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Abstract

This systematic review aimed to study caffeine’s effect on the cardiometabolic markers of the metabolic syndrome
and to evaluate caffeine’s application as a potential therapeutic agent in rat models. The systematic review was struc-
tured and synthesized according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
and the Population, Intervention, comparator, outcome (PICO) framework. A literature search was conducted in
PubMed, Scopus, and ScienceDirect to identify studies that used caffeine as an intervention in the rat model of the
metabolic syndrome or any of its components compared with no treatment or controls. Studies that did not mention
the disease manifestations from the experimental model used, without rat subjects, and which induced renovascular
hypertension were excluded. The risk of bias in the included studies was assessed using the Systematic Review Center
for Laboratory Animal Experimentation risk-of-bias tool. The main outcomes assessed were caffeine’s effect on obesity,
dyslipidemia, hepatic steatosis, hepatic dysfunction, insulin resistance, and hypertension. Out of 228 studies retrieved
from the search, 18 met our inclusion criteria and were included in the systematic review. Caffeine was found to
favorably reduce obesity and insulin resistance in the rat model of the metabolic syndrome. The effects of caffeine on
dyslipidemia, hepatic steatosis, hepatic dysfunction, and hypertension remain inconclusive. The main limitations of
this study are the heterogeneity of the included studies in terms of the disease model used, experimental duration,
methods to assess outcomes, including studies that were only published in English, measurement units used, and
graphical data without and numerical mention in the results section. As a result, quantitative synthesis was unfeasible,
and a qualitative descriptive synthesis was conducted; this might have led to the under characterization of caffeine’s
effect on metabolic syndrome and its potential as an adjuvant therapy in metabolic syndrome. Caffeine has favorable
effects on the metabolic syndrome, chiefly reducing obesity and insulin resistance. Future research is encouraged to
delve into caffeine’s effect on dyslipidemia, hepatic steatosis, hepatic dysfunction, and hypertension, which is neces-
sary if caffeine is to be used as a potential clinical adjuvant therapy to treat the metabolic syndrome.
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Introduction

The coexistence of multiple established cardiovascular
risk factors, such as obesity, insulin resistance, dyslipi-
demia, and hypertension, is clinically recognized as the
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population, particularly as individuals with the metabolic
syndrome tend to have more frequent hospitalizations,
higher healthcare expenses, and higher rates of outpa-
tient service utilization [3]. Consequently, a novel thera-
peutic agent, such as caffeine, is required to adequately
treat the metabolic syndrome and to reduce the consid-
erable health and financial costs that affected patients
incur. Caffeine’s effects on the metabolic syndrome and
its components were previously documented from pre-
clinical research and included favorable effects, such as a
reduction in blood glucose and serum insulin concentra-
tions that resulted in better glycemic control and a reduc-
tion in insulin resistance, in rat models of the metabolic
syndrome [4]. Furthermore, caffeine therapy ameliorated
hypertension, as indicated by a drop in the mean arte-
rial blood pressure [4]. In experimental rat models, caf-
feine hindered the growth of visceral fat deposits and
increase in bodyweight, which are associated with obe-
sity [4]. However, to our knowledge, no systematic review
has focused solely on caffeine’s metabolic effects in a rat
model of the metabolic syndrome. Therefore, this sys-
tematic review was conducted with the aim to study the
effect of caffeine on the cardiometabolic markers of the
metabolic syndrome and evaluate the feasibility of using
caffeine as a potential therapeutic agent in the rat model
of the metabolic syndrome.

Methods

This systematic review was structured according to Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [5] and the Population, Intervention,
Comparator, and Outcome (PICO) framework [6]. This
review was not registered prior to its writing.

Eligibility

Studies were eligible for inclusion in this review if they
matched all of the following criteria: 1) experimental
study design; 2) included only rats with the metabolic
syndrome or any of its components (atherosclerosis, dys-
lipidemia, diabetes mellitus, obesity, or hypertension) or
nonalcoholic fatty liver disease as subjects; 3) caffeine
was the only interventional compound in at least one of
the experimental groups; 4) contained at least one of the
following key outcomes: serum cholesterol level, serum
insulin level, serum glucose level, blood pressure, serum
triglyceride level, liver cholesterol level, liver triglyceride
level, and results of oral glucose tolerance tests (OGTT);
5) articles in English that were published from data-
base inception until September 14, 2020. Studies were
excluded if they did not specify the disease manifesta-
tions in the experimental model.
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Search strategy

The search was run in the following databases: PubMed,
Scopus, and ScienceDirect. The following terms and
their equivalent medical subject headings terms were
used: “caffeine’, “Metabolic Syndrome”, “Rats’, “Mice’,
“Atherosclerosis’;, “Dyslipidemia’; “Diabetes Miletus’, and
“Non-Alcoholic Fatty Liver Disease” The term “mice” was
included to broaden the scope of the search and to iden-
tify studies that used mixed rodent species as subjects.
The last search was conducted in the second week of
September 2020. The search results were then exported
to the reference manager Endnote X7 [7]. For a detailed
view of the search strategy terms, refer to the Supple-
mentary Data.

Selection

Two independent reviewers manually screened the title,
abstract, and full-text articles of studies for inclusion in
accordance with the eligibility criteria. Disagreements,
if any, were resolved through consensus. In addition, the
references of the full-text studies that were included were
screened for inclusion in the review.

Data collection

Two reviewers independently extracted data manually
from each study into a Microsoft Excel 2018 sheet, which
was then cross-checked for accuracy, and disagreements
were resolved through consensus. Data items included
bibliographic data (author, publishing year, and journal),
participant data (strain, sex, age, and initial bodyweight),
study design (duration, disease model, disease symp-
toms that were present, name of the diet, dietary macro-
nutrients, diet ingredients, diet availability, name of the
experimental group, number of experimental groups, and
subject allocation method), and intervention data (dose,
administration method, administration duration, and
age at administration). Outcome measures that were col-
lected were classified as those pertaining to the effect of
caffeine on the components of the metabolic syndrome,
including obesity (food intake, energy intake, final body
weight, change in body weight, body fat percentage,
whole-body fat weight, whole-body white adipose tis-
sue weight, and body fat-pad weight); dyslipidemia (lev-
els of serum triglycerides, serum total cholesterol, serum
low density lipoprotein cholesterol [LDL-C], serum high
density lipoprotein cholesterol [HDL-C], and serum
non-esterified fatty acids); hepatic steatosis (levels of
liver triglycerides and liver cholesterol and liver weight);
hepatic dysfunction (levels of serum aspartate transami-
nase [AST], serum alanine transaminase [ALT], serum
alkaline phosphatase [AP], serum lactate dehydroge-
nase [LDH], serum albumin, and serum total bilirubin);
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insulin resistance (levels of serum fasting glucose, serum
postprandial glucose, urinary glucose, serum fasting
insulin, and serum postprandial insulin; area under the
glucose curve; area under the insulin curve; fluid intake;
urinary volume; OGTT; and insulin tolerance test [ITT]);
and hypertension (systolic blood pressure [SBP], diastolic
blood pressure [DBP], and mean arterial blood pressure
[MAP]). During data collection, only the latest result was
extracted for synthesis in the review. During the collec-
tion of data from the study by Suzuki et al., [8] we used
MedCalc software to make an adjustment by calculating
the significance level of serum non-esterified fatty acids,
serum fasting glucose, and serum fasting insulin [9].

Bias assessment

Risk-of-bias assessment was independently performed
by 2 reviewers using the Systematic Review Center for
Laboratory Animal Experimentation (SYRCLE) risk-of-
bias tool [10]. The tool consists of several bias domains
including selection bias (random sequence generation,
baseline characteristics, and allocation concealment),
performance bias (random housing and blinding of par-
ticipants and personnel), detection bias (random out-
come assessment and blinding of outcome assessment),
attrition bias (incomplete outcome data), reporting bias
(selective reporting), and other bias with signaling ques-
tions for each domain. Disagreements between reviewers
were resolved through consensus. Finally, a risk-of-bias
summary and graph were generated using RevMan 5.4
[11].

Data analysis and synthesis

Due to the heterogeneity of data across studies, data
analysis was limited to the description of qualitative data,
which resulted in an inability to perform a meta-analy-
sis. Studies were deemed eligible for outcome synthesis
based on whether they reported the required outcome,
either through means and standard deviations or through
visual graphs. When synthesizing data from graphs, we
analyzed outcomes based on whether it was higher or
lower than the control group by using visual indicators
on study graphs and the author’s in-text description of
the results and their significance. However, the mean
and standard deviation, if available, were preferred over
graphical data in the synthesis process. Additionally, a
table summarizing the outcomes, outcome measures,
and results was created based on whether the caffeine
group had significantly or insignificantly lower or higher
values than the control group (p“0.05 was set as the level
of significance) for that specific measure. Furthermore,
the number of studies and the reported outcome meas-
ures were included along with the reported results.
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Results

Study selection

In total, 228 papers were retrieved, of which 218 were
identified from the database searches and 10 were
selected manually from the references of the studies that
were included; 57 duplicate studies were removed auto-
matically using the reference manager Endnote X7.8 [7],
thereby decreasing the number of studies to 171. Of the
171 study titles that were screened, 90 were excluded
for lack of relevance to the review topic. Among the
abstracts of the remaining 81 studies that were screened,
only 20 fulfilled the inclusion criteria and were included
for full-text screening. From these 20 full-text studies, 2
studies [12, 13] were excluded as per the exclusion cri-
teria for lack of information on disease manifestations
that resulted from the experimental model. The PRISMA
flow diagram of the study selection procedure is shown in
Fig. 1. Finally, the remaining 18 studies [4, 8, 14—29] were
included in the final qualitative synthesis (Table 1), and
a meta-analysis was unfeasible due to data heterogeneity
and the poor accuracy of data extraction from charts.

Risk-of-bias assessment

In the random sequence generation assessment, 12 stud-
ies [14, 17, 19-22, 24—29] had a low risk of bias without
specifying the method, whereas the remaining 6 studies
[4, 8, 15, 16, 18, 23] had a high risk of bias due to the non-
randomized group allocation. In the assessment of base-
line characteristics, 12 studies [14, 16, 17, 19-22, 24, 25,
27, 29] had a low risk of bias, 3 had a high risk of bias
[15, 18, 26], and 3 had an unclear risk of bias [4, 23, 28].
In the assessment of allocation concealment, all of the
studies that were included [4, 8, 14—29] had a high risk
of bias due to lack of blinding of the investigator during
group allocation. In the assessment of random housing,
15 studies [8, 14, 15, 17, 19-29] had a high risk of bias
and 3 studies [4, 16, 18] had an unclear risk of bias. With
respect to the blinding of participants and personnel, all
18 studies had a high risk of bias due to the lack of blind-
ing of investigators. In the assessment of random out-
come, 17 studies [4, 8, 14, 15, 17-29] had a high risk of
bias and 1 study [16] had an indeterminate risk of bias.
In the assessment of blinding of outcome, 3 studies [19,
20, 22] had a low risk of bias and 15 studies [4, 8, 14—18,
21, 23-29] had a high risk of bias. In the incomplete out-
come data assessment, 16 studies [4, 8, 14—18, 20—24,
26-29] had a low risk of bias and 2 studies [19, 25] had a
high risk of bias. In the assessment of selective reporting,
13 studies [8, 14, 15, 17-21, 24, 26—29] had a low risk of
bias, 4 studies [4, 22, 23, 25] had a high risk of bias, and
one study [16] had an indeterminate risk of bias. In other
bias assessments, 11 studies [8, 16, 19-21, 24—29] had a
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Identification of studies via databases and registers
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Identification of studies via other methods

Fig. 1 PRISMA flow diagram of study selection in this review

low risk of bias, 2 studies [14, 17] had a high risk of bias,
and 5 studies [4, 15, 18, 22, 23] had an indeterminate risk
of bias. The risk-of-bias summary is shown in Fig. 2.

Characteristics of the included studies

Among the 18 studies that were included, 6 used
Sprague—Dawley rats [16, 21, 25-27, 29], 5 used Wistar
rats [4, 15, 23, 24, 28], 3 used Obese (fa/fa’?) ZSF1 rats
[19, 20, 22], and one study each used Spontaneously
Hypertensive rat Okamoto—Aoki strain [14], Lean Spon-
taneously Hypertensive Heart Failure (SHHF/Mcc-
fa?) rats [17], Heterozygous Han: Sprague—Dawley
(Han:SPRD) rats [18], and Otsuka Long—Evans Tokush-
ima fatty (OLETF) rats [8]. For disease induction, 7
studies used genetic methods [8, 14, 17-20, 22], 4 used
high-fat diets [4, 26, 28, 29], 2 used streptozocin (65 mg/
kg via intraperitoneal injection) [23, 25], and 1 study each
used a high-cholesterol diet [15], deoxycorticosterone
acetate (200 mg subcutaneous implant)+salt hyper-
tension (0.9% NaCl drinking) [16], high-fat diet+90%
pancreatectomy [21], high-sucrose diet [4], high-carbo-
hydrate high-fat diet [24], and a high-fat diet for 2 weeks
prior to streptozocin (50 mg/kg) intravenous injection
[27]. Notably, the study by Conde et al. [4] simultaneously
used 2 independent disease models, with each compris-
ing an interventional and control group, and is therefore

o
= Studies removed before
S e identt . o Studies identified from reference
§ Studies identified from: screening: of full-text included studies
£ Databases (n = 218) o Duplicate studies removed: |~ (n=10)
I3 =
o (n=57)
=
—
—
A
. Studies excluded:
Stu:d}lf7'l'1rtles screened > Not relevant to review topic
=171 (n=90)
: :
= Studies Excluded:
3 Study Abstracts screened »| Did not fit inclusion criteria
5 (n=281) (n=61)
w
Full-text studies excluded:
Full-text studies assessed for Failed to mention the disease
eligibility > mani ions in the
(n=20) experimental model (n = 2)
=)
—
z i I
= Studies included in review
S (n=18)
=
—

referred to by its 2 independent experimental mod-
els — high-fat diet model (HFDM) [4] or high-sucrose
diet model (HSDM) [4] — throughout the review. For a
detailed description of the disease phenotype, interven-
tional dose, duration, and method of administration in
all the studies that were included, see Table 1. For more
details on diet, age, and sex of rats used in the studies,
refer to the Supplementary Data.

Effect of caffeine vs. control on obesity

With respect to obesity, 10 studies measured food intake,
and 5 studies [15, 19, 20, 22, 29] reported a significantly
lower food intake in the caffeine group than in the con-
trol group; among these, the most significant results
were reported in the studies by Tofovic et al. (4943 g/
kg of BW/d vs. 6141 g/kg of BW/d, p°0.001) [20] and
Wang et al. (25.8+£2 g/d vs. 28.142.1 g/d, p°0.01) [29].
Two studies [8, 24] and the study that used HSDM [4]
reported an insignificantly higher food intake in the caf-
feine group than in the control group, whereas 2 studies
[14, 25] and the study that used HFDM [4] reported an
insignificantly lower food intake in the caffeine group
than in the control group. Moreover, 3 studies measured
energy intake, and 1 study [29] reported a significantly
lower energy intake in the caffeine group than in the
control group (111.748.9 kcal/d vs. 121.5+8.9 kcal/d,
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Fig. 2 Risk of bias summary. Green = low risk of bias; Red = high risk of bias; Yellow = unclear risk of bias

p°0.01, respectively [29]); however, 1 study [24] reported
an insignificantly higher energy intake in the caf-
feine group than in the control group; and 1 study [21]
reported an insignificantly lower energy intake in the caf-
feine group than in the control group. Furthermore, in 11
studies, the final body weight was measured, and 1 study
[18] reported a significantly higher final body weight in
the caffeine (0.1 and 0.2 mg/mL, respectively) group
than in the control group (499426 g and 508 £14 g vs.
462429 and 462429 g, p°0.05 and <0.01, respectively)
[18]; however, 8 studies [8, 19-22, 24, 26, 29] reported
a significantly lower final body weight in the caffeine
group than in the control group, of which the most sig-
nificant were the study by Tofovic et al. (650+20 g vs.
740411 g, p°0.001) [20] and Suzuki, Shindo [8] (p°0.001).
One study each reported an insignificantly higher [25]
and insignificantly [23] lower final body weight in the
caffeine group than in the control group, respectively.
Among the 3 studies that measured the change in body
weight, 1 study [27] reported a significantly higher
change in body weight in the caffeine group than in the
control group (—83+2.32 g vs.—61+3.31 g, p<0.05,
respectively) [27]. One study [15] and another study that
used HFDM [4] reported a significantly lower change
in bodyweight in the caffeine group than in the control
group (6014 g/14 days vs. 80+3 g/14 days [15] and
2.39+0.36 g/day vs. 4.324+0.45 g/day [4], p<0.05 and
p<0.001, respectively). However, the study arm with
HSDM [4] induced an insignificantly lower change in
body weight in the caffeine group than in the control
group. Among the 18 studies included in this review, 2
measured the body fat percentage, and both [26, 29]
reported a significantly lower body fat percentage in the
caffeine group than in the control group (1.81=+0.60%

vs. 2.85+0.45%, p<0.05 [26] and 3.07+0.65% vs.
4.99£0.47%, p<0.01) [29]. Similarly, 2 studies measured
whole-body fat weight, and both [24, 26] reported a sig-
nificantly lower whole-body fat weight in the caffeine
group than in the control group (80£6 gvs. 152+7 g [24]
and 5.224+1.81 g vs. 10.99 £ 2.24 g [26], p <0.05 for both).
One study [29] measured white adipose tissue weight
and reported a significantly lower white adipose tissue
weight in the caffeine group than in the control group
(17.3+£3.4 g vs. 29.3£3.3 g, p<0.01) [29]. Four studies
measured body fat-pad weight but had considerable het-
erogeneity on which body fat-pad was harvested. More-
over, 3 of the 4 studies [21, 24, 29] that measured body
fat-pad weight harvested epididymal fat and reported
significantly lower body fat-pad weight in the caffeine
group than in the control group (4.1£0.5 g vs. 4.9£0.6
g [21] and 12247 mg/mm tibial length vs. 225+ 13 mg/
mm tibial length [24], and 8.9+ 1.5 g vs. 13.1+2.5 g [29];
p<0.05, p<0.05, and p<0.01, respectively). Only 1 [24]
out of the 4 studies that measured body fat-pad weight
harvested retroperitoneal, omental, and total abdomi-
nal (retroperitoneal + epididymal + omental) fat pads
and found significantly lower body fat-pad weight in the
caffeine group than in the control group (tibial length,
198 £10 mg/mm vs. 357 £21 mg/mm, 83 £ 6 mg/mm vs.
194+ 12 mg/mm, and 402 £21 mg/mm vs. 775 +46 mg/
mm, respectively; p <0.05 for all) [24]. One each of the 4
studies that measured the body fat-pad weight harvested
the perirenal fat [29] and visceral fat [4] reported signifi-
cantly lower body fat-pad weight in the caffeine group
(8.4+2.3 g vs. 16.2+3.6 g, p<0.01) and the HFDM [4]
caffeine group (7.80+£0.90 g/kg vs. 12.70+£0.64 g/kg,
p<0.001) [4] than in the control group, respectively;
however, the body fat-pad weight was insignificantly
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lower in the HSDM [4] caffeine group than in the control
group.

Effect of caffeine vs. control on dyslipidemia

Among the 9 studies that measured serum triglycerides,
3 [26, 28, 29] found significantly lower serum triglyc-
erides in the caffeine group than in the control group
(0.86+0.16 mmol/L vs. 1.53£0.22 mmol/L [p<0.05]
[26], 89.6+9 and 50.6+£2.9 mg/dL [caffeine 20 and
30 mg/kg/day groups, respectively] vs. 131.84+3 mg/
dL [p<0.05 for both] [28], and 1.054+0.13 mmol/L
vs. 1.394+0.17 mmol/L [p<0.01], respectively) [29].
Although 1 study [24] reported a significantly higher
serum triglyceride level in the caffeine group than in the
control group (1.5£0.2 mmol/L vs. 1.0+0.1 mmol/L,
p<0.05) [24], 5 studies [15, 19, 20, 22, 25] reported an
insignificantly lower serum triglyceride level in the caf-
feine group than in the control group. Furthermore,
10 studies measured serum total cholesterol, and 5 [15,
19, 20, 22, 24] found that the serum total cholesterol
level was significantly higher in the caffeine group than
in the control group; among these, the most significant
differences were observed in the studies of Tofovic,
Kusaka [19] (2001; p<0.001) and Tofovic et al. (2002;
628+102 mg/dL vs. 225+8 mg/dL in the caffeine and
control groups, respectively, p<0.005) [20]. Two stud-
ies [26, 28] reported a significantly lower serum total
cholesterol in the caffeine group than in the control
group (2.78+0.36 mmol/L vs. 4.324+0.88 mmol/L
[26] and 83.6+3 mg/dL [caffeine 20 mg/kg/day]
and 81.2+58 mg/dL [caffeine 30 mg/kg/day] vs.
110+4.4 mg/dL, p<0.05 for all) [28]. Three studies [25,
27, 29] reported an insignificantly lower serum total cho-
lesterol level in the caffeine group than in the control
group. Four studies measured LDL-C, of which 3 [25, 26,
29] reported a significantly lower LDL-C level (LDL-C in
the figure in Naidoo and Islam [25], 0.94+0.18 mmol/L
vs. 3.04+0.93 mmol/L [26], and 0.51 +0.05 mmol/L vs.
0.63+£0.07 mmol/L [29]; p<0.05 for all) and 1 study [27]
reported an insignificantly higher LDL-C level in the caf-
feine group than in the control group, respectively. Of
the studies that quantified HDL-C, 2 [15, 28] reported
a significantly higher HDL-C level (28 +2 mg/100 mL
vs. 23+1 mg/100 mL [15] and 52+5.1 mg/dL [caffeine
20 mg/kg/day] [28] and 50.1 +5.1 mg/dL [caffeine 30 mg/
kg/day] vs. 30.4£ 1.9 mg/dL [28], p <0.05 for both) and 3
studies [25—27] reported an insignificantly lower HDL-C
level in the caffeine group than in the control group;
however, 1 study [29] reported an insignificantly higher
HDL-C level in the caffeine group than in the control
group. Four studies measured serum non-esterified fatty
acids, of which 2 studies [8, 29] and the HSDM study
[4] reported a significantly lower serum non-esterified
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fatty acid level in the caffeine group than in the control
group (0.87 £0.04 mEq/L vs. 1.88 £0.14 mEq/L, p<0.001
[8]; 0.314+0.05 mmol/L vs. 0.39£0.05 mmol/L, p<0.05
[29]; and 610.24+41.06 pM vs. 940.62+£89.66 uM,
p<0.001, respectively) [4]; however, 1 study [24] reported
a significantly higher serum non-esterified fatty acid
level in the caffeine group than in the control group
(5.1+£0.4 mmol/L vs. 2.8+0.3 mmol/L, p<0.05) [24].
The HFDM [4] arm revealed an insignificantly lower
serum non-esterified fatty acid level in the caffeine group
than in the control group.

Effect of caffeine vs. control on hepatic steatosis

One study [15] measured liver triglyceride and liver cho-
lesterol levels and reported a significantly lower liver
triglyceride level (40.7+1.4 mg/g vs. 53.8+£2.9 mg/g,
p<0.05) [15] and an insignificantly higher liver cho-
lesterol in the caffeine group than in the control group.
Three studies measured the liver weight, of which 2 stud-
ies [15, 24] and the caffeine 20 mg/kg group of Naidoo
and Islam [25] reported an insignificantly lower liver
weight in the caffeine group than in the control group;
the caffeine 40 mg/kg group of Naidoo and Islam [25]
reported an insignificantly lower liver weight in the caf-
feine group than in the control group.

Effect of caffeine vs. control on hepatic dysfunction

Five studies evaluated serum AST, of which 3 studies
[25, 27, 29] reported an insignificantly lower serum AST
level and 2 studies [24, 28] reported a significantly lower
serum AST level (80+5 U/L vs. 102+5 U/L, p<0.05
[24] and 162411.7 U/L [caffeine 20 mg/kg/day group]
[28] and 157.245.7 U/L [caffeine 30 mg/kg/day group]
vs. 224+£20.5 U/L, p<0.05) [28] in the caffeine group
than in the control group. Five studies measured serum
ALT, and 3 of them [24, 28, 29] reported a significantly
lower serum ALT level in the caffeine group than in the
control group (42+3 U/L vs. 55+3 U/L [24], 67+2.1
U/L [caffeine 20 mg/kg/day group] [28] and 64+4 U/L
[caffeine 30 mg/kg/day group] vs. 110.443.2 U/L [28],
and 63.6+6.1 U/L vs. 77.34+11.5 U/L [29]; p<0.05 for
all). However, 1 study [27] reported an insignificantly
higher serum ALT level and another study [25] reported
an insignificantly lower serum ALT level in the caffeine
group than in the control group. Two studies meas-
ured the serum AP, and 1 study [24] reported a signifi-
cantly higher serum AP level in the caffeine group than
in the control group (363+20 U/L vs. 261+18 U/L,
p<0.05) [24]. Naidoo and Islam [25] reported a signifi-
cantly lower serum AP level in the 40 mg/kg/day caf-
feine group than in the controls (437.304+88.84 U/L vs.
713.75+£98.73 U/L, p<0.05) [25]. However, Naidoo and
Islam [25] reported an insignificantly lower serum AP
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level in the 20 mg/kg caffeine group than in the control
group. Two studies measured the serum LDH level, of
which 1 study [24] reported a significantly lower serum
LDH level (233435 U/L vs. 458 +31 U/L, p<0.05) [24]
and the other study [25] reported an insignificantly lower
serum LDH level in the caffeine group than in the control
group. Two studies reported serum albumin, of which
the 30 mg/kg/day caffeine group in the study of Helal,
Ayoub [28] had a significantly higher serum albumin level
(3424 0.09 g/dL vs. 3.05+0.07 g/dL, p<0.05) [28]. Helal,
Ayoub [28] and the 20 mg/kg/day caffeine group had an
insignificantly higher serum albumin level than the con-
trols. In addition, 1 study [24] reported an insignificantly
lower serum albumin level in the caffeine group than in
the control group. Two studies measured the serum total
bilirubin, and both [24, 28] reporting a significantly lower
serum total bilirubin in the caffeine group than in the
control group (1.61+0.2 pmol/L vs. 2.440.1 umol/L [24]
and 0.4+ 0.037 mg/L [caffeine 20 mg/kg/day group] [28]
and 0.440.04 mg/L [caffeine 30 mg/kg/day group] vs.
0.660.06 mg/L [28], p <0.05 for all).

Effect of caffeine vs. control on insulin resistance

Nine studies measured the serum fasting glucose: 4 stud-
ies [8, 20, 24, 25], the HSDM arm [4], and the 50 and
100 mg/kg/day caffeine group of Kagami, Morita [23]
reported a significantly lower serum fasting glucose level
in the caffeine group than in the control group (most sig-
nificantly, 156 +8 mg/dL vs. 205+11 mg/dL [20] and
107.8+£1.9 mg/dL vs. 259.5+£33.1 mg/dL; p<0.001 for
both) [8]; however, 2 studies [19, 27] reported an insig-
nificantly higher serum fasting glucose level in the caf-
feine group than in the control group, whereas 1 study
[21], the HFDM arm [4], and the 10 mg/kg/day caffeine
group of Kagami, Morita [23] reported an insignificantly
lower serum fasting glucose level in the caffeine group
than in the control group. Of the 2 studies that meas-
ured the serum postprandial glucose level, 1 study [19]
reported a significantly lower level (283.3+19.6 mg/dL
vs. 373+19.4 mg/dL, p<0.05) [19] and the other [25]
reported an insignificantly lower serum postprandial glu-
cose level in the caffeine group than in the control group.
Three studies measured the area under the glucose
curve: 2 studies [22, 24] reported a significantly lower
area under the glucose curve in the caffeine group than
in the control group (area under the glucose curve figure
of Tofovic, Salah [22], p<0.05) and (562+ 14 mmol/L/
min vs. 771+ 10 mmol/L/min, p<0.05) [24] and 1 study
[19] reported an insignificantly lower area under the
glucose curve in the caffeine group than in the control
group. Eight studies measured the serum fasting insulin
level, of which 1 study [25] reported a significantly higher
serum fasting insulin level in the caffeine group than in

Page 15 of 22

the control group (25.81+5.57 pmol/L [caffeine 20 mg/
kg/day group] [25] and 21.53+2.91 pmol/L [caffeine
40 mg/kg/day group] vs. 9.16+1.64 pmol/L, p<0.05)
[25]; however, 3 studies [8, 19, 20] and the HFDM arm [4]
reported a significantly lower serum fasting insulin level
in the caffeine group than in the control group (most
significantly, 406.8+82.3 pg/mL vs. 1176.4+157.4 pg/
mL [8], 69.9+9.4 pU/mL vs. 88.2+6.0 puU/mL [20], and
1.84+0.53 mg/L vs. 548 £0.22 mg/L [4],, p<0.001 for
all). Furthermore, 1 study [24] and the 50 mg/kg/day caf-
feine group of Kagami, Morita [23] reported an insignifi-
cantly higher, and 2 studies [21, 22], the HSDM arm [4],
and the 10 and 100 mg/kg/day caffeine groups of Kagami,
Morita [23] reported an insignificantly lower, serum fast-
ing insulin level in the caffeine group than in the control
group. One study [19] measured serum postprandial
insulin level and reported a significantly lower serum
postprandial insulin level in the caffeine group than in the
control group (110.6+3.4 plU/mL vs. 146.3+8.5 plU/
mL, p<0.05) [19]. One study [19] that measured the area
under the insulin curve and reported a significantly lower
area under the insulin curve (198.04+5.9 plU/mL xh
vs. 257.77+12.9 plU/mL x h, p<0.05) [19]. Nine stud-
ies measured the fluid intake, and 3 among those studies
[19, 20, 22] reported a significantly lower fluid intake in
the caffeine group than in the control group (most sig-
nificantly, 86 &5 mL/kg/d vs. 111+ 8 mL/kg/d, p <0.001)
[20]. Nonetheless, 3 studies [18, 21, 24] and the HFDM
[4] reported an insignificantly higher fluid intake in the
caffeine group than in the control group; and 2 studies
[14, 25] and the HSDM arm [4] reported an insignifi-
cantly lower fluid intake in the caffeine group than in the
control group. Five studies measured the urinary volume,
and 1 study [8] reported a significantly higher urinary
volume in the caffeine group than in the control group
(Suzuki, Shindo [8] abstract), whereas 4 studies [14, 19,
20, 22] reported a significantly lower urinary volume in
the caffeine group than in the control group (most signif-
icantly, 20.4+3.9 mL/min/g of kidney vs. 33.5+£3.7 mL/
min/g, p<0.001) [20]. Of the three studies that meas-
ured urinary glucose, all [19, 20, 22] reported a signifi-
cantly lower urinary glucose level in the caffeine group
than in the control group (most significantly, 1.6 +0.4 g/
day vs. 2.1£0.5 g/day, p<0.005) [20]. Five studies con-
ducted an OGTT (and all measured plasma glucose
levels at 30 and 60 min), of which 4 studies [20, 22, 24,
25] and the 100 mg/kg caffeine group of Kagami, Morita
[23] reported a significantly lower initial plasma glucose
level in the caffeine group than in the control group (ini-
tial plasma glucose level in the Figure [20, 22, 23, 25],
p<0.05; 4.14+0.2 mmol/L vs. 5.0+0.1 mmol/L, p<0.05)
[24]; however, the 10 and 50 mg/kg caffeine group of
Kagami, Morita [23] reported an insignificantly lower
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initial plasma glucose level in the caffeine group than in
the control group. At 30 min after the OGTT, the 50 and
100 mg/kg/day caffeine groups of Kagami, Morita [23]
reported a significantly lower plasma glucose level (fig-
ure, p<0.01 [23] and figure, p <0.001 [23], respectively), 1
study [20] reported an insignificantly higher plasma glu-
cose level, and 3 studies [22, 24, 25] and the 10 mg/kg/day
caffeine group of Kagami, Morita [23] reported an insig-
nificantly lower plasma glucose level in the caffeine group
than in the control group. At 60 min after the OGTT, 1
study [23] reported a significantly lower plasma glucose
level at 60 min (figure, in the 10 mg/kg caffeine group,
p<0.05 [23] and figure, in the 50 and100 mg/kg caffeine
groups, p<0.001) [23] whereas 4 studies [20, 22, 24, 25]
reported an insignificantly lower plasma glucose level in
the caffeine group than in the control group. At 90 min,
the 20 and 40 mg/kg/day caffeine groups [25] of Naidoo
and Islam [25] reported a significantly (p <0.05) [25] and
insignificantly lower plasma glucose level, respectively,
Naidoo and Islam [25] in the caffeine group than in the
control group. Among the 4 studies that measured the
plasma glucose level at 120 min in the OGTT, 3 studies
[20, 22, 24] and the 20 mg/kg/day caffeine group of Nai-
doo and Islam [25] reported a significantly lower plasma
glucose level (figure, in [20, 22, 24] and the 20 mg/kg
caffeine group of Naidoo and Islam [25], p<0.05) and
the 40 mg/kg caffeine group of Naidoo and Islam [25]
reported an insignificantly lower plasma glucose level in
the caffeine group than in the control group. The study
[24] that involved an ITT reported an insignificantly
lower ITT level initially, at 30 min and at 60 min, but a
significantly lower ITT level at 120 min, in the caffeine
group than in the control group (figure, p <0.05) [24].

Effect of caffeine vs. control on hypertension

Seven studies measured the SBP, among which 1 [20]
reported a significantly higher SBP (figure of Tofovic,
Kost [20], p<0.05), 3 [8, 16, 24] reported a significantly
lower SBP (most significantly, SBP figure of Choi, Lee
[16] and 141.94+2.7 mmHg vs. 154.2+2.8 mmHg, both
p<0.01) [8], 1 [19] reported an insignificantly higher SBP,
and 2 [14, 17] reported an insignificantly lower SBP in the
caffeine group than in the control group. Among the 4
studies that measured DBP, 1 [20] reported a significantly
higher DBP (figure of Tofovic, Kost [20], p<0.05), 1 [8]
reported a significantly lower DBP (94.2+5.3 mmHg
vs. 110.1+3.1 mmHg, p<0.05) [8], 1 [19] reported
an insignificantly higher DBP, and 1 [17] reported an
insignificantly lower DBP in the caffeine group than in
the control group. Of the 6 studies that measured the
MAP, 2 [18, 20] reported a significantly higher MAP
(124+7 mmHg in the 0.1 mg/mL caffeine group vs.
117+10 mmHg, p<0.05 [18]; 139+16 mmHg in the
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0.2 mg/mL caffeine group vs. 117+ 10 mmHg, p<0.001
[18]; and figure of Tofovic, Kost [20], p<0.05) and the
HFDM [4] and HSDM [4] arms reported a significantly
lower MAP in the caffeine group than in the control
group (86.92+3.96 mmHg vs. 108.04+5.30 mmHg,
p<0.01 in the HFDM [4] and 92.13+1.82 mmHg vs.
104.69+2.72 mmHg, p <0.05 in the HSDM) [4]; however,
2 studies [19, 22] reported an insignificantly higher MAP
and 1 study [17] reported an insignificantly lower MAP
in the caffeine group than in the control group.

For a summary of the results mentioned in this section,
refer to Table 2. For detailed results refer to the Supple-
mentary Data.

Discussion

To the best of our knowledge, this systematic review con-
stitutes the only review that focused solely on the in vivo
effect of caffeine on the cardiometabolic markers of the
metabolic syndrome in the rat model. In this systematic
review, caffeine was found to lower food intake in rats,
but with an inconclusive significance [4, 14, 15, 19, 20, 22,
25, 29]. Energy intake was lower in animals that received
caffeine therapy; however, the significance of this effect
remains unclear [21, 29]. The reduction in food intake
and energy intake supports the therapeutic potential
of caffeine in satiety promotion and appetite reduction,
which warrants further experimental research to explore
the significance of this effect and its potential therapeu-
tic role in the management of obesity. Most of the studies
showed that caffeine significantly lowered the final body
weight at the end of the experiment, thereby yielding
favorable results in animal models of the metabolic syn-
drome [8, 19-22, 24, 26, 29]. The change in body weight
gain from the baseline was lower in the caffeine therapy
group, but the significance was indeterminate [4, 15].
The body fat percentage was significantly lower in caf-
feine-treated animals than in controls [26, 29]. Caffeine
significantly lowered the whole-body fat weight in the
experimental subjects compared with that in their coun-
terparts [24, 26]. The whole-body white adipose tissue
weight was significantly lower following caffeine therapy
but was only reported in one study and requires further
confirmatory research [29]. The body fat-pad weight
was significantly lower in rats treated with caffeine than
in controls [4, 21, 24, 29]. All obesity related outcome
measures in our study point to a weight reducing desir-
able effect of caffeine, which is possibly mediated through
satiety promotion and the induction of lipolysis. The
lipolysis induced by caffeine can be possibly attributed to
the direct effect of caffeine on the adipose tissues in the
body or through the caloric deficit caused by caffeine’s
satiety promoting effect. Therefore, we recommend that
future research explores the use of caffeine as adjunct
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Table 2 Summary results of the effect of caffeine in the interventional group compared with the control group
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Outcome Outcome Measure Significantly Significantly Insignificantly Insignificantly Studies Reporting
Higher Lower Higher Lower the Outcome
Measure, N
Obesity Food Intake - 5 studies [15,19, 20, 2 studies [8, 2 studies [14, 10
22,29] 241+ HSDM [4] 25]+HFDM [4]
Energy Intake - 1 study [29] 1 study [24] 1 study [21] 3
Final Weight 1 study [18] 8 studies 1 study [25] 1 study [23] 11
[8,19-22, 24, 26,
29]
Change in Body 1 study [27] 1 study - HSDM [4] 3
Weight [15]+HFDM [4]
Body Fat Percent- - 2 studies [26, 29] - - 2
age
Whole-body Fat - 2 studies [24, 26] - - 2
Weight
Whole-body White - 1 study [29] - - 1
Adipose Tissue
Weight
Body Fat-pad - 3 studies [21, 24, - HSDM [4] 4
Weight 29]+ HFDM [4]
Dyslipidemia Serum Triglycerides 1 study [24] 3 studies [26, 28, 29] - 5 studies [15,19,20, 9
22,25]
Serum Total Cho- 5 studies [15, 19, 2 studies [26, 28] - 3 studies [25, 27, 10
lesterol 20,22, 24] 29]
LDL-C - 3 studies [25,26,29] 1 study [27] -
HDL-C 2 studies [15, 28] - 1 study [29] 3 studies [25-27]
Serum Non-esteri- 1 study [24] 2 studies [8, - HFDM [4]
fied Fatty Acids 29]4+HSDM [4]
Hepatic Steatosis  Liver Triglycerides - 1 study [15] - - 1
Liver Cholesterol - - 1 study [15] - 1
Liver Weight - - 2 studies [15, Naidoo and Islam 3
2414 Naidoo and [25]
Islam [25]
Hepatic Dysfunc-  Serum AST - 2 studies [24, 28] - 3 studies [25, 27, 5
tion 29]
Serum ALT - 3 studies [24, 28,29] 1 study [27] 1 study [25] 5
Serum AP 1 study [24] Naidoo and Islam - Naidoo and Islam 2
[25] [25]
Serum LDH - 1 study [24] - 1 study [25] 2
Serum Albumin Helal, Ayoub [28] - Helal, Ayoub [28] 1 study [24] 2
Serum Total - 2 studies [24, 28] - - 2

Bilirubin
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Table 2 (continued)

Outcome Outcome Measure Significantly Significantly Insignificantly Insignificantly Studies Reporting
Higher Lower Higher Lower the Outcome
Measure, N
Insulin Resistance Serum Fasting - 4 studies [8, 20, 2 studies [22, 27] 1 study 9
Glucose 24,2514+ HSDM [21]4+HFDM
[4] + Kagami, Morita [4] + Kagami,
[23] Morita [23]
Serum Postprandial - 1 study [19] - 1 study [25] 2
Glucose
Area Under the - 2 studies [22, 24] - 1 study [19] 3
Glucose Curve
Serum Fasting 1 study [25] 3 studies [8, 19, 1 study [24]+Kag- 2 studies [21, 8
Insulin 20]+HFDM [4] ami, Morita [23] 22]+HSDM
[4] + Kagami,
Morita [23]
Serum Postprandial - 1 study [19] - - 1
Insulin
Area Under the - 1 study [19] - - 1
Insulin Curve
Fluid Intake - 3 studies [19, 20, 22] 3 studies [18, 21, 2 studies [14, 9
24]4HFDM [4] 25]4HSDM [4]
Urinary Volume 1 study [8] 4 studies [14, 19, - - 5
20, 22]
Urinary Glucose - 3 studies [19, 20, 22] - - 3
OGTT Initial - 4 studies [20, 22, - Kagami, Morita [23] 5
24, 251+ Kagami,
Morita [23]
OGTT-30 min - Kagami, Morita [23] 1 study [20] 3 studies [22, 24, 5
25]+ Kagami,
Morita [23]
OGTT-60 min - 1 study [23] - 4 studies [20, 22, 5
24, 25]
OGTT-90 min - Naidoo and Islam - Naidoo and Islam 1
[25] [25]
OGTT-120 min - 3 studies [20, 22, - Naidoo and Islam 4
2414 Naidoo and [25]
Islam [25]
[TT Initial - - - 1 study [24] 1
[TT-30 min - - - 1 study [24] 1
[TT-60 min - - - 1 study [24] 1
[TT-120 min - 1 study [24] - - 1
Hypertension Systolic Blood 1 study [20] 3 studies [8, 16,24] 1 study [19] 2 studies [14, 17] 7
Pressure
Diastolic Blood 1 study [20] 1 study [8] 1 study [19] 1 study [17] 4
Pressure
Mean Arterial Blood 2 studies [18, 20] HFDM [4] +HSDM 2 studies [19, 22] 1 study [17] 6
pressure [4]

AST aspartate transaminase, ALT alanine transaminase, AP alkaline phosphatase, HDL-C high density lipoprotein cholesterol, HFDM high-fat diet model, HSDM high-
sucrose diet model, ITT insulin tolerance test, LDH lactate dehydrogenase, LDL-C low density lipoprotein cholesterol, OGTT oral glucose tolerance test
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pharmacological agent in the management of obesity or
metabolic syndrome.

In terms of dyslipidemia, caffeine lowered serum tri-
glyceride levels in subjects; however, there is no clear
consensus on the significance of this effect [15, 19, 20,
22, 25, 26, 28, 29]. There is no clear conclusive consensus
on the effect of caffeine on serum total cholesterol. How-
ever, most studies with significant results might indicate
a caffeine-induced increase in the serum total choles-
terol level which could be due to the increase in serum
HDL-C as cholesterol gets mobilized from blood vessels
towards the liver [15, 19, 20, 22, 24]. In contrast, caffeine
significantly lowered serum LDL-C levels, which has a
favorable effect on the dyslipidemic component of the
metabolic syndrome, which furthermore supports the
decrease in cholesterol transport from the liver towards
the blood vessels [25, 26, 29]. Caffeine’s effect on HDL-C
was inconclusive and there was no clear consensus; how-
ever, most studies with significant results found a favora-
ble increase in the serum HDL-C level suggesting a shift
in cholesterol transport from blood vessels towards the
direction of the liver [15, 28]. Serum non-esterified fatty
acids were significantly lower in animals treated with caf-
feine therapy than in controls which supports caffeine’s
role in decreasing lipids in the serum of dyslipidemic
subjects [4, 8, 29]. All dyslipidemia outcome measures in
our systematic review suggest an active role of caffeine
in decreasing the amount of lipids in the serum whilst
shifting the direction of cholesterol transport towards
the liver. The shift in cholesterol transport supports the
anti-atherosclerotic effect of caffeine and its potential in
reducing the size of atherosclerotic plaques. Therefore,
we recommend that future research focuses on deter-
mining the significance of the anti-atherosclerotic effects
of caffeine in the setting of metabolic syndrome and its
potential as an adjunct therapy in treating the resultant
dyslipidemia and atherosclerosis as compared to the cur-
rent standard of care.

In terms of insulin resistance, the OGTT, glucose lev-
els were initially significantly lower in caffeine-treated
animals than in controls [20, 22-25], but this effect at
30 [22-25] and 60 min was nonsignificant [20, 22, 24,
25] and was indeterminate at 90 min [25]. However, at
120 min, glucose levels were significantly lower in caf-
feine-treated rats, which indicated better glycemic con-
trol due to a decrease in insulin resistance which exerts
a favorable effect on the diabetes-related component
of the metabolic syndrome [20, 22, 24, 25]. Serum fast-
ing insulin levels decreased with caffeine therapy, but
there is no consensus on the significance of this effect
[4, 8, 19-23]. Only one study reported on serum post-
prandial insulin and the area under insulin curve, both
of which were significantly reduced; however, further
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confirmatory research is required [19]. The values on the
ITT were insignificantly lower initially, at 30 min, and at
60 min, and the significance remains inconclusive as this
value was reported by only one study [24]. However, the
result on the ITT at 120 min was significantly lower in
caffeine-treated subjects, which exerts a positive effect
on the diabetes-related component of the metabolic syn-
drome; however, this effect was reported by only one
study [24]. Our review suggests that caffeine decreases
insulin resistance in subjects with metabolic syndrome
as observed in the OGTT glucose levels which is sup-
ported by the decrease in the state of hyperinsulinemia
reported in the serum fasting insulin levels, serum post-
prandial insulin levels, area under insulin curve and ITT.
The decrease in insulin resistance observed in our review
due to caffeine intake in the metabolic syndrome sub-
jects could be attributed to the decrease in the amount of
adipose tissue and possibly the attenuation of the liver’s
gluconeogenesis. Serum fasting glucose levels were sig-
nificantly decreased with caffeine consumption, thereby
yielding favorable results in the metabolic syndrome rat
model [4, 8, 20, 23-25]. Serum postprandial glucose lev-
els decreased following caffeine therapy, but the signifi-
cance is yet to be determined [19, 25]. The area under the
glucose curve was lower in caffeine-treated subjects, but
with indeterminate significance [19, 22, 24]. The decrease
in serum fasting glucose, serum post prandial glucose and
the area under the glucose curve all confirm the improve-
ment of glycemic control as a result of decreased insulin
resistance coupled with a decreased in hyperinsulinemia.
Fluid intake decreased in the caffeine-treated group, but
this effect had no clear significance [4, 14, 19, 20, 22, 25].
Urinary volume was significantly reduced with caffeine
therapy, which suggests a significant decrease in fluid
intake due to caffeine consumption [14, 19, 20, 22]. Uri-
nary glucose was significantly decreased due to caffeine
intake and yielded favorable results in terms of the dia-
betes-related component of the metabolic syndrome [19,
20, 22]. Furthermore, the improvement in glycemic con-
trol due to caffeine was reflected in clinically significant
outcomes that are affected by the diabetic component
of the metabolic syndrome such as fluid intake, urinary
volume and urinary glucose. Therefore, we recommend
further experimental research into the therapeutic use of
caffeine as adjunct therapy in the management of the dia-
betic component of metabolic syndrome as compared to
the current standard of care.

In terms of hepatic steatosis and hepatic dysfunction,
only one study reported on liver triglycerides and found
that triglycerides were significantly lower in caffeine-
treated groups than in controls; however, this effect needs
to be confirmed in further research [15]. Liver cholesterol
levels, on the other hand, were found to be insignificantly
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higher, which may support the effects observed in our
dyslipidemia outcome measures which suggested a shift
in cholesterol transport from the blood vessels towards
the liver, however this outcome needs further research
as only one study measured it [15]. There was no clear
consensus on the effect of caffeine on the liver weight
as all studies that reported this effect had nonsignifi-
cant results [15, 24, 25]. Serum AST levels were lower
in caffeine-treated subjects, although the significance is
yet to be clearly determined [24, 25, 27-29]. Serum ALT
levels were significantly lowered by caffeine therapy [24,
28, 29]. The effect of caffeine on serum AP is unclear
and requires further research [24, 25]. Serum LDH levels
decreased with caffeine treatment but the significance of
this finding is indeterminate [24, 25]. Caffeine’s effect on
serum albumin is unclear and requires further research
as there is no consensus [24, 28]. Serum total bilirubin
levels were significantly decreased due to caffeine therapy
[24, 28]. Our outcome measures related to hepatic stea-
tosis and dysfunction indicate that caffeine has a positive
hepatoprotective effects such as reducing liver enzymes
and optimizing the liver’s metabolic activity. Our system-
atic review suggests that caffeine optimized the hepatic
function in the setting of metabolic syndrome through
increasing cholesterol uptake from the serum, decreasing
serum total bilirubin and potentially attenuating glucone-
ogenesis through the decrease in insulin resistance. The
optimization of the hepatic function by caffeine resulted
in the attenuation of dyslipidemia, hepatic dysfunction
and hyperglycemia, respectively. Therefore, we recom-
mend further research on the caffeine’s effect on hepatic
steatosis and dysfunction in the setting of metabolic syn-
drome to assess the significance of its role as a potential
optimizing hepatic agent in the management of meta-
bolic syndrome and hepatic steatosis.

SBP was lower in the caffeine-treated group than in
controls, but there is no clear consensus on the signifi-
cance [8, 14, 16, 17, 24]. The effect of caffeine on DBP was
inconclusive due to a lack of consensus in reporting this
effect [8, 17, 19, 20]. MAP was higher with caffeine ther-
apy although the significance is inconclusive as there is
no consensus [18-20, 22].

The evidence included in the review had some key limi-
tations, such as the variability of the metabolic syndrome
models that were utilized, which induced some substan-
tial challenges during the synthesis process and may
have resulted in a lack of consensus on the significance
of the findings. Another very important limitation is the
experimental duration of the studies which varied greatly
and might have disproportionately influenced the out-
come measures of the review. Furthermore, a significant
limitation of this review was the inclusion of studies that
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were only published in the English language due to the
authors language barrier limitations, which might have
resulted in the exclusion of studies written in different
languages that were relevant to this review. The heteroge-
neity in the methods used to assess the desired outcome
measures and the difference in units used greatly ham-
pered any attempt at pursuing a meta-analysis. A major
limitation of the studies included was the reporting of
outcome measures in the form of graphs without any
mention of the exact mean and standard deviation in the
results section, thereby rendering efforts at conducting a
meta-analysis futile. This resulted in resorting to a quali-
tative synthesis rather than a quantitative synthesis. The
lack of a quantitative synthesis in our review might have
resulted in the under characterization of caffeine’s effect
on the metabolic syndrome and its potential as a thera-
peutic agent in human subjects. Although, at the time of
writing of this review, a substantial amount of time has
passed from the end point of the literature search, the
large number of outcome measures that would need to be
extracted and resynthesized from newly included studies
of an updated endpoint, would have required a consider-
able amount of time, leading to the reoccurrence of same
limitation. Therefore, the authors deemed it infeasible to
update the literature search endpoint.

This review represents a stepping stone to the explo-
ration of caffeine’s metabolic effects in the setting of the
metabolic syndrome, especially as caffeine is one of the
most used substances worldwide and has the potential
to be used clinically as adjuvant therapy. Caffeine’s desir-
able effects of decreasing obesity, reducing dyslipidemia,
improving glycemic control and optimizing liver function
could potentially be used clinically in treating patients
with morbid obesity, diabetes, dyslipidemia, hepatic stea-
tosis and the metabolic syndrome. Therefore, we recom-
mend that future experimental rat model studies use a
more homogenous framework, models, and outcome
measures to limit the amount of potential confounding
factors that might impact the synthesis of future reviews.
Moreover, we recommend that future research should
focus on caffeine’s effect on dyslipidemia, hepatic steato-
sis, hepatic dysfunction, and hypertension in the setting
of the metabolic syndrome in rat models. Furthermore,
we believe that more research needs to be conducted
to support the existing evidence in the literature on the
effects of caffeine on obesity and insulin resistance before
any human clinical trials are considered.

Conclusion

We found that caffeine has favorable effects on the met-
abolic syndrome in the rat model, chiefly on the insulin
resistance and obesity components. We encourage future
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research on caffeine’s effect on dyslipidemia, hepatic
steatosis, hepatic dysfunction, and hypertension, as this
is essential for caffeine to be used as a novel adjuvant
therapy for the metabolic syndrome. In addition, we rec-
ommend conducting further research that supports the
evidence on caffeine’s effect on obesity and insulin resist-
ance before consideration of any human clinical trial.
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