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Background: Morbidly obese patients show several common comorbidities associated with immu-
nological alterations such as a sustained low-level proinflammatory profile. Bacterial product
translocation is frequent in inflammation-related diseases and may aggravate patients’ clinical
outcome.

Design: Consecutively admitted morbidly obese patients who presented indications for bariatric
surgery were studied. Before surgery, patients were subjected to a modified fasting diet. Patients
underwent surgery by sleeve gastrectomy or laparoscopic Roux-en-Y gastric bypass. Clinical and
analytical parameters were recorded. Blood samples were collected at baseline, at the end of a
3-month modified fasting period, and 3, 6, and 12 months after surgery. Serum cytokine and
endotoxin levels were evaluated by flow cytometry and ELISA, respectively. Bacterial DNA was
identified in blood by broad-range PCR of prokaryote 16SrRNA gene and partial sequencing
analysis.

Results: Fifty-eight patients were included in the study. All patients showed a significantly reduced
weight and body mass index at each time-point. Postoperative mortality was null. Bacterial DNA
translocation rate was 32.8% (19 of 58) at baseline; 13.8% (8 of 58) after the modified fasting
period; and 13.8% (8 of 58), 1.8% (1 of 58), and 5.2% (3 of 58) at 3, 6, and 12 months after surgery.
Proinflammatory cytokines, serum endotoxin levels, and insulin resistance remained increased in
patients with bacterial DNA despite weight loss and were individually affected by the appearance/
clearance of bacterial DNA in blood. Multivariate analyses revealed bacterial DNA as an indepen-
dent significant factor, explaining the systemic cytokine response and the insulin resistance levels
in the studied population.

Conclusion: Bacterial DNA translocation holds increased insulin resistance and systemic inflam-
matory levels in morbidly obese patients despite significant weight loss. (J Clin Endocrinol Metab
99: 0000–0000, 2014)

Obesity is a metabolic disease in which both genetic
and environmental factors are involved (1). Its as-

sociation with an activation of the acute-phase response
has placed obesity into the inflammatory scope, where
soluble mediators such as TNF-� and IL-6 play a major

role (2–4). Morbidly obese patients have been reported to
hold several immunological derangements that may be
associated with common comorbidities such as insulin
resistance (IR), type 2 diabetes mellitus, hypertension,
obstructive sleep apnea (OSA), nonalcoholic fatty liver
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disease, and dyslipidemia, the so-called metabolic syn-
drome (5–7).

Perhaps two of the most difficult questions to answer
are: why does obesity elicit a sustained low-level inflam-
matory response, and how does the body initiate an in-
flammatory response to obesity (8). Bariatric surgery is
accepted as the most effective approach to significantly
achieve and maintain weight loss in morbidly obese pa-
tients. The improvement in insulin sensitivity and endo-
thelial function after this procedure has been reported in
the past (9). However, results on the linkage between
weight loss and a reduced inflammatory environment are
controversial. Whereas some studies show a significant
correlation between weight loss after bariatric surgery and
decreased levels of TNF-�, which have helped in suggest-
ing an association with reduced C-reactive protein and IR
levels, endothelial dysfunction, and atherosclerosis (10–
12), other studies have shown a lack of significant asso-
ciation between surgery-mediated weight loss and reduced
systemic proinflammatory markers (13, 14).

In the present study, we try to offer an explanation for
this lack of association in a subgroup of morbidly obese
patients undergoing bariatric surgery for significant
weight loss. Obese patients are at greater risk for nosoco-
mial infections, especially after surgery (15, 16). Accord-
ingly, obesity has been associated with an altered gut mi-
crobiota composition (17, 18), and intestinal bacterial
overgrowth has been previously described in these pa-
tients (19, 20). This evidence provides the rationale to
hypothesize that bacterial translocation may occur in mor-
bid obesity, perpetuating an increased proinflammatory
response even after significant weight loss.

This study was designed to evaluate the incidence of
bacterial translocation and the systemic inflammatory re-
sponse in morbidly obese patients, and how a dietary in-
tervention followed by bariatric surgery may impact these
processes.

Subjects and Methods

Subjects
Between November 2010 and September 2011, 64 consecu-

tive patients between 18 and 65 years old, who presented the
necessary indications for bariatric surgery—body mass index
(BMI) greater than 40 kg/m2 or greater than 35 kg/m2 with at
least one comorbidity (including hypertension, type 2 diabetes,
dyslipidemia, OSA, or weight-induced rheumatological dis-
ease)—were operated for morbid obesity at University General
Hospital of Alicante, Spain, and considered for inclusion. Ex-
clusion criteria were: the presence of liver disease, portal hyper-
tension, active infections, psychiatric problems, or alcohol
abuse. Patients who did not give informed consent were also
excluded. Preoperative workup evaluation comprised detection

of glucose intolerance, dysthyroidism, or hypo/hypercortiso-
lism; a chest x-ray and lung spirometry; an electrocardiogram;
and an upper endoscopy to exclude esophago-gastro-duodenal
disease. The local Ethical Committee approved the experimental
protocol. Informed consent was obtained from all patients.

Dietary intervention
Before surgery, patients were subjected to a supervised mod-

ified fasting (MF) diet. The MF diet combined natural low-fat
food with commercially available supplements specifically de-
signed for the treatment of obesity (VEGEfast Pack Mixto; Veg-
enat) during the 12 weeks before surgery. VEGEfast provided
1698 kJ (404 kcal), 36 g of protein, 9 g of fat, and 44 g of
carbohydrate per day. The addition of hypocaloric natural meals
made a total daily intake of approximately 800–900 kcal/d, in-
cluding 75–85 g/d of protein. Subjects were also instructed on
drinking 2 L/d of water and working out. Dietary counseling was
provided every 2 weeks during the MF period.

Surgical technique
All patients were operated on under general anesthesia. Lapa-

roscopic sleeve gastrectomy (SG) was offered to 20 patients, in-
cluding those with BMI � 55 kg/m2 (superobese), or with BMI
between 35 and 40 kg/m2 and with severe adherencial intra-
abdominal syndrome, and those above 55 years old with high
operative risk. The remaining 38 patients underwent laparo-
scopic Roux-en-Y gastric bypass (RYGB). Briefly, the RYGB
technique consisted of a 30-mL pouch with the jejunal alimen-
tary limb measuring 150 cm. SG was performed using a size 36
French bougie placed along the lesser curvature of the stomach.
A drain was placed in all patients along the staple line. All pa-
tients received standard preoperative antibiotic and postopera-
tive antithrombotic prophylaxis.

Study protocol
All morbidly obese patients were evaluated before (at base-

line) and after the MF period (immediately before surgery), and
at 3, 6, and 12 months after surgery. Venous blood samples were
collected in the fasting state at the above-mentioned periods.

Patient demographics were collected at indicated time-points.
BMI, excess weight (EW), and EW percentage (%EW) were cal-
culated. The percentage of EW loss (%EWL) and the percentage
of excess BMI loss (%EBMIL) were calculated as follows: [(base-
line weight � follow-up weight)/(baseline EW)] � 100, for
%EWL; and [(baseline BMI � follow-up BMI)/(baseline BMI �
25)] � 100, for %EBMIL. Patients using statins (n � 21), oral
antidiabetic drugs (n � 13), or insulin (n � 4) had their medi-
cations with dosage recorded preoperatively and postopera-
tively. All patients included in the study were supplemented with
vitamins and iron and were followed up for at least 12 months
after bariatric surgery.

IR levels
IR in the participants was evaluated at baseline, after the MF

period, and at 3 months after surgery according to the updated
homeostasis model assessment (HOMA 2-IR) (21): HOMA
2-IR � fasting serum insulin (mU/L) � fasting plasma glucose
(mmol/L)/22.5.
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Remission of comorbidities
Remission of type 2 diabetes mellitus was defined as plasma

glucose below 110 mg/dL and glycated hemoglobin below 6.5%
in the absence of hypoglycemic treatment. Remission of hyper-
tension was defined as blood pressure below 135/85 mm Hg in
the absence of antihypertensive treatment. Remission of dyslip-
idemia was defined as fasting plasma low-density lipoprotein
cholesterol below 130 mg/dL, plasma triglycerides below 150
mg/dL, total cholesterol below 200 mg/dL, and high-density li-
poprotein cholesterol over 40 mg/dL, in the absence of pharma-
cological therapy.

Identification of bacterial DNA (bactDNA) and
serum endotoxin

BactDNA was qualitatively detected and identified in blood sam-
plesbybroad-rangePCRandofprokaryote16SrRNAgeneaccording
to the methodology described elsewhere (22, 23). BactDNA bands
were quantified and referred to a standard Escherichia coli DNA (25
ng/�L) by densitometry from agarose gel images using a ChemiDoc
XRS System and the Image Lab Software (BioRad) (see http://
press.endocrine.org/doi/suppl/10.1210/jc.2013-4483/suppl_file/jc-
13-4483.pdf” Supplemental Figure 1).

The quantitative chromogenic limulus amebocyte lysate
(LAL) test (BioWhittaker) was used for lipopolysaccharide mea-
surement in collected samples. E. coli lyophilized endotoxin (22
endotoxin units [UE]/mL) provided by the kit was used to set
standard endotoxin concentrations ranging from 10 to 0.1 UE/
mL. To verify the lack of product inhibition by plasma protein,
a dilution/heating inactivation protocol was followed before en-
dotoxin measurement. A pooled E. coli endotoxin spike solution
(0.4 UE/mL) was prepared with serum samples. Dilutions rang-
ing from 1/2 to 1/20 were performed over spiked and unspiked
serum samples. The LAL test was performed after 30-minute
incubation at 60°C (24). The noninhibitory dilution was estab-
lished when the difference between spiked and unspiked endo-
toxin values was equal to the known concentration of the spike �
25%, as detailed by the manufacturer. Final sample dilutions
used were 1/10 (spike recovery after correction of dilution, 0.36
UE/mL). All samples were tested in duplicate and read at 405 nm.

Serum cytokine levels
Quantitative serum levels of TNF-�, interferon (IFN)-�,

IL-6, and IL-2 were determined by flow cytometry using cy-
tometric bead array technology (Becton Dickinson) in a
FACScanto II (Becton Dickinson), according to the manufac-
turer’s instructions.

Statistical analysis
Continuous variables are reported as median [25th–75th per-

centiles], and categorical variables as frequency or percentage.
For categorical data, the McNemar test was used to compare
frequencies between two groups and the Chocran’s Q test to
compare more than two groups. The Wilcoxon test was used to
compare continuous variables between two groups and the
Friedman test for comparisons between more than two groups.
P values were adjusted with Bonferroni’s correction for multiple
comparisons.

Spearman’s bivariate correlation and the Wilcoxon and
Friedman tests were initially performed to identify quantitative
and qualitative variables that were significantly associated with

serum TNF-�, INF-�, IL-2, and IL-6 concentrations at different
times of the study (baseline, after the MF period, and 3, 6, and
12 mo after surgery). Analysis of covariance (ANCOVA) was
used to determine which variables significant in the previous
analysis contributed most to the explanation of the variance of
the inflammatory cytokine concentrations at each time consid-
ered. A similar ANCOVA was used to determine which variables
contributed most to the explanation of the variance of the IR at
baseline, after the MF period, and at 3 months after surgery.

Variance of the inflammatory cytokine levels from baseline
assessment to 12-month follow-up in patients with and without
bactDNA fragments was tested with repeated measures
ANCOVA test, including as dependent variables, the cytokine
concentrations; as within-subject factor, the time-points base-
line, after MF period, and 3, 6, and 12 months after surgery; and
as between-subject factors, those who showed a significant as-
sociation with cytokine concentration in any of the previous
ANCOVA analyses.

Conditional logistic regression analysis with adjustment for
repeated measures at different times of the study was used to
determine the association between clinical and demographic
variables and detection of bactDNA fragments in serum. First,
variables were examined by univariate analysis and then by mul-
tivariate analysis, including variables significant in univariate
analysis. Results of conditional logistic regression are reported as
odds ratio and 95% confidence interval.

All reported P values are two-sided, and P values lower than
.05 were considered to indicate significance. All analyses were
conducted using R-2.14.1 2011 (The R Foundation for Statisti-
cal Computing).

Results

Clinical and demographic characteristics of
patients at baseline, after MF diet, and after
surgery

From the initial series of 64 patients considered, six
patients were excluded from the study due to noncompli-
ance with inclusion criteria. Finally, a group of 58 (40
women and 18 men) morbidly obese patients (age, 42
[range, 37–52] y; weight, 142 [114–154] kg; BMI, 49 [45–
53] kg/m2) from a waiting list for bariatric surgery were
included in the study protocol. Table 1 summarizes clin-
ical and analytical characteristics of patients at different
study time-points.

After the 3-month MF period, patients showed a sig-
nificantly reduced weight and BMI. Glucose, potas-
sium, cholesterol, and calcium were also reduced after
the dietary protocol. On the other hand, iron and folic
acid were significantly increased compared with the lev-
els at baseline.

Three months after surgery, a further significant de-
crease was observed in weight and BMI compared with the
MF effect. The number of patients showing hypertension,
diabetes, dyslipidemia, and OSA syndrome was signifi-
cantly reduced at this time-point and remained without
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further changes until the end of the study. Leukocyte
count, iron, and folic acid were significantly reduced at
this stage compared with levels after the MF period.

Postoperative complications were present in 14 pa-
tients (24%). Three patients (5%) required an exploratory
laparoscopy. Complications were: mild upper gastroin-
testinal bleeding (n � 6), intra-abdominal abscess (n � 2),
intestinal occlusion (n � 2), gastric fistulae (n � 1), urinary
tract infection (n � 1), hemoperitoneum (n � 1), and su-
perficial leg thrombophlebitis (n � 1). All complications
were solved during the first postoperative week. Postop-
erative mortality was null, and none of these complica-
tions prevented patients from completing the study
follow-up.

Bacterial product translocation and inflammatory
response in blood of morbidly obese patients

BactDNA was detected in the blood of 19 of the 58
patients (32.8%) at baseline. After the 3-month MF pe-
riod, blood bactDNA translocation was significantly re-
duced compared with its rate at baseline. Three months
after surgery, this rate was not modified. Patients with
postoperative complications did not show higher rates of
bacterial product translocation. However, 6 and 12
months after surgery, bactDNA was present in the blood
of less than 5% of patients (P � .05 compared with the rate
of blood bactDNA translocation 3 months after surgery)
(Table 2). Primary raw data for bactDNA detection and
quantification can be followed in Supplemental Figure 1.

Table 1. Characteristics of Patients at Different Study Time-Points

Baseline
After 3-mo
MF Diet

3 mo After
Surgery

6 mo After
Surgery

12 mo After
Surgery

Demographic and clinical
characteristics

Bariatric surgery
RYGB, n (%) 38 (65.5)
Laparoscopic SG, n (%) 20 (34.5)

Age, y 42 (37–52)
Sex, n (%)

Male 18 (31)
Female 40 (69)

Weight, kg 142 (114–154) 126 (103–138)a 100 (86–113)a 92 (78–104) 87 (70–107)
BMI, kg/m2 49 (45–53) 44 (40–49)a 36 (33–41)a 33 (29–36) 31 (26–37)
EW 82 (54–94) 66 (43–78)a 40 (26–53)a 32 (18–44)a 27 (10–47)
%EW 15 (10–21) 46 (38–57)a 57 (47–73)a 60 (43–80)
%EBMIL 16 (9–23) 54 (42–61)a 71 (52–81)a 75 (47–86)
Hypertension, n (%) 26.0 (44.8) 25.0 (43.1) 2.0 (3.8)a 1.0 (1.9) 1.0 (1.7)
Diabetes, n (%) 15.0 (25.9) 14.0 (24.1) 0.0 (0.0)a 0.0 (0.0) 0.0 (0.0)
Dyslipidemia, n (%) 21.0 (36.2) 20.0 (35.1) 4.0 (7.7)a 3.0 (6.1) 3.0 (5.2)
OSA, n (%) 37.0 (63.8) 37.0 (63.8) 3.0 (5.9)a 3.0 (6.0) 1.0 (1.7)

Analytical characteristics
Leukocytes, 103/mm3 8.4 (6.9–9.6) 7.4 (5.9–9.0) 6.1 (5.2–7.5)a 6.6 (5.6–8.2) 6.2 (5.7–6.8)
Hb, g/dL 14.0 (13.0–15.3) 13.6 (13.0–14.1) 13.5 (12.9–14.3) 13.5 (12.8–14.5) 13.6 (13.0–14.2)
Hematocrit, % 43 (41–45) 41 (40–45) 41 (39–44) 41 (40–43) 41 (40–42)
Platelets, 103/mm3 288 (244–330) 256 (203–296) 252 (215–294) 240 (197–298) 233 (204–246)
Glucose, mg/dL 102 (94–122) 81 (74–92)a 85 (80–91) 82 (76–90) 84 (80–88)
Urea, mg/dL 30 (24–37) 26 (22–32) 26 (21–34) 27 (21–32) 26 (25–36)
Creatinine, mg/dL 0.7 (0.6–0.8) 0.6 (0.6–0.8) 0.6 (0.5–0.7) 0.7 (0.6–0.7) 0.7 (0.6–0.8)
Na, mEq/L 140 (139–141) 141 (140–142) 142 (141–144) 143 (141–144) 144 (142–145)
K, mEq/L 4.4 (4.1–4.5) 4.0 (4.0–4.3)a 4.3 (4.0–4.7) 4.3 (4.2–4.7) 4.3 (4.1–4.5)
Total protein, g/dL 7.2 (6.8–7.5) 6.8 (6.3–7.0) 6.7 (6.5–7.0) 6.6 (6.4–7.0) 6.8 (6.5–7.1)
Albumin, g/dL 4.1 (3.9–4.3) 3.9 (3.8–4.2) 4.2 (3.9–4.3) 4.0 (4.0–4.2) 4.0 (3.9–4.1)
SGOT, U/L 21 (16–28) 21 (16–28) 20 (17–25) 19 (17–22) 16 (14–17)
SGPT, U/L 24 (18–32) 20 (15–30) 18 (14–26) 16 (14–22) 14 (10–16)
Cholesterol, mg/dL 202 (172–220) 173 (155–197)a 170 (135–190) 168 (152–184) 163 (148–182)
Triglycerides, mg/dL 108 (86–172) 105 (82–148) 87 (69–114) 72 (57–106) 61 (58–70)
Ca, mg/dL 9.4 (9.2–9.7) 9.1 (9.0–9.3)a 9.3 (9.2–9.5) 9.1 (9.1–9.7) 9.2 (9.0–9.5)
P, mg/dL 3.4 (2.8–3.8) 3.8 (3.4–4.1) 3.7 (3.3–3.9) 3.5 (3.3–4.0) 3.5 (3.5–3.8)
Fe, �g/dL 61 (50–72) 82 (61–101)a 59 (47–70)a 73 (62–80) 83 (67–89)
Vitamin B12, pg/mL 285 (223–374) 308 (224–400) 290 (242–406) 248 (198–359) 223 (198–314)
Folic acid, ng/mL 4.9 (3.3–7.5) 13.4 (9.6–18.8)a 7.5 (5.7–9.5)a 10.1 (3.1–12.2) 6.9 (5.5–9.8)

Continuous variables are described as median (25th–75th interquartiles) and discrete variables as number (percentage).
a P � .05 vs previous period. (Friedman test and Cochran’s Q test were used to compare repeated measures for continuous and categorical
variables, respectively with Bonferroni’s correction for multiple comparisons).
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All identified bactDNA corresponded to the Enterobac-
teriaceae family and included the following species: E. coli
(n � 19), Klebsiella pneumoniae (n � 8), Enterobacter
cloacae (n � 6), Serratia marcescens (n � 3), Proteus vul-
garis (n � 2), and Citrobacter freundi (n � 1). The median
concentration of amplified bactDNA was 25.8 (range, 13
to 35) ng/�L, without significant differences between
study stages.

Increased serum levels of endotoxin were present in
patients with bactDNA compared with those without bac-
tDNA (2.7 [2.5–3.0] vs 0.6 [0.4–0.7] UE/mL; P � .001).
Among patients with bactDNA, serum endotoxin corre-
latedwithamplifiedbactDNAconcentration in theoverall
series of patients (r � 0.70; P � .001).

Differences in BMI values at baseline (48 [range, 44–
51] vs 53 [47–60] kg/m2; P � .046) and after the MF
period (43 [39–48] vs 53 [43–58] kg/m2; P � .051) ac-
cording to the presence of bactDNA did not attain statis-
tical significance in the conditional logistic regression
model (P � .68; odds ratio, 0.96; 95% confidence interval,
0.80–1.15). The remaining clinical and analytical vari-
ables were not different according to bactDNA for any of
the time-points considered in the study. However, the rate
of bactDNA translocation was higher in SG patients 3
months after surgery compared with RYGB patients, al-
though differences were not statistically significant, likely
due to the short series of bactDNA-positive patients (5 of
20, or 25%; vs 3 of 38, 8%; P � .12).

Regarding the inflammatory cytokine profile, the MF
period induced a significant down-regulation in serum lev-
els of all proinflammatory cytokines studied (Table 2). An
additional significant decrease was observed in all cyto-
kine levels 3 months after surgery. Six months after sur-
gery, all proinflammatory cytokines reached levels 5-fold
lower than baseline values. IL-2, TNF-�, and IFN-� at 12
months significantly increased, compared with values at 6
months, although they remained 4-fold lower than levels

at baseline (Table 2). ANCOVA analyses were performed,
including all clinical, demographic, and experimental
variables, showing thatbactDNAwas theonly statistically
significant factor explaining cytokine variability at each
study time-point (Supplemental Table 1). Of interest, all
experimental variables studied were evaluated according
to the type of surgery (Supplemental Table 2). Other than
expected differences in BMI and weight, because surgery
type was selected based on these parameters, no significant
differences were observed in the rate of bactDNA trans-
location, endotoxin, and cytokine levels at different study
time-points.

The serum proinflammatory evolution and BMI in pa-
tients were followed according to the presence of blood
bactDNA translocation and are represented in Figure 1.
As can be observed, the reduction in all proinflammatory
cytokine levels and in their transcription factor nuclear
factor-�B was only achieved in patients without bac-
tDNA. Patients showing circulating bactDNA maintained
an increased proinflammatory environment, indepen-
dently of the study time-point evaluated and of their BMI
(Figure 1).

Individual evolution in serum TNF-� levels, as a rep-
resentative mediator of the proinflammatory cascade, are
represented from baseline to the end of the 3-month MF
period and from there to 3 months after surgery (Figure 2).
As can be followed in Figure 2A, all bactDNA-negative
patients atbaselinewhoremainedwithout circulatingbac-
terial genomic fragments and those bactDNA-positive pa-
tients who remained with circulating bacterial genomic
fragments 3 months after MF showed no reduction in
serum TNF-� levels. In contrast, all bactDNA-positive
patients at baseline who cleared this circulating bacte-
rial antigen showed a significant TNF-� reduction, where-
as bactDNA-negative patients who showed bacterial
genomic fragments after the 3-month MF period signifi-
cantly increased their serum TNF-� levels. Similar findings

Table 2. Blood BactDNA Translocation and Serum Inflammatory Response in Patients at Different Study
Time-Points

BactDNA and Inflammatory
Variables Baseline

After 3-mo
MF Diet

3 mo After
Surgery

6 mo After
Surgery

12 mo After
Surgery

BactDNA
No 39.0 (67.2) 50.0 (86.2)a 50.0 (86.2) 56.0 (98.2)a 55.0 (94.8)
Yes 19.0 (32.8) 8.0 (13.8) 8.0 (13.8) 1.0 (1.8) 3.0 (5.2)

Amplified bactDNA, ng/�L 18 (11–25) 10 (8–16) 20 (15–22) 29 15 (8–23)
Endotoxin, pg/mL 0.8 (0.6–2.6) 0.6 (0.4–0.9)a 0.6 (0.4–0.9) 0.5 (0.4–0.6) 0.6 (0.4–0.8)
IL-2, pg/mL 13.8 (11.2–46.8) 11.9 (9.0–14.0)a 6.5 (5.3–9.8)a 4.2 (3.2–6.1)a 8.5 (6.1–11.3)a

IL-6, pg/mL 16.6 (14.5–45.4) 13.3 (7.0–15.0)a 6.9 (4.9–9.9)a 5.6 (4.2–7.1) 5.7 (4.2–9.2)
TNF-�, pg/mL 25.4 (18.1–50.0) 13.9 (12.5–15.8)a 4.8 (3.1–6.3)a 4.6 (3.1–5.7) 5.6 (4.6–7.2)a

INF�, pg/mL 27.2 (20.3–71.8) 14.7 (12.8–16.0)a 5.1 (3.9–6.6)a 4.9 (3.8–6.2) 7.0 (5.4–8.4)a

Continuous variables are described as median (25th-75th interquartiles) and discrete variables as number (percentage).
a P � .05 vs previous period. (Friedman test and Cochran’s Q test were used to compare repeated measures for continuous and categorical
variables, respectively with Bonferroni’s correction for multiple comparisons).
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were observed in response to the bactDNA presence
and/or clearance 3 months after surgery (Figure 2B).

BactDNA translocation and IR in blood of morbidly
obese patients

A close relationship was also individually established
between the appearance or clearance of bactDNA and IR
levels in the blood of morbidly obese patients. At baseline,
obese patients included in the study showed a median
HOMA 2-IR score of 5.9 (range, 1.2–24.6) suggestive of
moderate-to-severe IR (baseline median glucose and insu-
lin levels of 5.7 [4.5–14.7] mmol/L and 18.5 [5.5–98.8]
mU/L, respectively). No significant differences in HOMA
2-IR values were observed according to diabetes status or
antidiabetic treatment. A statistically significant differ-
ence was observed in baseline HOMA 2-IR levels between
bactDNA-positive (8.0 [5.9–24.6]) and bactDNA-nega-
tive patients (4.2 [1.2–12.7]; P � .001). This difference
remained significant after the MF period and at 3 months
after surgery.

As can be followed in Figure 3, individual evolution of
the HOMA 2-IR score is represented from baseline to the
end of the 3-month MF and from there to 3 months after
surgery. BactDNA-negative patients at baseline who re-
mained without circulating bacterial genomic fragments
and those bactDNA-positive patients who remained with
circulating bacterial genomic fragments 3 months after

MF showed no reduction in HOMA 2-IR levels (Figure
3A). However, all bactDNA-positive patients at baseline
who cleared these bacterial genomic fragments showed a
significant reduction in HOMA 2-IR levels, whereas bac-
tDNA-negative patients who showed bactDNA after the
3-month MF period significantly increased their HOMA
2-IR levels. Similar findings were observed in response to
the bactDNA presence and/or clearance 3 months after
surgery (Figure 3B).

Endotoxin was significantly correlated with HOMA
2-IR levels in the overall study (r � 0.44; P � .00001).
When evaluated by stages, the correlation between serum
endotoxin levels and the HOMA 2-IR was only found
significant at baseline and 3 months after surgery.
ANCOVA model showed that both bactDNA and endo-
toxin significantly explained the variability of HOMA
2-IR at baseline, whereas bactDNA but not endotoxin
explained HOMA 2-IR variability after the MF period and
3 months after surgery (Supplemental Table 3). Several
continuous variables were significantly correlated with
HOMA 2-IR levels in evaluated stages, but in all these
cases the association was weak.

Discussion

In the present study, we demonstrate that the transloca-
tion of bacterial products into the blood of morbidly obese

Figure 1. Evolution of proinflammatory cytokine levels and BMI during the study according to the presence of circulating bacterial DNA.
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patients characterizes a subgroup of patients who are not
able to reduce their systemic inflammatory cytokine levels
after a massive weight reduction protocol consistent with
a MF period followed by bariatric surgery. This observa-
tion meets clinical relevance because these patients also
showed persistently increased IR levels, an important co-
morbidity frequently present in this setting.

The first remarkable result of the present study pro-
vides evidence that approximately 30% of morbidly obese
patients show circulating bactDNA fragments in blood.
These fragments correspond to commensal enteric bacte-
ria and coincide with elevated serum endotoxin levels in
these patients. As previously shown in human and exper-
imental model studies, bacterial antigen translocation into
blood is able to induce a significant immunogenic effect
similar to that caused by an over infection (25, 26). Bac-
terial products such as DNA and endotoxin induce a pro-
inflammatory Th1-biased response by triggering nuclear
factor-�B activation through specific Toll-like receptors.
Th1 response most representative mediators are TNF-�,
IFN-�, and IL-2. Accordingly, morbidly obese patients
with circulating bactDNA show a significantly increased
concentration of these cytokines and of IL-6, an acute-

phase mediator of inflammation, compared to patients
without bactDNA (Table 2).

Secondly, both the MF period and surgery were signif-
icantly effective in reducing bactDNA translocation rates
in morbidly obese patients, and the rate of newly bac-
tDNA-translocated patients was in both cases lower than
the previous time-point. In both periods, the soluble pro-
inflammatory response was significantly reduced, al-
though variability in serum levels of all studied cytokines
was high. Interestingly, this variability could not be ex-
plained by the weight loss, which was significant and sim-
ilar in all patients. On the contrary, and as can be observed
in Figure 2A, the proinflammatory cytokine levels indi-
vidually responded to the persistence or the clearance of
bactDNA in blood, thus supporting its major role in the
maintenance of the inflammatory response in these
patients.

The clinical consequences of bacterial product translo-
cation in blood and its associated upheld inflammatory
outlook in a subgroup of obese patients were investigated
by evaluating their role in several comorbidities. Type 2
diabetes mellitus, hypertension, and dyslipidemia were
not related with either the presence of bactDNA or in-

Figure 2. Individual changes in serum TNF-� levels, as representative proinflammatory soluble mediator, from baseline to the end of a 3-month
MF (A) and from there to 3 months after surgery (B), according to the transient presence and clearance of circulating bacterial DNA.
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creased serum endotoxin levels. However, IR levels sig-
nificantly changed with bactDNA evolution in each
patient during the study. Chronic exposure to lipopoly-
saccharide leads to IR, as described before (27, 28). In-
duced proinflammatory molecules such as TNF-� block
insulin signaling by inducing serine phosphorylation of
insulin receptor substrate-1 (29, 30). Accordingly, in the
present study, the translocation of bactDNA affected IR
levels in our series of morbidly obese patients and identi-
fies a population with an increased risk of an altered met-
abolic response that may benefit from prophylactic strat-
egies that should be evaluated in specifically designed
studies.

Despite the robustness of presented data, the study of-
fers a limitation based on the transversal collection of
blood samples every 3 months. We have previously shown
in other settings the transient nature of bactDNA trans-
location in terms of hours per day (23). Therefore, the
present study cannot discard the clearance or the recur-
rence of bacterial product translocation and the associated
inflammatory response in a given patient during that time-
frame. Specificallydesigned studieswouldbenecessary for

a more continuous evaluation of bacterial product trans-
location in morbidly obese patients. Also, the lack of sta-
tistically significant differences in variables such as BMI
values after the MF period between patients with and
without bactDNA, or the rate of bactDNA translocation
according to type of surgery despite a large effect size may
suggest a lack of power due to sample size and/or a greater
variability of the resulting groups, as in the case of patients
with bactDNA and a particular type of surgery.

In summary, bactDNA translocation is present in a sub-
group of morbidly obese patients and holds increased IR
and systemic inflammatory levels in morbidly obese pa-
tients, independently of significant weight loss by diet and
bariatric surgery.
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