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The impact of antibiotics on the metabolic status of obese adults
without bacterial infection: a systematic review and meta-analysis
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Background: The gut microbiota is involved in the pathophysiology of obesity. It is known that oral
antibiotics manipulate the gut microbiota; however, the impact on host metabolism of obese adults without
bacterial infection has not been systematically summarized.

Methods: We secarched for randomized, placebo-controlled trials that investigated the effects of oral
antibiotics on the metabolic status in obese adults via Medline, EMBASE, and the Cochrane Library. Primary
outcomes were homeostasis model assessment of insulin resistance (HOMA-IR), body weight, and rate of
diarrhea. Additional outcomes included fasting plasma glucose (FPG), plasma glucagon-like peptide-1 (GLP-
1), waist circumference, fecal short-chain fatty acid (SCFA) levels, and all adverse events. We assessed the
certainty of evidence based on Grading of Recommendations, Assessment, Development and Evaluations.
Results: Among 1,762 articles screened, four studies were eligible for quantitative analysis, two of which
were applied to meta-analysis. Oral antibiotics had low influence on HOMA-IR [mean difference (MD) 0.09
(95% CI: -0.96 to 1.13)], body weight [MD 4.1 kg (95% CI: ~23.77 to 31.97)], FPG [MD -0.12 mmol/L (95%
CI: -0.47 to 0.23)], and GLP-1 [MD 0.20 pmol/L (95% CI: -2.36 to 2.76)] compared to placebo. Antibiotics
treatment altered fecal acetate and butyrate levels, but resulted in little difference in propionate levels [MD
~13.60 pmol/g (95% CI: ~22.43 to ~4.77), MD ~7.60 pmol/g (~10.97 to ~4.23), MD —1.10 pmol/g (95% CI:
-4.18 to 1.98), respectively]. Several adverse events, such as sun sensitivity and gastrointestinal discomfort,
were reported following antibiotics treatment, but no diarrhea. The certainty of evidence for most outcomes
was very low to low, except for fecal SCFAs.

Conclusions: Our results indicate that oral antibiotics treatment is insufficient to ameliorate metabolic
parameters in obese adults, suggesting that oral antibiotics treatment may not qualify as a therapeutic

approach for obesity.
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Introduction

Obesity results from complex interactions such as
metabolic, genetic, and physiologic factors as well as
social, environmental, and lifestyle factors (1). Obesity
predisposes to an inflammatory state, which contributes
to the development of metabolic abnormalities, such as
insulin resistance and dyslipidemia, as well as cardiovascular
diseases (2). Obesity has recently emerged as a condition
with rising demand for treatment due to the dramatic
increase in its prevalence (3); therefore, it is very important
to combat obesity, which will consequently help prevent
associated health problems. Recent clinical and basic
research has suggested that the gut microbiota is one of
the most recently recognized factors playing a critical
role in obesity development (4), as it regulates nutrient
extraction from the daily diet (5), intestinal barrier function
via tight junction permeability, systemic endotoxemia (6),
and production of multiple signaling molecules, such
as short-chain fatty acids (SCFAs) (7). Next-generation
sequencing techniques and multi-omics approaches have
dramatically expanded our knowledge of the microbial
world, and have provided insights into the characteristics
of the gut microbiota in obese subjects, highlighting the
functional difference between obese and non-obese subjects
(8,9). Although the number and diversity of gut bacteria is
higher in the colon than in the small intestine, a low-pH
compartment with short transit times (10), an iz vivo study
has recently reported that altered gut microbiota in the small
intestine also have an impact on glucose metabolism (11).
Furthermore, it was also shown that germ-free mice, which
were fed a high fat diet, were protected against obesity
and insulin resistance (12). Based on this evidence, several
trials assessed the effects of oral antibiotics administration
on the metabolism of obese individuals via altering the gut
microbiota (13-15). However, the outcomes of interest
varied across studies, and it still remains unclear whether
oral antibiotics treatment could apply for clinical settings
to improve the metabolic status in obese subjects. We
therefore systematically summarized current evidence on the
impact of oral antibiotics on selected metabolic parameters,
such as homeostasis model assessment of insulin resistance

(HOMA-IR), body weight, fasting plasma glucose (FPG)
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levels, and plasma glucagon-like peptide-1 (GLP-1) levels
in obese subjects. We included fecal SCFA levels, which
reflect gut microbial profile alterations following antibiotics
treatment, as one of the secondary outcomes. The ultimate
goal of the present study is to reveal whether oral antibiotics
will be helpful in identifying novel treatment options for
obesity and associated diseases. We present the following
article in accordance with the PRISMA reporting checklist
(available at http://dx.doi.org/10.21037/atm-20-1007a) (16).

Methods
Compliance with reporting guidelines

We conducted a systematic review according to the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines (17) and the

recommendations listed in the Cochrane Handbook (18).

Research question and eligibility criteria

The research question addressed in the present study was:
“Do oral antibiotics have an impact on the metabolic status
of obese adults having no bacterial infection?” We included
both published and unpublished data sets of individual,
cluster, and cross-over randomized controlled trials (RCT's)
in our analysis. We excluded quasi-RCTs, non-randomized
studies, and observational studies, but included all relevant
studies, irrespective of language, publication year, and
country of origin.

A patient was defined as an adult subject (age
>18 years) with obesity (body mass index >25 kg/m’), but
we excluded cases of active infection or antibiotics intake
for treatment of other diseases. The term intervention was
defined as an administration of oral antibiotics. All kinds
of oral antibiotics and intervention periods were included
in this study. Comparison/control groups were defined as
patients subjected to placebo treatment, non-intervention,
or usual care.

Outcomes of interest

The primary outcomes of interest were HOMA-IR, body
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weight, and rate of diarrhea. HOMA-IR was calculated
as (insulin x FPG)/405. The secondary outcomes were
FPG, plasma GLP-1, waist circumference, fecal SCFA
levels, and all adverse events. We defined the timing of
measurement of HOMA-IR, body weight, FPG, GLP-1,
waist circumference, and fecal SCFAs as directly following
intervention. We planned to calculate the rate of diarrhea as
total incidence of diarrhea per intervention period. For all
adverse events, a qualitative report was included instead of
performing meta-analysis.

Search strategy and selection of studies

We searched MEDLINE via PubMed, EMBASE via
Proquest Dialog, and the Cochrane Central Register of
Controlled Trials (CENTRAL) for RCT, which were
designed to investigate the clinical effects of oral antibiotic
treatment on the metabolism of obese individuals having no
bacterial infection. The detailed retrieval strategy is shown
in Tables S1-S3. Two researchers (NY, YS) carried out the
search for other relevant research by hand-searching the
reference lists of the studies screened, and those of articles
citing such studies. After duplicates were removed, two
researchers (NY, YS) independently screened the articles by
checking whether the study titles and abstracts contained
information relevant to the present study using Rayyan (19).
In case of any disagreement between NY and YS, a third
researcher (YT, ST, MB, YK) acted as an arbiter. Finally,
we assessed the eligibility based on the full text.

Data extraction

We abstracted general information including study design,
authors, publication year, country of origin, and baseline
characteristics (sample size, mean age, and sex distribution),
as well as primary and additional outcomes of interest.
For continuous data, we reported results of the individual
outcomes as mean and standard deviation (SD). In cases
where the authors reported the continuous data as median
and Standard Error of the Mean or interquartile range,
we converted the indicated values to mean + SD according
to the Cochrane Handbook for Systematic Reviews of
Interventions (18). When multiple intervention groups
existed in an RCT, the mean and SDs in each intervention
group were integrated (18). All extracted data were
summarized in electronic spreadsheets.
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Dealing with missing data

For missing data on individual outcomes, we contacted
the corresponding author within a period of two weeks
through email, and reminded him/her up to two times. For
cases lacking a response from the author, we decided not to
impute the missing values.

Quality assessment

Two researchers (NY, YS) independently used a revised
tool for assessing risk of bias in randomized trials
(RoB 2) (20). Differences in opinion were resolved mostly
through discussion between the two researchers, and
occasionally with the help of a third researcher (YT, ST,
MB, and YK). To summarize the evidences, we followed the
Grading of Recommendations, Assessment, Development
and Evaluation (GRADE) approach, and prepared Summary
of Findings (SoF) tables (21) for the outcomes of interest,
such as HOMA-IR, body weight, rate of diarrhea, plasma
GLP-1 levels, and fecal SCFA levels.

Statistical analysis

We used the Cochrane Review Manager software (RevMan
V.5.3; Cochrane Collaboration, Copenhagen, Denmark) to
manage the data and carry out the random-effects model
meta-analysis (22). We reported the results of the outcomes
as mean difference (MD), which is the difference in the
mean values of intervention and control groups. We also
reported all effect sizes alongside 95% confidence intervals
(CI). Heterogeneity was assessed using the I’ index (23).
In the case where I’ >50% was identified for an outcome,
we investigated the underlying reasons and conducted the
X test, considering a P value <0.10 to indicate statistical
significance. The use of the Egger test for detecting
reporting bias was intended. We further planned pre-
specified sensitivity analyses for the primary outcomes, if
required, as well as subgroup analysis according to the type
of antibiotics intervention, if there would be more than one
RCT for each antibiotic.

Ethics and dissemination

Due to the nature of this study, no ethical issues are foreseen.
This study was registered with the International prospective
register of systematic reviews (CRD420201574006).
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MEDLINE via PubMed (n=423)
EMBASE via Dialog (n=1,325)
CENTRAL (n=593)

Records identified through database searching
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Records after duplicates removed
(n=1,762)
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(n=1,753)

Y

No additional records identified

through citation search

Y

Records screened
(n=9)

Y

Full-text articles assessed for eligibility
(n=9)

| Excluded due to erratum to the papel (n=1)
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[n=2 studies (5 records)]

Studies included in quantitative synthesis (meta-analys)

Figure 1 PRISMA flow diagram.

Results
Search results and characteristics of included trials

We identified 1,762 records during the search conducted
in December 2019. Nine full-text records were assessed
for their eligibility for the present study, out of which two
articles were excluded, as one of them was an erratum to a
paper already included (24), while the other was a protocol
article, which included subjects suffering from diabetes
mellitus, not obesity (25) (Figure I). We finally included
four individual RCT's (n=165) that fulfilled all the eligibility
criteria (13,15,26-30) (Figure I).

As shown in Tuble 1, three of the RCTs were performed
in the U.S.A., and one in the Netherlands. The mean or
median age of the subjects in the RCT's ranged from 45 to
61 years, with sample sizes of 18 to 66. One of the studies
included only male subjects (15).

The oral antibiotics used in these studies were

doxycycline (DOX) (200 mg/day and dose unknown),
rifaximin at 1,100 mg/day, amoxicillin (AMOX) at
1,500 mg/day, and vancomycin (VANCO) at 1,500 mg/day.

As we did not obtain any outcome data of interest even
after approaching the corresponding authors of two RCT's
(26,28), we included the two remaining RCTs (5 records)
in the meta-analysis (13,15,27,29,30) (Figure 1). Figure 2
shows the methodological quality of included studies. Both
studies reported concerns about or a high risk of bias for the
indicated outcomes.

Primary outcomes

Table 2 shows a summary of the findings of the present
study.

Compared with placebo, antibiotics caused little to no
difference in HOMA-IR [MD 0.09 (95% CI: -0.96 to 1.13)]
(Figure 34). Body weight was measured in one trial (14), but
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Outcome Study Risk of bias 2 tool assessment
Bias arising | Bias due to Bias due to Bias in Bias in Over all
from the deviations missing measurem selection of | risk of bias
randomizati | from outcome ent of the the
on process intended data outcome reported
intervention result
s
Frankwich
2012
HOMA-IR
Reijnders
2016
Body Frankwich
weight 2012
Frankwich
2012
Rate of
diarrhea
Reijnders
2016
Frankwich
2012
FPG
Reijnders
2016
I(iiI:cagon- Reijnders . . . .
peptide-1 2018
Waist No study
circumferen | reported the - - - - - -
ce outcome
Fecal Reijnders
SCFAs 2016
Frankwich
2012
All adverse
events
Reijnders
2016

. Low risk

Some concerns . High risk

Figure 2 Risk of bias assessment for indicated outcomes. Risk of bias was assessed by version 2 of the Cochrane risk-of-bias tool for

randomized trials (RoB 2). FPG, fasting plasma glucose; HOMA-IR, homeostasis model assessment of insulin resistance; SCFA, short-chain

fatty acid.

it was uncertain whether antibiotics resulted in a decrease
due to its wide CI [MD 4.1 kg higher (95% CI: -23.77 to
31.97)] (Figure 3B). No diarrhea was observed in both the
control and antibiotics groups (Table 2). The quality of
evidence in all groups was characterized by a very low to
low certainty of evidence due to limitations in study design
and imprecision. Performing an Egger test for detecting
reporting bias was planned; however, it could not be applied
due to a limited number of trials (31). We were not able to
carry out pre-specified sensitivity analyses for the primary
outcomes, or subgroup analysis according to the type of

© Annals of Translational Medicine. All rights reserved.

antibiotics intervention, because the number of studies was
insufficient.

Secondary outcomes

Compared with placebo controls, antibiotics
treatment had virtually no impact on FPG levels [MD
-0.12 mmol/L (95% CI: -0.47 to 0.23)] (Figure 4A).
GLP-1 levels were measured in one trial (15) and were
demonstrated to be largely unaffected by antibiotics
treatment [MD 0.20 pmol/L (95% CI: -2.36 to 2.76)]

Ann Transl Med 2020;8(17):1059 | http://dx.doi.org/10.21037/atm-20-1007a
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IV, Random, 95% CI
T
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A. HOMA-IR
Abx PLA
Study or Subgroup Mean SD Total Mean SD Total Weight
Frankwich [2012] 7.7 1141 9 8.7 10.8 11 1.2%
Reijnders [2016) 37 14 24 38 17 14 98.8%
Total (95% CI) 33 25 100.0%

Heterogeneity: Tau? = 0.00; Chi* = 0.05, df =1 (P = 0.82); I?=0%
Test for overall effect: Z = 0.16 (P = 0.87)

B. Body weight, kg

-1.00 [-10.66, 8.66]
0.10 [-0.95, 1.15]

0.09 [-0.96, 1.13]

-20 -10 0 10 20
Favours [Abx] Favours [PLA]

Abx PLA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Frankwich [2012] 126.7 38.1 9 1226 21.2 11 100.0% 4.10[-23.77, 31.97]
Total (95% CI) 9 11 100.0%

Heterogeneity: Not applicable
Test for overall effect: Z=0.29 (P = 0.77)

4.10 [-23.77, 31.97]
L

~100 50 0 50 100
Favours [Abx] Favours [PLA]

Figure 3 The results of meta-analysis of primary outcomes. Forest plot showing odds ratio and 95% confidence interval for each study

along with study weight. Abx, antibiotics; CI, confidence interval; FPG, fasting plasma glucose; GLP, glucagon-like peptide; HOMA-IR,

homeostasis model assessment of insulin resistance; MD, mean difference; SD, standard deviation.

(Figure 4B). The quality of evidence was very low due to
limitations in study design and imprecision. While none of
the studies reported waist circumferences, one study (15)
documented the levels of three main SCFAs; acetate,
butyrate, and propionate. There was moderate certainty
evidence that antibiotics reduced fecal acetate and butyrate
levels [(MD -13.60 pmol/g (95% CI: -22.43 to -4.77),
MD -7.60 pmol/g (95% CI: -10.97 to -4.23), respectively),
though antibiotics resulted in little to no differences in
propionate levels (MD -1.10 pmol/g (95% CI: -4.18 to 1.98)
(Figure 4C). Adverse events were documented in two RCTs.
One RCT (13) reported that one subject of the placebo
group had a skin yeast infection, whereas in the antibiotics
group one individual suffered from sun sensitivity, another
had joint aches, night sweats, nausea, and dizziness, while
two subjects had nausea. Another RCT (15) reported a few
cases of mild gastrointestinal discomfort.

Discussion

The results of this up-to-date review cover two RCTs
(placebo vs. DOX, placebo vs. VANCO vs. AMOX) and
showed that antibiotics treatment did not significantly
change HOMA-IR, FPG, body weight, and plasma GLP-1
levels as compared to placebo treatment, though antibiotics
probably reduced fecal acetate and butyrate levels, which

© Annals of Translational Medicine. All rights reserved.

served as an indicator for an alteration of gut microbiota
composition. This indicates that oral antibiotics treatment
may not have much impact on the metabolic status in
obese subjects immediately after antibiotics treatment,
even though it changed the gut microbiota profile. We
also found that other trials, which examined the effect of
antibiotics on the metabolic status, did not always report
outcomes important to our study, such as body weight or
waist circumference. Although we expected antibiotics
treatment to cause diarrhea, none of the RCTs reported the
incidence of diarrhea. However, considering that several
adverse events other than diarrhea were reported in the
antibiotics group, we should be careful with the use of oral
antibiotics.

Previous reports further support our conclusion that
modulating the gut microbiota by oral antibiotics treatment
may not have an impact on the metabolic status of an
obese patient. More specifically, Mikkelsen ez a/. conducted
a single-arm trial, by which they showed that four days
of treatment with a broad-spectrum oral antibiotics
cocktail containing VANCO (500 mg/day), gentamycin
(40 mg/day), and meropenem (500 mg/day) induced shifts
in the gut microbiota profile, but had no clinically relevant
short- or long-term effects on metabolic variables, such
as FPG, insulin, and GLP-1 in 12 healthy, non-obese,
glucose-tolerant males (32).
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A. FPG, mmol/L
Abx PLA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Frankwich [2012] 8 3 9 88 18 11 25%  -0.80[-3.03,143]
Reijnders [2016] 6.2 06 24 63 05 14 97.5% -0.10 [-0.48, 0.286]
Total (95% CI) 33 25 100.0%  -0.12 [-0.47, 0.23]

Heterogeneity: Tau? = 0.00; Chi? = 0.37, df = 1 (P = 0.54); I = 0% t t i t

1
Test for overall effect: Z = 0.66 (P = 0.51) -10 F.asvours [Abx]o Favours [F’EA] 10

B. Plasma GLP-1, pmol/L

Abx PLA Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Reijnders [2016] 95 35 24 93 41 14 100.0% 0.20 [-2.36, 2.76]
Total (95% CI) 24 14 100.0% 0.20 [-2.36, 2.76]
Heterogeneity: Not applicable t t t t i
-20 -10 0 10 20
Test for overall effect: Z = 0.15 (P = 0.88) Favours [PLA] Favours [Abx]
C. Fecal SCFAs, umol/g
<acetate>
Abx PLA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Reijnders [2016] 314 157 37 45 16.1 19 100.0% -13.60[-22.43, -4.77]
Total (95% CI) 37 19 100.0% -13.60 [-22.43, -4.77] -
Heterogeneity: Mot applicable t 4 + 4
R B -50 -25 0 25 50
Test for overall effect: Z = 3.02 (P = 0.003) Favours [PLA] Favours [Abx]
<butvrate>
Abx PLA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Reijnders [2016] 5 3.7 37 126 7 19 100.0% -7.60[-10.97, -4.23]
Total (95% Cl) 37 19 100.0% -7.60 [-10.97, -4.23] <
Heterogeneity: Not applicable Y50 35 ) 25 s

Test for overall effect: Z = 4.43 (P < 0.00001) Favours [PLA] Favours [Abx]

<propionate>

Abx PLA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight |V, Random, 95% CI IV, Random, 95% CI
Reijnders [2016] 114 53 37 125 57 19 100.0%  -1.10[-4.18, 1.98]
Total (95% ClI) 37 19 100.0% -1.10 [-4.18, 1.98]
Heterogeneity: Not applicable I t 1 i t
Test for overall effect: Z = 0.70 (P = 0.48) 50 Fif ours [PLA]O Favours [ Aii] 50

Figure 4 The results of meta-analysis of secondary outcomes. Forest plot showing odds ratio and 95% confidence interval for each study
along with study weight. Abx, antibiotics; CI, confidence interval; FPG, fasting plasma glucose GLP, glucagon-like peptide; MD, mean
difference; PLA, placebo; SCFA, short-chain fatty acid; SD, standard deviation.

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2020;8(17):1059 | http://dx.doi.org/10.21037/atm-20-1007a



Page 10 of 12

Interestingly, our results showed that oral antibiotics
elicited little differences in plasma GLP-1 levels compared
to placebo, with very low certainty evidence. Recent in
vivo studies suggest a strong association between the gut
microbiota in the small intestine and GLP-1 secretion
(33,34). Administration of probiotics could increase the
GLP-1 secretion, resulting in reduced food intake and
improved glucose tolerance in mice (35). However, our
results suggest that oral antibiotics may not have much
impact on the gut bacteria in the small intestine of humans.

Of note, antibiotics changed fecal acetate and butyrate
levels. Antibiotic treatment lowered fecal SCFA levels
possibly due to decreased numbers of gut bacteria.
SCFAs are produced by bacterial fermentation of dietary
carbohydrates (36), and have important effects on metabolic
homeostasis by maintaining a balance in mucus production
and secretion in the colon, promoting the generation
of colonic regulatory T cells, and improving hepatic
metabolism through activation of free fatty acid receptor 3
(37,38). We observed that oral antibiotic treatment lowered
fecal SCFA levels as compared to placebo administration
with moderate certainty evidence. However, taking into
consideration the beneficial effects of SCFAs, it can be said
that decreasing SCFAs production by antibiotic treatment
may have certain harmful effects. Therefore, again, it is
necessary to be cautious when it comes to the clinical use of
oral antibiotics for treatment of obesity.

On the other hand, there is evidence based on basic
research, which supports the beneficial effects of antibiotics
on the metabolic status. Previous iz vive studies have
shown that 10 weeks of treatment with low doses of oral
DOX, which is a broad-spectrum antibiotic belonging to
the tetracycline class of antibiotics and inhibitors of matrix
metalloproteinases (39), led to a decrease in systemic
inflammation and improved glycemic control, lipid
profiles, as well as islet morphology and function in db/db
mice (40). Taken the fact that gut microbial
lipopolysaccharides and related metabolic endotoxemia are
associated with the pathophysiology of obesity, as well as
with the metabolic status of obese individuals (6,41), it may
be reasonable to hypothesize that oral antibiotic treatment
targeting the gut microbiota would be beneficial for obese
subjects. However, the results of the present study did not
show any favorable effects of antibiotics, including DOX.
The observed discrepancy between findings in humans
and mice might be due to the differences in the natural,
species-specific gut microbiome (42). It is important to pay
attention to the complexities of translating the findings

© Annals of Translational Medicine. All rights reserved.
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from an animal model to humans.

Although we included an RCT, which used rifaximin
for intervention (26), no data was extracted from this RCT.
Researchers in Egypt are now conducting an RCT using
rifaximin as intervention treatment, entitled “Rifaximin
Improves Insulin Resistance in Metabolic Syndrome and
Reduces Insulin Requirement in Type 2 Diabetes.” (25).
Rifaximin has bactericidal activity against a broad spectrum
of enteric pathogens and has been shown to reduce plasma
lipopolysaccharide levels in chronic liver disease (43,44). The
results of this ongoing study will unravel the impact of rifaximin
on the metabolic status in obese subjects in the future.

The present systematic review and meta-analysis have
several limitations, which should be taken into consideration
when interpreting the results. First, we included only two
RCTs, and most results had low certainty of evidence.
Further RCTs will be required to assess whether oral
antibiotics have an impact on the metabolic status of obese
subjects. Second, we could not analyze the long-term effects
of oral antibiotics on the metabolic status of obese subjects.
It may be more important to investigate the clinically
relevant impact with a long-term follow-up approach.

Conclusions

In summary, the findings of the present study indicate that
oral antibiotics treatment of obese individuals without
bacterial infection did not alter their metabolic status,
though it affected the gut microbiota of treated compared
to placebo groups, suggesting that oral antibiotics treatment
might not serve as a therapeutic approach for treatment
of obesity and associated diseases. Further large and well-
designed RCT's will be warranted to confirm our findings
and unravel the type of antibiotics, which would have an
impact on the metabolic status of obese subjects.
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Supplementary

Table S1 Search strategy of MEDLINE via PubMed

Set# Searched for

#1 overweight[mh]

#2 "metabolic syndrome’[mh]
#3 overnutrition[mh]

#4 “Weight gain”[mh]

#5 #1 OR #2 OR #3 Or #4

#6 Obes* [tiab]

#7 overweight[tiab]

#8 “metabolic syndrome”[tiab]
#9 overnutrition[tiab]

#10 “Weight gain”[tiab]

#11 #6 OR #7 OR #8 OR #9 OR #10
#12 #5 OR #11

#13 “Anti-Bacterial Agents”[mh]
#14 “Anti-Bacterial Agents”[Pharmacological Action]
#15 #13 OR #14

#16 antibiotic*[tiab]

#17 antibacteri*[tiab]

#18 anti*bacter*[tiab]

#19 bacteriocid*[tiab]

#20 bactericid*[tiab]

#21 anti*microbial[tiab]

#22 ciprofloxacin[tiab]

#23 metronidazole[tiab]

#24 levamisole[tiab]

#25 ornidazoleftiab]

#26 fusidin[tiab]

#27 rifaximin[tiab]

#28 vancomycinltiab]

#29 “fusidic acid”[tiab]

#30 nitazoxanideftiab]

#31 teicoplanin[tiab]

#32 rifampicin[tiab]

#33 bacitracin[tiab]

#34 fidaxomicin[tiab]

#35 amoxicillin[tiab]

#36 azithromycin[tiab]

#37 cephalosporin*[tiab]

#38 cephalexin[tiab]

#39 clarithromycinltiab]

#40 clindamycin[tiab]

#41 doxycycline[tiab]

#42 erythromycin[tiab]

#43 flouroquinolone*[tiab]

#44 levofloxacin[tiab]

#45 macrolide*[tiab]

#46 nitrofurantoin[tiab]

#47 penicillin[tiab]

#48 tetracycline[tiab]

#49 trimethoprim([tiab]

#50 #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR

#30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 OR
#44 OR #45 OR #46 OR #47 OR #48 OR #49

#51 #15 OR #50

#52 #12 AND #51

#53 randomized controlled trial [pt]

#54 controlled clinical trial [pt]

#55 randomized [tiab]

#56 placebo [tiab]

#57 clinical trials as topic [mesh: noexp]
#58 randomly [tiab]

#59 trial [ti]

#60 #53 OR #54 OR #55 OR #56 OR #57 OR #58 OR #59
#61 animals [mh] NOT humans [mh]
#62 #60 NOT #61

#63 #52 AND #62




Table S2 Search strategy of EMBASE"

Set# Searched for

S2 EMB.EXACT.EXPLODE(“overnutrition”)

S3 (EMB.EXACT.EXPLODE(“body weight gain”))

S4 (ab(Obes* ) OR ti(Obes*))

S5 (ab(overweight) OR ti(overweight))

S6 (ab(“metabolic syndrome”) OR ti(“metabolic syndrome”))
S7 (ab(overnutrition) OR ti(overnutrition))

S8 (ab(“Weight gain”) OR ti(“Weight gain”))

S9 S8 OR S7 OR S6 OR S5 OR S4 OR S3 OR S2

S10 (EMB.EXACT.EXPLODE(“antibiotic agent”))

S11 (ab(antibiotic*) OR ti(antibiotic*))

S12 (ab(antibacteri*) OR ti(antibacteri*))

S15 (ab(anti bacter®) OR ti(anti bacter*))

S16 (ab(bacteriocid®) OR ti(bacteriocid®))

S17 (ab(bactericid*) OR ti(bactericid*))

S18 (ab(anti*microbial) OR ti(anti*microbial))

S19 (ab(ciprofloxacin) OR ti(ciprofloxacin))

S20 (ab(metronidazole) OR ti(metronidazole))

S21 (ab(levamisole) OR ti(levamisole))

S22 (ab(ornidazole) OR ti(ornidazole))

S23 (ab(fusidin) OR ti(fusidin))

S24 (ab(rifaximin) OR ti(rifaximin))

S25 (ab(vancomycin) OR ti(vancomycin))

S26 (ab(“fusidic acid”) OR ti(“fusidic acid”))

S27 (ab(nitazoxanide) OR ti(nitazoxanide))

S28 (ab(teicoplanin) OR ti(teicoplanin))

S29 (ab(rifampicin) OR ti(rifampicin))

S30 (ab(bacitracin) OR ti(bacitracin))

S31 (ab(fidaxomicin) OR ti(fidaxomicin))

S32 (ab(amoxicillin) OR ti(amoxicillin))

S33 (ab(azithromycin) OR ti(azithromycin))

S34 (ab(cephalosporin®) OR ti(cephalosporin®))

S35 (ab(cephalexin) OR ti(cephalexin))

S36 (ab(clarithromycin) OR ti(clarithromycin))

S37 (ab(clindamycin) OR ti(clindamycin))

S38 (ab(doxycycline) OR ti(doxycycline))

S39 (ab(erythromycin) OR ti(erythromycin))

S40 (ab(flouroquinolone*) OR ti(flouroquinolone®))

S41 (ab(levofloxacin) OR ti(levofloxacin))

S42 (ab(macrolide®) OR ti(macrolide®))

S43 (ab(nitrofurantoin) OR ti(nitrofurantoin))

S44 (ab(penicillin) OR ti(penicillin))

S45 (ab(tetracycline) OR ti(tetracycline))

S46 (ab(trimethoprim) OR ti(trimethoprim))

S47 S46 OR S45 OR S44 OR S43 OR S42 OR S41 OR S40 OR S39 OR S38 OR S37 OR S36 OR S35 OR S34 OR S33 OR S32
OR S31 OR S30 OR S29 OR S28 OR S27 OR S26 OR S25 OR S24 OR S23 OR S22 OR S21 OR S20 OR S19 OR S18 OR
S17 OR S16 OR S15 OR S12 OR S11 OR S10

S48 S47 AND S9

S49 ((@b(random*) OR ti(random*)) OR (ab(placebo*) OR ti(placebo*)) OR (ab(double NEAR/1 blind*) OR ti(double NEAR/1 blind*)))

S50 S49 AND S48

*, duplicates are removed from the search, but included in the result count. °, duplicates are removed from the search and from the result
count.



Table S3 Search strategy of Cochrane Central Register of Controlled Trials (CENTRAL)

Set# Searched for

#1 MeSH descriptor:[overweight]explode all trees

#2 MeSH descriptor:[Metabolic Syndrome]explode all trees

#3 MeSH descriptor:[Overnutrition]explode all trees

#4 MeSH descriptor:[Weight Gain]explode all trees

#5 #1 OR #2 OR #3 OR #4

#6 (Obes* ):ti,ab,kw

#7 (overweight):ti,ab,kw

#8 (“metabolic syndrome”):ti,ab,kw

#9 (overnutrition):ti,ab,kw

#10 (“Weight gain”):ti,ab,kw

#11 #6 OR #7 OR #8 OR #9 OR #10

#12 #5 OR #11

#13 MeSH descriptor:[Anti-Bacterial Agents]explode all trees

#14 (antibiotic*):ti,ab,kw

#15 (antibacteri®):ti,ab,kw

#16 (anti*bacter®):ti,ab,kw

#17 (bacteriocid®):ti,ab,kw

#18 (bactericid®):ti,ab,kw

#19 (anti*microbial):ti,ab,kw

#20 (ciprofloxacin):ti,ab,kw

#21 (metronidazole):ti,ab,kw

#22 (levamisole):ti,ab,kw

#23 (ornidazole):ti,ab,kw

#24 (fusidin):ti,ab,kw

#25 (rifaximin):ti,ab,kw

#26 (vancomycin):ti,ab,kw

#27 (“fusidic acid”):ti,ab,kw

#28 (nitazoxanide):ti,ab,kw

#29 (teicoplanin):ti,ab,kw

#30 (rifampicin):ti,ab,kw

#31 (bacitracin):ti,ab,kw

#32 (fidaxomicin):ti,ab,kw

#33 (amoxicillin):ti,ab,kw

#34 (azithromycin):ti,ab,kw

#35 (cephalosporin®):ti,ab,kw

#36 (cephalexin):ti,ab,kw

#37 (clarithromycin):ti,ab,kw

#38 (clindamycin):ti,ab,kw

#39 (doxycycline):ti,ab,kw

#40 (erythromycin):ti,ab,kw

#41 (flouroquinolone®):ti,ab,kw

#42 (levofloxacin):ti,ab,kw

#43 (macrolide®):ti,ab,kw

#44 (nitrofurantoin):ti,ab,kw

#45 (penicillin):ti,ab,kw

#46 (tetracycline):ti,ab,kw

#47 (trimethoprim):ti,ab,kw
#14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR

#48 #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41 OR
#42 OR #43 OR #44 OR #45 OR #46 OR #47

#49 #13 OR #48

#50 #12 AND #49
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