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Abstract Background: Obesity has reached epidemic dimensions in recent decades. Bariatric surgery (BS) is
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one of the most effective interventions for weight loss and metabolic improvement in patients with
obesity. Short-chain fatty acids (SCFA) are gut microbiota-derived metabolites with a key role in
body weight control and insulin sensitivity. Although BS is known to induce significant changes in
the gut microbiota composition, its impact on the circulating levels of certain metabolites produced
by the gut microbiota such as SCFA remains poorly understood.
Objective: To determine the impact of BS on the circulating SCFA levels in patients with severe obesity.
Setting: University hospital.
Methods: An observational, prospective study was performed on 51 patients undergoing Roux-en-Y
gastric bypass. Plasma samples were collected at baseline (1 day before surgery) and at 6 and 12months
after BS. Plasma SCFA levels were determined by liquid chromatography–mass spectrometry.
Results: The results revealed significant changes in the circulating levels of SCFA after BS. A
marked increase in propionate, butyrate, isobutyrate, and isovalerate levels and a decrease in acetate,
valerate, hexanoate, and heptanoate levels were observed 12 months after BS. Furthermore, the
changes in the levels of propionate, butyrate, and isobutyrate negatively correlated with changes in
body mass index, while those of isobutyrate correlated negatively with changes in the homeostatic
model assessment for insulin resistance index.
Conclusion: These results suggest that propionate, butyrate, and isobutyrate levels could be related
to weight loss and improved insulin sensitivity in patients with severe obesity after BS. (Surg Obes
Relat Dis 2023;19:727–734.) � 2023 American Society for Metabolic and Bariatric Surgery.
Published by Elsevier Inc. All rights reserved.
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Obesity has achieved epidemic dimensions with more
than 1.9 billion adults affected worldwide and represents
one of the major public health concerns [1]. Although the
prevalence of obesity has been growing over decades, little
advance has been made in terms of treatment. In this regard,
bariatric surgery (BS) remains the gold-standard interven-
tion for weight loss, metabolic improvement, and overall
survival in patients with severe obesity (body mass index
[BMI] �40 or BMI �35 with associated health conditions)
[2]. Indeed, BS has demonstrated to be associated with the
resolution of obesity co-morbidities such as dyslipidemia,
hypertension, and glycemic control, and remission of type
2 diabetes (T2D) [3].

The gut microbiota has been recognized as a key player in
the pathophysiology of obesity and related disorders [4,5].
Previous studies have shown that the gut microbiota of pa-
tients with obesity greatly differs from their lean counter-
parts and is characterized by a reduced diversity with an
enrichment of specific bacteria such as Lactobacillus reuteri
or Escherichia coli [6]. In addition, perturbations in gut
microbiota have also been linked to the development of
T2D, mainly through the increased inflammatory response
due to an increased gut barrier permeability [7]. Some of
the processes involved in the effects of gut microbiota on
the development of obesity and related disorders include en-
ergy harvesting, modulation of the immune system, regula-
tion of gut endocrine function, and altered production of
metabolites [8].

Several clinical studies have demonstrated that BS greatly
affects the composition of gut microbiota [9,10]. After BS,
microbial richness increases, which has been related to
changes in metabolism and glucose homeostasis, decreased
levels of circulating biomarkers of inflammation, and
reduced fat mass deposition [11]. Moreover, such changes
have been associated with weight loss and amelioration of
insulin sensitivity, although the exact mechanisms remain
unclear.

BS has not only an effect on gut microbiota composition
but also on the microbial-derived metabolites. Among these,
short-chain fatty acids (SCFA), the main end-products of
microbial fermentation, are the most studied in relation to
weight loss interventions. They can be divided into straight
SCFA (sSCFA) which come from the saccharolytic fermen-
tation by certain bacteria such as Faecalibacterium praus-
nitzii, and branched SCFA (bSCFA) coming from the
catabolism of branched amino acids (valine, leucine, and
isoleucine) [12]. Moreover, they are known to be involved
in several physiologic functions such as maintenance of
the mucosa integrity, energy expenditure, or regulation of
the inflammatory response [13]. Thus, it could be expected
that imbalances in SCFA levels might be related to the
appearance and progression of a wide range of disorders
such as obesity and T2D [14]. However, although BS is
known to induce important changes in circulating levels of
certain metabolites related to the gut microbiota [15,16],
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its impact on the plasma levels of SCFA and their signifi-
cance to such metabolic improvements remain poorly
understood.
In this study, we aimed to evaluate the changes in circu-

lating levels of SCFA in patients with severe obesity under-
going BS. Furthermore, we studied the potential
associations between those changes in SCFA levels and
different markers of metabolic health at different time points
after BS.
Methods

Study design and participants

A total of 51 patients with severe obesity with scheduled
for Roux-en-Y gastric bypass were consecutively enrolled at
the Virgen de la Arrixaca University Hospital (Murcia,
Spain) between January 2020 and December 2020. Inclu-
sion criteria were patients with severe obesity eligible for
BS according to the National Institutes of Health Consensus
Statement [17], that is, history of severe obesity for at least 5
years, and aged between 18 and 65 years. Exclusion criteria
were cardiovascular disease, arthritis, acute inflammatory
disease, and infectious diseases. All participants gave their
written consent. The study was performed in agreement
with the Declaration of Helsinki according to local and na-
tional laws and approved by the Ethics and Clinical
Research Committees of the Virgen de la Arrixaca Univer-
sity Hospital (#2020-2-4-HCUVA).
Anthropometric and biochemical evaluation

Blood pressure (BP) was measured at baseline and at 6
and 12 months after the BS by trained personnel. The nutri-
tional status of the participants was characterized by anthro-
pometric measurements of weight, height, and waist
circumference. The BMI of the individual, total weight
loss (TWL), percentage of TWL (%TWL), and the percent-
age of excess weight loss (EWL) were calculated as outlined
in Supplementary methods.
For the biochemical evaluation, blood samples were

collected from study patients after an overnight fast (12
hours) at 3 different time points: the day before surgery
(baseline) and at 6 and 12 months after BS. Plasma was
separated by centrifugation for 10 minutes at 4000 rpm
and frozen at –80 oC until analysis. The levels of HbA1C
were measured with the glycohemoglobin analyzer HLC-
723G8 (Tosoh Bioscience). The determination of fasting
glucose, total cholesterol, high-density lipoprotein choles-
terol (HDL-c), and low-density lipoprotein cholesterol
(LDL-c) levels was carried out using the Cobas Analyzer
c702 (Roche) while insulin levels were measured using
the Cobas Analyzer e801 (Roche). Homeostatic model
assessment for insulin resistance (HOMA-IR) was calcu-
lated as insulin (mU/ml) ! glucose (nmol/L)/22.5.
tment de ClinicalKey.es por Elsevier en abril 15, 2025. Para uso 
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Analysis of SCFA in plasma by liquid chromatography–
mass spectrometry

Eight SCFA were analyzed by liquid chromatography–
mass spectrometry (LC-MS). Acetic acid, propionic acid,
butyric acid, isobutyric acid, valeric acid, isovaleric acid,
pivalic acid (tert-butyl-valeric acid), and caproic acid were
purchased from Sigma Aldrich Co. (St. Louis, MO). The
stock solutions were adjusted by using methanol. The
ultra-performance liquid chromatography (UPLC) system
was a UHPLC Infinity II (Agilent Technologies, Santa Clara,
CA). A reverse phase analysis was performed via a Poroshell
C18 EC 100 mm! 2.1 mm! 3 mm (Agilent Technologies)
at 35�C. The injection volume was 4 mL. The mobile phase
consisting of solvent A (.2% formic acid in water) and sol-
vent B (.2% formic acid in methanol) was delivered at a
flow rate of .4 mL/min. The gradient elution was as follows:
B% 5 15, 15, 70, and 98 (0, 3, 8, and 15 min). An Agilent
Technologies 6470 triple quadrupole mass spectrometer
was operated with an electrospray ionization (ESI) source
in the positive mode. The ionization source conditions
were as follows: capillary voltage, 3.00 kV; source tempera-
ture and flow, 200�C and 10 L/min, respectively; nebulizer
pressure, 20 psi; sheath gas temperature and flow, 250 oC
and 10 L/min, respectively; collision energy, 5–30 eV. The
MRM conditions were optimized by injecting 1 ppm of
each SCFAs at different collision energy (CE). The selected
mass–mass transitions were the MRM optimum from point
of view of sensitivity and selectivity for each SCFA.
Plasma samples were treated as previously described

[18]. Briefly, 100 mL of plasma was precipitated by adding
100 mL of methanol and the resulting mixture was shaken
for 1 minute and centrifuged at 14,000 rpm for 10 minutes
at 4�C. Then, 100 mL of supernatant was mixed with water
and was incubated with 30 mL of .1M O-Benzylhydroxyl-
amine hydrochloride (BHA) in MeOH and 30 mL of .25M
N-(3-Dimethylaminopropyl)-N0-ethylcarbodiimide hydro-
chloride (EDC) in MeOH at 25�C for 1 hour. After the incu-
bation, the sample was extracted with dichloromethane. The
dichloromethane was then removed, and the remaining res-
idue was reconstituted in 250 mL of methanol:water. This
solution was injected into LC-MS. The quantification was
made by the addition of a volume of standard mix with all
SCFAs (Volatile Free Acid Mix #46975-U, Sigma Aldrich)
to plasma samples to obtain 5 concentrations for calibration
(.25, .5, 1, 5, and 10 mM). Thus, calibration mode allowed to
evaluate the matrix effect and the recovery directly in the
analytical method.

Statistical analysis

Data were analyzed using the SPSS 28.0.1.1 software
(IBM, Armonk, NY). All variables were checked for
normality using the Kolmogorov-Smirnov test. Comparison
between parameters was performed using the repeated mea-
sures one-way analysis of variance followed by Bonferroni
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post hoc for those with normal distribution and the Fried-
man test followed by Dunn’s post hoc analysis for those
without normal distribution. The fold changes in circu-
lating levels of SCFA, BMI, fasting insulin, and the ho-
meostatic model assessment for insulin resistance
(HOMA-IR) were used to determine relationships be-
tween variables based on the Spearman correlation test.
All values are given as mean 6 standard deviation
(SD). A P value ,.05 was considered statistically signif-
icant. Principal component analysis and heat map con-
struction were performed using the MetaboAnalyst 5.0
Web application (https://www.metaboanalyst.ca) [19].
Results

Characteristics of the study population

Clinical, anthropometric, and biochemical characteristics
before and after the surgery of the participants included in
this study are shown in Table 1. Data from 51 patients
with severe obesity who underwent BS were analyzed at
baseline and 6 and 12 months after the surgery. There was
a statistically significant reduction in body weight and
BMI after 6 and 12 months of the surgery. Waist and hip
circumference significantly decreased 12 months after the
surgery. Plasma levels of HbA1C, fasting insulin, and the
HOMA-IR were also significantly reduced after 6 and 12
months after BS (Table 1).

Plasma SCFA profile after BS

The absolute and relative amounts of all the SCFA at
baseline and 6 and 12 months after the BS are shown in
Fig. 1A. Results showed a significant decrease in total
SCFA levels after the surgery independently of the time
measured. The concentration of absolute levels of sSCFA
(i.e., the addition of acetate, propionate, butyrate, valerate,
hexanoate, and heptanoate) measured was reduced while
the levels of bSCFA (i.e., the addition of isobutyrate and iso-
valerate) increased after 12 months.

At individual level, the sSCFA acetate, valerate, and
hexanoate were significantly reduced between baseline
and the postoperative time points measured. Acetate
exhibited a broad decrease in circulating levels with a
mean reduction of 82.02% and 77.75% at 6 and 12
months after BS, respectively, while plasma levels of pro-
pionate and butyrate were increased at 6 and 12 months
after BS. There was a modest, but significant, decrease in
plasma concentrations of heptanoate at 12 months after
BS. The increase in the levels of all these sSCFA
continued over time showing statistically significant dif-
ferences between 6 and 12 months. Regarding bSCFA,
both isobutyrate and isovalerate were increased after the
surgical treatment. The increase in the levels of these
bSCFA continued over time showing statistically signifi-
cant differences between 6 and 12 months.
rtment de ClinicalKey.es por Elsevier en abril 15, 2025. Para uso 
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Table 1

Characteristics of the study population

T1 T2 T3 T1 versus T2 T1 versus T3 T2 versus T3

Mean SD Mean SD Mean SD P value P value P value

Sex (F/M) 41/10 - - - - - - - -

Age, yr 48.33 11.19 - - - - - - -

Weight, kg 115.39 16.43 84.35 13.64 76.40 13.63 ,.001 ,.001 ,.001

BMI, kg/m2 43.60 5.16 31.89 4.46 28.76 4.61 ,.001 ,.001 ,.001

WC, cm 125.80 11.23 101.29 9.88 92.84 11.95 ,.001 ,.001 ,.001

HC, cm 137.09 13.13 114.62 10.71 107.98 11.24 ,.001 ,.001 ,.001

TWL, kg - - 31.04 8.19 38.98 11.43 - - -

% TWL - - 26.86 5.79 33.66 8.12 - - -

% EWL - - 60.54 15.87 75.84 21.36 - - -

Change BMI, kg/m2 - - 11.71 2.95 14.84 4.15 - - -

SBP, mm Hg 140.12 17.55 125.86 16.09 124.16 18.13 ,.001 ,.001 .881

DBP, mm Hg 84.08 9.89 76.04 8.85 72.06 10.29 ,.001 ,.001 .110

Glucose, mg/dL 105.08 32.43 92.16 19.52 88.02 17.43 ,.001 ,.001 .038

HbA1C, % 5.94 1.00 5.53 0.80 5.57 1.03 ,.001 ,.001 .166

Insulin, mIU/mL 16.94 11.78 10.10 4.80 8.96 6.24 .080 ,.001 .606

HOMA-IR 4.53 3.49 2.33 1.37 2.02 1.61 .030 ,.001 .012

Cholesterol, mg/dL 166.22 33.12 162.00 27.33 160.31 28.96 .413 .544 ..999

LDL-c, mg/dL 90.51 29.77 90.82 24.28 84.43 24.81 .643 .063 .164

HDL-c, mg/dL 42.42 8.28 50.59 7.87 58.16 9.69 ,.001 ,.001 ,.001

Triglycerides, mg/dL 187.40 93.68 103.06 45.66 88.75 34.64 ,.001 ,.001 .072

T1 5 baseline; T2 5 6 months after the surgery; T3 5 12 months after the surgery; F 5 female; M 5 male; BMI5 body mass index; WC5 waist circum-

ference; HC 5 hip circumference; TWL 5 total weight loss; EWL 5 excess weight loss; SBP 5 systolic blood pressure; DBP 5 diastolic blood pressure;

HbA1C 5 glycated hemoglobin; HOMA-IR 5 homeostatic model assessment of insulin resistance; HDL-c 5 high-density lipoprotein cholesterol; LDL-c

5 low-density lipoprotein cholesterol.

P values were calculated using repeated measures one-way analysis of variance followed by Bonferroni’s post hoc analysis for those with normal distribution

(weight, WC, HC, and HDL-c) and the Friedman test followed by Dunn’s post hoc analysis for those without normal distribution (BMI, SBP, DBP, glucose,

HbA1c, insulin, HOMA-IR, cholesterol, LDL-c, and triglycerides) considering P , .05 significant (values in boldface).
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Principal component analysis showed good separation of
SCFA for pre- versus post-BS, especially after 12 months,
with 2 components explaining 41.7% and 31.9% of the vari-
ance respectively (Fig. 1B). Such separation was also
observed in the heat map construction with hierarchical
cluster analysis of SCFA (Fig. 1C).

Correlations between SCFA and anthropometric/
biochemical parameters

Correlations between plasma SCFA levels and clinical
variables at baseline and at either 6 or 12 months after BS
are shown in Table S1 and Table 2, respectively. At 12
months, a negative correlation was observed between BMI
reduction and changes in different SCFA measured
including total SCFA, bSCFA, propionate, butyrate,
valerate, heptanoate, and isobutyrate. Similarly, isobutyrate
and isovalerate showed negative correlations with insulin
resistance markers, including fasting insulin levels and
HOMA-IR. Negative correlations between total SCFA,
sSCFA, bSCFA, acetate, isobutyrate, and isovalerate, and
fasting glucose levels were observed (Table 2). No signifi-
cant associations were found between changes in plasma
SCFA levels at 6 months and the anthropometric and
biochemical parameters analyzed except for isobutyrate,
which showed a significant correlation with BMI and fasting
insulin levels (Table S1).
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Discussion

In this study, we evaluated the circulating levels of SCFA
of patients with severe obesity undergoing BS at baseline (1
d before surgery) and 6 and 12 months after the surgical
intervention. Our results showed that plasma levels of
SCFA were significantly modified after the BS together
with an improvement in BMI and other markers related to
insulin resistance. Except for isobutyrate, no correlations
were found 6 months after surgery. However, we observed
a strong negative correlation between the changes in most
of the SCFA quantified and the decrease in BMI 12 months
after the BS. Furthermore, we also observed strong associa-
tions between the changes in bSCFA and the reduction in
fasting glucose, insulin levels, and HOMA-IR.
Our detailed analysis of the plasma SCFA profile

showed that the absolute amounts of sSCFA (acetate, pro-
pionate, butyrate, valerate, hexanoate, and heptanoate)
were reduced, and the absolute levels of bSCFA were
significantly increased after the BS suggesting an increase
of the microbial proteolytic fermentation versus the sac-
charolytic one. These results partially agree with those af-
ter weight loss conservative and surgical treatments
described by other authors [14,20,21]. However, while
these studies reported that the decrease in individual
sSCFA occurred independently of the SCFA type
analyzed, our analysis at individual level showed that
tment de ClinicalKey.es por Elsevier en abril 15, 2025. Para uso 
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Fig. 1. Effect of BS on SCFA profile of patients with severe obesity. (A) Concentrations of SCFA before and after BS. Values are expressed as micromolesper

liter (mean6 standard deviation [SD]). P values were calculated using the Friedman test followed by Dunn’s post hoc analysis considering P, .05 significant.

(B) Partial least-squares discriminant analysis of plasma SCFA before (M_00) and 6 (M_06) and 12 (M_12) months after BS. (C) Heatmap showing normalized

abundance of SCFA before and after BS. Color indicates higher (red) to lower (blue) abundance. BS5 bariatric surgery; SCFA5 short-chain fatty acids; T1 5
baseline; T2 5 6 months after the surgery; T3 5 12 months after the surgery; tSCFA5 total short-chain fatty acids calculated as the sum of all the SCFA quan-

tified; sSCFA5 straight short-chain fatty acids calculated as the sum of acetate, propionate, butyrate, valerate, hexanoate, and heptanoate; bSCFA5 branched

short-chain fatty acids calculated as the sum of isobutyrate and isovalerate.
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the drastic reduction in sSCFA was mainly caused by the
decrease in acetate, and hexanoate since circulating levels
of propionate and butyrate were significantly increased in
our study. Such discrepancy might be explained by the
fact that unlike studies carried out by others, we explored
the changes in plasma samples rather than fecal samples.
This is remarkable because fecal concentrations of SCFA
do not necessarily reflect the concentrations in plasma
samples as the majority of SCFA produced by gut micro-
biota are absorbed by the colon [22,23]. A recent study in
patients with obesity showed that, while circulating levels
of acetate directly correlate with those detected in feces,
levels of butyrate and propionate did not relate to the fecal
concentrations [24]. Furthermore, in this study the authors
showed that the circulating levels of butyrate and
Descargado para Anonymous User (n/a) en Murcia Region Health Depa
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propionate were inversely associated with BMI, indicating
that circulating but not fecal SCFA could be responsible
for the effects on peripheral tissues and metabolic status
[24]. These results agree with those observed in our study
where increased levels of propionate and butyrate after the
BS were inversely correlated with changes in BMI. In
addition, we also found a strong correlation between
changes in isobutyrate and weight loss. Increased levels
of bSCFA and other SCFA including butyrate and propio-
nate have been related to a higher release of the appetite-
reducing hormone peptide YY and glucagon-like peptide-
1, which are known to protect against obesity [25]. There-
fore, although our results might suggest that SCFA could
have a role in weight loss after surgery, further research is
warranted to confirm this hypothesis.
rtment de ClinicalKey.es por Elsevier en abril 15, 2025. Para uso 
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Table 2

Correlations between plasma SCFA levels and anthropometric/biochemical

parameters between baseline and 12 months after BS

BMI Insulin HOMA-IR HbA1C Glucose

tSCFA –.278* –.099 –.183 .099 –.446y

sSCFA –.255 –.074 –.161 .096 –.436y

Acetate –.135 –.043 –.137 –.109 –.375y

Propionate –.314* –.147 –.172 .114 –.229

Butyrate –.330* –.261 –.257 .134 –.230

Valerate –.369y –.017 –.018 –.067 –.094

Hexanoate –.232 .025 .006 .045 –.135

Heptanoate –.448y –.033 –.068 .001 –.142

bSCFA –.388y –.418y –.439y .200 –.474y

Isobutyrate –.363y –.320* –.368y .190 –.449y

Isovalerate –.242 –.380y –.392y .229 –.415y

SCFA5 short-chain fatty acids; BMI5 body mass index; HOMA-IR5
homeostatic model assessment of insulin resistance; HbA1C5 glycated he-

moglobin; tSCFA 5 total short-chain fatty acids; sSCFA 5 straight short-

chain fatty acids; bSCFA 5 branched short-chain fatty acids.

Values are presented as Spearman correlation coefficients.

* P , .05.
y P , .01.
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BS is known to have several health-related outcomes
in patients with severe obesity such as rapid weight
loss, reduced adiposity, improved glucose homeostasis
and insulin sensitivity, and reduction of systemic inflam-
mation and gut permeability [26–29]. Indeed, besides the
effectiveness in the treatment of severe obesity, BS has
recently emerged as a serious alternative for the
treatment of T2D [30] and nonalcoholic fatty liver dis-
ease [31,32]. BS has been shown to be very effective
for the resolution of insulin resistance, which has been
described to occur shortly after the intervention and it
has been described to be independent of weight loss
[33,34]. Thus, other factors rather than weight loss are
involved in insulin resistance resolution after BS.
Remarkably, certain gut microbiome-related metabolites
such as secondary bile acids and SCFA have been sug-
gested to be involved in increased insulin sensitivity after
BS [16,24,30,35]. However, the contribution of circu-
lating SCFA in the resolution of insulin resistance after
BS remains elusive [36]. Previous works have shown
that circulating levels of butyrate are inversely associated
with fasting glucose levels [37,38]. However, although
we observed a significant increase in levels of butyrate
after BS, these changes did not correlate with changes
in glucose levels. On the other hand, changes in bSCFA
were associated with the reduction of glucose levels at
12 months, with isobutyrate showing the strongest corre-
lation. In this regard, bSCFA have been previously
described to affect adipocyte lipid and glucose meta-
bolism in vitro by inhibiting cAMP-mediated lipolysis
and insulin-stimulated glucose uptake [12]. However, to
the best of our knowledge, this is the first study showing
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the correlation between circulating levels of isobutyrate
and reduction in fasting glucose after BS.
We acknowledge some limitations for the present study

but also some strengths. First, this is an observational cohort
study, so there is a lack of a control group and there might be
confounders that cannot be controlled, making it chal-
lenging to stablish a causal effect of BS on SCFA status.
Also, the small sample size may not be enough for detecting
short-term differences. In addition, the first follow-up visit
was established at 6 months after a substantial weight
loss. Thus, there is a lack of information about the immedi-
ate effects of BS on circulating SCFA. On the other hand,
the strengths of our study rely on the careful design and
the determination of circulating levels of SCFA by LC-MS.

Conclusion

In this study we have shown for the first time that changes
in circulating levels of total SCFA and bSCFA are associated
with a decrease in weight loss 12 months after BS in patients
with severe obesity. At individual level, changes in all SCFA
types analyzed, except for acetate, hexanoate, and isovaler-
ate, were associated with the decrease in BMI. In addition,
the decrease in glucose levels was also related to changes in
isobutyrate and isovalerate. Furthermore, we have shown
that the increase in levels of isobutyrate is significantly
correlated with the improvement in HOMA-IR. Therefore,
we could postulate that the increase of plasma isobutyrate
might have a role in the improvement of glucose control
and insulin resistance resolution after BS, albeit further
research is needed to confirm this hypothesis.
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