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Abstract

SCFA provide energy to the host and influence lipid and glucose metabolism, suggesting that they may have an impact on the occurrence

of metabolic risk factors. The aim of the present study was to determine the concentration of SCFA in faeces of lean and obese individuals

and to analyse whether associations between faecal SCFA and metabolic syndrome parameters are present. Lean (n 20) and obese (n 20)

women of similar age (28·5 (SD 7·6) v. 30·7 (SD 6·5) years, P¼0·33) participated in the study. Anthropometric measurements, body

composition, blood pressure and biochemical parameters were assessed. SCFA were extracted from faeces and quantified by GC. Blood

pressure and blood glucose, although within the normal limits, were higher in the obese group compared to lean subjects (P,0·05).

Lower HDL concentration and higher insulin and homeostasis model assessment (HOMA) index were observed in the obese than in

the lean group (P,0·05). The median values of SCFA (% w/w) from the lean and obese groups were butyric (0·021 v. 0·044, P¼0·024),

propionic (0·021 v. 0·051, P¼0·007) and acetic (0·03 v. 0·061, P¼0·01). SCFA correlated positively with metabolic syndrome risk factors

such as adiposity, waist circumference and HOMA index (P,0·05), and inversely with HDL (P,0·05). Our results suggest that the

higher faecal concentration of SCFA is associated with metabolic risk factors and thus may influence metabolic homeostasis.
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The definition and criteria for the diagnosis of the metabolic

syndrome have been discussed intensively worldwide. How-

ever, the concept of the term ‘metabolic syndrome’ is well

known and relates to the clustering of the following metabolic

risk factors: impaired glucose tolerance, high blood pressure,

elevated TAG levels, low HDL-cholesterol levels, insulin resist-

ance and central adiposity. The last two factors have been

considered to contribute to the occurrence of all the

others(1,2). The ‘metabolic syndrome’ concept reminds health

professionals about the importance of assessing each related

risk factor. This would allow an early detection of risk

factors and the establishment of strategies for the reduction

of incidence of CVD and diabetes.

It is well recognised that an excessive supply of energy to

the host associated with low expenditure plays an important

role in the development of obesity(3). The enlargement of fat

depots, particularly abdominal obesity, favours the develop-

ment of insulin resistance(4). The gastrointestinal tract is the

site of absorption of nutrients that provide energy to the

host. The interactions between dietary molecules, physiologi-

cal conditions (digestive fluids, hormones secretion, motility,

absorption rate) and microbiota within the gastrointestinal

tract influence metabolic homeostasis(5).

The gut microbiota has been suggested to be involved in

the control of body weight and regulation of insulin

resistance(6,7). The mechanisms proposed by which the micro-

biota would interact with the metabolism of the host include

influence on gut-hormone production, intestinal permeability

and endotoxaemia, and the provision of additional energy

through SCFA(8,9).

SCFA are organic fatty acids with one to six carbons. The

most important SCFA for human metabolism are acetic, pro-

pionic and butyric, which arise mainly from bacterial fermen-

tation in the gut(10). They can provide energy and are possibly

involved in lipid and glucose metabolism in the host(10),

suggesting that they may have an impact on the occurrence

of metabolic risk factors.
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In fact, an increased concentration of SCFA in faeces has

been related to higher body weight gain in an animal

model(11) and in obese humans(12). In both studies, differences

in gut microbiota composition were also reported. This has led

to the hypothesis that differences in gut microbiota compo-

sition between the lean and the obese might contribute to a

higher capacity to harvest energy from the diet by an

increased production of SCFA, subsequently leading to

weight imbalance. However, associations between faecal

SCFA with different metabolic risk factors have not yet been

reported. Hence, the aim of the present study was to deter-

mine the concentration of SCFA in faeces of lean and obese

women and analyse whether associations between SCFA and

variables included in the concept of the metabolic syndrome,

such as abdominal obesity, glucose, insulin, TAG and HDL

levels, are present.

Experimental methods

Subjects

The recruitment of female volunteers occurred using written

announcements. Women interested in participating in the

study were interviewed by phone. The subjects were selected

based on the following criteria: age over 18 years, not pregnant

or breast-feeding, free of any liver, thyroid or gastrointestinal

disease, not taking any kind of supplements or medications

in the last 6 months, except oral contraceptives, being lean

(BMI 18·5–24·9 kg/m2) or obese (BMI . 30 kg/m2). The sub-

jects were taken into the study after they provided a written

informed consent. This study was conducted according to

the guidelines laid down in the Declaration of Helsinki and

all procedures involving human subjects were approved by

the Ethical Committee of the Federal University of Viçosa

(protocol number 001/2010, Federal University of Viçosa).

A total of twenty lean females (BMI 21·5 (SD 1·39) kg/m2)

and twenty obese females (BMI 35·04 (SD 3·98) kg/m2) of simi-

lar age (mean age of the lean and obese groups 28·5 (SD 7·6) v.

30·7 (SD 6·5), P¼0·33) participated in the study. According to a

recent brief medical history, all subjects were healthy.

The subjects were evaluated at the Laboratory of Energetic

Metabolism and Body Composition. After fasting for 10 h,

they were weighed (wearing light clothes). Their body

composition was analysed by tetra polar bio-impedance (Body-

Systemsw). Blood pressure was measured and blood samples

were collected for biochemical analyses. Fresh faecal samples

were collected and then immediately frozen at 2208C.

Biochemical analysis

Blood samples were analysed at the Laboratory of Clinical

Analysis of the Health Division at the Federal University of

Viçosa. The biochemical assessments included total cholesterol

and lipoproteins (enzymatic colorimetric method), aspartate

and alanine aminotransferases (kinetic colorimetric method),

fasting plasma glucose (enzymatic colorimetric method

of glucose-oxidase) (all the kits used were purchased from

Bioclin/Quibasa) and insulin through the electrochemilumi-

nescence method using the Modular Analytics E170 e Elecsys

2010 (Roche Diagnosticsw). LDL concentration was

estimated by the Friedwald formula(13). The homeostasis

model assessment (HOMA) index was used as an indicator of

insulin resistance and calculated as follows(14):

HOMA ¼ fasting glucose ðmmol=lÞ

£ fasting insulin ðmU=lÞ=22·5:

Insulin resistance was diagnosed based on HOMA . 2·71

according to Geloneze et al.(15).

Food intake

Volunteers were instructed to fill in three food records on non-

consecutive days and including one weekend day. Food

records were analysed using the software DietWin Professio-

nalw, and the mean value from the 3 d was used for sub-

sequent statistical comparison of the main macronutrients

and total fibre intake between the groups and its correlation

with SCFA concentration.

Faecal SCFA analysis

The extraction of SCFA was based on the method of Smiricky-

Tjardes et al.(16). Briefly, around 800 mg of frozen faeces were

weighed and homogenised with the addition of 1 ml of

m-phosphoric acid solution (25 %). For each sample, this step

was performed in duplicate. After incubation at room tempera-

ture for 30 min, the samples were centrifuged (Refrigerated

microcentrifuge, HERMLE Z 216MK; Hermle Labortechnik) at

17 319g for 30 min at 48C. Then, the supernatants were trans-

ferred to a new Ependorf tube. After a second centrifugation,

the supernatants were collected and subsequently frozen at

2208C. Before analysis, a third centrifugation and supernatant

collection were performed. The final volume of supernatants

from each duplicate was mixed together and homogenised.

Butyric, propionic and acetic acids were measured by GC

(model CG-17A; Shimadzuw) equipped with a flame ionisation

detector and capillary Nukol column (30 m £ 0·25 mm;

Supelcow). N2 was used as the carrier gas and the flux in the

column was 1·0 ml/min. The temperatures of the injector and

detector were set at 220 and 2508C, respectively. Initial

column temperature was 1008C sustained for 5 min, rising at

108C/min until it reached 1858C. Next, the samples were

injected (1ml) through a Hamiltonw syringe (10ml) in split

system 5. The total run time was 33·5 min. Concentrations

were given as parts per million. In order to transform the results

from parts per million to percentage of faecal mass, we con-

sidered that the concentration in parts per million represents

the mass of the specific SCFA in 2 ml of the solution, which in

turn reflects the mass present in approximately 1600 mg of

faeces (the exact weight of faeces was used for calculation).

The results were represented as per 100 mg of faeces (% w/w).

Statistical analysis

Statistical analyses were performed using the software Sigma

Plot for Windows version 11.0 (Systatw Software). To assess
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if all the variables differed between the obese and lean groups,

two different tests were used. Normally distributed variables

were analysed by Student’s t test; otherwise, the Mann–Whitney

test was used. Throughout the paper, the data are expressed as

median (minimum–maximum). Spearman’s correlation test

was performed to measure the degree of correlation between

each SCFA concentration and other metric variables. The level

of significance was considered to be 5 %.

Results

Subjects’ characteristics

As shown in Table 1, both obese and lean groups had normal

blood pressure levels, but obese women presented higher

medians of systolic and diastolic blood pressure (P,0·05)

compared to lean subjects. Weight, BMI, waist circumference

and adiposity were significantly higher in the obese group

(P,0·05). All the obese volunteers showed waist circumfer-

ence greater than 80 cm. The biochemical variables are pre-

sented in Table 2 and it can be seen that subjects of both

groups are normoglycaemic and normolipidaemic. However,

fasting glucose was higher in the obese group (P¼0·027) as

compared to lean subjects. The higher fasting insulin and

HOMA index (P,0·001) indicate the presence of insulin resist-

ance in the obese group, which was detected in 45 % of obese

women. The obese group had a lower level of HDL compared

to the lean group (P¼0·001). In addition, 90 % of obese

women (n 18) had HDL levels lower than 1·295 mmol/l. The

ratios of total cholesterol:HDL and LDL:HDL were statistically

higher in the obese group compared to the lean group

(P,0·05).

Food intake

The obese group presented a higher intake of energy, carbo-

hydrates and lipids (P,0·05) as compared to the lean group.

The total intake of fibre was similar between both the groups

assessed (P¼0·42). The median value of protein intake was

slightly higher in the obese group (P¼0·058) than in the

lean subjects (Table 3). No correlation was found between

macronutrients and faecal SCFA concentration (data not

shown).

Faecal SCFA

A higher percentage of butyric, acetic and propionic acids was

observed in the faeces of the obese group (P,0·05), as shown

Table 1. Clinical characteristics of the study subjects

(Median and minimum (min)–maximum (max) values)

Lean (n 20) Obese (n 20)

Variables Median Min–max Median Min–max P

Systolic BP (mmHg) 100 90–120 120 90–130 0·005*
Diastolic BP (mmHg) 60 50–80 80 60–90 0·002*
Weight (kg) 54·6 42·2–64·8 88·02 74·6–118·1 ,0·001*
Height (cm) 159·5 148·5–173·6 159 150–168·2 NS
BMI (kg/m2) 21·2 19·22–23·9 34·4 29·4–44·6 ,0·001*
Waist (cm) 68·5 65–77 94·5 80·5–118 ,0·001*
Body fat (%) 22·6 15·8–28·6 37·4 29·4–43 ,0·001†

BP, blood pressure.
* Mann–Whitney.
† Student’s t test.

Table 2. Biochemical characteristics of lean and obese women

(Median and minimum (min)–maximum (max) values)

Lean (n 19) Obese (n 20)

Median Min–max Median Min–max P

TC (mmol/l) 4·6 3·69–6·6 4·29 3·1–5·68 0·33
HDL (mmol/l) 1·34 0·95–2·3 1·08 0·77–1·96 0·001*
LDL (mmol/l) 2·62 1·68–4·46 2·60 1·77–4·35 0·87
TAG (mmol/l) 0·82 0·42–1·87 0·95 0·41–1·62 0·35
TC:HDL 3·09 2·23–6·22 3·84 2·54–7·33 0·016*
LDL:HDL 1·91 1·07–4·67 2·51 1·32–5·61 0·025*
Fasting glucose (mmol/l) 4·77 4·16–5·27 4·96 4·6–5·43 0·027†
Fasting insulin (pmol/l) 56·2 34·7–106·2 79·1 47·2–252·1 ,0·001*
HOMA 1·65 0·96–3·47 2·55 1·39–8·15 ,0·001*
AST (U/l) 18 13–30 17·5 14–28 0·47
ALT (U/l) 13 7–30 14 8–32 0·82

TC, total cholesterol; HOMA, homeostasis model assessment; AST, aspartate aminotransferase; ALT, alanine
aminotransferase.

* Mann–Whitney.
† Student’s t test.
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in Table 4. Also, a higher proportion of acetic acid was

recorded in both groups. Additionally, the proportion of

acetic:propionic:butyric acids, taking into account the

median values, was also similar: 1·4:1:1 in the lean group

and 1·3:1·1:1 in the obese group.

Correlation tests were run for all variables analysed in the

study, but only those which presented a statistically significant

correlation (P,0·05) were included in Table 5. Body fat, waist

circumference, blood pressure, insulin and HOMA index were

positively correlated with SCFA concentrations, while on the

contrary, HDL was inversely correlated with butyric and

acetic acids (P,0·05).

Discussion

Our present study is the first to investigate the association of

faecal SCFA with clinical variables relevant to the diagnosis

of the metabolic syndrome. The presence of these specific

relationships suggests that SCFA modulation might be a

target for weight management and abdominal obesity

reduction, which are believed to improve metabolic risk fac-

tors and help in the prevention of metabolic diseases(17).

In our study, we found that higher waist circumference was

associated with an increase in SCFA concentration. Waist cir-

cumference has been considered a useful preliminary tool

for the prediction of abdominal adiposity and metabolic syn-

drome screening(1,18). The amount of intra-abdominal fat is

related to a reduced insulin-stimulated glucose uptake rate

in the skeletal muscle and in all fat depots(19), suggesting

that reduction of waist circumference is important for proper

glucose metabolism and the loss of central fat depots.

We found that propionic and acetic acids positively corre-

lated with waist circumference, weight, BMI and body fat per-

centage, demonstrating that SCFA might contribute to

increased fat depots. Higher faecal concentrations of propio-

nate and acetate induced by colonisation of germ-free mice

with specific bacteria-producing SCFA resulted in higher

weight and fat gain(20). Acetate and especially propionate

are signalling molecules for the GPR41 receptor, the activation

of which increases host adiposity(20). The loss of GPR41 is

associated with reduced efficiency to harvest energy from

the diet. The interaction between the GPR41 receptors and

SCFA results in increased absorption of SCFA used as a sub-

strate for lipogenesis in the liver(20). This shows that inhibition

of SCFA activation of GPR41 could be a potential therapeutic

target for control of fat gain. To reinforce this potential, acetate

and propionate were also showed to inhibit lipolysis in cell

culture, and thus favour lipid accumulation(21).

Insulin levels and HOMA index are considered as markers

of the metabolic syndrome related to fat accumulation(22). In

our study, a positive correlation of insulin levels and HOMA

with the SCFA analysed was observed. The secretion of insulin

can be activated by the stimulation of the receptor GPR40 in

pancreatic cells. Long-chain NEFA can interact with GPR40

receptor, induce an increase in intracellular Ca2þ and amplify

glucose-stimulated insulin secretion in a cell culture model.

On the contrary, acetic and butyric acids do not induce insulin

secretion(23). However, in overweight individuals the increase

of acetate in blood, induced by lactulose intake, results in a

slight increase in blood insulin, perhaps sufficient to decrease

NEFA in plasma(24) through the stimulation of lipoprotein

lipase(25). Although this action helps to reduce plasma NEFA,

it can favour higher body weight and fat percentage.

Table 3. Habitual macronutrient, fibre and energy intake of the lean and obese groups

(Median and minimum (min)–maximum (max) values)

Lean (n 18) Obese (n 19)

Median Min–max Median Min–max P

Energy 0·006*
kcal 1669·4 1288·7–2315·5 2206·6 1323·03–3309
kJ 6984·8 5391·9–9688·1 9232·4 5535·6–13 844·9

Carbohydrate (g/d) 225·8 146·4–310·6 277·2 143·5–491·6 0·005†
Proteins (g/d) 57·1 41·8–91·8 69·5 35·3–123 0·058*
Lipids (g/d) 64·35 36·7–91·4 78·3 51·1–147 0·01†
Fibre (g/d) 16·4 11·1–47·9 13·9 8·0–55·5 0·42*

* Mann–Whitney.
† Student’s t test.

Table 4. Concentration (% w/w) of faecal SCFA from the lean and obese groups

(Median and minimum (min)–maximum (max) values)

Lean group (n 18) Obese group (n 17)

SCFA (%) Median Min–max Median Min–max P*

Butyric acid 0·021 0·0038–0·095 0·044 0·009–0·285 0·024
Propionic acid 0·0211 0·0088–0·055 0·0516 0·012–1·54 0·007
Acetic acid 0·03 0·015–0·10 0·061 0·02–0·21 0·010

* Mann–Whitney.
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The role of SCFA in insulin secretion is thus controversial and

needs further investigation.

In the present study, negative correlations were found

between butyric and acetic acids and HDL. The influence of

SCFA on HDL metabolism is not well established. Lower

carbohydrate intake in a low-energy diet resulted in weight

loss and an increase in HDL concentration(26). On the other

hand, a reduction in carbohydrate intake is associated with

lower butyric acid production(27). Based on these studies,

one may assume a negative correlation between HDL and

butyrate and acetate. However, the exact mechanism still

needs to be discovered.

The quantity and proportion of different SCFA found in the

gut reflect the amount and type of substrate in the diet

(especially carbohydrates resistant to digestion, carbohydrates

which escape absorption in the small intestine and also pro-

teins), gut microbiota composition and activity, and transit

time of the ingested food(10,28). However, the specific mechan-

isms that could explain higher faecal SCFA concentrations in

obese subjects are not yet clarified. Whether it is a result of

an increased metabolic activity of specific bacterial groups,

or a general increased intake of dietary substrates, still needs

to be further investigated. The bacterial colonisation of the

large intestine depends on the availability of dietary molecules

that escape digestion and absorption by the host cells. The

amount and type of such ‘non-digestible’ molecules, mainly

carbohydrates, can influence the composition and metabolic

activity of specific bacterial groups within the large-intestine

environment(29). The microbiome of obese individuals is

enriched with several carbohydrate metabolic pathways(30),

which possibly could lead to increased production of SCFA.

In our study population, higher dietary intake (energy, carbo-

hydrates, lipids) was observed in obese women. In fact, higher

dietary intake contributes to higher weight, waist circumfer-

ence and body fat percentage. Thus, it is important to empha-

sise that although significant correlations were observed, our

study design does not support a relationship of causality

between SCFA and the clinical variables analysed. Higher

SCFA could reflect an increased capacity of microbiota of

obese subjects to harvest more energy from the diet, contribut-

ing directly to weight gain, adiposity and indirectly to insulin

resistance. More studies are needed to assess if the higher

concentrations of faecal SCFA are just a consequence of

obesity or if they could directly contribute to the development

of obesity and its metabolic complications.

Taken together, our results suggest that a higher faecal con-

centration of SCFA is associated with metabolic risk factors

and thus may have an impact on waist circumference, adi-

posity, blood pressure, HOMA index, HDL and insulin

levels. Thus, the modulation of faecal SCFA levels could be

a target for metabolic homeostasis. However, the mechanisms

explaining how SCFA can contribute to metabolic alterations

need to be further investigated.
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12. Schwiertz A, Taras D, Schäfer K, et al. (2009) Microbiota and
SCFA in lean and overweight healthy subjects. Obesity 18,
190–195.

13. Friedewald WT, Levy RI & Fredrickson DS (1972) Estimation
of the concentration of low-density lipoprotein cholesterol in
plasma, without use of the preparative ultracentrifuge. Clin
Chem 18, 499–502.

14. Matthews DR, Hosker JP, Rudenski AS, et al. (1985) Homeo-
stasis model assessment: insulin resistance and beta-cell
function from fasting plasma glucose and insulin concen-
trations in man. Diabetologia 28, 412–419.

15. Geloneze B, Repetto EM, Geloneze SR, et al. (2006) The
threshold value for insulin resistance (HOMA-IR) in an
admixtured population. IR in the Brazilian Metabolic Syn-
drome Study. Diabetes Res Clin Prac 72, 219–220.

16. Smiricky-Tjardes MR, Grieshop CM, Flickinger EA, et al.
(2003) Dietary galatooligasaccharides affect ileal and total-
tract nutrient digestibility, ileal and fecal bacterial concen-
trations, and ileal fermentative characteristics of growing
pigs. J Anim Sci 81, 2535–2545.

17. Wing RR, Lang W, Wadden TA, et al. (2011) Benefits of
modest weight loss in improving cardiovascular risk factors
in overweight and obese individuals with type 2 diabetes.
Diabetes Care 34, 1481–1486.

18. Janssen I, Heymsfield SB, Allison DB, et al. (2002) Body
mass index and waist circumference independently

contribute to the prediction of nonabdominal, abdominal,
subcutaneous, and visceral fat. Am J Clin Nutr 75, 683–688.

19. Virtanen KA, Iozzo P, Hällsten K, et al. (2005) Increased fat
mass compensates for insulin resistance in abdominal obes-
ity and type 2 diabetes. A Positron-Emitting Tomography
Study. Diabetes 54, 2720–2726.

20. Samuel BS, Shaito A, Motoike T, et al. (2008) Effects of the
gut microbiota on host adiposity are modulated by the
short-chain fatty acid binding G protein-coupled receptor,
Gpr41. PNAS 105, 16767–16772.

21. Hong Y-H, Nishimura Y, Hishikawa D, et al. (2005) Acetate
and propionate short chain fatty acids stimulate adipogenesis
via GPCR43. Endocrinology 146, 5092–5099.

22. Arner P (2003) The adipocyte in insulin resistance: key mol-
ecules and the impact of the thiazolidinediones. TEM 14,
137–145.

23. Itoh Y, Kawamata Y, Harada M, et al. (2003) Free fatty acids
regulate insulin secretion from pancreatic b cells through
GPR40. Nature 422, 173–176.

24. Ferchaud-Roucher V, Pouteau E, Piloquet H, et al. (2005)
Colonic fermentation from lactulose inhibits lipolysis in
overweight subjects. Am J Physiol Endocrinol Metab 289,
E716–E720.

25. Otarod J & Goldberg IJ (2004) Lipoprotein lipase and its role
in regulation of plasma lipoproteins and cardiac risk. Curr
Atheroscler Rep 6, 335–342.

26. Sacks FM, Bray GA, Carey VJ, et al. (2009) Comparison of
weight-loss diets with different compositions of fat, protein,
and carbohydrates. N Engl J Med 360, 859–873.

27. Duncan SH, Belenguer A, Holtrop G, et al. (2007) Reduced
dietary intake of carbohydrates by obese subjects results
in decreased concentrations of butyrate and butyrate-
producing bacteria in feces. Appl Environ Microbiol 73,
1073–1078.

28. Macfarlane S & Macfarlane GT (2003) Regulation of short-
chain fatty acid production. Proc Nutr Soc 62, 67–72.

29. Flint HJ, Bayer EA, Rincon MT, et al. (2008) Polysaccharide
utilization by gut bacteria: potential for new insights from
genomic analysis. Nature 6, 121–131.

30. Turnbaugh P, Hamady M, Yatsunenko T, et al. (2009) A core
gut microbiome in obese and lean twins. Nature 457,
480–484.

Faecal SCFA and obesity 919

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114512002723  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114512002723

