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Abstract
Background Subjects with morbid obesity have low levels of serum branched-chain fatty acids (BCFAs), which correlate
inversely with insulin resistance, hypertriglyceridemia, and inflammation. Recent evidence suggests BCFAs are produced during
branched-chain amino acid (BCAA) catabolism in human adipose tissue. Elevated concentrations of BCAAs are associated with
insulin resistance.
Objectives In this single-center study, we evaluated the effect of one anastomosis gastric bypass (OAGB) on circulating BCFA
and BCAA. Moreover, we determined the expression of genes involved in BCAA catabolism in adipose tissue of patients with
obesity and lean controls.
Methods Fasting levels of BCFAs and BCAAs were determined by gas and liquid chromatography, respectively, coupled with
mass spectrometry, in 50 patients with morbid obesity before and 6–9 months after surgery, and in 32 lean controls. Visceral and
subcutaneous adipose tissue (VAT and SAT, respectively) biopsies were collected at baseline to determine mRNA levels for
enzymes involved in BCAA catabolism.
Results Before surgery, patients with obesity had lower BCFAs and greater BCAAs than control subjects. OAGB increased
BCFA and decreased BCAA levels. Insulin resistance (assessed by HOMA) correlated inversely with BCFAs and positively with
BCAAs. Expression of genes involved in BCAA catabolism in VAT (but not SAT) was lower in patients with obesity than in lean
controls.
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Conclusions OAGB-induced weight loss increases circulating BCFAs and decreases circulating BCAAs in patients with morbid
obesity, perhaps by altering BCAA catabolism in VAT. We speculate that this shift may be related to the improvement in insulin
sensitivity after surgery.

Keywords Branched-chain amino acids . Branched-chain fatty acids . Bariatric surgery .Morbid obesity . Insulin resistance

Introduction

Bariatric surgery is a treatment option for morbid obesity and
is more effective than diet and pharmacotherapy [1, 2].
Bariatric surgery brings about significant alterations in lipid
metabolism, but the exact nature of these changes depends on
the surgical procedure [3]. One anastomosis gastric bypass
(OAGB) is a promising type of bariatric surgery that improves
metabolic parameters (reduction in serum concentrations of
triglycerides, total and LDL cholesterol, and C-reactive pro-
tein; and increase in HDL cholesterol concentration) [4],
causes remission of type 2 diabetes mellitus, and is associated
with relatively low morbidity [5, 6]. However, some studies
found higher incidence of diarrhea, steatorrhea, and nutritional
adverse events after OAGB than after RYGB [7]. Reduced
food intake after surgery may result in deficiencies of some
important nutrients [8], such as bioactive lipids which, al-
though present in small amounts in the diet, are vital for many
physiological functions. On the other hand, bariatric surgery
may lead to an increase in serum concentrations of some other
lipid classes, e.g., bile acids [3, 4, 9].

Branched-chain fatty acids (BCFAs) and odd-chain fatty
acids (OCFAs), both present in small amounts in human
blood, possess antibiotic, anticancer, and immunosuppressive
properties [10–12]. Similar to unsaturated fatty acids, BCFAs
can increase cell membrane fluidity, but are less prone to ox-
idation than the former [13]. OCFAs have antioxidant proper-
ties, acting as hydroxyl radical scavengers, and increased die-
tary intake of OCFA was shown to be associated with a de-
crease in serum cholesterol. Accordingly, consumption of
BCFAs and OCFAs may reduce the risk of cardiovascular
disease [10, 14] and metabolic disorders [15]. These fatty
acids originate from ruminant fat and milk [16], but recent
evidence suggests that both BCFAs and OCFAs can also be
synthesized in mammalian adipocytes from branched-chain
amino acids (BCAAs) [17–19]. Wallace et al. [19] demon-
strated that BCFAswere synthesized de novo in adipose tissue
from BCAAs catabolized in mitochondria, and then exported
by carnitine acetyltransferase to the cytosol, where they were
elongated by fatty acid synthase. In a previous study, we iden-
tified several BCFAs and OCFAs in human serum, and dem-
onstrated that patients withmorbid obesity without any dietary
or surgical treatment had significantly lower levels of iso-
BCFAs than lean controls, but similar OCFA levels [16]. We
also found inverse correlations between circulating iso-
BCFAs and C-reactive protein (CRP, an inflammatory

marker), hypertriglyceridemia, and insulin concentration in
patients with morbid obesity [16]. In contrast to BCFAs and
OCFAs, elevated concentrations of BCAAs are associated
with obesity and its metabolic complications, such as insulin
resistance [17], and many authors have reported alterations in
BCAA metabolism in insulin-resistant and obese states [17,
20, 21].

Accordingly, the aim of this study was to evaluate if
OAGB-induced weight loss affects circulating levels of bio-
active fatty acids, including BCFAs and OCFAs. We also de-
termined BCAAs as well as the expression of genes involved
in BCAA catabolism in visceral and subcutaneous adipose
tissues.

Materials and Methods

Patients

This single-center study included a group of 50 patients (mean
age 48.6 ± 10.5 years; 42 females, 8 males) operated for mor-
bid obesity at the Department of General, Endocrine and
Transplant Surgery (Medical University of Gdańsk, Poland)
between 2016 and 2018. There were 25 patients with type 2
diabetes (T2DM) and 25 without. The inclusion criteria for
OAGB laid out by the International Federation for the Surgery
of Obesity (IFSO), International Federation for the Surgery of
Obesity–European Chapter (IFSO-EC), and European
Association for the Study of Obesity (EASO) were applied
[22].

The exclusion criteria for OAGB were as follows: (i) ab-
sence of a period of identifiable medical management; (ii)
inability to participate in prolonged medical follow-up; (iii)
non-stabilized psychotic disorders, severe depression, person-
ality, and eating disorders unless specifically advised by a
psychiatrist experienced in obesity; (iv) alcohol abuse or drug
dependencies; (v) diseases threatening life in the short term;
(vi) inability to self-care and lack of long-term family or social
support. Blood samples were obtained from all patients be-
fore, and then 6–9 months after surgery.

The control group consisted of 32 lean individuals (mean
age 52 ± 12 years; 21 females, 9 males) subjected to laparo-
scopic cholecystectomy at the Department of General,
Endocrine and Transplant Surgery, Medical University of
Gdansk, and the Department of General Surgery,
Pomeranian Hospital Sp. z o.o., in Gdynia. Criteria for
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including patients in the control group included indications for
surgical treatment in planned mode for non-cancerous rea-
sons. Exclusion criteria were (i) obesity, (ii) diabetes, (iii)
metabolic syndrome, (iv) steroid therapy, (v) chronic use of
non-steroidal anti-inflammatory drugs, and (vi) acute inflam-
mation. Blood samples from lean patients who would undergo
cholecystectomy were obtained before surgery. The blood
samples were collected in the morning both from patients
and lean controls.

The study was performed in agreement with the principles
of the Declaration of Helsinki of the World Medical
Association. The study protocol was approved by the Local
Bioethics Committee at the Medical University of Gdansk
(decision no. NKBBN/493/2016) and written informed con-
sent was obtained from all participants.

Surgical Technique and Adipose Tissue Biopsies

The one anastomosis gastric bypass (OAGB) procedure was
performed laparoscopically in all patients with obesity. The
length of the intestinal limb excluded from mixed food and
biliopancreatic content in OAGB was estimated intraopera-
tively to be 180–250 cm, depending on patient’s BMI, age,
and diabetes status, following the rule by Garcia-Caballero
et al. [23]. The length of the left common limb was estimated
to be 350–400 cm. The measurement of intestinal length was
based on the not-strained organ manipulation and the 10-cm
marker fixed to the grasping instrument that was used for
ca l ib ra t ion . Those p rocedures were pe r fo rmed
laparoscopically. After a leakage test was conducted, in order
to exclude potential leaks from the anastomosis, visceral adi-
pose tissue (VAT) samples were collected. Upon closing of the
wound, samples of subcutaneous adipose tissue (SAT) were
also collected. All adipose tissue samples were immediately
frozen in liquid nitrogen and stored at − 80 °C. Adipose tissue
samples were obtained from the same anatomical locations
from the group of lean controls during cholecystectomy.
Adipose tissue in both groups has been collected intraopera-
tively, at the end of the procedure, always from the greater
omentum and from the subcutaneous tissue at closing the cen-
tral trocar.

Anthropometric and Metabolic Data

Anthropometric and laboratory parameters were determined at
baseline (before surgery) in patients with morbid obesity and
in lean subjects, and again 6–9 months after surgery only in
subjects with morbid obesity. All blood samples were collect-
ed after an overnight fast. Serum was obtained by centrifuga-
tion and stored at − 80 °C. Routine laboratory parameters were
determined at the Central Clinical Laboratory, Medical
University of Gdansk. Anthropometric and metabolic data of

patients with morbid obesity and lean controls are presented in
Table 1.

Chromatographic and Mass Spectrometry Analysis

Fatty acid levels were assayed as described previously [16] by
using gas chromatography–mass spectrometry (GC-MS) in
total lipids extracted from tissues and serum using the method
described by Folch et al. [24]. Serum amino acid concentra-
t ions were assayed by high-per formance l iquid
chromatography–tandem mass spectrometry (LC-MS) ac-
cording to Olkowicz et al. [25]. The details of these analytical
techniques are provided in Supplementary File 1.

Real-time PCR Analysis of mRNA Levels in Adipose Tissue

Total RNAwas extracted from frozen VAT and SAT samples
with Qiagen RNeasy Lipid Tissue Mini Kit. The yield and
quality were determined for each sample by automated gel
electrophoresis (Experion, Bio-Rad). cDNA was synthesized
from 0.5 μg of the total RNA using RevertAid™ First Strand
cDNA Synthesis Kit (Thermo Fisher Scientific). Each RNA
samplewas treated with RNase-free DNase I before the cDNA
synthesis. mRNA levels were analyzed with real-time PCR
using CFX Connect Real-Time System (Bio-Rad). A combi-
nation of β-actin and cyclophilin genes was used as reference
standards. Relative levels of mRNA for the branched-chainα-
ketoacid dehydrogenase (BCKDH) complex and branched-
chain aminotransferase (BCAT) were calculated according to
Piehler et al. [26]. The following primer sequences were used:
F: GATGACAAGCCCCAGTTCCCA, R′: TGGGGTTG
ATGATCTGGCCTT for BCKDHA; F′: GCGGCAGG
TGGCTCATTTTACT, R: CAGTAGGATCTTTGGCCAAT
GAGTTAT for BCKDHB; F: GGTCCCATATTCAA
CATCTGCTAGTCT, R: TCCCATCTTGCAGTCCCCAGT
for BCAT1, and F: TTACGCGCCGCACGGATCAT, R:
GGTCGGTAAATGTCTTCCCAAAC for BCAT2.
Amplification of specific transcripts was confirmed based on
melting curve profiles and agarose gel electrophoresis of the
amplification products.

Statistical Analysis

The statistical significance of differences between values be-
fore and after surgery in subjects with morbid obesity was
determined with paired t tests, whereas differences between
subjects with morbid obesity and lean controls were evaluated
by independent t tests. The differences were considered statis-
tically significant at p < 0.05. The relationship between vari-
ables of interest was determined with linear regression analy-
sis and multiple linear regression analysis. All statistical anal-
yses were carried out with SigmaPlot version 11.0 (Systat
Software Inc., San Jose, CA).
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Results

The Effect of OAGB on Serum FA Composition

Compared with lean controls, patients with morbid obesity
had significantly lower levels of total BCFAs before surgery;
however, OAGB-induced weight loss (~ 23% of initial body
weight) led to significant increases in both iso- and anteiso-
BCFAs (Table 2, Supplementary Table 1), so that total BCFA
levels after surgery were no longer significantly different be-
tween groups (Fig. 1A). The OAGB-induced increase in cir-
culating BCFA was similar in patients with morbid obesity
with and without T2DM (Supplementary Fig. 1A, B).

Comparative analysis of FA profiles in patients with mor-
bid obesity pre- and post-OAGB and in lean controls demon-
strated many significant differences (Table 2). Both before and

after surgery, patients with morbid obesity had lower OCFA
levels than control subjects (Table 2). Moreover, preoperative
serum levels of n-3 polyunsaturated FAs (PUFAs) and post-
operative levels of both n-3 and n-6 PUFAs were significantly
lower in subjects with morbid obesity than in lean subjects.
On the other hand, both before and after OAGB, patients with
morbid obesity had higher levels of monounsaturated FAs
(MUFAs) than lean controls (Table 2).

The Effect of OAGB on Serum BCAA Composition

Since BCFAs can be synthetized from BCAA precursors in
adipose tissue [17, 19], we measured pre- and post-OAGB
concentrations of valine, leucine, and isoleucine in patients
with morbid obesity and in lean controls. Total circulating
BCAAs (leucine and isoleucine, but not valine) were

Table 2 Serum fatty acids (% of total fatty acid concentration) in
patients with morbid obesity before and after surgery compared with
lean controls. Values are mean ± SD. LC lean controls, OAGB one
anastomosis gastric bypass, BCFAs branched-chain saturated FAs,

ECFAs even-chain saturated FAs, MUFAs monounsaturated FAs,
OCFAs odd-chain saturated FAs, PUFAs polyunsaturated FAs, SFAs
saturated FAs

Fatty acid Lean controls Pre-OAGB Post-OAGB p (pre-OAGB vs LC) p (pre- vs post-OAGB) p (post-OAGB vs LC)

Total OCFAs 0.649 ± 0.111 0.572 ± 0.09 0.581 ± 0.01 0.002 0.542 0.012

Iso-BCFAs 0.244 ± 0.058 0.190 ± 0.05 0.234 ± 0.06 ˂ 0.001 ˂ 0.001 0.437

Anteiso-BCFAs 0.167 ± 0.046 0.094 ± 0.03 0.135 ± 0.05 ˂ 0.001 ˂ 0.001 0.005

Other BCFAs 0.011 ± 0.007 0.010 ± 0.004 0.012 ± 0.01 0.493 0.055 0.555

Total ECFAs 32.1 ± 1.87 32.5 ± 1.78 32.8 ± 2.40 0.276 0.390 0.131

Total SFAs 35.3 ± 1.84 33.6 ± 1.82 33.9 ± 2.60 0.540 0.261 0.200

Total MUFAs 29.6 ± 3.60 33.6 ± 2.64 34.3 ± 3.06 ˂ 0.001 0.175 ˂ 0.001

Total n-6 PUFAs 34.1 ± 3.70 30.4 ± 3.65 29.5 ± 4.13 ˂ 0.001 0.115 ˂ 0.001

Total n-3 PUFAs 2.99 ± 1.27 2.44 ± 0.69 2.27 ± 0.54 0.032 0.036 0.005

Table 1 Metabolic characteristics of patients with morbid obesity
before and after surgery compared with lean controls. Values are mean
± SD. LC lean controls,OAGB one anastomosis gastric bypass, BMI body
mass index, TG triglycerides, HDL high-density lipoprotein cholesterol,

LDL low-density lipoprotein cholesterol, TC total cholesterol, CRP C-
reactive protein, HOMA homeostatic model assessment of insulin
resistance

Lean controls (LC) Pre-OAGB 6–9 m post-OAGB p (pre-OAGB vs LC) p (pre- vs post-OAGB) p (post-OAGB vs LC)

BMI (kg/m2) 24.3 ± 2.95 38.5 ± 4.25 29.6 ± 3.73 < 0.001 < 0.001 < 0.001

Age (years) 52 ± 12 48.6 ± 10.5 – 0.456 – –

HbA1C (%) – 5.76 ± 0.89 5.22 ± 0.46 – 0.002 –

TG (mg/dl) 104 ± 43.5 113 ± 37.3 87.8 ± 26.7 0.775 0.006 0.149

HDL (mg/dl) 57.4 ± 22.1 50.7 ± 9.52 51.6 ± 11.67 0.066 0.590 0.109

LDL (mg/dl) 97.6 ± 37.4 114 ± 33.8 88.3 ± 25.3 0.093 0.027 0.066

TC (mg/dl) 171 ± 48.3 201 ± 39.8 181 ± 49.1 0.002 0.015 0.189

CRP (mg/l) 1.60 ± 1.20 1.65 ± 0.53 1.02 ± 0.55 0.904 0.010 0.170

Albumin (g/l) 40.3 ± 2.94 37.4 ± 7.60 37.2 ± 2.47 0.018 0.832 < 0.001

Creatinine (mg/dl) 0.85 ± 0.19 0.79 ± 0.22 0.71 ± 0.17 0.287 < 0.001 0.002

Glucose (mg/dl) 96.8 ± 2.32 110 ± 31.6 91.5 ± 10.9 0.057 < 0.001 0.208

Insulin (μU/ml) 9.58 ± 4.79 14.9 ± 7.69 7.70 ± 6.27 0.002 < 0.001 0.204

HOMA-IR 2.48 ± 2.14 4.34 ± 2.96 2.01 ± 1.89 0.008 < 0.001 0.384
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significantly greater in subjects with morbid obesity before
surgery than in lean controls (Table 3 and Fig. 1B). OAGB
significantly decreased the concentrations of all BCAAs, so
that postoperative values were all significantly lower in sub-
jects after bariatric surgery than in lean controls (Table 3 and
Fig. 1B).

Associations Between BCFAs and BCAAs with HOMA,
Triglycerides, and BMI

At baseline, we found that BCAAs correlated directly with the
homeostasis model assessment (HOMA) index of insulin re-
sistance (r = 0.30, p = 0.007) and triglyceride concentration
(r = 0.33, p = 0.003), whereas BCFAs correlated inversely
with these two parameters (HOMA: r = − 0.28, p = 0.012; tri-
glycerides: r = − 0.37, p = 0.001). Furthermore, BMI correlat-
ed negatively with BCFA (r = − 0.60, p < 0.001) and positive-
ly with BCAA (r = 0.27, p = 0.015). Multiple linear regression
analysis revealed that serum BCFA content was predicted
most strongly by BMI (p < 0.001), whereas BCAA by triglyc-
erides (p = 0.007).

Expression of Genes Involved in BCAA Catabolism
in Adipose Tissue

We analyzed mRNA levels for the enzymes involved in
BCAA catabolism in SAT and VAT. We did not find any
statistically significant differences between subjects with

morbid obesity and lean controls in the gene expression of
BCKDH (isoforms A and B) and BCAT (isoforms 1 and 2)
in SAT (BCKDHA 1.0 ± 0.38 vs 1.07 ± 0.38, p = 0.59;
BCKDHB 1.0 ± 0.26 vs 1.03 ± 0.39, p = 0.78; BCAT1 1.0 ±
0.54 vs 1.18 ± 0.66, p = 0.22; BCAT2 1.0 ± 0.35 vs 0.86 ±
0.22, p = 0.11; in control subjects and patients with obesity,
respectively). However, the mRNA levels for BCKDH iso-
form B and both BCAT isoforms in VAT were significantly
lower in subjects with morbid obesity than in lean controls
(Fig. 2A). Accordingly, the lower gene expression of enzymes
catabolizing BCAAs (which are involved in the synthesis of
BCFAs) was accompanied by lower BCFA levels in VAT in
subjects withmorbid obesity than in lean subjects (Fig. 2B). In
SAT, the levels of BCFA did not differ between control sub-
jects and patients with obesity (0.44 ± 0.15 vs 0.47 ± 0.11, p =
0.34, respectively).

Discussion

Association Between Serum Levels of BCFA and BCAA
in Obese Subjects

In mammalian tissues, BCFAs rarely constitute more than 1–
2% of the total FA pool, and the results from previous studies
imply that they are primarily synthesized by intestinal bacte-
ria, or consumed with dairy products or ruminant meat [27,
28]. However, recent evidence suggests that BCFAs may also

Fig. 1 Serum BCFA (A) and
BCAA (B) levels in patients with
morbid obesity before and after
surgery compared with lean
controls

Table 3 Serum branched-chain amino acids (μmol/l) in patients with morbid obesity before and after surgery compared with lean controls. Values are
mean ± SD. LC lean controls, OAGB one anastomosis gastric bypass

Lean controls Pre-OAGB Post-
OAGB

p (pre-OAGB vs LC) p (pre- vs post-OAGB) p (post-OAGB vs LC)

Valine 128 ± 35.8 123 ± 25.9 97.7 ± 24.5 0.42 ˂ 0.001 ˂ 0.001

Leucine 57.6 ± 19.2 77.1 ± 20.0 47.4 ± 18.3 ˂ 0.001 ˂ 0.001 0.02

Isoleucine 32.0 ± 12.7 45.9 ± 14.5 28.4 ± 10.5 ˂ 0.001 ˂ 0.001 0.19
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be synthesized in mammalian adipose tissue from BCAA-
derived precursors [17]. Despite their very low circulating
levels, BCFAs have been associated with several beneficial
metabolic outcomes in human subjects [16]. Recently, we
demonstrated that morbid obesity is associated with decreased
serum iso-BCFA levels. Our present study confirms this find-
ing and further demonstrates that bariatric surgery–induced
weight loss increases serum BCFAs. This may constitute an-
other beneficial metabolic effect of OAGB in patients with
morbid obesity. The results of our previous study suggest that
BCFA levels in these patients are likely independent of their
dietary habits [16]. Thus, the lower levels of BCFAs in people
with morbid obesity and the increase in circulating BCFA
after surgery may be associated with alterations in the metab-
olism of BCAAs, namely valine, leucine, and isoleucine,
which can serve as precursors of BCFAs [17, 19]. In line with
this hypothesis, the first step in the formation of BCFA
primers is the conversion of BCAAs to α-keto acids by mito-
chondrial and cytosolic isoforms of BCAT, followed by pro-
duction of primer-CoA esters in a reaction catalyzed by the
BCKDH complex [29]. While the reaction catalyzed by mito-
chondrial BCKDH is the rate-limiting step in the synthesis of
BCFAs from BCAAs [18], in some tissues (e.g., liver), its
products can also be transformed into intermediates of the
Krebs cycle. During the last step, the primer-CoA esters de-
rived from BCAAs are elongated into BCFAs [30].

Amino acids comprise a group of metabolites that un-
dergoes significant alterations after bariatric surgery. Many
previous studies demonstrated that another type of bypass
procedure, Roux-en-Y gastric bypass (RYGB), led to signifi-
cant decreases in serum BCAA levels [9, 31–33]. Importantly,
the effect of RYGB on serum BCAA concentration persisted
regardless of the time elapsed since surgery [34]. According to
Wijayatunga et al. [9], the RYGB-induced decrease in BCAA
may be a consequence of enhanced BCAA catabolism or re-
duced protein intake after surgery [35]. Our present study
confirms these observations after another type of intestinal
bypass (OAGB). To the best of our knowledge, ours is the

first study to demonstrate the effect of OAGB on serum
BCAAs. Previous studies showed that high concentrations
of leucine, isoleucine, and valine are associated with diabetes
mellitus, insulin resistance, and coronary artery disease [28].
For example, Newgard et al. [20] reported that persons with
morbid obesity had higher BCAA levels than lean controls,
which contributed to the development of insulin resistance
and diabetes. In view of these findings, the post-OAGB de-
crease in BCAA concentration could be considered another
beneficial effect of bariatric surgery for obesity, even though
the precise mechanism responsible remains unknown, and
cannot be elucidated by our study. Considering that obesity
and bariatric surgery had diametrically opposite effects on
serum BCAAs and BCFAs (Fig. 1A and B), it is not unrea-
sonable to hypothesize that the lower levels of BCFAs in
subjects with morbid obesity may be associated with slower
transformation of BCAAs into BCFAs. In line with this hy-
pothesis, the OAGB-induced changes in serum levels of these
metabolites may be explained by an improvement of BCAA
to BCFA transformation. However, according to Yao et al.
[36], the increase in BCAA levels in obesity likely results
from an inability to adequately suppress proteolysis rather
than from a decrease in the catabolism of BCAA. Thus, the
mechanisms for the decrease in BCAA levels after surgery-
induced weight loss remain elusive and should be assessed in
future studies.

Relationship Between BCAA Catabolism and BCFA
Synthesis in Adipose Tissue of Obese Patients

As BCFAs can be produced during BCAA catabolism in ad-
ipose tissue [17, 19], we analyzed the expression of genes
encoding BCKDH and BCAT, i.e., the enzymes responsible
for conversion of BCAAs to BCFAs, in VAT and SAT of
patients with morbid obesity and lean controls. We detected
no significant differences between groups in SAT, but patients
with morbid obesity had significantly lower mRNA levels
than lean subjects for BCKDHB, BCAT1, and BCAT2 in

Fig. 2 mRNA levels for
BCKDHA, BCKDHB, BCAT1,
and BCAT2 in VAT of patients
with morbid obesity compared
with lean controls (A). BCFA
levels in VAT of patients with
morbid obesity compared with
lean controls (B)
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VAT. Accordingly, this was associated with lower BCFA level
in VAT in subjects with morbid obesity than in lean subjects,
which may represent the functional endpoint of the downreg-
ulation of the aforementioned genes. Our findings are consis-
tent with the results published by Boulet et al. [21] who ob-
served that BCAT2, BCKDHA, and BCKDHB mRNA and
protein levels in VAT, but not SAT, of patients with morbid
obesity were significantly lower than in lean controls. Also,
Serralde-Zúñiga et al. [37] reported that gene expressions of
BCKDH E1α and BCAT2 in omental adipose tissue (a VAT
depot) of persons with morbid obesity with insulin resistance
were significantly lower than in overweight persons without
insulin resistance. Collectively, these observations suggest
that a decrease in serum BCFAs and a concomitant increase
in serum BCAAs in patients with morbid obesity might be a
consequence of attenuated conversion of BCAAs into BCFAs
in VAT. Unfortunately, we were not able to obtain adipose
tissue samples from patients after surgery to verify if the in-
crease in serum BCFAs and the decrease in serum OCFAs
were associated with a post-OAGB upregulation of enzymes
involved in BCAA catabolism in VAT. However, She et al.
[35] reported a significant upregulation of BCAT and a non-
significant upregulation of BCKDH in VAT (and SAT) of
patients with morbid obesity after gastric bypass.
Furthermore, Su et al. [17] reported increased SAT BCFA
levels and higher expression of fatty acid synthase gene in
patients with morbid obesity 1 year after RYGB. Based on
those findings, synthesis of BCFAs in adipose tissue likely
depends on both BCAA catabolism and FAS-catalyzed lipo-
genesis [17].

Study Limitations

Our study has several limitations. First, we were not able to
obtain adipose tissue samples from patients after surgery to
assess its effect on the gene expression of enzymes involved in
BCAA catabolism. Second, we assessed metabolic function
on the basis of static measurements of cardiovascular risk
markers in the fasting state and did not employ methodologies
to assess dynamic changes in metabolism (e.g., glucose toler-
ance tests or glucose/insulin clamps). Third, our cohort was
relatively small, but even with this sample size, the statistical
significance of the results was quite robust and therefore con-
vincing. The major strength of our study is that, for the first
time, we simultaneously determined the effect of bariatric sur-
gery on circulating levels of BCAA and BCFA.

Conclusion

In this study, we showed that OAGB-induced weight loss
resulted in significant increases in serum BCFAs and signifi-
cant decreases in serum BCAAs in patients with morbid

obesity. Moreover, our findings suggest that serum levels of
BCFAs and BCAAs may be influenced by the relationship
between BCAA catabolism and BCFA synthesis in VAT of
subjects with morbid obesity. We speculate that the post-
OAGB changes in BCFA and BCAA levels may be associated
with some metabolic benefits, such as improved glucose ho-
meostasis, but the underlying mechanisms remain to be
elucidated.
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