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Abbreviations: ACE, abundance-based coverage estimation; ALA, a-linolenic acid; BF%, body fat
percentage; BMI, body mass index; BP, blood pressure; CG, control group; CHD, coronary heart
disease; CHO, carbohydrates; Cl, confidence interval; CV, cardiovascular; d, day; DGGE, Denaturing
Gradient Gel Electrophoresis; DHA, docosahexaenoic acid; EPA, eicosapentanoic acid; EreC,
Eubacterium rectale-Clostridium coccoides; E%, energy percentage; FBG, fasting blood glucose; F/B,
Firmicutes to Bacteroides; FISH, fluorescence in-situ hybridization; Gl, glycemic index; HDL, high-
density lipoprotein cholesterol; HOMA, Homeostasis model of insulin resistance; IG, intervention
group; 1Q, interquartile range; KO, Knockout; LA, linoleic acid; LDL, low-density lipoprotein
cholesterol; LFHCC diet, low-fat, high-complex carbohydrate diet; LN, lean; LOM, logarithmic orders
of magnitude; Med diet, Mediterranean diet; MetS, Metabolic Syndrome; MUFA, monounsaturated
fatty acids; NEFA, non-esterified fatty acids; NOS, Newcastle-Ottawa Scale; n3 PUFA, omega-3
polyunsaturated fatty acid; n6 PUFA, omega-6 polyunsaturated fatty acid; NW, normal weight; OB,
obese; OTU, operational taxonomic unit; OW, overweight; PCoA, Principal coordinate analysis; PICO,
Population-Intervention-Comparison-Outcome; PRISMA, Preferred Reporting Items for Systematic
reviews and Meta-Analysis; PCR, polymerase chain reaction; PUFA, polyunsaturated fatty acids;
gPCR, quantitative polymerase chain reaction; RCT, randomized controlled trial; resp., respectively;
SCFA, short-chain fatty acids; SE, standard error; SEM, standard error of the mean; SFA, saturated
fatty acid; TC, total cholesterol; TG, triglycerides; T2D, Type 2 diabetes; USFA, unsaturated fatty
acids; UW, underweight; VLDL, very low density lipoprotein; VO2max, maximum oxygen uptake; WC,

waist circumference; vy, year.
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Abstract

Background and aims: Studies indicate that dietary fat quantity and quality influence the gut
microbiota composition which may as a consequence impact metabolic health. This systematic
review aims to summarize the results of available studies in humans on dietary fat intake (quantity
and quality), the intestinal microbiota composition and related cardiometabolic health outcomes.
Methods: We performed a systematic review (CRD42018088685) following PRISMA guidelines and
searched for literature in Medline, EMBASE, and Cochrane databases.

Results: From 796 records, 765 records were excluded based on title or abstract. After screening of
31 full-text articles six randomized controlled trials (RCT) and nine cross-sectional observational
studies were included. Our results of interventional trials do not suggest strong effects of different
amounts and types of dietary fat on the intestinal microbiota composition or on metabolic health
outcomes while observational studies indicate associations with the microbiota and health
outcomes. High intake of fat and saturated fatty acids (SFA) may negatively affect microbiota
richness and diversity and diets high in monounsaturated fatty acids (MUFA) may decrease total
bacterial numbers whereas dietary polyunsaturated fatty acids (PUFA) had no effect on richness and
diversity.

Conclusions: High fat and high SFA diets can exert unfavorable effects on the gut microbiota and are
associated with an unhealthy metabolic state. Also high MUFA diets may negatively affect gut
microbiota whereas PUFA do not seem to negatively affect the gut microbiota or metabolic health
outcomes. However, data are not consistent and most RCT and observational studies showed risks of

bias.

Keywords

Fat; fatty acids; saturated fatty acids; unsaturated fatty acids; intestinal microbiota; metabolic health
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Introduction and rationale

In recent years, the gut microbiota has emerged as a significant factor for the regulation of energy
balance and has been shown to be associated with obesity and metabolic diseases. The gut
microbiota plays an important role in polysaccharide fermentation and the production of short-chain
fatty acids (SCFA) which can be metabolized or used for the de novo synthesis of glucose, lipids or
bile acids [1, 2]. Additionally the gut microbiota is involved in the maintenance of barrier function of
the intestinal epithelium preventing the translocation of lipopolysaccharides and related
endotoxemia which can lead to inflammation and increased risk of insulin resistance [3, 4]. Studies
indicated that impaired gut microbiota-host interactions at infancy, e.g. by antibiotic use could

increase the risk of metabolic diseases in later life [5].

Dietary intervention and metabolic health outcome

Dietary sources of energy and nutrients play a significant role in the development of obesity and
metabolic diseases and also modulate the gut microbiota. Theoretically, dietary-induce microbiota
changes could also be partly responsible for the metabolic phenotype of the person. Indeed, the
obese microbiome has previously been reported to have an increased capacity to harvest energy
from the diet when transferred from humans to germ-free mice [6]. In observational studies in
humans, Bacteroides spp., Bilophila wadsworthia and Alistipes have been associated with a long-term
diet high in animal protein and saturated fats, whereas Prevotella, Roseburia, Eubacterium rectale
and Facalibacterium prausnitzii have been associated with plant-based diets high in carbohydrates
and simple sugars [1, 7, 8]. Animal studies indicate that high fat diets are associated with changes in
the gut microbiota leading to inflammation and increased risk of insulin resistance. In particular,
high-fat diets rich in long-chain saturated fatty acids (SFA) have been found to modulate the gut
microbiota resulting in dysbiosis, inflammation and consequently an increased risk of obesity and
metabolic syndrome (MetS) [9, 10]. In contrast, beneficial effects were observed for high tissue levels
of n3 polyunsaturated fatty acids (PUFA) which reduced body weight gain and the severity of insulin

resistance, fatty liver and dyslipidemia resulting from early-life exposure to antibiotics in a mouse
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model [11] but effects on microbiota are less well documented. Selective enrichment of specific
microorganisms has also been found to promote metabolic health in a number of dietary

intervention studies in humans [12, 13].

The gut microbiome and metabolic biomarkers in at-risk populations

An altered gut microbiome has been reported in individuals with type 2 diabetes, independent of
body mass index (BMI) [14, 15]. When compared to individuals with normal glucose tolerance, an
increased abundance of Lactobacillus spp. and a decreased abundance of Clostridium spp. were
shown in individuals with type 2 diabetes [14]. Furthermore, a mathematical model based on
shotgun metagenomic profiles identified an increase in Clostridium clostridioforme and a decrease in
Roseburia 272 metagenomic clusters in type 2 diabetes from two cohorts [14, 16]. Depletion of
Akkermansia muciniphilia has also been described as a microbial biomarker for type 2 diabetes prior
to the onset of disease in a metagenomics study in monozygotic Korean twins [15]. Reduced butyrate
and a decreased abundance of butyrate-producing genera, such as Roseburia, Faecalibacterium and
Clostridium, have been found to be associated with obesity and impaired glucose tolerance[17, 18].
Interestingly, an increase in propionate-producing genera, such as Bacteroides and Prevotella, were
found in overweight and obese human individuals [19], suggesting a potential inverse relationship
between butyrate and propionate with regard to metabolic health although also beneficial effects of

propionate on metabolic health have been reported [17, 20].

Thus this systematic literature review intends to investigate effects of dietary fat quantity and quality
including different types of fatty acids on the gut microbiota and metabolic health outcomes in

humans. It was performed within MyNewGut (http://www.mynewgut.eu/), a FP7 EU project which

aims to disentangle the role played by the gut microbiota (via interactions with lifestyle factors, e.g.
diet, eating habits, stress, etc.), in the regulation of pathways leading to the development of obesity
and the associated metabolic and behavioral disorders. This review is part of a series of position

papers of the MyNewGut project aiming at informing future recommendations for dietary guidelines
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based on project results and the latest advantages in the field regarding insights gained in the role of

the gut microbiome.

Methods

Search strategy and in-/exclusion criteria

We performed a systematic literature review following Preferred Reporting Items for Systematic
reviews and Meta-Analysis (PRISMA) guidelines [21]. Our review protocol was registered on

PROSPERO under the Registration Number CRD42018088685.

To identify studies we searched for literature in Medline via PubMed, EMBASE via the Elsevier
platform, and the Cochrane databases via Wiley from their inception. All searches were performed
on January 17, 2018 using a combination of subject and free-text terms with no date limit or
language restriction. The search strategy was developed for Medline and adapted to yield results in

other databases. Details on the Medline search strategy are provided in Supplementary Table 1.

Eligibility criteria included dietary fat or fatty acids as exposure of interest, the composition of the
intestinal microbiota, and metabolic health markers such as MetS score, overweight/obesity,
increased waist circumference, insulin resistance, hypertension, dyslipidemia or cardiovascular
diseases as outcomes. After extraction of the references, the following four criteria were considered
for further evaluation of an abstract: a) an experimental or observational comparative study in
humans, b) diets varying in composition or quantity of fat or fatty acid intake including biomarkers
for the intake, e.g. serum level of PUFA, c) association with or effects on the gut microbiota
composition, d) a metabolic health outcome in terms of the MetS, any of its components or
cardiovascular diseases. Study exclusions were no study in humans, a review and/or meta-analysis,
insufficient information on the quantity and/or quality of dietary fat or fatty acids or on the gut

microbiota composition or on the metabolic outcome. Guidelines, editorials, case-reports,
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dissertations or unpublished studies as well as conference abstracts and conference proceedings

were not considered.

Titles, abstracts and full-texts of articles were screened independently by two reviewers (MW, JA) for
eligibility. Disagreement was resolved by discussion and by a third senior reviewer (KG), when

needed.

Data extraction

The following data were extracted from each included study: first author’s last name, publication
year, country, information on study design, number and characteristics of participants, dietary fat/
fatty acid intake and/or biomarkers, intestinal microbiota composition, weight status, metabolic
health outcomes, and follow-up time. Data extraction was performed independently by pairs of

reviewers (MW, JA). A third reviewer (KG) resolved disagreement if needed.

Assessment of risk of bias

Quality assessment of risk of bias of randomized controlled trials (RCT) was conducted using the
Cochrane risk of bias tool [22] through which selection, performance, detection, attrition and
reporting bias of each study were judged as high, low or unclear risk. The assessment of
observational studies was performed using the Newcastle-Ottawa Scale (NOS) [23] that evaluates 9
items grouped in 3 domains: selection of participants (maximum score 4 stars), comparability of
groups (maximum score 2 stars) and ascertainment of the outcomes of interest (maximum score 4
stars). Total score ranged from 0 to 9 and higher score indicated better methodological quality. Two
reviewers (MRP, CW) independently assessed the risk of bias of individual studies and any

differences in quality assessment results were resolved through consensus.

Data synthesis and analysis



172

173

174

175

176

177

178

179

180

181

182

183

184

185

As study designs and outcome assessments varied, results are presented in a narrative way. Studies
are presented based on the PICO criteria (Population, Intervention [or Exposure], Comparison [if

applicable], Outcome).

Results

Figure 1 shows the flow diagram of the screened and selected studies.

Records identified through Mo additional records identified
database searching through other sources
(N=871)

Records after duplicates removed

(N = 796}
¥
Records screened | Records excluded
(N = 796) " (N = 765)
¥
Full-text articles assessed Full-text articles excluded
for eligibility > {N=18)
(N=31) Other than meta-
balic outcome (N = 10)
No fat exposure (M = 5)
¥ Mo comparator (M = 1)
Studies included in

systematic review
(N=15)

Figure 1: Flow chart of the selection process

Fifteen studies were included in this systematic review. Table 1 summarizes the characteristics and
results of the interventional studies and Table 2 of the observational studies included. Six of the
studies evaluated dietary interventions [24-29], five reviewed dietary records [30-35], one

investigated serum metabolites of fatty acids [36] and three applied a food frequency questionnaire
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[35, 37, 38]. All of the included studies were published between 2013 and 2017. Distinct study
designs were found, with six RCT [24-29], seven cross-sectional studies [30-32, 34, 35, 37, 38], and
two longitudinal cohort studies which analyzed cross-sectional data [33, 36]. Geographically, nine of
the studies were performed in Europe [24-27, 30, 36], three in North America [28, 31, 37] and three
in Asia [29, 35, 38]. Considering the patient selection, ten studies had no gender limit, three included
only women [30, 32, 34] and two included only men [27, 36]. Total sample sizes ranged from 20 [27]
to 88 [26] in interventional and from nine [37] to 531 [36] in observational studies. The mean age of
participants in the included studies varied between 8.1 and 63.3 years. The length of the
interventions varied from three weeks to one year, with a follow-up time of up to six months. With
one exception [28], in all interventional studies, a baseline assessment of the gut microbiota was

obtained, and microbial compositional changes were reported.
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Table 1: Characteristics and results of the randomized controlled interventional studies included in the systematic review

Study Population Study design and intervention Results / Effects on outcomes
Reference | N Characteristics Description Fat intake Microbiota Metabolic health
Balfego et al. N=35 (32 | T2D patients Randomized controlled Daily intake, mean No differences in the abundance of the bacterial Both groups:
2016 [24] finished) nutritional pilot trial (SE), IG / CG: groups analyzed comparing IG and CG at 6 months { Fasting insulin and HOMA (compared to baseline)
Mean (SE) but mean change from baseline to 6 months was not
F:54.3% | Age:60.6(1.4)y Country: Spain Fat (g): Changes after 6 months compared to baseline: different between |G and CG
BMI: 88.3(4.8)/79.2(45) | IG:
IG:N=19 | 1G 30.5 (1.0) kg/m> 2-week lead-in period, (Baseline) { Firmicutes - 1G patients exhibited greater decrease from baseline:
CG:N=16 | CG 28.8(0.8) kg/m’ then 6 months dietary 84.4 (8.1) / 83.7 (5.8) N Escherichia coli IG: -6.1+£1.8 mU/l insulin, -2.3+0.7 HOMA
intervention; 1 visit/ (6 months) N Bacteroides-Prevotella CG: -3.4%1.5 mU/l insulin, -1.120.7 HOMA
month by the dietician
PUFA (E%): CG: CG:
IG: standard diet for T2D | 5.8 (0.4)/7.1(0.5) { Firmicutes { HbAlc (-0.3+0.1%)
enriched with 100 g of (Baseline) N Escherichia coli
sardines (instead of 6.2(0.4) /6.3 (0.4) Trend of |, Firmicutes/ Bacteroidetes ratio IG:
usual protein foods) on (6 months) non-significant { HbA1c (-0.2+0.1%)
5 d/week
IG from sardines, g:
CG: standard T2D diet n3 PUFA: 3.5 (0.2)
EPA+DHA: 3.0 (0.2)
Blaedel et al. N=21 (18 | Healthy men, aged Randomized, controlled, | 1G/CG (E%): The overall fecal microbiota composition did not - No change in blood lipid profile, insulin or glucose
2016 [25] finished) | 23-45y crossover study change significantly in response to milk (IG) concentration in IG compared to CG
CHO:45/55 compared with CG.
F:0 Mean (SE) Country: Denmark Fat: 40/ 35 - No effect of diets on resting energy expenditure and
Age: 32.9(0.85)y Protein: 15/ 15 lipid oxidation.
BMI: 29.3 (0.5) 21 d intervention
kg/m? periods, separated by a
wash-out period
3arms:
Isoenergetic standard
diet with either
- whole-fat milk (1G)
- water (CG)
- inulin powder (not
considered here)
Fava et al. N=88 Adults at increased Randomized, controlled, High fat diets: { Total bacteria after intervention in the 3 diets - No significant changes in BMI, WC, BF% or BP
2013 [26] risk for MetS single blind, parallel 1G1/1G2 / CG (E%): with highest fat content (CG, 1G1, IG2) compared to between the diets at the end of intervention
F:51.1% design baseline

Mean (SD)
Age: 54.0 (9.5) y

Country: United

Total fat: 38 /38 /38
SFA:10/10/18

{ Total bacterial numbers after both high MUFA-

- No effect of the dietary interventions on insulin
sensitivity parameters
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BMI: 28.8 (4.9)
kg/m2

HDL: 1.6 (0.4)
mmol/I

Kingdom

4-week run-in reference
diet (CG, baseline: after
run-in), then 24 weeks
of one of the diets
(matched for age, BMI,
HDL)

CG: reference diet

1G1: HM/HGI: high
MUFA/high GI

1G2: HM/LGI: high
MUFA/low Gl

1G3: HC/HGI: high
CHO/high GI

1G4: HC/LGI: high CHO/
low Gl

MUFA: 20 /20/ 12
PUFA:6/6/6
CHO:45/45/45
Gl: 64 /53 /64

High CHO diets:
1G3 / 1G4 (E%):

Total fat: 28 / 28
SFA: 10/ 10
MUFA: 11 /11
PUFA:6/6
CHO:55/55

Gl: 64 /51

diets (IG1, IG2) compared with IG3 and with baseline

N Faecalibacterium prausnitzii after intervention
with CG compared to baseline and 1G4

M Bifidobacterium spp. population levels in 1G3
compared to CG

/M Bifidobacterium spp. population levels in IG3 and
1G4 diets compared to baseline

N Bacteroides spp. in 1G3 compared to baseline, but
not compared to the other diets

{ in NEFA concentration after intervention with 1G4
compared to CG and to IG3

After treatment compared to baseline:
JinWCin G2

{ in TC and LDL in all intervention groups
4 inBF% in IG3

{ in HDL after I1G3

J FBG after IG3 and 1G4

J Plasma insulin after 1G3

/N NEFA after IG3

4 NEFA after 1G4

N Bacteroides spp. numbers after IG3 diet was
associated with decreases in body weight, BMI and
WC (r=-0.64, r=-0.64 and r=- 0.45, resp.)

Haro et al. N=20 Obese CHD patients Interventional study LFHCC diet / Med diet LFHCC diet compared to baseline: - After 1 y: no differences in main metabolic variables
2016 [27] (E%): N Prevotella (glucose, HbA1c, insulin sensitivity index, TG, TC, HDL,
F:0 Mean (SE) Country: Spain { Roseburia LDL) between groups
Age: 63.3 (2.0) y Fat: 28 /35 N Faecalibacterium prausnitzii
BMI: 32.2 (0.5) Participants received MUFA: 12 /22 - No change in Oscillospira N Insulin sensitivity index for both the LFHCC and
kg/m? either a low-fat, high- PUFA:8/6 Med diet compared to baseline: Med diets, when measured from an OGTT performed
complex CHO diet SFA:8/7 { Prevotella at basal time and after 1 year of dietary intervention
(LFHCC) ora N Roseburia
Mediterranean N Oscillospira
diet (Med diet) for 1 N Parabacteroides distasonis
year
Puetal. 2014 | N=25 Adults with at least Randomized, controlled, | Oil treatments (all Comparisons between groups (no information on - BMI had no significant impact on richness (Chaol,
[28] (Finished | one cardiovascular double-blind, crossover diets were low in SFA): | baseline microbiota): ACE) and a-diversity (Shannon, Simpson)
per diet risk factor clinical trial - Oil treatments had no significant impact on richness | - Rarefaction curves showed higher richness and
with High MUFA, E%: (Chaol, ACE) and a-diversity (Shannon, Simpson) diversity in OW/OB compared to NW participants
stool Mean (SD) Country: Canada 1G1: canola oil - B-diversity did not change among treatments - Similarity/ differences in microbiota among
sample: Age: 53.6 (11.7) y [Canola; 63% MUFA, - Phylum distribution did not fluctuate across treatments and BMI (B-diversity) were compared
N=9-17) BMI: 29.6 (4.59) e 7-day rotation iso- 20% LA, 10% ALA] treatments or among MUFA vs PUFA groups using PCoA and PERMANOVA analyses of Bray-Curtis
kg/m? caloric menu (3 meals, 2 - Average ratio of Bacteroidetes-to-Firmicutes was distances: Difference in OW vs OB
F: 76% snacks, 3000 kcal/d: 1G2: DHA enriched 0.15 across diets and did not differ among
CHO: 50E% canola-oil interventions N Proportion of Firmicutes in OB compared to the
1 stool Protein: 15E% [CanolaDHA; 64% combined NW/OW group
sample Fat: 35E% MUFA, 13% LA, 6% - Genera Parabacteroides, Prevotella, Turicibacter,
after * 60 g/d dietary oils DHA] and family Enterobacteriaceae were positively - At the genus level, PLS-DA analysis confirmed a
inter- equally distributed to 2 correlated to MUFA-rich diets, while genus significant difference in the composition of bacteria
ventions beverage shakes at 1G3: high OA canola oil | Isobaculum was correlated to PUFA-rich diets among three BMI groups (R2=0.60, Q2=0.32)

breakfast and supper
e Five oil treatments

(CanolaOleic; 72%
MUFA, 15%

(R*=0.43, Q’=0.07)
- CanolaDHA correlated to family Lachnospiraceae

- TG was negatively correlated with phylum Aquificae
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Each treatment

phase lasted 30 days,
separated with 4 weeks
washout periods

LA, 2% ALA)

High PUFA, E%:

1G4 a blend of corn
oil/safflower oil
(CornSaff; 18%
MUFA, 69% LA) — high
n6 PUFA

1G5: a blend of flax
oil/safflower oil
(FlaxSaff; 18% MUFA,
38% LA, 32% ALA) —
high n3 PUFA

and phylum Firmicutes whereas CanolaOleic was
associated with genera Faecalibacterium and
Coprobacillus (R>=0.78, Q°=0.45)

- CornSaff (but not FlaxSaff) had an impact on genera
Eggerthella, Slackia, Soehngenia, Anaerostipes,
Robinsoniella, Phascolarctobacterium (R2=0.67,
Q’=0.22)

In OW participants:

- The genera Streptococcus, Tepidimicrobium,
Robinsoniella, and Turicibacter were correlated to
MUFA-rich and Coriobacterium and Mogibacterium
to PUFA-rich diets (R’=0.69, Q’=0.26)

- Comparing CanolaDHA and CanolaOleic, the genera
Adlercreutizia, Coriobacterium, Alistipes, and
Robinsoniella were correlated with CanolaDHA and
Lactobacillus with CanolaOleic (R*=0.90, Q*=0.60)

- Comparing PUFA-rich diets, CornSaff was
associated with the genus Adlercreutizia and FlaxSaff
with the genera Collinsella, Barnesiella,
Streptococcus, Roseburia, Coprobacillus, and the
family Peptostreptococcaceae (R*=0.98, Q’=0.74)

In obese participants:

- The genera Parabacteroides, Prevotella, Flexithrix,
and Fusibacter; the family Enterobacteriaceae, and
phylum Firmicutes were correlated to MUFA-rich
diets, but no specific taxa was associated with PUFA-
rich diets (R’=0.66, Q’=-0.20)

- Comparing CanolaDHA and CanolaOleic, only the
genus Parasutterlla correlated withCanolaDHA
(R?=0.91, @*=0.29)

- Comparing the PUFA-rich diets, the genera
Collinsella, Hydrogenobaculum, and Parabacteroides
were impacted by the CornSaff, while the genus
Clostridium was correlated to the FlaxSaff diet
(R’=0.98, Q*=0.63)

(r=-0.27) but positively with Cyanobacteria (r=0.24)

- LDL was positively correlated with phylum
Proteobacteria (r=0.28)

- HDL was positively correlated with Verrucomicrobia
(r=0.21)

- In CanolaDHA treatment, TC levels positively
correlated with Firmicutes (r=0.55)

- In CornSaff treatment, TC levels were correlated
with Bacteroidetes (r=0.64) and Bacteroidetes-to-
Firmicutes ratio (r=-0.65)

Rajkumar et
al. 2014 [29]

N=60

F: 50%

OW, healthy adults
aged 40-60y

Mean (range)
Age: 49 (40-60) y
BMI: 28.8 (27-30)
kg/m?

Randomized, placebo-
controlled trial

Country: India

Fecal samples were
obtained at baseline and
after 45 days (6 weeks of
intervention)

Participants received
either

(1) placebo (CG)

(2) VSL#3 capsules
(not considered here)
(3) n3 PUFA capsules
providing 180 mg EPA
and 120 mg DHA per

n3 group: No effect on gut microbiota

At baseline:

- Participants with vs without lipid abnormalities had
lower total lactobacilli, bifidobacteria, and
streptococcus and higher Escherichia coli and
bacteroides

- Similar trend for persons with vs without insulin
resistance

CG (compared to baseline):
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13

day (IG)

(4) n3 PUFA capsule +
VSL#3 (not considered
here)

Intervention effects
are only considered
for n3 PUFA (1G)
compared to CG

M FBG rose slightly

n3 group (compared to baseline):
J insulin levels and FBG

4 TC, TG, LDL, VLDL

N HDL, atherogenic index

{ reduced " increased
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Table 2: Characteristics and results of the observational studies included in the systematic review

Study Population Study design and exposure Results / Associations with outcomes
Reference N Characteristics Description Fat intake Microbiota Metabolic health
Brahe et al. N=53 Postmenopausal Cross-sectional Dietary intake/d, mean Faecalibacterium prausnitzii A2-165 and Bacteroides Negative correlation between metabolic markers of
2015 [30] obese women (BMI study (SD): pectinophilus which were associated with a healthy insulin resistance and the bacterial species
F: 100% 30-45 kg/m?) metabolic profile were negatively correlated with E% | Bacteroides faecis, Intestinibacter bartlettii,
Country: Denmark Total energy, kJ: of fat intake (r=-0.47 and r=-0.32, resp.). Bifidobacterium longum, Faecalibacterium prausnitzii
Mean (SD) 7572 (1797) A2-165, Dorea longicatena. The negative correlation
Age: 60 (6) y Baseline assessment Akkermansia muciniphila which was associated with between Faecalibacterium prausnitzii A2-165 and
BMI: 34.5 (3.8) of a study sample E%: a healthy lipid profile was negatively associated with markers of insulin resistance disappeared after
kg/m’ recruited for a Fat: 35.3 (6.3) E% of fat intake (r=-0.28). adjustment for fat intake.
dietary intervention | CHO: 40.8 (6.8)
study Protein: 18.9 (3.6) Clostridium bolteae which was associated with an Positive correlation between metabolic markers of
unhealthy metabolic profile was positively associated | insulin resistance and the bacterial species
3-d weighed dietary | Fiber, g: 21.3 (6.0) with E% of fat intake (r=0.35). Ruminococcus torques, Clostridium bolteae,
intake Eubacterium ramulus, Bilophila wadsworthia
Fecal sample Association between a healthy serum lipid profile and
the following bacterial species: Odoribacter
splanchnicus, Bacteroides pectinophilus, Bacteroides
cellulosilyticus, Bacteroides nordii, Roseburia inulini-
vorans, Akkermansia muciniphila, Faecalibacterium
prausnitzii A2-165,and Bifidobacterium longum
Association between an unhealthy serum lipid profile
and the bacterial species Catenibacterium mitsuokai,
and Holdemanella biformis
Fernandes et al. N=94 NW, OW and OB Cross-sectional Dietary intake/d, mean Combined groups: - F/B ratio was not different between the groups
2014 [31] adults study (SEM), LN / OW/OB: - Intake of PUFA was negatively correlated with
LN Energy, kcal: 2035 (80) / Bacteroidetes (r=-0.21), all bacteria (r=-0.22) and - LN (compared with OW/OB):
N=52 Mean (SEM) Case-control study: 2063 (101) Firmicutes (r=-0.25) N Escherichia coli
F:57.7% | LN (BMI <25 kg/m?): | Comparison of LNvs | E%:
Age 32.0(1.8) y OW/OB group Fat:34 (1) /36 (1) - BMI was inversely related to the number of
ow/0B BMI: 21.8 (0.3) CHO:47.3(1.2)/45.0 Bacteroidetes (r=-0.21) and Escherichia coli (r=-0.34)
N=42 kg/m? Country: Canada (1.4)
F: 50% Asian: 44% Protein: 17 (1) / 18 (1) - No association between the BMI and the log
Caucasian: 50% 3-d diet record Firmicutes-to-Bacteroides/ Prevotella ratio
Black: 2% g/1000 kcal:
Hispanic: 4% Fecal sample SFA: 11.6 (0.5) / - No differences in the proportion of participants
12.6 (0.7) between groups who were Archaea positive

OW/OB (BMI >25

MUFA: 11.3 (0.6) 12.0
(0.7)
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kg/m?):

Age: 37.9 (2.0)
BMI: 30.3 (0.7)
kg/m’

Asian: 31%
Caucasian: 55%
Black: 12%
Hispanic: 2%

PUFA, 5.2 (0.3)/ 6.0
(0.5)

Total fiber 11 (1) / 10 (1)
Alcohol 1.4 (0.6) / 1.7
(0.5)

TC:129(9) /139 (9)
Trans FA, g/d: 0.76
(0.12) / 0.76 (0.15)

Mayorga Reyes N=9 Young adults Cross-sectional Average dietary - No correlation between food intake and abundance | - No differences in the abundance of the phylum
et al. 2016 [37] study intake/d of LN / OW / of Firmicutes and Bacteroidetes phyla or between Bacteriodetes among groups
F:66.7% | Mean (SD) OB: food intake and Bacteroides thetaiotaomicron,
Age: 27.1 (6.27) Country: Mexico Energy, kcal: 2688 / Faecalibacterium prausnitzii, Clostridium leptum or - Abundance of Firmicutes in LN and OW groups was
N=3in 2520/ 1667 Prevotella two logarithmic order of magnitude (LOM) greater
each LN: Semi-quantitative Fiber, g: 30.6 /22.9/ than in OB
group, BMI: 19.8 (0.94) FFQ 18.7 - Abundance of Bifidobacterium longum was
LN, OW, | kg/m’ positively correlated with an intake of foods that Prevotella and Bacteroides thetaiotaomicron were not
OB WC: 67.7 (1.53) cm Phyla and bacterial Range (E%): contained USFA different among groups
species from fecal Fat: 36-40
ow: samples CHO: 46.2-52.8 - Intake of fiber was correlated to the abundance of - LN and OW participants had one LOM more of
BMI: 27.2 (0.51) Protein: 11.2-14.8 the Bacteroidetes phylum Faecalibacterium prausnitzii than OB participants
kg/m’ SFA: 9-11
WC: 87.8 (8.22) cm USFA: 8-9 - LN and OW had four LOM greater Clostridium leptum
abundance than did the OB group
OB: No difference in the
BMI: 41.3 (5.25) intake of SFA and USFA - Abundance of Bifidobacterium longum in the LN was
kg/m” among the groups two LOM more than in OW and five LOM more than in
WC: 114.3 (2.31) cm 0B
OW and OB persons
had a slightly higher
intake of SFA than
recommended
Nakayama et al. N=43 7-9 year old children | Cross-sectional Dietary intake/d, Ormoc city (compared to Baybay city): - All OW/OB children were living in Ormoc, suggesting
2017 [38] study mean (SD) N Bacteroidaceae a link between OW/OB and modern high-fat dietary
Mean (SD) N Ruminococcaceae habits
Ormoc Ormoc city (urban): Country: Philippines | Ormoc city (urban):
N=19 F: Age: 8.11 (0.66) y (Leyte island) E%: Baybay city (compared to Ormoc city): - Higher fat intake in the OW/OB group than in the
36.8% BMI: 18.8 (4.5) Fat: 26.8 (5.2) N Prevotellaceae NW/UW group
kg/m’ FFQ for dietary CHO: 60.4 (6.0)
Baybay assessment Protein: 12.9 (2.3) - No differences in Bifidobacteriaceae and - F/B ratio was higher and relative abundance of
N=24 Baybay city (rural): g/d: Lachnospiraceae between cities Prevotella was lower in the OW/OB than in the
F:41.7% | Age:8.21(0.51)y Fecal sample SFA: 29.2 (10.7) MUFA: NW/UW group (observed power determined

BMI: 14.8 (1.4)
kg/m’

85 and 95th
percentiles were

22.0(8.1) PUFA8.94
(4.24) Trans FA, mg: 0.34
(0.22)

Positive correlation of fat intake with:
- Firmicutes-to-Bacteroidetes (F/B) ratio
- Firmicutes

retrospectively was not statistically high enough to
warrant significance)
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used for the classifi-
cation into OW

and OB groups,
resp. Participants
below 15th
percentile

were classified as
underweight.

Baybay city (rural):

E%:

Fat: 17.9 (4.7)

CHO: 71.6 (6.0)

Protein: 11.2 (2.2)

g/d:

SFA: 15.9 (5.9) , MUFA:
13.5(5.7) PUFA: 4.69
(1.63) Trans FA, mg: 4.72
(18.84)

- an Oscillibacter sp.

- a series of Bacteroides/ Parabacteroides
spp.

- genus Bacteroides

- Order Clostridiales

Negative correlation of fat intake with:
- Bacteroidetes
- family Prevotellaceae / genus Prevotella
- genus Succinivibrio

- The correlation between altered gut microbiota and
high BMI suggests that a high-fat diet associated
obesity is present among Filipino children on Leyte
island

Org etal. 2017 N=531 45-70 year-old men Cross-sectional No information on - Several associations with various fatty acids, - Fasting glucose levels were strongly associated with
[36] analysis dietary fat intake accounting altogether for 41% of all taxonomy level unclassified Coriobacteriaceae and several OTUs from
F: 0% Mean (SD) (19 out of 46) and 33.8% of all OTU level (51 out of Blautia were positively associated with pyruvate and
Age: 61.97 (5.45)y Data based on a Serum metabolites of 151) associations glycerol
BMI: 27.92 (3.60) follow-up study of fatty acids
kg/m? the population- The most significant associations were observed with | - Higher abundances of genus Methanobrevibacter
based study cohort the abundance of members of the genus Blautia and (Archaea), Tenericutes, Peptococcaceae and
(subcohort of the phylum Tenericutes: Christensenellaceae correlated with lower TG levels
METSIM cohort) - Abundance of Blautia was positively associated
with SFA and MUFA and negatively associated with - No differences in either bacterial richness or in the
Country: Finland degree of unsaturation and PUFA, including n3, DHA, | F/Bratio between participants with different body
n6, and LA weights and predisposition to T2D
Fecal samples - Negative associations of SFA with phylum
Tenericutes In persons with high BMI:
-Negative associations of MUFA with Peptococcaceae | 1 the family Tissierellacea and the genus Blautia
- Positive associations of PUFA with Tenericutes and { Archaea (Methanobrevibacter)
Peptococcaceae (for the latter also with LA, n6 PUFA) | “Mthe genus Anaerostipes
- Positive association of n3 PUFA incl. DHA with
Bacteroidales In pre-diabetic persons:
{ lower abundances of an OTU from the families
Ruminococcaceae and Christencenellacea and the
genus Methanobrevibacter
- M abundance of the order Bacteroidales in obese
subjects was associated with lower HOMA and the
higher abundance of the genus Collinsella with higher
levels of glycerol and phenylalanine - Opposite effect
in LN subjects
Roytio et al. N=100 OW/OB women at Cross-sectional Group 1: low- - Intakes of total fat and different fat types (except - Contradictory findings were found at the genus level
2017 [32] (88 with | early pregnancy analysis within an fiber/moderate-fat for n3 PUFA) were negatively associated with one within the family Lachnospiraceae: Lachnospira was
com- (<17 week of ongoing mother— group (N=57) - fiber (PUFA, n6 PUFA) or more indicators of gut negatively and Blautia positively correlated with
plete gestation) infant dietary intake (<25 g/d) / total microbiota diversity and richness (a-diversity, concentrations of various sized VLDL particles and TG
data) intervention trial fat intake (25-40 E%) measured as Chaol, observed OTU, phylogenetic in VLDL
Mean (SD) diversity, Shannon index) - The genus Lachnospira was negatively associated
F: 100% Age: 30.1(4.7)y Country: Finland Group 2: high- - SFA were negatively associated with all diversity with serum TG
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Pre-pregnancy BMI:
30.2 (4.6) kg/m’

The three groups
did not differ in BMI

A 10-h fasting blood
sample was drawn
from the the
participants.

Fecal samples from
mothers were
collected.

3 d food diaries
recorded within the
week before the
study visit

fiber/moderate fat
group (N=18) -

fiber (>25 g/d) / total fat
intake (25-40 E%) but
higher energy intake
than the other groups.

Group 3: low-fiber/high-
fat group (N=13) - fat
intake (240E%). SFA
consumption above
reference (>10 E%)
Consumption of SFA,
MUFA and PUFA, in
addition to total fat, was
higher than in the other
groups; consumption of
fiber and total CHO
lower than
recommended.

and richness indexes, whereas n3 PUFA showed no
correlation

- Negative correlations between the

intake of fat (E%) and SFA (E%) and relative
abundance in the family Barnesiellaceae

Comparison of the 3 groups, Mean (SD):

Higher in the high-fiber/moderate-fat group
compared with the low-fiber/high-fat group: a-
diversity (Chaol index) 406.2 (44.4) vs 341.0 (SD
57.9), phylogenetic diversity (PD) 39.0 (4.5) vs 31.3
(6.7) and observed number of OTU 355.8 (38.7) vs
293.8 (59.0). The low fiber/moderate-fat group did
not differ from the other groups (Chao 1 index 380.0
(57.3), PD 35.8 (5.9), observed number of OTU 333.0
(55.2).

- The genus Blautia was positively associated with
VLDL diameter, but negatively with the diameters of
LDL and HDL.

- No correlations were detected between gut
microbiota richness indexes and serum lipidomics
variables.

- No differences were detected in markers of low-
grade inflammation, serum lipidomic variables or
zonulin concentration among the three diet groups.

Simoes et al.
2013 [33]

N=40

F: 55%

NW:
N=11

ow:
N=18

OB:
N=11

Monozygotic twin
pairs

Mean (SD)
NW:

Age: 26 (3) y
BMI: 22.9 (2.2)
kg/m2

Oow:

Age: 29 (3)y
BMI: 26.5 (1.2)
kg/m?

OB:

Age: 28 (4) y
BMI: 32.4 (2.1)
kg/m’

Cross-sectional
analysis of data
from a population-
based longitudinal
survey

Country: Finland

Participants were

divided into 3 BMI
groups:

NW (19<=BM<25)
OW (25<=BMI<30)
OB (BMI>=30)

3-d food diary,
supervised by a
specialist

NW / OW / OB, mean
(SD):

Energy, MJ: 8.0 (1.7) /
8.4(2.2) /9.8(2.0)

g/d:

Fat: 77 (29) / 75 (26) /
85 (22)

SFA:30(12) /28 (9.9)/
32 (8.6)

MUFA: 23 (8.9) / 19 (6.9)
/23(6.9)

PUFA: 10 (4.0) / 10 (5.1)
/13(5.2)

n3 PUFA: 1.8 (0.7) / 1.5
(0.7) /1.6 (0.6)

n6 PUFA: 7.9 (3.2) / 8.6
(4.5)/11 (4.4)

CHO: 200 (50) / 219 (58)
/255 (51)

Protein: 85 (29) / 86 (31)
/81(31)

Total fiber: 21 (14) / 16
(6.1) /17 (5.5)

High energy intake compared to lower intake:
{ Bacteroides spp.
/M Bifidobacteria

Greater MUFA compared to lower consumption:
{ Bifidobacteria

- Increased ingestion of n3 PUFA had a significant
association with higher numbers of bacteria within
the Lactobacillus group

- Greater n6 PUFA consumption was negatively
correlated with the numbers of bifidobacteria

- Co-twins with the same SFA intake had very similar
Bacteroides spp. profiles (80-100% similarity)
whereas the twin pairs with distinct SFA intake had
low similarity (0-25%). The group of co-twins who
consumed similar amounts of fiber had very low
bifidobacterial similarity (0-25%).

- The numbers of bacteria within the different
bacterial groups, as measured by qPCR, did not differ
between BMI groups.

- The diversity of the studied bacterial groups, defined
as the number of the bands obtained by different
group-specific PCR DGGE did not differ between BMI
groups.

- No relation was found between the intrapair DGGE
profile similarities and the co-twin concordance for
BMI, intrapair difference in BMI, or body fat.
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Yamaguchi etal. | N=59 T2D patients Cross-sectional Dietary intake/d, - Clostridium cluster IV: negatively correlated with fat | - Bifidobacterium spp., order Lactobacillales and
2016 [35] F:57.6% study mean (SD): intake (r=-0.261); positively correlated with CHO Bacteroides spp. were negatively correlated with
Median (1Q) (r=0.266) fasting blood glucose (r=—0.264)
NW: Age: 65 (58.5-69.0) Country: Japan Energy: 1692 (380) kcal - Clostridium cluster XI: positively correlated with - Clostridium subcluster XIVa: positively correlated
N=42 % both fat (r=0.301) and protein intake (r=0.363) with TC (r=0.385)
ow: BMI: 23.0 (20.4- Fasting blood and E%:
N=13 25.6) kg/m’ fecal samples Fat: 23.2 (5.3) - Clostridium cluster IV was negatively correlated with
OB: CHO:57.5(5.2) fecal acetate which was shown to be beneficial for
N=4 Data-based short Protein: 13.2 (2.2) glucose tolerance
FFQ - Propionate and acetate were negatively correlated
to insulin and HOMA. Butyrate was positively
correlated to HDL. Total SCFA were negatively
correlated with insulin and HOMA.
Yang et al. 2017 N=71 Premenopausal Cross-sectional Daily mean intake of High fitness (low BMI) compared to low fitness group | - EreC was positively correlated with BF% (r=0.382)
[34] women aged 19-49 study low/ moderate/ high (high BMI): and TG (r=0.390) and negatively with HDL (r=0.26)
F:100% | vy fitness group (E%, unless | 1 proportions of Bacteroides After adjustment for BF%, correlations disappeared.
Country: Finland otherwise stated): { EreC, phylum Firmicutes
Low: Mean (95% Cl) No differences between groups for Bifidobacterium, - Multivariable regression analysis showed that EreC
N=24 Low fitness: Food diary records Fat: 32.8/34.1/35.2 Enterobacteria, Faecalibacterium prausnitzii contributed the most to VO2max, BF%, Leptin, HDL, TG
Age: 40.4 (36.9- CHO: 47.1/ 45.6/ 44.7
Mode- 44.0)y 3 groups according Protein: 18.4/ 18.0/ 18.0 | - EreC was positively correlated with fat intake - VO2max was negatively correlated with BF%
rate: BMI: 31.7 (30.2— to cardiorespiratory | Alcohol (E%): 1.73/2.38/ | (r=0.258) (r=0.755), TG (r=-0.274) and leptin (r=-0.574)
N=23 33.1) kg/m’ fitness (tertiles of 0.63 -EreC was inversely correlated with CHO intake
BF%: 40.6 38.1-43.0) | VO2max): (r=-0.252)
High: (1) high fitness Fiber, g/d: 20.4/ 24.1/
N=24 Moderate fitness: (high) 21.0
Age: 39.7 (35.5- (2) moderate
43.8)y fitness =
BMI: 27.9 (26.7- control
29.1) kg/m? (moderate)
BF%: 35.5 (33.2- (3) low fitness
37.8) (low)
High fitness:
Age: 30.6 (25.6-
35.6)y
BMI: 24.6 (23.0-
26.2) kg/m’
BF%: 28.0 (25.0-
31.0)
208 { lower " higher
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Risk of bias assessment

Quality assessment of randomized controlled interventional studies based on the Cochrane tool

In total, six RCT were evaluated based on the Cochrane risk of bias tool (Table 3). All six studies were
considered of ‘low-risk’ with regard to ‘random sequence generation’. The sequence generation was
described as being computer generated in each of the studies, with the exception of Rajkumar et al.
2014 [29] where an identification number was assigned to each participant by a scientist blind to the
treatments corresponding with each code. Four of the six studies were considered ‘low-risk’ with
regard to ‘allocation concealment’ as the assignment of codes was reported as blinded. In two
studies [26, 27], risk was considered ‘unclear’ as the allocation of codes was not reported. The
blinding of participants was considered ‘low-risk’ in two of the six studies as blinding of participants
and study coordinators was performed for each study [25, 28]. Four of the remaining studies were
considered ‘high-risk’ as either the participants or study group were not reported to be blinded. The
blinding of outcomes was considered ‘low-risk’ in five of the six studies, with the exception of one
study [26] which was considered ‘unclear’ as the analysis performed in the study was not clearly
reported as blinded. With regard to ‘incomplete outcomes’, two of the six studies were considered
‘low-risk’ as the number of missing data points was minimal and would not be considered as a source
of bias in these studies. One study [28] was considered ‘high-risk’ as a number of participants did not
provide a sample at every time point throughout the study, and three of the remaining studies were
considered ‘unclear’ as missing data points and/or the final number of participants was not stated.
Overall, all six studies were considered ‘low-risk’ with regard to ‘selective reporting’ as all outcome
assessments provided in the methods were stated in the results section, and two of the six studies
were considered ‘high-risk’ with regard to other forms of bias due to gender (all participants were

men) [27] and the obese state of the participants [28].

Quality assessment of case-control studies based on Newcastle-Ottawa Scale
In total, nine cross-sectional studies were analyzed according to the NOS (Table 4). Two studies

received a score of 2 in the ‘selection’ category because of their study design. Three studies received
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a score of 3 in the ‘selection’ category as they successfully completed the criteria required for an
adequate case-study definition with the selection of suitable control groups. Four studies received
the maximum of 4 stars in the ‘selection’ category as they completed all of the necessary
requirements for the selection and definition of a high quality case-control study. In the
‘comparability’ category six studies received a score of 2 (maximum score) due to the number of
variable confounding factors which were included and adjusted for in the analysis, such as BMI, age
and dietary intake among others. Four of the studies received a score of 1 in this ‘comparability’
category as only one confounding factor was controlled for throughout the study. In the ‘exposure’
category six studies received a score of 2 (maximum score is 4) as the methods used to attain the
results for each study did not appear to create potential bias in either the case or control groups;
however these six studies did not clearly describe the non-response rate in each group and therefore
were not awarded an additional star. Two studies received a score of 1 in the ‘exposure’ category as
the ascertainment of results was only adequate in either the case or control group. Fernandes et al.
2014 received a total score of 3 in the ‘exposure’ category as only one participant was reported to
drop-out of the study. Overall, three studies received a total score of 8, three studies received a total
score of 7, one study received a total score of 6 and two studies received a total score of 5 in the NOS
quality assessment scale. Studies which received higher scores of 7 or 8 indicate better

methodological quality.

Table 3: Risk of bias assessment of the randomized controlled trials (RCT) based on Cochrane risk of

bias tool. Risk of bias of each item was judged as low (+), high (-) or unclear (?).
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Random . Blinding of Blinding of .
Allocation . . Incomplete Selective .
Reference sequence participants outcome . Other bias
. concealment outcome reporting
generation /personnel assessment

Balfego et al. . . i . ) . .
2016 [24]
Blaedel el al.

+ + + + + + +
2016 [25]
Fava et al. . ) i ) ) . N
2013 [26]
Haro et al.

+ ? - + + + -
2016 [27]
Pu et al.

+ + + + S + s
2014 [28]
Rajkumar et

+ + - + ? + +
al. 2014 [29]
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262  Table 4: Quality assessment for the selected studies based on Newcastle-Ottawa Quality Assessment Scale for case-control studies. Total score ranges from 0 to

263 9. Higher scores indicated better methodological quality.

SELECTION COMPARABILITY EXPOSURE
Case Representativeness Selection Definition Ascertaiment of Same me.t hod of Non- TOTAL
Reference - Study controls for... ascertaiment response
definition of the cases of controls  of controls the exposure
for cases and controls rate

Brahe et al. 2015 [30] * * * * % * % 7
Fernandes et al. 2014 [31] * * * * * * * 7
Mayorga Reyes et al. 2016 [37] * * * * * * 6
Nakayama et al. 2017 [38] * * * * * * * 7
Simoes et al. 2013 [33] * * * * * % * * 8
Org et al. 2017 [36] * * * * * % * * 8
R&yti6 et al. 2017% [32] * * * 5k * 5
Yamaguchi et al. 2016" [35] * * %% * 5
Yang et al. 2017 [34] * * * * * % * % 8

264 # Analysis of associations between diet and the gut microbiota composition and clinical markers only, no case-control design
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High versus low fat diets in relation to the intestinal microbiota and metabolic outcomes
Interventional studies

High fat interventional diets reduced total bacteria compared to baseline, whereas this reduction
was not seen in low fat/high carbohydrate diets in adults at increased risk of MetS. Instead, the latter
increased Bifidobacterium spp. and Bacteroides spp. At the end of the interventions with three high-
fat and two low-fat diets, no differences in cardiometabolic risk factors were observed [26].
Accordingly, no differences between either a high-fat Mediterranean (high in MUFA) or a low-fat diet
were observed in main metabolic variables of glucose/insulin metabolism and lipoprotein profile
after one year of intervention. The Mediterranean diet resulted in a decrease of the genus Prevotella
and increased the genera Roseburia and Oscillospira and the species Parabacteroides distasonis

compared to baseline [27].

Observational studies

In overweight and obese pregnant women with different dietary patterns the intake of total fat was
negatively associated with gut microbiota diversity and richness [32]. In a cross-sectional study with
postmenopausal obese women, a healthy lipoprotein profile showed a positive association with the
species Faecalibacterium prausnitzii A2-165, Bacteroides pectinophilus and Akkermansia muciniphila
which were negatively correlated with fat intake. Clostridium bolteae was positively correlated with
fat intake and showed a positive correlation with markers of insulin resistance [30]. In Philipine
children, the families Bacteroidaceae and Ruminococcaceae were higher in urban living children with
low fat intake compared to rural living children with very low fat intake who had higher abundance of
the family Prevotellaceae. Fat intake was positively correlated with the Firmicutes-to-Bacteroidetes
(F/B) ratio, Firmicutes, an Oscillibacter species, various Bacteroides/ Parabacteroides species, genus
Bacteroides and the order Clostridiales (Firmicutes) and was negatively correlated with the genera
Bacteroidetes and Prevotella (family Prevotellaceae) and Succinivibrio (phylum Proteobacteria) [38].
Contrary correlations with fat intake were seen for Clostridium cluster XI which correlated positively

and Clostridium cluster |V (Clostridium leptum) which correlated negatively in 59 patients with type 2
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diabetes. The latter was also negatively correlated with fecal acetate which was shown to be
beneficial for glucose tolerance [35]. In premenopausal women, Eubacterium rectale-Clostridium
coccoides (EreC) was positively correlated with fat intake and showed a positive correlation with
body fat percentage. In a multivariable regression analysis EreC contributed the most to body fat

percentage, HDL and TG [34].

High versus low SFA diets in relation to the intestinal microbiota and metabolic outcomes
Interventional studies

In a crossover RCT in healthy men who received for 21 days either a diet enriched with whole-fat milk
(40 E% of fat) which contains mainly SFA or an isoenergetic standard diet with 35 E% of fat no effects
on the fecal microbiota, on the blood lipoprotein profile or on insulin and glucose concentrations
were observed [25]. A high total fat/high SFA diet (18 E% of SFA, 38 E% of total fat) increased
Faecalibacterium prausnitzii compared to baseline. The comparison of five diets including the high
SFA diet, two isoenergetic low SFA diets (10 E%) with the same amount of total fat and two low
fat/high carbohydrate diets did not result in differences in BMI, waist circumference, body fat
percentage, blood pressure and insulin sensitivity parameters between the diets at the end of the

intervention [26].

Observational studies

In overweight and obese pregnant women, SFA consumption was negatively associated with all gut
microbiota diversity and richness indexes [32]. In adult men, higher abundance of the genus Blautia
which was positively associated with SFA serum metabolites was detected in persons with high BMI.
Higher abundance of the phylum Tenericutes which was negatively associated with SFA metabolites
correlated with lower triglyceride levels [36]. In a study with monozygotic twin pairs, co-twins with
the same SFA intake had very similar Bacteroides spp. profiles whereas low similarity was observed in

twin pairs with distinct SFA intake [33].
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High MUFA diets in relation to the intestinal microbiota and metabolic outcomes

Interventional studies

Two high fat/high MUFA diets decreased total bacterial numbers compared to a low fat/high
carbohydrate diet and compared to baseline. While waist circumference decreased in the high MUFA
group with low glycemic index compared to baseline, no significant changes in BMI, waist
circumference, body fat percentage, blood pressure or insulin sensitivity between the different
MUFA- and/or PUFA-rich diets were detected at the end of the intervention [26]. In a cross-over RCT
with identical total fat intake but different MUFA-rich oil treatments, high MUFA diets showed no
effect on richness/diversity indexes, the phylum distribution or Bacteroidetes-to-Firmicutes ratio.
MUFA-rich diets were positively correlated to the genera Parabacteroides, Prevotella and
Turicibacter, and the family Enterobacteriaceae. The BMI had no significant association with richness
(Chao1l, ACE) and a-diversity (Shannon, Simpson) although rarefaction curves showed higher richness
and diversity in overweight/obese compared to normal weight participants. Additionally, similarity
and differences in microbiota among BMI (B-diversity) showed differences in normal weight versus
obese participants. Also a higher proportion of the phylum Firmicutes was reported in obese
compared to the combined normal weight/overweight group. Triglyceride levels were negatively
correlated with the phylum Aquificae and positively with Cyanobacteria while LDL was positively
correlated with Proteobacteria and HDL with Verrucomicrobia [28]. Compared to baseline, a MUFA-
rich Mediterranean diet decreased the genus Prevotella and increased the genera Roseburia and
Oscillospira , and the species Parabacteroides distasonis while a low-fat diet with a high proportion of
complex carbohydrates (LFHCC) showed opposite effects in the genera Prevotella and Roseburia, no
effect on Oscillospira, and an increase of the species Faecalibacterium prausnitzii. While insulin
sensitivity was increased after one year on both diets compared to baseline, no differences in the
main metabolic outcomes of glucose/insulin status and lipoprotein profile were observed between

the groups [27].

Observational studies
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In adult men, abundance of the genus Blautia which was shown to be positively associated with
MUFA serum metabolites was increased in persons with high BMI. Higher abundance of the phylum
Tenericutes which was negatively associated with MUFA metabolites correlated with lower
triglyceride levels. MUFA were also negatively associated with the family Peptococcaceae [36]. In a
study with monozygotic twin pairs, higher compared to lower MUFA consumption was correlated to
lower number of the genus Bifidobacterium. The numbers of bacteria within the different bacterial
groups as measured by qPCR and diversity of studied bacterial groups did not differ between BMI

groups [33].

High PUFA diets in relation to the intestinal microbiota and metabolic outcomes

Interventional studies

Three RCT investigated the effects of n3 PUFA enriched diets on the gut microbiota and found no
effects on the intestinal microbiota compared to control groups [24, 28, 29]. However, only one of
the interventions had a longer duration of six months [24], whereas the other two interventions
lasted for only 30 days [28] or six weeks [29]. Ingestion of a docosahexaenoic acid (DHA)-enriched
high MUFA diet and a high n3 (a-linolenic acid, ALA) or n6 (linoleic, LA) PUFA diet had no impact on
bacterial richness, diversity or phylum distribution. Compared to a high MUFA diet with low n3 PUFA
a DHA-enriched high MUFA diet correlated to the family Lachnospiraceae and the phylum Firmicutes.
Total cholesterol levels were positively associated with Firmicutes in the group with the DHA-
enriched high MUFA diet. In the n6 LA enriched diet total cholesterol levels were positively
correlated with the phylum Bacteroidetes and negatively with the Bacteroidetes-to-Firmicutes ratio

[28].

Observational studies
In accordance with the results of the interventional studies, Royti6 et al. (2017) also reported no
correlation between any diversity or richness index and n3 PUFA intake in pregnant women [32]. In

adults, an inverse association between PUFA intake and Bacteroidetes, all bacteria and Firmicutes
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was shown. The BMI was inversely related to the number of Bacteroidetes [31]. Org et al. (2017) [36]
investigated serum metabolites of fatty acids in 45-70 year-old men and found that the abundance of
the genus Blautia was negatively associated with PUFA including n6 and n3 PUFA and was increased
in participants with higher BMI. In contrast positive associations with PUFA were observed with the
genus Bacteroidales, the phylum Tenericutes and the family Peptococcaceae. Higher abundances of
the latter two correlated with lower triglyceride levels [36]. In monozygotic twin pairs high n3 PUFA
ingestion was associated with higher numbers of bacteria within the Lactobacillus group whereas
higher intake of n6 PUFA was negatively associated with the abundance of the genus Bifidobacterium
[33]. In contrast, in a study with nine participants the abundance of the species Bifidobacterium
longum was positively correlated with the intake of unsaturated fatty acids and was higher in lean

than in overweight and obese participants [37].

Discussion

To our knowledge, this is the first systematic review that compiles and provides effects/associations
of dietary fat quantity and quality on/with the gut microbiota composition and cardiometabolic
health in humans. Based on 15 included studies, our results of interventional trials do not suggest
strong effects of dietary fat quantity or quality on the gut microbiota or on metabolic health
outcomes while observational studies indicate associations with the gut microbiota and health
outcomes. It has to be noted that half of the interventional studies had a relatively short duration of
three to six weeks [25, 28, 29], which may be one reason why they showed no strong effects of fat
type on either the gut microbiota or on metabolic health. Figure 2 gives an overview of the main
results of intervention and observational studies included in this systematic review. As evidence
provided by observational studies is less strong than that from intervention studies the following
discussion section will primarily focus on the latter studies.

It should be noted that the value of the results of microbiota analysis is limited due to the use of
gPCR and FISH methods in most of the studies published, which do not allow a complete taxonomic

assessment of the hundreds of species inhabiting the intestine. Consequently, comprehensive
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analyses by Next Generation Sequencing methods are required to better reflect the impact of fat
guantity and quality on gut microbiota at the community structure level. Additionally, a recent study
conducted in three different populations that investigated the temporal stability of specific
microbiome features, based on 16S ribsomal RNA (rRNA) gene profiles and including two biological
samples from each subject separated by approximately six months, revealed a large variability and
low temporal stability of major phyla and alpha-diversity metrics. This makes it very difficult to draw
reliable conclusions from cross-sectional studies as well as to identify robust associations between
the microbiota changes with health outcomes in intervention studies unless several samples are

analyzed longitudinally [39].

Intake of # Outcomes in Microbiota Outcomes in Metabolism

J- Total bacterial number2®
A MUFA, 1 Parabacteroides, Prevotella, Turici-

bacter, Enterobacteriaceae (T CV risk) 2
Interventional studies

Total fat J-Total bacterial number2®
Baseline
A — ‘.
: (QJQ)
s, = ' . . . .
f ‘wrég% S J-Bacterial diversity or richness 32
= i T Clostridium bolteae (Obesity) 3° T Insulin resistance 3@

J- Foecalibacterium prausnitzii®®
Endpoint Uizl it ™ F/B, |, Prevotella3®
— T Clostridium clusterXland |, Clostridium
. cluster v (T2D) 3%

" &5 ‘ I Eubacterium rectale and Clostridium

1 Body fat percentage 3
’ coccoides (Premenopausal women) 34 yiatp 8

J-Bacterial diversity or richness 32

B SFA
Observational studies T Blautia*® T BMI3#
MUFA T Blautia 3
J Bacteroidetes3! I BMI 3
PUFA
P Tenericutes 38 J TG

Figure 2: Main associations between dietary fat and intestinal microbiota and between intestinal
microbiota and metabolic health markers. Both, interventional (A) and observational studies (B)

show associations between total fat intake, mainly SFA, and reduction of bacterial abundance,
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diversity and richness in the gut. (A) Dietary fat interventions do not suggest strong effects on gut
microbiota. (B) High intake of total fat or SFA is positively correlated with the abundance of
Clostridium bolteae and Blautia respectively, both species associated with unhealthy metabolic
outcomes (insulin resistance and increased BMI). PUFA-enriched diet is associated with increased
abundance of Tenericutes which is associated with lower levels of TG in plasma.

?In the study by Org et al. 2017 [36], serum levels instead of dietary intake were measured.

High fat, high SFA and high MUFA diets

High fat (Western) diets have been shown to be associated with lower richness and diversity of the
intestinal microbiota in animals and humans [40-42] whereas high intake of vegetables and fruit (rich
in fiber) is associated with high richness and diversity [43, 44]. This is in line with the observed
reduction of total bacteria after dietary interventions with high compared to low fat content in adults
with increased MetS risk [26]. Also in pregnant women total fat and SFA intake were negatively
associated with the gut microbiota richness and diversity [32]. While previous studies showed that
lower microbiome richness is associated with obesity, higher fat mass, insulin resistance and
dyslipidemia compared to higher richness [45, 46], no significant differences of metabolic markers
after high versus low fat interventional diets were observed in a randomized study although total
bacteria decreased after the high fat interventions [26]. Accordingly, in adults with at least one
cardiovascular risk factor the BMI had no significant impact on richness and a-diversity although
rarefaction curves showed higher microbiota richness and diversity in overweight/obese compared
to normal weight participants. Additionally, similarity and differences in microbiota among BMI (B-

diversity) showed differences in normal weight versus obese participants [28].

In contrast to SFA, results on the effects of MUFA-rich diets are less consistent. In mice, MUFA do not
seem to affect microbiota richness and diversity [47] and may even increase bacterial density [48].

Also in adults with increased cardiovascular disease risk, microbiome richness and diversity were not
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affected by high MUFA intake after an interventional period of 30 days [28]. However, in adults with
an increased risk of MetS, high MUFA diets decreased total bacteria cells after 24 weeks of
intervention compared to a high carbohydrate diet and compared to baseline. As this decrease was
not accompanied by a decrease in any of the fluorescence in-situ hybridization (FISH)-enumerated
bacteria, unrecognized bacterial populations must have been reduced which may suggest that the
high MUFA diets negatively affected richness and diversity of the gut micriobiota [26]. Also in a cross-
sectional study, a high MUFA intake was negatively associated with microbiota diversity and richness

[32].

A higher relative abundance of Firmicutes and a lower abundance of Bacteroidetes after the ingestion
of high-fat diets was previously reported in mice [41, 49, 50] and was confirmed in a study with
children indicating that fat intake is positively correlated with Firmicutes and the F/B ratio but
negatively with Bacteroidetes [38]. A higher proportion of Firmicutes was also reported in obese
compared to the combined normal weight/overweight group in adults with at least one
cardiovascular disease risk factor [28]. Results of the included intervention and observational studies
in general confirm previous findings suggesting that a decrease of Bacteroidetes and an increase of
Firmicutes are correlated with obesity in humans [51] and animals [6, 47, 52]. Nevertheless, a recent
meta-analysis pooling data of 10 studies conducted by 16S rRNA gene sequencing did not confirm
such association [53]. Animal studies indicate that changes in the gut microbiota composition are
directly caused by fat intake rather than the degree of obesity because contrary to a high fat/SFA
diet, a high fat/MUFA diet was not associated with changes in the gut microbiota but resulted in a
higher degree of obesity than an energy-matched low-fat/SFA diet. However, differences in the gut
microbiota composition were only found on the high fat/SFA diet and, thus, seem to result from the
overflow of dietary fat but not from the obese phenotype [47]. Another study reported consistent
and strong changes in the gut microbiota composition upon switching to a high fat diet for both wild-

type and RELM (expression depends upon the presence of the gut microbiome) Knockout (KO) mice
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indicating that the high fat diet itself but not the obese state caused the alterations of the microbiota

[50].

In contrary to the reported results with high fat diets, high MUFA diets ingested for 30 days showed
no effect on the Bacteroidetes-to-Firmicutes ratio in an RCT with different oil treatments but identical

energy% of total fat [28] which confirms previous results in mice [47].

Intervention studies also showed changes in single bacterial genus or species by high or low fat diets
although there was no consistent trend. Supplementary Table 2 provides a short summary

description of the affected bacteria.

High abundance of the genus Prevotella is typical for a high carbohydrate and fiber rich diet [8, 43,
54]. Accordingly, a high-fat Mediterranean diet resulted in a decrease of the genus Prevotella
compared to a low-fat/high complex carbohydrate diet and compared to baseline in obese coronary
heart disease patients but did not result in differences in metabolic endpoints [27]. In an RCT with
identical total fat intake of 35 energy%, MUFA-rich diets were correlated with the genus Prevotella
and the composition of bacteria differed between different weight status groups [28]. This was also
the case in a study with pregnant women which reported a higher relative abundance of the genus

Prevotella and of the family Prevotellaceae in obese than in overweight women [55].

Higher abundance of the species Faecalibacterium prausnitzii was observed in association with high-
fiber diets and with beneficial effects on intestinal barrier function [56], on the fat-free mass as seen
in young male children [57] and on health [58]. In contrast, according to results of included studies, a
diet high in total fat (and SFA) negatively affects Faecalibacterium prausnitzii [26, 30] whereas a low-
fat/high complex carbohydrate diet increased Faecalibacterium prausnitzii compared to a high fat
Mediterranean diet but both improved insulin sensitivity [27] which may have resulted from higher
vegetable and fiber intake typical for these diets. Despite an increase of Faecalibacterium prausnitzii

in a high fat/high SFA group, an RCT did not detect changes in adiposity or cardiometabolic risk
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factors [26] whereas an observational study reported positive associations of Faecalibacterium
prausnitzii with a healthy lipoprotein profile [30].

Pu et al. showed a positive correlation between MUFA-rich diets and populations of
Enterobacteriaceae which is the only family in the order Enterobacteriales [28]. In contrast, in mice
fed a high-fat diet supplemented with a MUFA-rich (oleic acid) compound decreased the order
Enterobacteriales and Clostridium cluster XIVa which had been increased by the high-fat diet and

increased Bifidobacterium spp. which had been decreased by the high-fat diet [48].

High PUFA diets

In contrast to high fat and high SFA diets, evidence from three included RCT suggests that n3 PUFA-
enriched diets have no effect on the gut microbiota compared to control diets [24, 28, 29] although
two of the interventions lasted for only 30 [28] and 45 [29] days, respectively. The above null effects
of dietary PUFA were also evidenced in the cross-over intervention study performed in the frame of
the MyNewGut project where no impact on gut microbiota, anthropometry, metabolism, and
physiology was observed after administration of fish oil capsules containing 3.6 g/d n3 PUFA (DHA
and eicosapentanoic acid, EPA) [59]. In contrast, a recently published cross-over intervention with 4
g/d n3 PUFA for 8 weeeks did not find changes in a or B diversity, or phyla composition but showed
an increased abundance of beneficial bacteria such as Bifidobacterium, Roseburia and Lactobacillus
[60]. Thus, a high dose and long-duration intake of n3 PUFA may be necessary to induce positive
effects on the microbiome composition. The beneficial effects on metabolic outcomes observed by
n3 PUFA-rich diets in the two included studies above [24, 29] which confirm previous studies with n3

PUFA supplementation [61, 62] seem to be independent of the gut microbiota.

Also in mice microbial diversity was not affected by diets high in PUFA [47]. Accordingly, diets
including n3 PUFA-enriched (DHA) high MUFA oil and high n3 (ALA) or n6 (LA) PUFA oil treatments

for 30 days did not result in changes in bacterial richness, diversity or phylum distribution [28].
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A DHA-enriched high MUFA oil treatment for 30 days correlated to Firmicutes which were positively
associated with total cholesterol levels [28]. This type of diet also correlated to Lachnospiraceae [28]
which has been reported to be increased by high fat diets in animal studies [41, 63]. Compared to

diets rich in SFA, diets rich in n3 or n6 PUFA resulted in lower decreases in Bacteroidetes in mice [64].

Limitations

The reduction of one of the major components of diet usually influences the ingestion of other
macronutrients. In this regard, an increase of dietary fat intake is mostly paralleled by lower
carbohydrate and fiber consumption. Therefore, it is hardly possible to attribute observed changes
only to fat or specific fatty acids if there is no comparison group with identical intake of the other
nutrients. This increases the risk of bias in observational studies and in the RCT comparing a
Mediterranean and a low-fat diet [27]. Also, the energy intake can vary because of different fat
intake and can influence the results. Some papers indicated that the energy content of the diet is as
important as or even more important than the composition of the diet in driving gut microbiota
changes [30-33]. Thus, associations between dietary fat/fatty acid intake and the intestinal
microbiota as well as between the microbiota and metabolic health outcomes reported from
observational studies may have been influenced by other dietary factors and energy intake as well.
Also, other lifestyle factors (e.g. physical activity) influence an individuals' microbiota and (metabolic)
health and may have affected the results of the included studies [65]. Another limitation, particularly
of observational studies is that — with the exception of the study on biomarkers [36] — fat and fatty
acid intake was estimated based on participant’s self-reported dietary intake. Further, most studies

included only small sample sizes of highly selected participants.

Conclusions and recommendations
Based on the included intervention and observational studies, this systematic review indicates that a
high fat diet and a high fat diet rich in SFA may exert unfavorable effects on the gut microbiota

characterized by lower richness and diversity and is generally associated with an unhealthy metabolic
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state. Results on diets rich in MUFA are less consistent. MUFA may have no effect on gut microbiota
richness and diversity or may negatively affect total bacterial numbers and gut microbiota richness
and diversity. In contrast, diets rich in n3 or n6 PUFA do not seem to negatively affect the gut
microbiota or metabolic health outcomes. Thus, high fat intake and in particular high SFA intake
should be reduced in favor of higher PUFA intake. Considering the conflicting results and a potential
negative effect of MUFA on the gut microbiome, the dietary recommendation to reduce SFA and to
replace them with (plant-sources of) MUFA and PUFA [66, 67] may need additional research.
However, data are not consistent and the overall evidence was weak due to risk of bias and small,
not representative samples. Additional ongoing data analyses within the MyNewGut project will help
to elucidate the role of the diet in altering the gut microbiota and associations with metabolic health
outcomes. In particular, high quality longitudinal and intervention studies comparing effects of SFA,

MUFA and specific n3 and n6 PUFA are missing.
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Supplementary Table 1: Medline (PubMed) search strategy

Search

Terms

#1

"Gastrointestinal Microbiomes*"[Title/Abstract] OR "Gut Microflora*"[Title/Abstract]
OR "Gastrointestinal Flora*"[Title/Abstract] OR "Gut Flora*"[Title/Abstract] OR
"Gastrointestinal Microbiota*"[Title/Abstract] OR "Gastrointestinal
Microflora*"[Title/Abstract] OR "Enteric Bacteria*"[Title/Abstract] OR "Intestinal
Microbiome*"[Title/Abstract] OR "Intestinal Microbiota*"[Title/Abstract] OR "Intestinal
Microflora*"[Title/Abstract] OR "gut microbiome*"[Title/Abstract] OR "gut
microbiota*"[Title/Abstract] OR "gut bacteria*"[Title/Abstract]

#2

"Gastrointestinal Microbiome"[Mesh]

#3

#1 OR #2

#4

"dietary fat*"[Title/Abstract] OR "fatty acid*"[Title/Abstract] OR "unsaturated fatty
acid*"[Title/Abstract] OR "saturated fatty acid*"[Title/Abstract] OR "polyunsaturated
fatty acid*"[Title/Abstract] OR "omega-3 fatty acid*"[Title/Abstract] OR "omega-6 fatty
acid*"[Title/Abstract] OR "eicosapentaenoic acid*"[Title/Abstract] OR
"docosahexaenoic acid*"[Title/Abstract] OR "arachidonic acid*"[Title/Abstract] OR
"linoleic acid*"[Title/Abstract] OR "linolenic acid*"[Title/Abstract] OR "oleic
acid*"[Title/Abstract] OR "stearic acid*"[Title/Abstract] OR "palmitic
acid*"[Title/Abstract] OR "fish oil*"[Title/Abstract] OR "fat intake*"[Title/Abstract]

#5

"Fatty Acids"[MeSH Terms] OR "Dietary Fats"[MeSH Terms]

#6

#4 OR #5

#7

"metabolic syndrome*"[Title/Abstract] OR "metabolic health*"[Title/Abstract] OR
"abdominal obesity*"[Title/Abstract] OR "blood pressure*"[Title/Abstract] OR "blood
sugar*"[Title/Abstract] OR "serum triglyceride*"[Title/Abstract] OR
"hypertension*"[Title/Abstract] OR "hyperglycemia*"[Title/Abstract] OR
"dyslipidemia*"[Title/Abstract] OR "insulin resistance*"[Title/Abstract] OR "insulin
resistant*"[Title/Abstract] OR "obesity*"[Title/Abstract] OR
"overweight*"[Title/Abstract] OR "adiposity*"[Title/Abstract] OR "adipositas*"
[Title/Abstract] OR "HOMA IR*"[Title/Abstract] OR "cardiovascular
disease*"[Title/Abstract] OR "cardiovascular syndrome*"[Title/Abstract] OR "type 2
diabetes*"[Title/Abstract] OR "cholesterol*"[Title/Abstract] OR "LDL
cholesterol*"[Title/Abstract] OR "HDL cholesterol*"[Title/Abstract] OR
"triglycerides*"[Title/Abstract] OR "hypertriglyceridemia*"[Title/Abstract] OR
"hypercholesterolemia*"[Title/Abstract] OR "hyperinsulinemia*"[Title/Abstract] OR
"insulin*"[Title/Abstract] OR "serum glucose*"[Title/Abstract] OR "blood
glucose*"[Title/Abstract] OR "HbA1lc*"[Title/Abstract] OR "glycated
hemoglobin*"[Title/Abstract] OR "waist circumference*"[Title/Abstract] OR "coronary
artery disease*"[Title/Abstract] OR "stroke*"[Title/Abstract]

#8

Metabolic Syndrome[MeSH Terms] OR Obesity[MeSH Terms] OR Cardiovascular
Diseases[MeSH Terms] OR Diabetes Mellitus, Type 2[MeSH Terms] OR
Cholesterol[MeSH Terms] OR Stroke[MeSH Terms]

#9

#7 OR #8

#10

#3 AND #6 AND #9

#11

#3 AND #6 AND #9 AND Filters: Humans
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Change by fat intake

Bacteria genus

Description [44, 68]

(Energy%) or species
- Increase after high Faecalibacterium |Phlyum: Firmicutes
fat (38 E%, SFA: prausnitzii Class: Clostridia
18 E%) [26] Order: Clostridiales
- Increase after low Family: Clostridiaceae
fat (28 E%, SFA: Genus: Faecalibacterium
8 E%)/ high - Species of grampositive bacteria
carbohydrate [27] - Associated with plant-based diets
high in carbohydrate
- Associated with anti-inflammatory
properties
- Buyrate producer
- Increase after low Prevotella Phylum and Class: Bacteroidetes
fat (28 E%)/ high Order: Bacteroidales
carbohydrate / Family: Prevotellacea
decrease after high - Genus of gramnegative bacteria
fat Med (35 E%) [27] - Associated with plant-based high
carbohydrate and high fiber diets
- Proprionate producer
- Increase after low Roseburia Phlyum: Firmicutes
fat (28 E%)/ high Class: Clostridia
carbohydrate / Order: Clostridiales
decrease after high Family: Lachnospiraceae
fat Med (35 E%) [27] - Genus of grampositive bacteria
- Associated with plant-based diets
high in carbohydrates
- Buyrate producer
- Increase after low Bifidobacterium |Phylum and class: Actinobacteria
fat (28 E%)/ high spp. Order: Bifidobacteriales

carbohydrate [26]

Family: Bifidobacteriaceae
Genus: Bifidobacterium
- Species of grampositive bacteria
- Associated with fiber, particularly
fructooligosaccharide intake

Increase after low
fat (28 E%)/ high
carbohydrate [26]

Bacteroides spp.

Phylum: Bacteroidetes
Class: Bacteroidia
Order: Bacteroidales
Family: Bacteroidaceae
Genus: Bacteroides
- Species of gramnegative bacteria
- Able to adapt to fiber rich and
animal-based diets rich in protein
and fat




577

37



578

579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627

38

References

1. Arora T, Backhed F. The gut microbiota and metabolic disease: current understanding and
future perspectives. Journal of internal medicine. 2016. Epub 2016/04/14. doi: 10.1111/joim.12508.
PubMed PMID: 27071815.

2. Cummings JH, Macfarlane GT. Role of intestinal bacteria in nutrient metabolism. JPEN Journal
of parenteral and enteral nutrition. 1997;21(6):357-65. Epub 1997/12/24. doi:
10.1177/0148607197021006357. PubMed PMID: 9406136.

3. Pihl AF, Fonvig CE, Stjernholm T, Hansen T, Pedersen O, Holm JC. The Role of the Gut
Microbiota in Childhood Obesity. Childhood obesity (Print). 2016. Epub 2016/04/09. doi:
10.1089/chi.2015.0220. PubMed PMID: 27058515.

4, Pereira SS, Alvarez-Leite JI. Low-Grade Inflammation, Obesity, and Diabetes. Current obesity
reports. 2014;3(4):422-31. Epub 2015/12/03. doi: 10.1007/s13679-014-0124-9. PubMed PMID:
26626919.

5. Korpela K, de Vos WM. Antibiotic use in childhood alters the gut microbiota and predisposes
to overweight. Microbial cell (Graz, Austria). 2016;3(7):296-8. Epub 2017/03/31. doi:
10.15698/mic2016.07.514. PubMed PMID: 28357367; PubMed Central PMCID: PMCPMC5354595.

6. Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, Gordon JI. An obesity-associated
gut microbiome with increased capacity for energy harvest. Nature. 2006;444(7122):1027-31. Epub
2006/12/22. doi: 10.1038/nature05414. PubMed PMID: 17183312.

7. Rampelli S, Candela M, Turroni S, Biagi E, Pflueger M, Wolters M, et al. Microbiota and
lifestyle interactions through the lifespan. Trends in Food Science & Technology. 2016. doi:
http://dx.doi.org/10.1016/].tifs.2016.03.003.

8. Wu GD, Chen J, Hoffmann C, Bittinger K, Chen YY, Keilbaugh SA, et al. Linking long-term
dietary patterns with gut microbial enterotypes. Science (New York, NY). 2011;334(6052):105-8.
Epub 2011/09/03. doi: 10.1126/science.1208344. PubMed PMID: 21885731; PubMed Central PMCID:
PMCPMC(C3368382.

9. Alcock J, Lin HC. Fatty acids from diet and microbiota regulate energy metabolism.
F1000Research. 2015;4(F1000 Faculty Rev):738. Epub 2015/01/01. doi:
10.12688/f1000research.6078.1. PubMed PMID: 27006755; PubMed Central PMCID:
PMCPmc4797936.

10. Shen W, Gaskins HR, McIntosh MK. Influence of dietary fat on intestinal microbes,
inflammation, barrier function and metabolic outcomes. The Journal of nutritional biochemistry.
2014;25(3):270-80. Epub 2013/12/21. doi: 10.1016/j.jnutbio.2013.09.009. PubMed PMID: 24355793.
11. Kaliannan K, Wang B, Li XY, Bhan AK, Kang JX. Omega-3 fatty acids prevent early-life antibiotic
exposure-induced gut microbiota dysbiosis and later-life obesity. International journal of obesity
(2005). 2016;40(6):1039-42. Epub 2016/02/16. doi: 10.1038/ijo.2016.27. PubMed PMID: 26876435.
12. Tonucci LB, Olbrich Dos Santos KM, Licursi de Oliveira L, Rocha Ribeiro SM, Duarte Martino
HS. Clinical application of probiotics in type 2 diabetes mellitus: A randomized, double-blind, placebo-
controlled study. Clinical nutrition (Edinburgh, Scotland). 2017;36(1):85-92. Epub 2016/01/07. doi:
10.1016/j.clnu.2015.11.011. PubMed PMID: 26732026.

13. Valentini L, Pinto A, Bourdel-Marchasson |, Ostan R, Brigidi P, Turroni S, et al. Impact of
personalized diet and probiotic supplementation on inflammation, nutritional parameters and
intestinal microbiota - The "RISTOMED project": Randomized controlled trial in healthy older people.
Clinical nutrition (Edinburgh, Scotland). 2015;34(4):593-602. Epub 2014/12/03. doi:
10.1016/j.clnu.2014.09.023. PubMed PMID: 25453395.

14. Karlsson FH, Tremaroli V, Nookaew |, Bergstrom G, Behre CJ, Fagerberg B, et al. Gut
metagenome in European women with normal, impaired and diabetic glucose control. Nature.
2013;498(7452):99-103. Epub 2013/05/31. doi: 10.1038/nature12198. PubMed PMID: 23719380.
15. Yassour M, Lim MY, Yun HS, Tickle TL, Sung J, Song YM, et al. Sub-clinical detection of gut
microbial biomarkers of obesity and type 2 diabetes. Genome medicine. 2016;8(1):17. Epub



http://dx.doi.org/10.1016/j.tifs.2016.03.003

628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680

39

2016/02/18. doi: 10.1186/s13073-016-0271-6. PubMed PMID: 26884067; PubMed Central PMCID:
PMCPMC4756455.

16. QinJ, LiY, Cai Z, LiS, Zhu J, Zhang F, et al. A metagenome-wide association study of gut
microbiota in type 2 diabetes. Nature. 2012;490(7418):55-60. Epub 2012/10/02. doi:
10.1038/nature11450. PubMed PMID: 23023125.

17. Lin HV, Frassetto A, Kowalik EJ, Jr., Nawrocki AR, Lu MM, Kosinski JR, et al. Butyrate and
propionate protect against diet-induced obesity and regulate gut hormones via free fatty acid
receptor 3-independent mechanisms. PloS one. 2012;7(4):e35240. Epub 2012/04/17. doi:
10.1371/journal.pone.0035240. PubMed PMID: 22506074; PubMed Central PMCID:
PMCPMC3323649.

18. Zhang X, Shen D, Fang Z, Jie Z, Qiu X, Zhang C, et al. Human gut microbiota changes reveal the
progression of glucose intolerance. PloS one. 2013;8(8):e71108. Epub 2013/09/10. doi:
10.1371/journal.pone.0071108. PubMed PMID: 24013136; PubMed Central PMCID:
PMCPMC3754967.

19. Schwiertz A, Taras D, Schafer K, Beijer S, Bos NA, Donus C, et al. Microbiota and SCFA in lean
and overweight healthy subjects. Obesity (Silver Spring, Md). 2010;18(1):190-5. Epub 2009/06/06.
doi: 10.1038/0by.2009.167. PubMed PMID: 19498350.

20. den Besten G, Havinga R, Bleeker A, Rao S, Gerding A, van Eunen K, et al. The short-chain
fatty acid uptake fluxes by mice on a guar gum supplemented diet associate with amelioration of
major biomarkers of the metabolic syndrome. PloS one. 2014;9(9):e107392. Epub 2014/09/10. doi:
10.1371/journal.pone.0107392. PubMed PMID: 25203112; PubMed Central PMCID:
PMCPMC4159349.

21. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS medicine. 2009;6(7):e1000097. Epub 2009/07/22.
doi: 10.1371/journal.pmed.1000097. PubMed PMID: 19621072; PubMed Central PMCID:
PMCPMC2707599.

22. Higgins J, Green S. Cochrane Handbook for Systematic Reviews of Interventions (The
Cochrane Collaboration). Chichester: John Wiley & Sons Ltd; 2011.

23. Wells GS, B., O’Connell DP, J., Welch VL, M., Tugwell P. The Newcastle-Ottawa Scale (NOS) for
assessing the quality of nonrandomised studies in meta-analyses. 2011.

24, Balfego M, Canivell S, Hanzu FA, Sala-Vila A, Martinez-Medina M, Murillo S, et al. Effects of
sardine-enriched diet on metabolic control, inflammation and gut microbiota in drug-naive patients
with type 2 diabetes: a pilot randomized trial. Lipids Health Dis. 2016;15:78. Epub 2016/04/20. doi:
10.1186/512944-016-0245-0. PubMed PMID: 27090218; PubMed Central PMCID: PMCPMC4836051.
25. Blaedel T, Holm JB, Sundekilde UK, Schmedes MS, Hess AL, Lorenzen JK, et al. A randomised,
controlled, crossover study of the effect of diet on angiopoietin-like protein 4 (ANGPTL4) through
modification of the gut microbiome. Journal of Nutritional Science. 2016;5. doi: 10.1017/jns.2016.38.
26. Fava F, Gitau R, Griffin BA, Gibson GR, Tuohy KM, Lovegrove JA. The type and quantity of
dietary fat and carbohydrate alter faecal microbiome and short-chain fatty acid excretion in a
metabolic syndrome 'at-risk' population. International journal of obesity (2005). 2013;37(2):216-23.
Epub 2012/03/14. doi: 10.1038/ijo.2012.33. PubMed PMID: 22410962.

27. Haro C, Montes-Borrego M, Rangel-Zuniga OA, Alcala-Diaz JF, Gomez-Delgado F, Perez-
Martinez P, et al. Two Healthy Diets Modulate Gut Microbial Community Improving Insulin Sensitivity
in a Human Obese Population. J Clin Endocrinol Metab. 2016;101(1):233-42. Epub 2015/10/28. doi:
10.1210/jc.2015-3351. PubMed PMID: 26505825.

28. Pu S, Khazanehei HR, Krause DO, West SG, Kris-Etherton PM, Jenkins DJ, et al. Effects of
unsaturated fatty acids (USFA) on human gut microbiome profile in a subset of canola oil multicenter
intervention trial (COMIT). FASEB Journal. 2013;27.

29. Rajkumar H, Mahmood N, Kumar M, Varikuti SR, Challa HR, Myakala SP. Effect of probiotic
(VSL#3) and omega-3 on lipid profile, insulin sensitivity, inflammatory markers, and gut colonization
in overweight adults: a randomized, controlled trial. Mediators Inflamm. 2014;2014:348959. Epub
2014/05/06. doi: 10.1155/2014/348959. PubMed PMID: 24795503; PubMed Central PMCID:
PMCPMC(C3984795.



681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731

40

30. Brahe LK, Le Chatelier E, Prifti E, Pons N, Kennedy S, Hansen T, et al. Specific gut microbiota
features and metabolic markers in postmenopausal women with obesity. Nutrition and Diabetes.
2015;5. doi: 10.1038/nutd.2015.9.

31. Fernandes J, Su W, Rahat-Rozenbloom S, Wolever TMS, Comelli EM. Adiposity, gut
microbiota and faecal short chain fatty acids are linked in adult humans. Nutrition and Diabetes.
2014;4(JUNE). doi: 10.1038/nutd.2014.23.

32. Roytio H, Mokkala K, Vahlberg T, Laitinen K. Dietary intake of fat and fibre according to
reference values relates to higher gut microbiota richness in overweight pregnant women. The
British journal of nutrition. 2017;118(5):343-52. Epub 2017/09/14. doi:
10.1017/s0007114517002100. PubMed PMID: 28901891.

33. Simoes CD, Maukonen J, Kaprio J, Rissanen A, Pietilainen KH, Saarela M. Habitual dietary
intake is associated with stool microbiota composition in monozygotic twins. J Nutr.
2013;143(4):417-23. Epub 2013/01/25. doi: 10.3945/jn.112.166322. PubMed PMID: 23343669.

34, Yang Y, Shi Y, Wiklund P, Tan X, Wu N, Zhang X, et al. The association between
cardiorespiratory fitness and gut microbiota composition in premenopausal women. Nutrients.
2017;9(8). doi: 10.3390/nu9080792.

35. Yamaguchi Y, Adachi K, Sugiyama T, Shimozato A, Ebi M, Ogasawara N, et al. Association of
intestinal microbiota with metabolic markers and dietary habits in patients with type 2 diabetes.
Journal of Gastroenterology and Hepatology (Australia). 2016;31:154. doi: 10.1111/jgh.13540.

36. Org E, BlumY, Kasela S, Mehrabian M, Kuusisto J, Kangas AJ, et al. Relationships between gut
microbiota, plasma metabolites, and metabolic syndrome traits in the METSIM cohort. Genome Biol.
2017;18(1):70. Epub 2017/04/15. doi: 10.1186/s13059-017-1194-2. PubMed PMID: 28407784,
PubMed Central PMCID: PMCPMC5390365.

37. Mayorga Reyes L, Gonzalez Vazquez R, Cruz Arroyo SM, Melendez Avalos A, Reyes Castillo
PA, Chavaro Perez DA, et al. Correlation between diet and gut bacteria in a population of young
adults. Int J Food Sci Nutr. 2016;67(4):470-8. Epub 2016/03/29. doi:
10.3109/09637486.2016.1162770. PubMed PMID: 27018166.

38. Nakayama J, Yamamoto A, Palermo-Conde LA, Higashi K, Sonomoto K, Tan J, et al. Impact of
westernized diet on gut microbiota in children on Leyte island. Frontiers in Microbiology.
2017;8(FEB). doi: 10.3389/fmicb.2017.00197.

39. Sinha R, Goedert JJ, Vogtmann E, Hua X, Porras C, Hayes R, et al. Quantification of Human
Microbiome Stability Over 6 Months: Implications for Epidemiologic Studies. American journal of
epidemiology. 2018;187(6):1282-90. Epub 2018/04/03. doi: 10.1093/aje/kwy064. PubMed PMID:
29608646; PubMed Central PMCID: PMCPM(C5982812.

40. Agus A, Denizot J, Thevenot J, Martinez-Medina M, Massier S, Sauvanet P, et al. Western diet
induces a shift in microbiota composition enhancing susceptibility to Adherent-Invasive E. coli
infection and intestinal inflammation. Scientific reports. 2016;6:19032. Epub 2016/01/09. doi:
10.1038/srep19032. PubMed PMID: 26742586; PubMed Central PMCID: PMCPMC4705701.

41. Zhang C, Zhang M, Pang X, Zhao Y, Wang L, Zhao L. Structural resilience of the gut microbiota
in adult mice under high-fat dietary perturbations. The ISME journal. 2012;6(10):1848-57. Epub
2012/04/13. doi: 10.1038/ismej.2012.27. PubMed PMID: 22495068; PubMed Central PMCID:
PMCPMC(C3446802.

42. Devkota S, Wang Y, Musch MW, Leone V, Fehlner-Peach H, Nadimpalli A, et al. Dietary-fat-
induced taurocholic acid promotes pathobiont expansion and colitis in 1110-/- mice. Nature.
2012;487(7405):104-8. Epub 2012/06/23. doi: 10.1038/nature11225. PubMed PMID: 22722865;
PubMed Central PMCID: PMCPMC(C3393783.

43, De Filippo C, Cavalieri D, Di Paola M, Ramazzotti M, Poullet JB, Massart S, et al. Impact of diet
in shaping gut microbiota revealed by a comparative study in children from Europe and rural Africa.
Proceedings of the National Academy of Sciences of the United States of America.
2010;107(33):14691-6. Epub 2010/08/04. doi: 10.1073/pnas.1005963107. PubMed PMID: 20679230;
PubMed Central PMCID: PMCPMC2930426.



732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783

41

44, Benitez-Paez A, Gdmez Del Pulgar EM, Kjolbaek L, Kirchner Brahe L, Astrup A, Larsen L, et al.
Impact of dietary fiber and fat on gut microbiota re-modeling and metabolic health. Trends in Food
Science & Technology. 2016;57:201-12.

45, Le Chatelier E, Nielsen T, Qin J, Prifti E, Hildebrand F, Falony G, et al. Richness of human gut
microbiome correlates with metabolic markers. Nature. 2013;500(7464):541-6. Epub 2013/08/30.
doi: 10.1038/nature12506. PubMed PMID: 23985870.

46. Albenberg LG, Wu GD. Diet and the intestinal microbiome: associations, functions, and
implications for health and disease. Gastroenterology. 2014;146(6):1564-72. Epub 2014/02/08. doi:
10.1053/j.gastro.2014.01.058. PubMed PMID: 24503132; PubMed Central PMCID: PMCPMC4216184.
47. de Wit N, Derrien M, Bosch-Vermeulen H, Oosterink E, Keshtkar S, Duval C, et al. Saturated
fat stimulates obesity and hepatic steatosis and affects gut microbiota composition by an enhanced
overflow of dietary fat to the distal intestine. American journal of physiology Gastrointestinal and
liver physiology. 2012;303(5):G589-99. Epub 2012/06/16. doi: 10.1152/ajpgi.00488.2011. PubMed
PMID: 22700822.

48. Muijico JR, Baccan GC, Gheorghe A, Diaz LE, Marcos A. Changes in gut microbiota due to
supplemented fatty acids in diet-induced obese mice. The British journal of nutrition.
2013;110(4):711-20. Epub 2013/01/11. doi: 10.1017/s0007114512005612. PubMed PMID:
23302605.

49, Turnbaugh PJ, Backhed F, Fulton L, Gordon JI. Diet-induced obesity is linked to marked but
reversible alterations in the mouse distal gut microbiome. Cell host & microbe. 2008;3(4):213-23.
Epub 2008/04/15. doi: 10.1016/j.chom.2008.02.015. PubMed PMID: 18407065; PubMed Central
PMCID: PMCPMC3687783.

50. Hildebrandt MA, Hoffmann C, Sherrill-Mix SA, Keilbaugh SA, Hamady M, Chen YY, et al. High-
fat diet determines the composition of the murine gut microbiome independently of obesity.
Gastroenterology. 2009;137(5):1716-24.e1-2. Epub 2009/08/27. doi: 10.1053/j.gastro.2009.08.042.
PubMed PMID: 19706296; PubMed Central PMCID: PMCPMC2770164.

51. Turnbaugh PJ, Hamady M, Yatsunenko T, Cantarel BL, Duncan A, Ley RE, et al. A core gut
microbiome in obese and lean twins. Nature. 2009;457(7228):480-4. Epub 2008/12/02. doi:
10.1038/nature07540. PubMed PMID: 19043404; PubMed Central PMCID: PMCPMC2677729.

52. Ley RE, Backhed F, Turnbaugh P, Lozupone CA, Knight RD, Gordon JI. Obesity alters gut
microbial ecology. Proceedings of the National Academy of Sciences of the United States of America.
2005;102(31):11070-5. Epub 2005/07/22. doi: 10.1073/pnas.0504978102. PubMed PMID: 16033867,
PubMed Central PMCID: PMCPMC1176910.

53. Sze MA, Schloss PD. Looking for a Signal in the Noise: Revisiting Obesity and the Microbiome.
MBio. 2016;7(4).

54, Yatsunenko T, Rey FE, Manary MJ, Trehan |, Dominguez-Bello MG, Contreras M, et al. Human
gut microbiome viewed across age and geography. Nature. 2012;486(7402):222-7. Epub 2012/06/16.
doi: 10.1038/nature11053. PubMed PMID: 22699611; PubMed Central PMCID: PMCPMC3376388.
55. Houttu N, Mokkala K, Laitinen K. Overweight and obesity status in pregnant women are
related to intestinal microbiota and serum metabolic and inflammatory profiles. Clinical nutrition
(Edinburgh, Scotland). 2017. Epub 2018/01/18. doi: 10.1016/j.clnu.2017.12.013. PubMed PMID:
29338886.

56. Martin R, Miquel S, Chain F, Natividad JM, Jury J, Lu J, et al. Faecalibacterium prausnitzii
prevents physiological damages in a chronic low-grade inflammation murine model. BMC
microbiology. 2015;15:67. Epub 2015/04/19. doi: 10.1186/s12866-015-0400-1. PubMed PMID:
25888448; PubMed Central PMCID: PMCPMC4391109.

57. Smith-Brown P, Morrison M, Krause L, Davies PSW. Male-specific Association Between Fat-
Free Mass Index and Fecal Microbiota in 2- to 3-Year-Old Australian Children. Journal of Pediatric
Gastroenterology and Nutrition. 2018;66(1):147-51.

58. Miquel S, Martin R, Rossi O, Bermudez-Humaran LG, Chatel JM, Sokol H, et al.
Faecalibacterium prausnitzii and human intestinal health. Current opinion in microbiology.
2013;16(3):255-61. Epub 2013/07/09. doi: 10.1016/j.mib.2013.06.003. PubMed PMID: 23831042.



784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819

820

42

59. Kjplbaek L, Benitez-Pdez A, Gémez del Pulgar EM, Brahe LK, Liebisch G, Matysik S, et al.
Arabinoxylan oligosaccharides and polyunsaturated fatty acid effects on gut microbiota and
metabolic markers in overweight individuals with signs of metabolic syndrome: a randomized cross-
over trial. Clinical nutrition (Edinburgh, Scotland). 2018;Under Review.

60. Watson H, Mitra S, Croden FC, Taylor M, Wood HM, Perry SL, et al. A randomised trial of the
effect of omega-3 polyunsaturated fatty acid supplements on the human intestinal microbiota. Gut.
2018;67(11):1974-83. Epub 2017/09/28. doi: 10.1136/gutjnl-2017-314968. PubMed PMID:
28951525.

61. Rimm EB, Appel LJ, Chiuve SE, Djousse L, Engler MB, Kris-Etherton PM, et al. Seafood Long-
Chain n-3 Polyunsaturated Fatty Acids and Cardiovascular Disease: A Science Advisory From the
American Heart Association. Circulation. 2018. Epub 2018/05/19. doi:
10.1161/cir.0000000000000574. PubMed PMID: 29773586.

62. Innes JK, Calder PC. The Differential Effects of Eicosapentaenoic Acid and Docosahexaenoic
Acid on Cardiometabolic Risk Factors: A Systematic Review. International journal of molecular
sciences. 2018;19(2). Epub 2018/02/10. doi: 10.3390/ijms19020532. PubMed PMID: 29425187;
PubMed Central PMCID: PMCPMC5855754.

63. Lecomte V, Kaakoush NO, Maloney CA, Raipuria M, Huinao KD, Mitchell HM, et al. Changes in
gut microbiota in rats fed a high fat diet correlate with obesity-associated metabolic parameters.
PloS one. 2015;10(5):e0126931. Epub 2015/05/21. doi: 10.1371/journal.pone.0126931. PubMed
PMID: 25992554; PubMed Central PMCID: PMCPMC4436290.

64. Liu T, Hougen H, Vollmer AC, Hiebert SM. Gut bacteria profiles of Mus musculus at the
phylum and family levels are influenced by saturation of dietary fatty acids. Anaerobe.
2012;18(3):331-7. Epub 2012/03/06. doi: 10.1016/j.anaerobe.2012.02.004. PubMed PMID:
22387300.

65. Rampelli S, Guenther K, Turroni S, Wolters M, Veidebaum T, Yiannis K, et al. Gut microbiome
is associated with diet, physical activity and health in children with or without excessive weight gain.
Communications Biology. 2018; in print.

66. EFSA Panel on Dietetic Products NaAN. Scientific Opinion on Dietary Reference Values for
fats, including saturated fatty acids, polyunsaturated fatty acids, monounsaturated fatty acids,
transfatty acids, and cholesterol. EFSA Journal. 2010;8(3):1461 [107 pp.]. doi:
10.2903/j.efsa.2010.1461.

67. U.S. Department of Health and Human Services and U.S. Department of Agriculture (USDA).
2015-2020 Dietary Guidelines for Americans. 8th ed, December 2015.

68. Portune KJ, Benitez-Paez A, Del Pulgar EM, Cerrudo V, Sanz Y. Gut microbiota, diet, and
obesity-related disorders-The good, the bad, and the future challenges. Molecular nutrition & food
research. 2017;61(1). Epub 2016/06/12. doi: 10.1002/mnfr.201600252. PubMed PMID: 27287778.



