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Abstract

Background: Metabolic diseases have been related to gut microbiota, and new knowledge indicates that diet 
impacts host metabolism through the gut microbiota. Identifying specific gut bacteria associated with both 
diet and metabolic risk markers may be a potential strategy for future dietary disease prevention. However,  
studies investigating the association between the gut microbiota, diet, and metabolic markers in healthy indi-
viduals are scarce.
Objective: We explored the relationship between a panel of gut bacteria, dietary intake, and metabolic and 
anthropometric markers in healthy adults.
Design: Forty-nine volunteers were included in this cross-sectional study. Measures of  glucose, serum tri-
glyceride, total cholesterol, hemoglobin A1c (HbA1c), blood pressure (BP), and body mass index (BMI) 
were collected after an overnight fast, in addition to fecal samples for gut microbiota analyzes using 
a targeted  approach with a panel of  48 bacterial DNA probes and assessment of  dietary intake by a 
Food Frequency Questionnaire (FFQ). Correlations between gut bacteria, dietary intake, and metabolic 
and anthropometric markers were assessed by Pearson’s correlation. Gut bacteria varying according to 
dietary intake and metabolic markers were assessed by a linear regression model and adjusted for age, 
sex, and BMI.
Results: Of the 48 gut bacteria measured, 24 and 16 bacteria correlated significantly with dietary intake and 
metabolic and/or anthropometric markers, respectively. Gut bacteria including Alistipes, Lactobacillus spp., 
and Bacteroides stercoris differed according to the intake of the food components, fiber, sodium, saturated 
fatty acids, and dietary indices, and metabolic markers (BP and total cholesterol) after adjustments. Notably, 
Bacteroides stercoris correlated positively with the intake of fiber, grain products, and vegetables, and higher 
Bacteroides stercoris abundance was associated with higher adherence to Healthy Nordic Food Index (HNFI) 
and lower diastolic BP after adjustment.
Conclusion: Our findings highlight the relationship between the gut microbiota, diet, and metabolic mark-
ers in healthy individuals. Further investigations are needed to address whether these findings are causally 
linked and whether targeting these gut bacteria can prevent metabolic diseases.

Popular scientific summary
•  Identifying gut bacteria associated with both diet and metabolic risk markers may be a potential 

strategy in dietary disease prevention.
•  We explored the relationship between a panel of  gut bacteria, diet, and metabolic and anthropo-

metric markers in healthy adults.
•  Bacteroides stercoris was associated with higher intake of  healthy foods and lower diastolic 

blood pressure.
•  Further studies are needed to address whether these findings are causally linked and whether targeting 

these bacteria can prevent metabolic diseases.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.29219/fnr.v66.8580


Citation: Food & Nutrition Research 2022, 66: 8580 - http://dx.doi.org/10.29219/fnr.v66.85802
(page number not for citation purpose)

Line Gaundal et al.

New knowledge has pointed out gut microbiota 
as a mediator of dietary impact on host me-
tabolism (1). The gut microbiota possesses im-

portant functions for the host, such as fermentation of 
dietary fibers and extraction of nutrients, synthesis of 
certain vitamins, improvement of gut integrity and the 
protection against pathogens, and the regulation of host 
immune system and host signaling pathways (2). It can 
therefore be regarded as a metabolically active organ 
complementing the host metabolism through its traits  
(3, 4). In healthy individuals, the gut microbiota comprises 
a wide range of bacteria belonging to the two major phyla: 
Firmicutes and Bacteroidetes (5–7). Changes in the gut mi-
crobiota composition may disrupt normal functions, and a 
wide spectrum of diseases, including obesity, type 2 diabetes 
(T2D), and cardiovascular diseases (CVDs) are associated 
with gut microbiota dysbiosis (4, 5, 8, 9). Dysbiosis is often 
referred to as general changes in the gut microbiota compo-
sition (10). For example, individuals with lower microbiota 
gene content are characterized by higher insulin resistance, 
adiposity, and dyslipidemia than those with higher bacterial 
richness (11). Furthermore, a promising role of the gut mi-
crobiota affecting human metabolism has been shown after 
microbiota transplant, in which fecal transplantation from 
lean donors to recipients with metabolic syndrome showed 
increased gut microbiota diversity and butyrate-producing 
bacteria, together with improvements in insulin sensitivity 
(12). The gut microbiota can therefore be an attractive future 
target for the prevention of metabolic diseases (4).

Both genetic and environmental factors shape the gut 
microbiota, in which the latter seem to dominate (13–15). 
Diet is one of the most important factors influencing the 
gut microbiota composition and function (16–18). The 
supply of dietary compounds such as non-digestible car-
bohydrates, protein, and fat strongly impacts the forma-
tion of microbiota-derived metabolites (19). A large body 
of evidence suggest that the beneficial effect of dietary 
fiber is mediated by the microbial formation of short chain 
fatty acids (SCFAs), mainly acetate, propionate, and bu-
tyrate (20). SCFAs have been shown to regulate metabolic 
processes, including glucose and lipid metabolism, and 
are implicated in the regulation of blood pressure (BP)  
(4, 9, 18, 19, 21). Furthermore, the capability of dietary 
fats to alter host metabolism through the gut microbiota 

composition has also been shown (22, 23). Diet-derived free 
fatty acids may have antimicrobial effects or be used as sub-
strates for the formation of microbiota-derived metabolites, 
which are involved in inflammatory processes and the reg-
ulation of glucose and lipid homeostasis (22, 23). The type 
of fat also seems to have distinct effects on host metabolism 
through the gut microbiota. Studies in mice show that di-
etary fat quality affects inflammation and insulin sensitivity 
through effects via the gut microbiota composition (24, 25). 

Even though studies have shown associations between 
diet and gut microbiota (26–31), studies investigating 
 metabolic markers associated with both gut microbiota 
and diet in healthy adults are scarce (32–35).  Identifying 
specific gut bacteria associated with both diet and 
 metabolic markers may be valuable and could represent 
a potential strategy for the prevention of disease. The 
aim of this study was therefore to explore the relationship 
 between a panel of gut bacteria, dietary intake, and met-
abolic and anthropometric markers in a cross-sectional 
study in healthy individuals.

Materials and methods

Subjects and study design
Healthy participants originally recruited to a randomized 
controlled trial (RCT) (36) were included in this explor-
atory cross-sectional study. The participants who met to 
a screening visit prior to the randomized trial performed 
at Oslo Metropolitan University (OsloMet) were included 
in this study. Healthy volunteers (aged 18–65 years) with 
body mass index (BMI) between 18.5 and 27.0  kg/m2 
were recruited from advertisement and from the student 
mass and employees at OsloMet between April 2018 and 
January 2019. Seventy-two volunteers were assessed for 
eligibility. The exclusion criteria were fasting blood glu-
cose values ≥6.1 mmol/L, any food allergies, intolerances, 
chronic metabolic diseases (e.g. diabetes, CVD, and can-
cer), or intestinal diseases, including inflammatory bowel 
disease (IBD), celiac disease, and irritable bowel syn-
drom (IBS). Those  treated with antibiotics the previous 
3 months, who were blood donors the previous 2 months, 
who were pregnant or lactating, who had ≥5% weight 
change the previous 3 months, who used any hormonal 
treatment (except from oral contraception) and tobacco, 
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or who had a high alcohol consume (>40  g/day) were 
excluded. All participants signed a written informed con-
sent form prior to participation. The study was approved 
by the Regional Committees for Medical and Health 
Research Ethics (2018/104) and conducted according to 
the Declaration of Helsinki guidelines. The study was 
registered in clinicaltrials.gov (NCT03658681).

Blood sampling and clinical assessment
Blood sampling and clinical assessment were performed 
after an overnight fast (≥12 h). Fasting glucose was 
measured in finger prick capillary blood samples using 
a HemoCue Glucose 201 Analyser and Micro cuvettes 
(HemoCue, USA). Fasting triglyceride and total choles-
terol were measured in serum and sent to a routine lab-
oratory (Fürst Medical Laboratory) within 24 h. EDTA 
(Ethylene-Diamine-Tetra-Acetic acid) tubes with whole 
blood were kept in room temperature for ≤24 h before 
analyzation of hemoglobin A1c (HbA1c) (Fürst Medical 
Laboratory). BP was measured twice with an automated 
BP monitor (ri-champion©, Riester, Germany) after sit-
ting still for at least 15 min. Participants were asked to 
relax during the measurements. The mean value from 
both measurements was used in the statistical analyses. 
Body weight and composition were measured after an 
overnight fast (≥12 h) using Bioimpedance analyzers (BC-
418 Segmental Body Composition Analyser and InBody 
720). One kg was subtracted compensating for clothing. 
Height was measured using a wall-mounted stadiometer 
(Acumed).

Habitual dietary intake and dietary patterns
Forty-eight of the 49 participants included in this study 
completed a validated food frequency questionnaire 
(FFQ), reporting their habitual dietary intake the previous 
12 months (37). The FFQ consisted of 270 food items and 
included questions about frequency of intake (from several 
times a day to never) and portions size based on household 
units (slices, glasses, cups, pieces, spoons and teaspoons) 
(37). Food groups included in the FFQ consisted of cate-
gories such as grain products; bread and vegetables; fruits 
and berries; nuts, olives, and seeds; meat, blood, and offal; 
fish and shellfish; cheese; and butter, margarine, and oil. In-
formation about the consumption of these food groups and 
intake of specific foods within these categories (for exam-
ple, intake of apples within the food group fruits and ber-
ries) was used to calculate adherence to dietary indices and 
to assess correlation with the gut microbiota and metabolic 
and anthropometric markers.

The dietary indices, the Healthy Nordic Food Index 
(HNFI) and the Healthy Diet Score (HDS), were used to 
assess correlation between adherence to the indices and 
the gut microbiota. The HNFI includes six food groups 
(fish, cabbage, apple and pears, root vegetables, rye bread, 

and oatmeal) (38) (Supplementary Table 1). Rye bread 
was replaced with whole grain bread because information 
on rye bread specifically was not included in the FFQ, 
similar to previous studies (39, 40). Thus, in this study, 
the six food groups included in the modified HNFI were 
fish (cod, pollack, salmon, trout, herring, mackerel, and 
shellfish), cabbage (cabbage, cauliflower, broccoli, Chinese 
cabbage, and Brussels sprouts), apple and pears, root veg-
etables (carrot and rutabaga), oatmeal, and whole grain 
bread (>50% whole meal flour). One point was given for 
intake equal to or above the sex-specific median intake 
for each food group, and zero points were given for in-
take below the median. The maximum total score was six 
points. The total score was summarized for each partici-
pant, and a high score (4–6 points) indicates high adher-
ence to the HNFI (38–40).

The HDS reflects adherence to the Norwegian dietary 
recommendations (41). In this study, the food groups in-
cluded in the HDS were whole grain, vegetables, fruits 
and berries, low fat milk, fish, beans and lentils, vegetable 
oils (monounsaturated fatty acids (MUFAs) and polyun-
saturated fatty acids (PUFAs)), red/processed meats, salt, 
sugar, and saturated fatty acids (SFAs). Each participant 
was given scores (0, 5, and 10 points) for the intake of food 
groups according to the Norwegian dietary recommenda-
tion and summed into an HDS (Supplementary Table 2). 
A high score (65–120 points) indicates high adherence to 
the recommendation, with a maximum score of 120 points.

Findings from a population-based study in Norway 
show that intakes of dietary fiber, SFA, salt, and sodium 
are not according to the recommendations, where the in-
take of fiber is less than recommended and intakes of 
SFA, sodium, and salt are higher than recommended (42). 
We therefore assessed whether the intake of these dietary 
components according to the recommendations was asso-
ciated with the gut microbiota. Participants were divided 
into groups based on the average recommendations of fiber 
set by NNR (Nordic Nutrition Recommendations) (43) 
(</≥30 g/day, n = 19/29). In addition, participants were di-
vided into groups based on recommended intake of SFA 
(≤/>10 E%/day, n = 9/39), salt (≤/>5.0 g/day, n = 13/35), 
and sodium (≤/> 2.3 g/day, n = 23/25). Participants were 
also divided into groups based on high or low adherence 
to the indices HNFI (0–3/4–6 points, n = 30/18) and HDS 
(0–60/65–120 points, n = 10/38).

Fecal collection and gut microbiota analyses
The participants were provided with a fecal sample col-
lection kit for home use (GA-map™ Dysbiosis Test, 
Genetic Analysis AS, Oslo, Norway). Participants were 
instructed to sample the stool from three different places 
and place it in the included tubes. Samples were kept in 
room temperature for maximum 3 days according to the 
manufacturers protocol. The GA-map™ Dysbiosis Test 
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has shown stability in room temperature up to 5 days (44). 
All samples were stored at −80°C at OsloMet before they 
were collectively sent to Genetic Analysis AS (GA) for  
microbiota analyses after this study was completed.

The GA-map™ Dysbiosis Test is a commercially avail-
able genome-based test using fecal samples for analyses of 
gut bacteria associated with dysbiosis, described in detail 
elsewhere (44). In brief, the test was developed to iden-
tify and characterize bacterial groups that were able to 
distinguish patients with IBS and IBD from healthy con-
trols. The test comprises 48 DNA probes targeting ≥300 
bacteria on different taxonomic levels. Probes targeting 
seven variable regions (V3–V9) of the 16S rRNA gene 
were used to characterize and identify bacteria present, 
thus allowing mapping of the intestinal microbiota profile 
for a selected set of bacteria. Human fecal sample homog-
enization, and mechanical and enzymatic bacterial cell 
disruption were utilized to isolate and bind total bacte-
rial genomic DNA to magnetic beads. The hypervariable 
regions V3–V9 of the 16S rRNA were further amplified 
by polymerase chain reaction. Single nucleotide exten-
sion and hybridization to a complementary DNA strand 
coupled to beads determined bacterial DNA labeling. To 
assess the abundance of bacteria, the strength of fluores-
cent signal (probe intensity) was detected and measured 
by Luminex 200 (Luminex Corporation). Probes are listed 
in Supplementary Table 3.

Statistical analysis
The current cross-sectional study is part of a randomized 
controlled dietary crossover study, with the primary aim 
to investigate the effect of fat quality on glycemic regula-
tion, as described previously (36). Thus, this study is an 
exploratory study investigating the relationship between 
a panel of gut bacteria, dietary intake, and metabolic and 
anthropometric markers in healthy individuals. Gut bac-
teria were log2-transformed before analysis. Correlations 
between gut bacteria, dietary variables, and metabolic 
and anthropometric markers were assessed with Pearson’s 
correlation. Only bacteria showing statistically significant 
correlations with correlation coefficients ≥0.3 with either 
dietary intake or anthropometric and/or metabolic mark-
ers are presented. Differences in daily intake of dietary nu-
trients and dietary index score between males and females 
were assessed by independent sample t-test. Participants 
were divided into groups based on whether the intake 
was in accordance with the dietary recommendations or 
not. Differences between log2-transformed gut bacteria 
based on whether the dietary intake (fiber, sodium, salt, 
and SFA [E%], and adherence to HNFI and HDS) and 
metabolic markers (systolic and diastolic BPs and total 
cholesterol) were below or above the recommended level 
were thereafter assessed by a linear regression model, 
hereafter called unadjusted model. Further adjustments 

for age, sex, and BMI were performed in adjusted models. 
P < 0.05 was regarded as statistically significant. Statis-
tical analyses were performed using IBM SPSS statistic 
(version 25), and figures were designed using GraphPad 
Prism 8 for Windows (version 8.0.0.).

Results
Seventy-two volunteers were assessed for eligibility, and 
49 participants (12 males and 37 females) were included 
in this cross-sectional study. The mean age was 35.6 years 
(standard deviation [SD] 13.1 years), and measures of 
BMI, HbA1c, fasting glucose, triglyceride, total choles-
terol, and diastolic and systolic BP were within the nor-
mal range (Table 1).

Data on dietary intake were collected by an FFQ 
reflecting dietary intake the past 12 months (Table 2). 
Mean daily intake of protein, total fat, MUFA, PUFA, 
and carbohydrates was 16.0 E%, 36.8 E%, 14.4 E%, 
6.7 E%, and 41.4 E%, respectively. The intake of protein, 
total fat, MUFA, PUFA, and carbohydrates was within 
the recommended levels, whereas the intake of SFA was 
higher than  recommended (12.5 E%) (45). The intake 
of fiber, 41.7 and 39.7 g/day for males and females, 
respectively, was higher than the recommended minimum 
daily intake, that is, 35 and 25 g/day, respectively (Table 2). 
Significant gender differences between dietary intake were 
found only for the intake of starch in g (P = 0.005) and 
E% (P  =  0.014). For the HNFI  and HDS indices, 18 
(37.5%) and 38 (79.2%) participants had high adherence 
to the indices, respectively.

The abundance of the 48 gut bacteria probes included 
in this study represents bacteria belonging to the phyla 
Actinobacteria, Bacteroidetes, Firmicutes, Proteobacte-
ria, Tenericutes, and Verrucomicrobia (Supplementary 
Table 3). Twenty-four bacteria significantly correlated 
(correlation coefficient ≥ 0.3) to one or more dietary 

Table 1. Characteristics of the participants

Anthropometric and  
biochemical variables

Mean SD

Female, n (%) 37 (75.5)  

Age (years) 35.6 13.1

BMI (kg/m2) 22.8 2.2

HbA1c (%) 5.2 0.3

HbA1c (mmol/mol) 33.9 3.4

Glucose (mmol/L) 5.1 0.4

Triglyceride (mmol/L) 0.9 0.4

Total cholesterol (mmol/L) 4.8 0.9

Systolic blood pressure (mmHg)1 122.4 15.3

Diastolic blood pressure (mmHg)1 71.7 10.7

Variables are measured fasted.
1Expressed as mean values based on two measurements.
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variables as assessed with Pearson’s correlation. These 
bacteria and their correlations to dietary variables are il-
lustrated in Fig. 1. Eleven bacteria were related to one or 
more macronutrients, 12 bacteria were related to one or 
more micronutrients, and 16 bacteria were related to one 
or more food groups or dietary indices (Fig. 1).

As shown in Fig. 1, the bacteria correlating with the 
most dietary variables were Bacteroides stercoris, Clos-
tridia, and Streptococcus spp., showing correlations with 
12, 10, and eight dietary variables, respectively. The stron-
gest positive correlation was between Streptococcus spp. 
and the intake of bread with <50% whole flour (r: 0.655, 
P < 0.001), whereas the strongest negative correlation was 
between Bacteroides spp. & Prevotella spp. and the intake 
of sugar (E%) (r: −0.488, P < 0.001). The intake of fiber 
and fiber-rich foods such as grain products and vegeta-
bles, and micronutrients commonly found in these food 
groups (tocopherol, thiamine, niacin, vitamin B6, folate, 
and phosphorus) correlated positively with Bacteroides 
stercoris (Fig. 1).

Correlations between gut bacteria and metabolic and 
anthropometric markers were thereafter investigated. 
Sixteen gut bacteria showed a statistically significant 
correlation with metabolic and/or anthropometric mark-
ers (correlation coefficients ≥ 0.3), as outlined in Fig. 2. 
Of  these, two bacteria from the Bacteroidetes phylum 
(Alistipes onderdonkii and Parabacteroides spp.) and 

nine bacteria from the Firmicutes phylum (Lachnospir-
aceae, Bacilli, Ruminococcus albus & R. bromii, Lacto-
bacillus spp., Eubacterium biforme, Eubacterium rectale, 
Streptococcus salivarius spp. thermophilus & S. sanguinis, 
and Dialister invisus & Megasphaera micronuciformis) 
correlated significantly to metabolic and/or anthropo-
metric markers. In addition, Actinobacteria and Bifido-
bacterium spp. belonging to the Actinobacteria phylum, 
and Akkermansia muciniphila and Enterobacteriaceae 
from the phyla Verrucomicrobia and Proteobacteria, 
respectively, correlated to metabolic and/or anthropo-
metric markers. The strongest positive correlation was 
between Alistipes onderdonkii and body fat (%) (r: 0.428, 
P =  0.002), and the strongest negative correlation was 
between Lactobacillus spp. and diastolic BP (r: −0.411, 
P = 0.003). Furthermore, BP correlated with several gut 
bacteria showing a positive correlation with Actinobac-
teria and Bifidobacterium spp. and a negative correlation 
with Parabacteroides spp., Bacilli, Eubacterium biforme, 
and Lactobacillus spp. The abundance of  Lachnospira-
ceae, Bacilli, Alistipes onderdonkii, Dialister invisus, and 
Megasphaera micronuciformis were significantly cor-
related to blood lipids (total cholesterol and/or triglycer-
ide) (Fig. 2).

Based on the correlation analysis shown in Figs. 1 and 
2, significant correlations between gut bacteria and both 
dietary variables and metabolic and anthropometric 

Table 2. Daily intake of nutrients and dietary index score assessed by FFQ

 Dietary variables Total (n = 48) Male (n = 12) Female (n = 36)

Mean g or score1 
(SD)

Mean E%  
(SD)

Mean g or score1 
(SD)

Mean E%  
(SD)

Mean g or score1 
(SD)

Mean E%  
(SD)

kJ 11301.6 (5576.6) 11964.0 (4364.9) 11080.9 (5964.2)

kcal 2701.2 (1332.8) 2859.5 (1043.2) 2648.4 (1425.5)

Protein 104.3 (41.7) 16.0 (2.5) 108.7 (36.7) 15.5 (2.3) 102.8 (43.7) 16.2 (2.6)

Alcohol 10.6 (10.0) 2.8 (2.5) 13.2 (12.7) 3.1 (6.1) 9.7 (9.0) 2.8 (2.5)

Total fat 112.6 (67.8) 36.8 (7.3) 113.1 (48.7) 35.3 (2.7) 112.5 (73.7) 37.3 (7.7)

SFA 37.8 (22.7) 12.5 (3.4) 39.9 (24.8) 12.0 (3.8) 37.2 (22.2) 12.6 (3.4)

MUFA 44.4 (29.1) 14.4 (3.3) 42.7 (17.1) 13.5 (2.9) 45.0 (32.3) 14.8 (3.4)

PUFA 20.8 (15.1) 6.7 (2.0) 20.5 (7.6) 6.7 (2.0) 20.9 (16.9) 6.7 (2.0)

Trans-fat 1.0 (0.7) 0.3 (0.2) 1.2 (1.1) 0.4 (0.2) 0.9 (0.6) 0.3 (0.1)

Cholesterol (mg) 310.3 (142.2) 317.3 (174.2) 307.9 (132.9)

Carbohydrates 278.4 (147.5) 41.4 (7.2) 306.8 (114.1) 43.1 (5.4) 268.9 (157.3) 40.8 (7.7)

Fiber 40.2 (25.8) 2.9 (0.6) 41.7 (18.4) 2.9 (0.7) 39.7 (28.0) 2.9 (0.6)

Starch* 133.0 (61.3) 20.3 (5.3) 170.2 (70.8) 23.9 (5.3) 120.6 (53.3) 19.0 (4.8)

Mono- and disaccharides 126.8 (92.0) 18.3 (6.1) 119.9 (51.6) 16.8 (5.0) 129.1 (102.5) 18.9 (6.4)

Sugar 37.0 (34.1) 5.5 (3.2) 35.1 (22.2) 5.1 (2.7) 37.7 (37.5) 5.6 (3.3)

Salt 6.8 (2.8) 7.0 (3.0) 6.7 (2.8)

HNFI 3.1 (1.3) 3.2 (1.2) 3.0 (1.3)

HDS 73.8 (13.9) 70.0 (13.1) 75.0 (14.0)

1Mean score of the adapted version of Healthy Nordic Food Index (HNFI) and Healthy Diet Score (HDS). n = 48.
*Significant difference in dietary intakes between males and females, assessed by independent sample t-test, P < 0.05.
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markers are summarized and illustrated in a correla-
tion map in Fig. 3. These gut bacteria are color coded 
according to their representative phyla: Actinobacte-
ria, Firmicutes, Bacteroidetes, and Proteobacteria. The 
abundance of  Bacteroides stercoris correlated positively 
with the intake of  healthy food groups or components 
such as fiber, grain products, and vegetables, and nega-
tively with diastolic BP. Furthermore, the abundance of 
Bacilli correlated positively with total cholesterol and 
the intake of  bread with <50% whole flour, and nega-
tively with systolic and diastolic BP and the indices HDS 
and HNFI. The abundance of  Alistipes onderdonkii cor-
related positively with total cholesterol, age, and body 
fat (%), and negatively with adherence to HNFI (Fig. 3).

As shown in Fig. 3, Bifidobacterium spp. and Streptococ-
cus salivarius spp. thermophilus showed only positive cor-
relations with metabolic and/or anthropometric markers 
and dietary components (systolic BP, BMI, intake of bread 
with <50% whole flour, and micronutrients [Ca, Na, and 
salt]; and fasting glucose, intake of trans fat [E%], intake of 
bread with <50% whole flour, red meat, and micronutrients 
[vitamin A and retinol], respectively). Bacteroides spp. and 
Prevotella spp. showed only negative correlations with met-
abolic markers and dietary components (systolic and dia-
stolic BP and intake of sugar [E%], respectively) (Fig. 3).

To investigate if  the abundance of gut bacteria differed in 
relation to the intake of food components, especially linked 
to health effects, participants were divided into groups 
based on whether the intake was below or above the rec-
ommended intake. Participants were divided based on the 
average recommended intake of fiber, irrespective of gen-
der (</≥30 g/day) (n = 19/29), and the recommended intake 
of sodium (≤/> 2.3 g/day) (n = 23/25), salt (≤/> 5.0 g/day)  
(n = 13/35), and SFA (≤/>10 E%/day) (n = 9/39), in ad-
dition to high or low adherence to HNFI and HDS indi-
ces (0–3/4–6 points (n = 30/18), and 0–60/65–120 points 
(n = 10/38), respectively). Gut bacteria showing a signifi-
cant difference in abundance between groups in the linear 
regression analyses are shown in Table 3.

The intake of fiber (≥30 g/day) was significantly asso-
ciated with lower abundance of Alistipes, whereas higher 
intake of sodium (>2.3 g/day) was significantly associated 
with higher abundance of Bacteroides stercoris after ad-
justment for age, sex, and BMI (Table 3). Furthermore, 
the intake of SFA ≥10 E%/day was significantly associ-
ated with increased abundance of Ruminococcus gnavus 
and Phascolarctobacterium sp., and lower abundance of 
Actinomycetales and Mycoplasma hominis after adjust-
ing for age, sex, and BMI (Table 3). The indices HNFI 
and HDS were further examined. A high adherence to 

Fig. 1. Heat map of Pearson’s coefficient between gut bacteria and dietary intake of macronutrients, micronutrients, and food 
groups. The bacterial taxa are sorted from negative (blue) to positive (red) correlations in relation to the intake of fiber (g) as-
sessed by Pearson’s correlation. Significant correlations are marked by * (correlation coefficient ≥ 0.3) or # (correlation coefficient 
< 0.3). Phylum is indicated within parentheses; A, Actinobacteria; B, Bacteroidetes; F, Firmicutes; P, Proteobacteria; Ca, cal-
cium; Cu, copper; E%, percentage of total energy intake; Fe, iron; HDS, Healthy Diet Score; HNFI, Healthy Nordic Food Index; 
K, potassium; Mg, magnesium; MUFA, monounsaturated fatty acids; Na, sodium; P, phosphorus; PUFA, polyunsaturated fatty 
acids; Se, selenium; SFA, saturated fatty acids; Vit, vitamin; Zn, zinc.
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HNFI (≥4 points) was significantly associated with higher 
abundance of Bacteroides stercoris and lower abundance 
of Bacilli, Lactobacillus spp., Eubacterium biforme, and 
Streptococcus salivarius spp. thermophilus, while a higher 
adherence to the HDS (≥65 points) was associated with 
lower abundance of Lactobacillus spp. 2 after adjusting 
for age, sex, and BMI (Table 3).

Differences in the abundance of gut bacteria between 
participants stratified according to their systolic BP 
(</≥120 mmHg) (n = 25/24), diastolic BP (</≥80 mmHg) 
(n = 39/10), and total cholesterol levels (</≥5.0 mmol/L) 
(n  = 29/20) were thereafter investigated. Gut bacteria 
showing a significant difference in abundance between 
groups in the linear regression analyses are shown in 

Fig. 2. Heat map of Parsons’s coefficient between gut bacterial taxa and metabolic and anthropometric markers. The bacterial 
taxa are sorted from negative (blue) to positive (red) correlation toward total cholesterol levels, assessed by Pearson’s correlation. 
Significant correlations are marked by * (correlation coefficient ≥ 0.3) or # (correlation coefficient < 0.3). Phylum is indicated 
within parentheses; A, Actinobacteria; B, Bacteroidetes; F, Firmicutes; P, Proteobacteria; T, Tenericutes; V, Verrucomicrobia; 
BMI, body mass index; BMR, basal metabolic rate; BP, blood pressure; HbA1c, hemoglobin A1c.

Fig. 3. Correlation map between gut bacteria, dietary intake, and metabolic and anthropometric markers. The gut bacteria 
are grouped according to representative phyla, indicated by different colors (red: Actinobacteria; orange: Bacteroidetes; green: 
Firmicutes; yellow: Proteobacteria). Correlation between the gut bacteria with one or more dietary variables, metabolic and/or 
anthropometric markers is illustrated by red boxes (positive correlation) or blue boxes (negative correlation). BMI, body mass 
index; BMR, basal metabolic rate; BP, blood pressure; E%, percentage of total energy intake; HDS, healthy diet score; HNFI, 
Healthy Nordic food index.
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Table 4. A higher systolic BP (≥120  mmHg) was asso-
ciated with lower abundance of Lactobacillus spp. after 
adjusting for age, sex, and BMI (Table 4). A higher dia-
stolic BP (≥80 mmHg) was associated with lower abun-
dance of Bacteroides stercoris, Bacteroides spp., Bacilli, 
Eubacterium biforme, Eubacterium rectale, Lactobacillus 
spp., and Streptococcus spp. 2, and higher abundance of 
Dialister invisus and Megasphaera micronuciformis, after 
adjusting for age, sex, and BMI. A higher total cholesterol 
level (≥5.0 mmol/L) was associated with higher abundance 
of Ruminococcus albus and Ruminococcus bromii, but this 
association was no longer significant after adjusting for 
age, sex, and BMI (Table 4).

Discussion
In this study, we explored the relationship between a panel 
of gut bacteria commonly found in the human gut, di-
etary intake, and metabolic and anthropometric markers 
in healthy adults. Of the 48 gut bacteria analyzed in this 
study, 24 bacteria were shown to correlate with dietary 
intake and 16 bacteria correlated with metabolic and/
or anthropometric markers. Several of the gut bacteria 

correlated with both dietary intake and metabolic and/or 
anthropometric markers. Furthermore, we show that spe-
cific gut bacteria differed in relation to the intake of food 
components such as fiber, sodium, SFA, and healthy food 
indices, and between participants stratified according to 
BP and total cholesterol.

The abundance of  Bacteroides stercoris was positively 
associated with higher adherence to the HNFI index and 
negatively associated with a higher diastolic BP after 
adjusting for age, sex, and BMI. Moreover, Bacteroides 
stercoris correlated positively with the intake of  healthy 
foods and food components, including fiber, grain prod-
ucts, and vegetables. Dietary carbohydrates provide 
important substrates for microbial metabolism in the 
human gut. Many members of  the Bacteroides genus 
are enriched with genes encoding carbohydrate-active 
enzymes and are involved in the breakdown of  complex 
carbohydrates from the diet (46–48). As such, Bacteroi-
des members are the predominant organisms involved in 
carbohydrate metabolism and are considered generalists 
due to their capacity to switch between host and diet-de-
rived energy sources (19). Furthermore, Bacteroides 

Table 3. Gut bacteria associated with the intake of fiber, sodium, salt, SFA (E%), and adherence to HNFI and HDS indices1

Gut bacteria Unadjusted values Adjusted values

Pǂ P҂B 95% CI B 95% CI

Fiber intake (≥ 30 g/d) (n = 29)

(B) Alistipes −0.306 −1.697, −0.068 −0.301 −1.730, −0.008 0.034 0.048

Sodium intake (> 2.3 g/d) (n = 25)

(B) Bacteroides fragilis −0.297 −2.672, −0.063 −0.250 −2.495, 0.198 0.040 0.093

(B) Bacteroides stercoris 0.367 0.325, 2.303 0.329 0.118, 2.241 0.010 0.030

Salt intake (> 5.0 g/d) (n = 35)

(P) Proteobacteria 0.314 0.087, 1.595 0.288 −0.044, 1.585 0.030 0.063

SFA intake (≥ 10 E%/d) (n = 20)

(A) Actinomycetales −0.385 −1.928, −0.325 −0.404 −2.079, −0.283 0.007 0.011

(F) Firmicutes −0.300 −0.766, −0.022 −0.319 −0.839, 0.001 0.038 0.050

(F) Ruminococcus gnavus 0.204 −0.264. 1.520 0.238 0.050, 1.966 0.163 0.040

(F) Phascolarctobacterium sp. 0.246 −0.202, 2.620 0.331 0.056, 3.187 0.091 0.043

(T) Mycoplasma hominis −0.221 −2.175, 0.289 −0.327 −2.716, −0.076 0.130 0.040

High adherence to HNFI (≥ 4 points) (n = 18)

(B) Bacteroides stercoris 0.333 0.198, 2.266 0.317 0.114, 2.229 0.021 0.031

(F) Bacilli −0.338 −1.056, −0.182 −0.420 −1.123, −0.219 0.006 0.005

(F) Lactobacillus spp. −0.260 −2.481, 0.122 −0.332 −2.721, −0.291 0.075 0.016

(F) Eubacterium biforme −0.276 −2.639, 0.041 −0.345 −2.905, −0.335 0.057 0.015

(F) Streptococcus salivarius spp. 
thermophilus 

−0.294 −1.556, −0.029 −0.329 −1.673, −0.098 0.042 0.028

High adherence to HDS (≥ 65 points) (n = 38)

(F) Lactobacillus spp. 2 −0.383 −1.680, −0.278 −0.337 −1.618, −0.107 0.007 0.026

1Gut  bacteria values were log2-transformed before analysis.
ǂP for unadjusted values assessed by a linear regression model.
҂P for values adjusted for age, sex, and BMI, assessed by a linear regression model.
Phyla are indicated within parentheses; (A), Actinobacteria; (B), Bacteroidetes; (F), Firmicutes; (P), Proteobacteria; (T), Tenericutes   
The level of significance was set at P < 0.05 and are indicated in bold italic.
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stercoris has been identified as part of  a common set 
of  microbial species referred to as a common bacterial 
core, which are largely shared between individuals (7). 
Interestingly, Bacteroides stercoris has been postulated 
as a keystone species of  the human gut microbiome in-
fluencing the microbial community structure including 
the growth of  butyrate-producing bacteria (49).

Higher abundance of Bacteroides stercoris in healthy 
individuals compared with patients with IBD has been 
shown (50), suggesting a potential beneficial impact 
of the presence of Bacteroides stercoris (51). Taken to-
gether, these findings indicate a potential protective role 
of Bacteroides stercoris on human health. However, these 
studies cannot establish causality and the role of Bacte-
roides stercoris for health and disease needs to be further 
elucidated in intervention studies.

A higher intake of  fiber was associated with lower 
abundance of  Alistipes after adjusting for age, sex, and 
BMI in this study. Interestingly, diets low in fiber and 
high in fats have shown to increase the abundance of 
Alistipes (52, 53). Whether these differences are related 
to metabolic regulation by diet needs further investiga-
tion, as the impact of  Alistipes has been reported as both 
protective and detrimental on CVD (54). In addition to 
Alistipes, members of  the Proteobacteria phylum are re-
ported to increase with the presence of  fat, indicating that 
these members utilize dietary fats for growth (52). Here, 

we show that Proteobacteria abundance correlated posi-
tively with the intake of  dietary cholesterol and cheese. 
A high-cholesterol diet was recently shown to increase 
Proteobacteria abundance in zebrafish (55), and high-fat 
feeding resulted in higher abundance of Proteobacteria 
in mice (56–58). Furthermore, Proteobacteria has been 
reported to increase in low-grade inflammation, a com-
mon feature of  metabolic diseases (59). Enterobacteria-
ceae, a member of  the Proteobacteria phylum, correlated 
positively with BMI in this study. In line with our results, 
Enterobacteriaceae has been associated with obesity (60), 
while weight-loss has been shown to reduce the abun-
dance of  Enterobacteriaceae (61–63). Taken together, 
these findings may indicate that dietary components such 
as fiber and fat modulate the gut microbiota composi-
tion, which in turn may impact host metabolic regulation.

In addition to Bacteroides stercoris, we show that 
a lower abundance of bacteria belonging to the 
Firmicutes phylum, specifically Bacilli, Eubacterium 
biforme, Eubacterium rectale, Streptococcus spp. 2, and 
Lactobacillus spp., was associated with higher diastolic BP 
after adjusting for age, sex, and BMI. Moreover, a higher 
systolic BP was also associated with lower abundance 
of Lactobacillus spp. after the same adjustments. The 
relationship between Lactobacillus abundance and BP 
has also been reported by others. Palmu and colleagues 
recently demonstrated a strong negative correlation 

Table 4. Gut bacteria associated with metabolic markers1

Gut bacteria Unadjusted values Adjusted values

Pǂ P҂B 95% CI B 95% CI

Systolic BP (≥ 120 mmHg) (n = 24)

(A) Actinobacteria 0.285 0.014, 2.028 0.238 −0.196, 1.903 0.047 0.108

(A) Bifidobacterium 0.305 0.097, 2.201 0.251 −0.152, 2.045 0.033 0.090

(F) Lactobacillus spp. −0.229 −2.269, 0.251 −0.309 −2.583, −0.140 0.114 0.030

Diastolic BP (≥ 80 mmHg) (n = 10)

(B) Bacteroides stercoris −0.300 −2.570, −0.087 −0.320 −2.718, −0.123 0.036 0.033

(B) Bacteroides spp. and Prevotella spp. −0.288 −1.259, −0.015 −0.225 −1.163, 0.166 0.045 0.138

(B) Bacteroides spp. −0.279 −2.348, 0.010 −0.335 −2.635, −0.166 0.052 0.027

(F) Bacilli −0.350 −1.286, −0.155 −0.387 −1.404, −0.189 0.014 0.011

(F) Dialister invisus and Megasphaera 
micronuciformis

0.330 0.363, 4.138 0.384 0.644, 4.584 0.020 0.010

(F) Eubacterium biforme −0.345 −3.487, −0.389 −0.313 −3.361, −0.157 0.015 0.032

(F) Eubacterium rectale −0.325 −2.661, −0.209 −0.357 −2.814, −0.343 0.023 0.013

(F) Lactobacillus spp. −0.378 −3.553, −0.580 −0.348 −3.400, −0.407 0.007 0.014

(F) Streptococcus spp. 2 −0.294 −1.217, −0.029 −0.305 −1.284, −0.007 0.040 0.048

Total cholesterol (≥ 5.0 mmol/L) (n = 20)

(F) Ruminococcus albus and R. bromii 0.374 0.433, 2.739 0.245 −0.579, 2.659 0.008 0.202

1Gut bacteria values were log-transformed before analysis.
ǂP for unadjusted values assessed by a linear regression model. 
҂P for values adjusted for age, sex, and BMI, assessed by a linear regression model. 
Phyla are indicated within parentheses; A, Actinobacteria; B, Bacteroidetes; F, Firmicutes.
The level of significance was set at P < 0.05 and are indicated in bold italic.
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between certain Lactobacillus species and BP, and sodium 
intake in a Finish cohort including 6,953 participants 
(64). In a study by Wilck et al., a high salt diet was shown 
to increase BP and reduce the abundance of Lactobacillus 
species in mice (65). In this study, the administration of 
Lactobacillus species to mice resulted in a reduced systolic 
BP and normalization of diastolic BP. The authors 
further tested this effect in a pilot study in healthy males 
receiving 6 g sodium for 14 days, which led to a higher BP 
and a loss of Lactobacillus species (65). The relationship 
between Lactobacillus and BP was also evaluated in 
a meta-analysis of RCTs including 702 individuals (66). 
The effect of probiotic fermented milk, commonly 
adding Lactobacillus species for the fermentation 
purpose, reduced systolic and diastolic BP with 3.10 and 
1.09  mmHg, respectively, compared with placebo, and 
the effect on systolic BP was suggested to be even more 
effective in hypertensive individuals (66). Another meta-
analysis of RCTs with 543 participants also showed an 
effect of probiotic consumption on BP (67). The intake 
of probiotics, including probiotics from dairy, reduced 
systolic BP with 3.56 mmHg and diastolic BP with 2.38 
mmHg compared with control groups. Interestingly, 
this effect was found to be similar to the effect of salt 
reduction and resistance training (67). Furthermore, pre-
hypertensive and hypertensive individuals displayed a 
reduced gut microbiota diversity and richness compared 
with healthy controls (68). Furthermore, transplantation 
of fecal bacteria from the hypertensive donors to germ-
free mice increased BP and reduced microbiota diversity 
in hypertensive mice compared with control mice (68). 
These findings may, therefore, indicate that the gut 
microbiota, in particular the abundance of Lactobacillus, 
may be involved in the regulation of BP.

A positive correlation between Lachnospiraceae and 
fasting total cholesterol and triglyceride levels was found 
in this study. The gut microbiota has been reported to play 
an important role in the variation of blood lipid levels in 
humans (69). A positive correlation between cholesterol 
levels and Lachnospiraceae has been shown previously 
(70), while others show an inverse relationship (34, 71, 
72). Lachnospiraceae is a heterogenic family comprised 
of taxa reported as both potentially beneficial and harm-
ful (73, 74). For example, differences in Lachnospiraceae 
members between healthy controls and patients with T2D 
and metabolic syndrome have been shown (75, 76), and 
different members have been related to either higher or 
lower lifetime CVD risk (77). The heterogeneity of Lach-
nospiraceae emphasizes these discrepancies, and investi-
gating gut microbes in lower taxonomic levels may give 
more insight to the potential role of Lachnospiraceae in 
host lipid metabolism.

In this study, we demonstrate associations between a 
panel of gut bacteria, dietary intake, and metabolic and 

anthropometric markers in healthy adults. This study is ex-
plorative by nature, and the results obtained may be used 
to further generate new hypothesis. Hence, we did not con-
trol for multiple testing. In this study, the sample size, the 
inclusion of relatively young adults (mean age 35.6 years), 
and mostly women (75.5%) in a Norwegian population 
residing in the Oslo area represent limitations. In addi-
tion, dietary data were collected by a FFQ and showed 
a high fiber intake (41.7 g/day for males and 39.7 g/day 
for females). In comparison, findings from the Norwegian 
Women and cancer cohort, also using FFQ data, reported 
fiber intakes of 20 g/day (78). Hence, our findings may not 
be generalized to other populations in different geograph-
ical regions as the gut microbiota has been shown to differ 
among age, gender, and geographical regions (79–81). The 
findings in this study may, however, highlight the relation-
ship between a high fiber intake and the gut microbiota.

Using a targeted method to detect only 48 bacteria 
may be criticized, as other bacteria than those analyzed 
may have an impact on metabolic regulation. However, 
the method provides a rapid, high-throughput analysis of 
human fecal samples allowing researchers to assess fecal 
microbiota composition without advanced expertise. 
Here, we explored a panel of  bacteria commonly found 
in the human gut, shown to differ between healthy 
controls and patients with IBD and IBS, characterized 
as dysbiotic (44). Although no clear consensus about the 
definition of  dysbiosis in the literature currently exist, 
dysbiosis often refers to as general changes in the gut 
microbiota composition, an imbalance in composition, 
or as changes in specific taxa in that composition (10). 
Here, we further investigate the associations of  the 
selected set of  gut bacteria related to dysbiosis with diet 
and metabolic markers in healthy adults. Identifying 
potentially harmful or beneficial bacteria by targeted 
methods may, in the future, be useful to predict disease 
risk and/or be used as a therapeutic potential for treating 
disorders. However, the lack of  measures of  microbial 
metabolites such as SCFAs limits our possibility to 
investigate the functionality of  the gut microbiota and 
its relationship with dietary intake and metabolic and 
anthropometric markers. A complete characterization of 
the gut microbiota and measures of microbial metabolites 
are encouraged in future studies. Our findings may 
provide useful information about the association 
between a panel of  gut bacteria, dietary intake, and 
metabolic and anthropometric markers in healthy adults. 
The cross-sectional design does not allow us to establish 
causality, and we encourage more and larger randomized 
controlled studies to further investigate this relationship.

Conclusion
In this study, we demonstrate associations between a 
panel of gut bacteria, dietary intake, and metabolic and 
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anthropometric markers in healthy individuals. Of spe-
cially interest was the abundance of Bacteroides sterco-
ris, which correlated positively with the intake of fiber. 
Further adjustments for age, sex, and BMI showed that 
Bacteroides stercoris was positively associated with higher 
adherence to the HNFI index and negatively associated 
with higher diastolic BP. These findings may indicate 
a role for the gut microbiota in metabolic regulation 
through diet, or that the gut microbiota may reflect a 
healthy versus unhealthy lifestyle. Whether we can modify 
the gut microbiota by diet and consequently impact meta-
bolic status remains to be elucidated.

Data described in the manuscript will be made available 
upon request pending application and approval.
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