A. Info pia Co. Ltd. South Korea. 

LDL-C was calculated using the empirical relationship of 

Friedewald equation; [LDL=TC-HDL-C-TG/5(when 

TG<400mg/dl)] [7]. 

 

      The SUA level and homeostatic model assessment of 

insulin resistance (HOMA-IR) were also determined using 

standard methods. Atherogenic index of plasma (AIP) defined 

as the ratio of log TG/HDL-C was determined, where TG 

represents serum triglyceride and HDL-C represents serum 

high-density lipoprotein cholesterol. 

 

      All research protocols were conducted at the University of 

Uyo in line with the Nigerian and International laws governing 

the acceptable use of laboratory animals. 

 

Statistical analysis 

 

      Values are reported in the form of mean ± standard 

deviation. Differences in the parameters between the groups 

were examined using Analysis of Variance (ANOVA) 

followed by the Duncan test to separate the means and 

determine which of the group is significantly different from 

the other. To enhance the computation of results, the 

Statistical Package for Social Sciences was used while graph 

pad prism 7.0 was used to produce the graphs. 

 

Results 
 

Serum total cholesterol (T-chol) 
 

      Serum T-chol increased significantly in the hyperlipidemic 

diet alone group compared with the control group. 

Hyperlipidemic diet plus low dose decaffeinated coffee caused 

a significant increase in serum T-chol compared with the 

control group, but when compared with the hyperlipidemic 

group, a null significant difference was observed. 

 

      Hyperlipidemic diet plus a medium dose of decaffeinated 

coffee caused a significant decrease in serum T-chol when 

compared with control and hyperlipidemic diet alone groups. 

Furthermore, hyperlipidemic diet plus high dose decaffeinated 

group was associated with a nonsignificant change in serum T-

chol when compared with the control group, but a significant 
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decrease when compared with the hyperlipidemic diet alone 

group (Figure 1). 

 

 
 

Figure 1: Effect of decaffeinated coffee on serum T-chol in 

diet-induced dyslipidemia. Values are expressed as Mean ± 

SEM at P<0.05 relative to control. Different letters indicate 

significance while similar letters represent non-significance. 

 

Serum triglyceride-cholesterol (TG-C) 

 

      Serum TG-C significantly increased in the hyperlipidemic 

diet alone group compared with the control group. Significant 

increases were also observed in hyperlipidemic diet plus low, 

medium, and high doses of decaffeinated coffee groups 

(Figure 2). 
 

 
Figure 2: Effect of decaffeinated coffee on serum TG-C in 

diet-induced dyslipidemia. Values are expressed as Mean ± 

SEM at P<0.05 relative to control. Different letters indicate 

significance while similar letters represent non-significance. 

 

Serum low-density lipoprotein levels (LDL-C) 

 

      Serum LDL-C increased significantly in the hyperlipidemic 

diet alone group compared with the control group. Significant 

increases in serum LDL-C were also observed in the 

hyperlipidemic diet plus low, medium, and high doses of 

decaffeinated coffee groups compared with the control group 

(Figure 3). 

 

 
 

Figure 3: Effect of decaffeinated coffee on serum LDL-C in 

diet-induced dyslipidemia Values are expressed as Mean ± 

SEM at P<0.05 relative to control. Different letters indicate 

significance while similar letters represent non-significance. 

 

Serum very-low-density lipoprotein (VLDL-C) 

 

      Animals fed a hyperlipidemic diet alone had a 

significantly higher level of VLDL-C compared with the 

control group. When a low dose of decaffeinated coffee was 

added to the hyperlipidemic diet group, serum VLDL-C was 

still significantly higher than the control group. However, 

nonsignificant changes were observed in serum VLDL-C 

when medium and high doses of decaffeinated coffee were 

added to the hyperlipidemic diet group compared with the 

control group (Figure 4). 
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Figure 4: Effect of decaffeinated coffee on serum VLDL-C in 

diet-induced dyslipidemia. Values are expressed as Mean ± 

SEM at P<0.05 relative to control. Different letters indicate 

significance while similar letters represent non-significance. 

 

Serum high density lipoprotein-cholesterol (HDL-C) 
 

      Serum HDL-C decreased significantly in the 

hyperlipidemic diet group compared with the control group. 

However, when low, medium, and high doses of the 

decaffeinated coffee were added to the hyperlipidemic diet-fed 

animals, significant increases were observed compared with 

the hyperlipidemic diet alone group. These increases were not 

significantly different when compared with the control group 

(Figure 5). 

 

 

 

Figure 5: Effect of decaffeinated coffee on serum HDL-C in 

diet-induced dyslipidemia. Values are expressed as Mean ± 

SEM at P<0.05 relative to control. Different letters indicate 

significance while similar letters represent non-significance. 

 

Atherogenic Index of Plasma (AIP) 
 

       Animals fed a hyperlipidemic diet showed a significantly 

higher level of AIP compared with the control group. Co-

administration of the low, medium or high doses of 

decaffeinated coffee caused significant decreases in AIP 

compared with the hyperlipidemic diet group but were 

significantly higher than the control group (Figure 6). 

 

 
 

Figure 6: Effect of decaffeinated coffee on AIP in diet-

induced dyslipidemia. Values are expressed as Mean ± SEM 

at P<0.05 relative to control. Different letters indicate 

significance while similar letters represent non-significance. 

 

Serum Uric Acid levels (SUA) 

 

SUA increased significantly in the animals fed the 

hyperlipidemic diet alone compared with the control group. 

Supplementation with low, medium, or high doses of 

decaffeinated coffee to the hyperlipidemic diet treated groups 

caused dose-dependent decreases in SUA levels (Figure 7). 

 



 

 

5 | Advances in Nutrition and Food science, Volume 2020, Issue 06 

 
 

Copyright: © 

2020 Christopher Edet Ekpenyong* 

 

Effect of Decaffeinated Coffee Consumption on Markers of Atherogenesis and 

Carbohydrate Metabolism in Diet-Induced Dyslipidemia in Rats 

G1 G2 G3 G4 G5

0

2

4

6

a

e

d
c

b

Groups

U
ri

c
 a

c
id

(m
m

o
l/

l)

 
 

Figure 7: Effect of decaffeinated coffee on SUA in diet-

induced dyslipidemia. Values are expressed as Mean ± SEM 

at P<0.05 relative to control. Different letters indicate 

significance while similar letters represent non-significance. 

 

Fasting Blood Glucose levels (FBG) 
 

      Fasting blood glucose levels increased significantly in 

animals fed a hyperlipidemic diet alone compared with 

animals in the control group. Animals in the hyperlipidemic 

diet plus low or high dose of the decaffeinated coffee group 

showed a significant decrease in FBG level when compared 

with the hyperlipidemic diet alone group, but a non-significant 

change in FBG level when compared with the normal control 

group. 

 

      Animals in the hyperlipidemic diet plus medium dose of 

decaffeinated coffee had a FBG level that did not significantly 

differ from the hyperlipidemic diet alone group but were 

significantly higher than the FBG level in the control group 

(Figure 8). 

 

 
 

Figure 8: Effect of decaffeinated coffee on FBG in diet-

induced dyslipidemia. Values are expressed as Mean ± SEM 

at P<0.05 relative to control. Different letters indicate 

significance while similar letters represent non-significance. 

 

Serum Insulin Concentration 

 

      Fasting insulin level increased significantly in the 

hyperlipidemic diet group but showed dose-dependent non-

significant decreases in the low, medium and high decaffeinated 

coffee treated groups (Figure 9). 

 

 
 

Figure 9: Effect of decaffeinated coffee on serum insulin 

concentration in diet-induced dyslipidemia. Values are 

expressed as Mean ± SEM at P<0.05 relative to control. 

Different letters indicate significance while similar letters 

represent non-significance. 
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Homeostatic Model Assessment of Insulin Resistance (HOMA-

IR) 

 

      HOMA-IR increased significantly (P<0.05) in animals 

treated with the hyperlipidemic diet compared with values in 

the control group. Calculated HOMA-IR dose independently 

decreased in animals treated with low, medium, and high 

doses of decaffeinated coffee compared with the 

hyperlipidemic diet group but significantly increased when 

compared with the normal group (Figure 10). 

 

 
 

Figure 10: Effect of decaffeinated coffee on HOMA-IR in 

diet-induced dyslipidemia. Values are expressed as Mean ± 

SEM at P<0.05 relative to control. Different letters indicate 

significance while similar letters represent non-significance. 

 

Discussion 

 

      The results of the present study revealed that diet plays an 

important role in the pathogenesis of abnormal serum lipid 

levels, and hence atherosclerosis-induced cardio-metabolic 

disorders. Likewise, dietary modification especially, the use of 

plant-based foods can be applied as an important and early 

intervention approach to reduce abnormal serum lipid levels, 

cardiovascular disease risk, and abnormal indices of carbohydrate 

metabolism (hyperglycemia, and insulin resistance). These 

notions are supported by the observed abnormalities in mean 

serum lipid levels (LDL-C, T-chol, TG-C, and a significant 

decrease in mean serum HDL-C), and markers of carbohydrate 

metabolism in the hyperlipidemic diet treated group, and the 

restoration of the serum lipid to near levels in the control 

group following the administration of decaffeinated coffee. 

Consistent with these findings, Sadeek et al [8] reported a 

significant decrease in triacylglycerol, LDL-C, VLDL-C, 

LDL-C/HDL-C ratio, and TC/HDL-C as well as an increase in 

serum HDL-C level following the consumption of the coffee 

drink. Also, Morakinyo and colleagues [9] found that coffee 

consumption ameliorated high sucrose-induced glucose 

intolerance, insulin resistance, lipid abnormalities, and 

oxidative stress in rats. 

 

      Given the fact that the vast and versatile pharmacological 

actions of many medicinal plants are dependent on their 

bioactive constituents [10, 11], we hypothesized that the 

dyslipidemic modulating effect of the decaffeinated coffee 

observed in the present study was at least in part mediated by 

the rich coffee bioactive constituents including vitamins 

(niacin and vitamin E), electrolytes (magnesium (Mg) and 

potassium (K) and phytochemical constituents (tannins and 

polyphenolic acids (e.g., chlorogenic acid, caffeine, caffeic 

acid and caffeine metabolites (di-and mono-xanthines, 

flavonoids melanoidins furans, pyrroles, and maltos) [12]. 

Correlative studies showed increased serum levels of these 

compounds following coffee consumption. For instance, 

Kempt et al., [13] reported an increase in serum levels of 

chlorogenic acid (CGA), caffeine, caffeic acid metabolites 

following coffee consumption. Similarly, the consumption of 

coffee raised the serum level of Mg in a study carried out by 

Saito et al., [14]. Some of these compounds are influential 

antioxidants [9] that attenuate oxidative stress [15], 

inflammation [16], and immune system dysfunction which are 

the underlined pathologies driving the onset, progression, and 

complications of diet-induced abnormalities in serum lipid and 

carbohydrates metabolism. For instance, CGA, a dietary 

polyphenol, and a major compound in coffee possess a 

recognized antioxidant prowess [17]. It reduces superoxide 

production and directly scavenges free radicals [18]. In one 

study, intravenous administration of CGAs caused a decrease 

in serum TG-C levels in Zucker fa/fa rats [19], while the 

serum level of HDL-C significantly increased. Also, the ratio 

of LDL-C to HDL-C significantly decreased following the 

consumption of coffee. Besides its antioxidant effect, CGA is 

also known to activate the adenosine monophosphate-

activated protein kinase (AMPK) signaling pathway which is a 

key modulator of lipid and glucose metabolism [20]. CGA 

restored diet-induced risk factors of cardiovascular disease. 

Similarly, Mg acts as a cofactor for enzymes associated with 

lipid metabolisms such as lipoprotein lipase and pyrophosphatase 

[21]. Deficiency of Mg is associated with several forms of lipid 

abnormalities including hypertriglyceridemia, hypercholesterolemia, 

increased LDL-C, decreased HDL-C, and decreased esterified 

cholesterol through triglycerides clearance. 

 

      The findings of the present study contradict a Turkish 

study that found no statistically significant alteration in the 

serum lipid levels (TG-C, LDL-C, HDL-C, OR VLDL-C) 

amongst 122 Turkish subjects who consumed Turkish coffee 

and instant coffee even after adjusting for several confounding 

factors [22]. Also, Zargar et al., [23] found no significant 

change in serum levels of TC, LDL-C, or non-HDL-C 

following coffee consumption in an adult population. However, 

TG-C levels were significantly reduced compared with the 

normal control group. In other studies [24, 25, 26] mixed 
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changes in serum lipid levels, with no consistent pattern were 

reported following the consumption of the coffee drink. For 

instance, in one study, Urgert and Katan [24] found that the 

consumption of boiled coffee caused a greater dose-dependent 

increase in TC and LDL-C than filtered coffee, however, the 

LDL-C level was not affected. 

 

      A substantial increase in serum levels of TC and TG-C 

was reported by Naidoo et al, [26] following the consumption 

of 5 cups of unfiltered Indonesian coffee per day. In similar 

manna, the consumption of boiled coffee caused a greater 

increase in the serum levels of TC and LDL-C, but in a dose-

dependent manner, while filtered coffee had a relatively lesser 

effect on the serum level of TG [25]. 

 

      The observed discrepancies in the effect of coffee on 

serum lipid levels across studies have been attributed to the 

effect of coffee bioactive compounds and the varying intake 

amounts which is determined by several other factors 

including differences in the method of coffee preparation [27], 

the quantity of coffee consumed, genetic factors, age, obesity 

status, sedentary lifestyle, alcohol, smoking habits, gender, 

and inter-individual differences. These factors have been 

shown to affect the pharmacokinetic and pharmacodynamic of 

coffee bioconstituents, hence, the bioavailability and clearance 

rate. For instance, methods of coffee preparation (e.g., boiling 

and use of unfiltered coffee) have been shown to affect the 

concentration of coffee bioactive compounds, and their 

activities. Boiling and use of unfiltered coffee have been 

found to increase the serum levels of cholesterol increasing 

compounds such as diterpenes (cafestol and kahweol) in 

coffee due to the prolonged contact with hot water, while 

brewing or filtering causes the depletion of diterpenes by filter 

paper thereby decreasing serum levels of these substances 

[28]. This explains why the consumption of boiled or 

unfiltered coffee was associated with increased serum levels 

of TC and LDL-C, while brewed/filtered coffee had less effect 

on serum TC and a null effect on serum LDL-C as reported by 

Urgert and Katan [24] and Jee et al., [25]. Similarly, instant 

coffee, but not brewed coffee caused a raised serum LDL-C 

level and decreased serum TG level [29]. 

 

      Furthermore, some of the solvents/methods used in the 

process of decaffeination and the coffee species have been 

found to cause a decrease in the level of some bioactive 

compounds and their effects on serum lipid levels. For 

instance, organic solvent decaffeination was reported to cause 

CGAs losses of 16% in Arabica beans and11% in Robusta 

bean [30]. Likewise, CGA losses were reported for the water 

decaffeination method [31]. Therefore, decaffeination-induced 

losses of lipid reducing compounds in the face of increasing 

levels of lipid increasing compounds could produce 

inconsistent results observed across studies. 

      According to Naidoo et al [32], the consumption of a large 

quantity (5cups) of Indonesia coffee/day caused a substantial 

increase in serum levels of TC and TG, and hence increased 

risk of coronary heart disease (CHD). Whereas, moderate 

coffee consumption (>1 or 2 cups daily) significantly lowered 

the risk of CHD in both men and women [32]. Accordingly, 

studies conducted in Germany and Israel observed a dose-

dependent increase in TC in a population of young people [33, 

34]. Therefore, the absence of effect of coffee on serum lipid 

levels could be a dose-dependent effect as also posited by 

Karabudak et al., [22]. Coffee consumption habits (e.g., coffee 

consumption plus smoking) and differences in genotypes and 

genetic environment have been shown to affect the effect of 

coffee on serum lipid levels [22, 35]. The caffeine content of 

the experimental coffee sample has been posited to affect the 

changes in serum lipid profile. One study showed that the 

consumption of 750-1000ml of decaffeinated coffee failed to 

cause any significant alteration in serum levels of TG, TC, 

LDL-C, and Apo B when compared with caffeinated coffee 

[36], further supporting the results of the present study. 

 

      However, inconsistent results have been obtained from 

studies examining the effect of coffee consumption habits or 

the addition of flavoring substances on the serum lipid levels. 

For instance, while Karabudak et al., [22] failed to observe the 

effect of adding sugarcane and liquid/power cream to coffee 

on serum lipid levels, Cheung et al., [37] found that the 

addition of flavoring substances (sugar and cream) to coffee 

caused significant changes in the serum levels of TC, HDL-C, 

and TG, but not serum level of LDL-C. 

 

      Similarly, while the consumption of coffee alongside cigarette 

smoking failed to cause changes in serum lipid levels in some 

studies, Salonen et al., [38], reported that high consumption of 

coffee caused a decrease and increase in serum HDL-C among 

smokers, but not in non-smokers respectively. 

 

      We also observed that although serum lipid levels 

improved following coffee consumption, the levels were not 

as good as those of the control group, supporting the result of 

a meta-analysis of 14 randomized clinical trials that showed 

that patients with hyperlipidemia tend to have higher lipid 

levels after coffee consumption than healthy subjects [25]. 

 

Conclusion 
 

      Moderate consumption of decaffeinated coffee could ameliorate 

diet-induced abnormalities in lipid and carbohydrate metabolism 

corollary of its bioactive constituents and their activities. 
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