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What is already known about this subject?

o Obesity is associated with increased risk of metabolic syndrome, NAFLD and T2DM.

e Bariatric surgery is a known last resort treatment of obesity and its comorbidities.

e Visceral adipose tissue is more metabolically active than subcutaneous and retroperitoneal
adipose tissues.

What this study adds?

o Lower baseline mesenteric fat thickness gives higher benefit from bariatric surgery.

e Reduction of mesenteric fat gives greater weight loss and metabolic benefits.

o Mesenteric fat is highly sensitive to the effects of bariatric surgery than anthropometric

indexes, preperitoneal fat and subcutaneous fat.
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1 | INTRODUCTION

Obesity, especially central obesity is associated with increased risk
of metabolic syndrome (MetS), non-alcoholic fatty liver disease
(NAFLD) and type 2 diabetes mellitus (T2DM),* with the probabil-
ity and severity of these metabolic comorbidities increasing greatly
with the increase in obesity. Obesity and its comorbidities
are treatable, and common among them is the presence of
dysfunctional,? inflamed® and increased visceral adipose tissue
(VAT).# Interventions aimed at reducing adipose tissue mass or
body weight have shown efficacy in the improvement of obesity,
remission of T2DM, NAFLD and MetS. In particular, bariatric sur-
gery has been shown to remarkably reduce body weight and mas-
sively improve metabolic profiles.®

Increased VAT even among the lean population has been shown
to be sensitive and specific in predicting obesity related complica-
tions.® Mesenteric fat, as a specific VAT depot has been shown to be
more metabolically active than subcutaneous and retroperitoneal adi-
pose tissues.” In fact, Yang et al.2 showed that mesenteric fat plays a
crucial role in insulin resistance of T2DM and MetS. Further, our pre-
vious studies have shown that mesenteric fat has a high correlation
with MetS and NAFLD.”1©

To our knowledge, there are no previous studies which investi-
gated the changes of mesenteric fat in bariatric surgery. However, in
the past 2 years, there has been five studies on mesenteric fat.**"1°
Thus, the aim of this study was to investigate the associations of the
changes of abdominal fat thicknesses with changes of anthropometric
indexes and improvements of metabolic phenotypes in patients with

co-existing obesity and T2DM.

2 | MATERIALS AND METHODS

21 | Study participants

.16-28 study reported

This study was a secondary study to Cheung et a
previously with a focus on diet, hedonic hunger, glycaemic con-
trol, metabolic control in participants with T2DM with and with-
out obesity who were subjected to telephone lifestyle
reinforcement and bariatric surgery interventions. In contrast, in
this current study, ultrasound assessment of abdominal fat thick-
nesses was analysed in subjects who were only subjected to bar-
iatric surgery intervention in the primary study. The study was
approved by the Research Ethics Committee (CREC reference
number 2016.240) and registered at ClinicalTrials.gov
(NCT02938026, 19 October 2016). Written informed consents
were obtained from all the participants. The study protocol com-
plied with the Declaration of Helsinki and the Good Clinical Prac-
tice Guidelines of the International Conference on Harmonization
(ICH-GCP) Standards. Thus, between April 2016 and January
2017, 34 adult Chinese participants with concurrent obesity and
T2DM who underwent bariatric surgery were recruited consecu-

tively to participate into this 1-year study after fulfilling the

selection criteria. Final analysis at 1 year involved 25 participants

after nine withdrew from the study (Figure 1).

2.2 | Inclusion and exclusion criteria

The study included participants with age 18-65 years, obesity
(BMI230 kg/m?), documented diagnosis of T2DM (as defined by
World Health Organization) for 26 months, and of Chinese ethnicity.
Exclusion criteria included: presence of type 1 diabetes mellitus, preg-
nancy, breastfeeding, medical conditions known to affect habitual die-
tary intakes, alcohol consumption limit of 30 g/d and 20 g/d for men
and women respectively, malignancy diagnosed within 3 years, and

previous bariatric surgery.

2.3 | Clinical assessment
The participants received their anthropometric measurements and
biochemical evaluations on the pre-operation admission day (baseline)

and at one-year follow-up. The participant's past medical history, drug
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FIGURE 1 Flow chart for study participants.
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history/current use of medications, smoking history and alcohol con-

sumption were recorded at baseline.

2.3.1 | Clinical and anthropometric measurements
Anthropometric measurements including body weight, body height,
body mass index (BMI), waist and hip circumferences, diastolic and
systolic blood pressures were recorded. Blood tests including liver
enzymes, glucose and lipids were conducted after 8 h of fasting. The
harmonised criteria'® was used to define metabolic syndrome, that is,
the presence of at least any three of five of the following: (1) central
obesity (waist circumference = 90 cm in Asian men and = 80 cm in
Asian women); (2) triglycerides =1.7 mmol/L; (3) reduced high-density
lipoprotein-cholesterol (<1.0 mmol/L in men and <1.3 mmol/L in
women); (4) blood pressure > 130/85 mmHg and (5) fasting plasma
glucose 25.6 mmol/L, or receiving treatment for any of the above
metabolic abnormalities.

2.3.2 | Remission of clinical conditions—Definitions

e Metabolic syndrome remission was defined as the presence of 2 or
less, of the 5 MetS diagnostic components.

e T2DM remission was defined according to the Association of British
Clinical Diabetologists (ABCD) and the Primary Care Diabetes Soci-
ety (PCDS),%° that is: (1) the absence of any medications for T2DM
for at least 6 months (2) weight loss (3) glycated haemoglobin
(HbA1c) < 6.5% or fasting plasma glucose level <7.0 mmol/L.

e Remission of dyslipidaemia was defined as triglycerides <1.7 mmol/L;
increased high-density lipoprotein-cholesterol (>1.0 mmol/L in men
and >1.3 mmol/L in women) and not receiving any lipid treatment.

defined as  blood

pressure < 130/85 mmHg and not receiving antihypertensive

e Remission of hypertension was

drugs.

2.4 | VUltrasound imaging

All 25 participants had ultrasound examinations of the abdomen per-
formed a day before surgery (baseline), and at 1 year after surgery.
The abdominal ultrasound was performed to diagnose NAFLD, mea-
sure the subcutaneous, preperitoneal and mesenteric fat thicknesses.
A single sonographer blind to clinical data conducted the examinations
using the ultrasound machines (Philips iU22 Eindhoven, The Nether-
land, and Siemens Acuson S3000, CA USA).

2.5 | Measurements of abdominal fat thickness
The scanning protocol and measurements of the abdominal fat thick-
ness used in the study were as described by Liu et al.?* Briefly, mes-

enteric leaves were seen around the paraumbilical region, which

OBESITY

appeared as tubular structures separated by thin linear hyperechoic
peritoneal layers. The preperitoneal and subcutaneous fat thicknesses
were also measured in the midline between the xiphoid process and
the umbilicus in longitudinal and transverse sections respectively. The
measurements of three thickest mesenteric leaves, preperitoneal and
subcutaneous fat layers were made, and the mean value was taken for
analysis. The inter-operator and intra-operator intraclass correlation
coefficients of mesenteric, preperitoneal and subcutaneous fat thick-
ness were reported by the same group in previous study, which ran-
ged from 0.89 to 0.99.2%

2.6 | Diagnosis of NAFLD

The determination of NAFLD and its severity were according to the

1.22 These included: reduced ultrasound

criteria set by Scatarige et a
penetration of deep liver, poor visualisation of portal veins, diaphragm
and increase of hepatic echogenicity. NAFLD remission was defined
as the absence of all NAFLD diagnostic and grading criteria as
described by Scatarige et al.?? that is, reduced ultrasound penetration
of deep liver, poor visualisation of portal veins, diaphragm and

increase of hepatic echogenicity.

2.7 | Bariatric surgery

Three experienced bariatric surgeons performed five different bar-
iatric surgery methods: Laparoscopic sleeve gastrectomy (n = 18),
Roux-en-Y gastric bypass (n = 10), single loop duodenojejunal
bypass with sleeve gastrectomy (n = 4), laparoscopic mini gastric
bypass (n = 1) and laparoscopic greater curvature plication (n = 1)
in accordance with the departmental standard protocols. Given
that the primary aim of Cheung et al. study® was comparing the
effects of usual care, telephone lifestyle reinforcement programme
and bariatric surgery on dietary characteristics, hedonic hunger
and metabolic control, bariatric surgery methods were grouped as
one (not as individual methods) and their effect were assessed

as such.

2.8 | Statistical analysis

All continuous variables were expressed as mean * SD, unless
stated otherwise and in this case, median was used. Categorical
variables were expressed as number (percentage). Comparisons
between two groups were analysed using Mann-Whitney and
Fischer's exact tests accordingly. Wilcoxon and McNemar's tests
were used to compare matched data accordingly. Correlations
between variables were analysed with Pearson's correlation coeffi-
cient. Subjects with missing data at follow up were excluded in the
final analysis. Multiple linear regression analysis with multiple
comparisons was used to predict causation among variables. All

tests were two sided and p-values <.05 were considered
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statistically significant. Statistical analyses were performed with
software (SPSS, version 25.0; IBM, Chicago, IL).

3 | RESULTS

CHIYANIKA ET AL.

3.1 | Study participants—Baseline analysis

The 25 participants who completed the study (as nine subjects that
withdrew from the study were excluded) had: 56% men, mean age
43 + 10 years and BMI 37 + 5 kg/m2. Table 1 summarises the

details.

3.2 | Anthropometric outcomes

At 1 year after surgery, participants showed a mean percentage total
body weight loss of —24 + 6%, p < .001 (women: —25 + 8%, p = .005

Variables

Age (years)

Body weight (kg)

Body mass index (kg/m?)

Waist circumference (cm)

Wiaist to hip ratio

Subcutaneous fat thickness (cm)
Preperitoneal fat thickness (cm)
Mesenteric fat thickness (cm)
Fasting plasma glucose (mmol/L)
HbA1c (%)

Antidiabetic drug use, n (%)
Diastolic blood pressure (mmHg)
Systolic blood pressure (mmHg)
Mean arterial pressure (mmHg)
Antihypertensive drug use, n (%)
Total cholesterol (mmol/L)
HDL-cholesterol (mmol/L)
LDL-cholesterol (mmol/L)
Triglycerides (mmol/L)

Lipid lowering drug use, n (%)
ALP (IU/L)

ALT (IU/L)

Metabolic syndrome, n (%)
Diabetes, n (%)

Hypertension, n (%)
Dyslipidaemia, n (%)

NAFLD, n (%)

All (n = 25)
43+ 10
104 + 19
36%5

118 + 12
1.01+0.1
3.23+1.34
1.74 £ 0.45
1.21+0.24
840+3
786 1.6
25 (100)
82+9

134 £ 15
98 + 10

20 (80)
412+0.7
1.15+0.3
221+0.7
1.81+1.03
18(72)

67 +21

57 +43

Note: Bold indicates significant value (p < .05).
Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; HbA1c, glycated haemoglobin; HDL,
high density lipoproteins; LDL, low density lipoproteins; NAFLD, non-alcoholic fatty liver disease.

Mann-Whitney U test.
PFischer's exact test.

Women (n = 11)
439
91+ 15
356

113 +13
097+0.1
3.86 £1.34
1.81+0.56
1.20+0.19
771+£3
718 £1.2
11 (100)
80+8

127 + 11
94+ 6
9(82)

422 +0.8
116 +04
228+0.8
200+ 14
8(73)
65+17

44 + 28

11 (100)
11 (100)
9(82)

11 (100)
11 (100)

and men: —23 + 6%, p = .001). All anthropometric indexes had signifi-
cant reduction after surgery (p < .001; Table 2).

3.3 | Abdominal fat thickness outcomes

At 1 year after surgery, there was significant percentage decrease in
subcutaneous fat thickness (SFT) (—7 + 30%, p = .032), preperitoneal
fat thickness (PFT) (—25 + 17%, p < .001) and mesenteric fat thickness
(MFT) (—46 £ 14%, p < .001). Among the three abdominal fat layers,
the MFT had the highest percentage loss (Table 2).

3.4 | Associations of changes in abdominal fat
thickness and anthropometric indexes

The percentage change in SFT correlated with the percentage change in
both body weight (r = 0.448, p = .018) and BMI (r = 0.449, p = .018).

TABLE 1 Baseline anthropometric

Men (n = 14) p-Value® . : . o
indexes, abdominal fat thickness, clinical

4411 681 and metabolic parameters of participants.
114 + 17 .002
38+4 071
1229 049
1.04 + 0.1 012
3.02+1.26 171
1.60 + 0.35 273
1.23 +0.28 .870
8.94+3 273
839+ 1.6 .084
14 (100) 1.000°
83+ 10 179
139 + 16 079
102 + 12 154
11(79) 1.000°
404 +0.7 681
1.15 + 0.25 934
215+ 0.6 762
1.66 + 0.5 913
10 (71) 1.000°
68 + 24 956
66 + 51 163
14 (100) 1.000°
14 (100) 1.000°
13(93) 565"
14 (100) 1.000°
14 (100) 1.000°
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TABLE 2 Anthropometric indexes, abdominal fat thickness, clinical and metabolic parameters of subjects at baseline and 1 year after surgery

in all participants.

Variable Baseline (n = 25)
Body weight (kg) 104 + 19
Body mass index (kg/m?) 36+5
Waist circumference (cm) 118 + 12
Waist to hip ratio 1.01+0.1
Subcutaneous fat thickness (cm) 3.23+1.34
Preperitoneal fat thickness (cm) 1.74 +0.5
Mesenteric fat thickness (cm) 1.21+0.2
Fasting plasma glucose (mmol/L) 840+3
HbA1c (%) 7.86+2
Antidiabetic drug use, n (%) 25 (100)
Diastolic blood pressure (mmHg) 82+9
Systolic blood pressure (mmHg) 134 + 15
Mean arterial pressure (mmHg) 98 + 10
Antihypertensive drug use, n (%) 20 (80)
Total cholesterol (mmol/L) 412 +0.7
HDL-cholesterol (mmol/L) 1.15+0.3
LDL-cholesterol (mmol/L) 221+0.7
Triglycerides (mmol/L) 1.81+1
Lipid lowering drug use, n (%) 18 (72)
ALP (IU/L) 67 +21
ALT (U/L) 57 £43
Metabolic syndrome, n (%) 25 (100)
Diabetes (%) 25 (100)
Hypertension (%) 22 (88)
Dyslipidaemia (%) 25 (100)
NAFLD (%) 25 (100)

Note: Bold indicates significant value (p < .05).

1-year After surgery (n = 25) % Change p-Value
79+ 18 —24+6 <.001°
28+5 -24+7 <.001°
100 + 13 -16+5 <.001?
0.96 +0.1 —4+5 <.001°
294+1.18 —7+30 .032°
1.28+0.3 —25+17 <.001°
0.65+0.2 —46 + 14 <.001°
526+1 —32+20 <.001°
581+0.5 —24+14 <.001°
11 (44) —-56 <.001°
78+ 12 —4+15 1872
127 + 14 —5+12 .049°
93+ 11 —4+13 .100?
13 (52) -28 .039°
410+0.8 —2%25 .668°
148 + 0.4 31+27 <.001°
216 +0.7 —5+47 6277
1.01+05 -39+23 <.001°
14 (56) -16 .344°
73+ 34 7+22 3532
31+21 —21+75 .003°
17 (68) -32 .008°
14 (56) —44 .001°
16 (64) 24 .109°
17 (68) -32 016°
10 (40) —60 <.001°

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; eGFR-estimated glomerular filtration rate; HbA1lc, glycated haemoglobin; HDL,
high density lipoproteins; LDL, low density lipoproteins; NAFLD, non-alcoholic fatty liver disease.

*Wilcoxon's test used.
PMcNemar's test used.

The percentage change in PFT correlated with the percentage change in
waist to hip ratio (r = —0.455, p = .033), while the percentage change in
MFT correlated with the percentage change in both body weight
(r=0.517,p = .012), and BMI (r = 0.517, p = .012).

3.5 | Blood biochemistry outcomes

Fasting plasma glucose (p < .001), HbA1c (p < .001), HDL-cholesterol
(p <.004) and Triglycerides (p <.001) had significant percentage
reduction at 1 year after surgery.

3.6 | Clinical characteristics

MetS remission was achieved in 8 (32%, p =.008) out of
25 patients. T2DM remission was achieved in 11 (44%, p = .001)

out of 25 patients. Dyslipidaemia remission was achieved in
8 (32%, p = .016) out of 25 patients. Hypertension was achieved
in 6 (24%, p = .109) out of 25 patients. Details are summarised in
Table 2.

In both the groups of persistent and remission of MetS, MFT
had the highest percentage decrease when compared to other
abdominal fat thicknesses and anthropometric indexes (p < .001).
The MFT had a trend of higher percentage decrease in patients with
remission of MetS than in those with persistent MetS (Figures 2 and
3), though not statistically significant (—51% vs. —43%, p = .124;
Table 3).

The baseline MFT in patients with remission of MetS was
lower than those with persistent MetS with marginal
statistical significance (1.03 cm vs. 1.23 cm, p = .055). The base-
line measurements of other abdominal fat thickness and anthro-
pometric indexes did not have significant difference between

groups (p > .05).
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+ Dist 1.13 cm

FIGURE 2 (A)is the mesenteric fat thickness (1.13 cm) before surgery and (B) is mesenteric fat thickness at 1 year after surgery (0.89 cm).
Percentage reduction of mesenteric fat thickness of —21% was achieved in this patient who did not have remission of metabolic syndrome at
1 year after surgery. Measurements made between two peritoneal surfaces (white arrows) as illustrated by the distance between callipers.

FIGURE 3 (A)is mesenteric fat thickness (1.29 cm) before surgery and (B) is mesenteric fat thickness at 1 year after surgery (0.45 cm).
Percentage reduction of mesenteric fat thickness of —65% was achieved in this patient who had remission of Metabolic syndrome at 1 year after
surgery. Measurements made between two peritoneal surfaces (white arrows) as illustrated by the distance between callipers.

In both groups of persistent and remission of T2DM, no signifi-
cant difference between the baseline abdominal fat thicknesses and

anthropometric indexes (all p > .05) were found (Table 4).

3.7 | NAFLD remission
NAFLD remission was achieved in 15 (60%, p <.001) out of
25 patients (Table 2). In participants who had remission of NAFLD,
the baseline data showed significantly lower PFT (1.53 £ 0.4 cm
vs. 1.99 + 0.4, p = .012) than in those who did not (Table 5). How-
ever, at 1 year after surgery the percentage reduction in MFT in those
with remission of fatty liver was significantly higher than it was with
PFT (—51% vs. —24%, p = .001).

In all the measured abdominal fat layers and anthropometric

indexes regardless of whether the participants had persistent or

remission of the metabolic conditions, the MFT consistently showed
the highest percentage loss (p <.001), while the largest percentage
loss was observed in patients who had remission of MetS and NAFLD

(Tables 3 and 5, respectively).

3.8 | Remission rates

To confirm the outcomes above, an analysis of those in remission of
MetS, T2DM and NAFLD was conducted. The baseline median values
of the whole cohort in each of the three fat depots, BMI and WC
were used to determine the remission rates of each metabolic condi-
tion between those below and above the respective median values. It
was shown generally that the remission rates of MetS, T2DM and
NAFLD were higher in those whose baseline values were below the

baseline median values. However, the remission rates were not
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TABLE 3

metabolic syndrome diagnosis at 1 year after surgery.

Showing anthropometric indexes, abdominal fat compartments and their changes in those who remained with and those who lost

Remained with metabolic syndrome (n = 17)

Lost metabolic syndrome (n = 8)

1 year after 1 year after
Variables Baseline  surgery % Change  p-Value*' Baseline  surgery % Change  p-Value®! p-Value®? p-Value®
BW (kg) 104 £ 21 79 £ 19 —24+6 <.001 104 £ 15 79 +17 —-25+8 .005 .816 .954
BMI (kg/m?) 376 29+ 6 —24+6 <.001 36+3 27 £ 4 —25+8 .005 771 .854
WC (cm) 120 £ 12 102 £ 14 —-15+6 <.001 115+ 11 95+12 —-17+4 .005 .382 256
WHR 101+01 097+004 -386+5 .006 099+01 09301 —-5.61+5 .028 522 .954
SFT (cm) 3.67+13 32312 —9+22 .088 278+1 230+1 —-0.6 +48 249 .081 .841
PFT (cm) 1.74+0.5 1.34+03 -25+17 .001 1.60+04 1.15+0.3 -30+16 .028 466 916
MFT (cm) 1.23+02 071+02 —-43+15 <.001 1.03+0.2 0.53+0.2 -51+14 .028 .055 124

Note: p-Value® for the parameter change before and after surgery. p-Value? for the difference in the baseline parameters between the groups of ‘remained

with metabolic syndrome’ and ‘lost metabolic syndrome’. p-Value® for the difference in the percentage change of the parameters between the groups of
‘remained with metabolic syndrome’ and ‘lost metabolic syndrome’. Bold indicates significant value (p < .05).

Abbreviations: BMI, body mass index; BW, body weight; MFT, mesenteric fat thickness; PFT, preperitoneal fat thickness; SFT, subcutaneous fat thickness;

WOC, waist circumference; WHR, waist hip ratio.
#Wilcoxon's test used.
PMann-Whitney U test.

TABLE 4
T2DM diagnosis at 1 year after surgery.

Remained with T2DM (n = 14)

Showing anthropometric indexes, abdominal fat compartments and their changes in those who remained with and those who lost

Lost T2DM (n = 11)

1 year after 1 year after
Variables Baseline  surgery % Change p-Value*! Baseline  surgery % Change p-Value*! p-Value®? p-Value®?®
BW (kg) 108 + 20 82+18 -25+6 <.001 98 + 18 75+18 —24+7 .001 .834 662
BMI (kg/m?) 38+5 29+5 -25%7 <.001 355 275 —24+7 .001 .801 .708
WC (cm) 119 + 13 100 £ 16 —-16+6 <.001 117 £ 11 97 £10 —-15+4 .001 906 .525
WHR 100+0.1 095+01 —-4+5 .011 101+01 097+0.1 —-6+4 .013 956 622
SFT (cm) 336+16 305+14 -0.3+32 .170 343+10 283+0.9 -14+26 .110 229 325
PFT (cm) 1.69+0.5 135+04 -21+£17 .005 1.69+05 1.19+0.2 -30+16 .005 .948 .187
MFT (cm) 1.16+0.2 0.65+0.2 —46 £ 12 .002 1.18+0.3 0.66+0.3 —-45+18 .003 .720 .902

Note: p-Value® for the parameter change before and after surgery. p-Value? for the difference in the baseline parameters between the groups of ‘remained
with T2DM’ and ‘lost T2DM’. p-Value® for the difference in the percentage change of the parameters between the groups of ‘remained with T2DM’ and

‘lost T2DM’. Bold indicates significant value (p < .05).

Abbreviations: BW, body weight; BMI, body mass index; MFT, mesenteric fat thickness; PFT, preperitoneal fat thickness; SFT, subcutaneous fat thickness;

WOC, waist circumference; WHR, waist hip ratio.
*Wilcoxon's test used.
PMann-Whitney U test.

significantly different between those below and above the reference

values (all, p > .05). Details are shown in Table 6.

3.9 | Relationship between anthropometric/
abdominal fat parameters with metabolic syndrome

A multiple linear regression analysis showed that among the measured
baseline parameters (BMI, WC, PFT, SFT), baseline MFT (p = .079,
though borderline significant) seemed to have a stronger relationship

with MetS remission at 1 year after surgery. It was further shown that

baseline BMI (p = .037) had a stronger relationship with T2DM remis-
sion, while PFT had a stronger relationship with NAFLD remission

(p = .032) at 1 year after surgery (Table 7).

4 | DISCUSSION

This was the first study to assess the relationship of mesenteric fat
change in patients with obesity who underwent bariatric surgery.
Ultrasound could be used to longitudinally assess different abdominal

fat depots in patients with obesity, particularly the mesenteric fat, a
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TABLE 5 Showing anthropometric indexes, abdominal fat compartments and their changes in those who remained with and those who lost

fatty liver disease diagnosis at 1 year after surgery.

Remained with fatty liver disease (n = 10)

Lost fatty liver disease (n = 15)

1 year after 1 year after
Variables Baseline  surgery % Change  p-value®® Baseline  surgery % Change  p-Value*' p-Value®? p-Value®®
BW (kg) 110+ 21 88 + 19 —-200+6 .008 100 + 18 74 + 16 -27+6 <.001 213 .011
BMI (kg/m?) 38+7 316 -20+7 .008 36+4 27 £ 4 —27+6 .001 .610 .013
WC (cm) 123 £ 13 108 £ 15 —12+5 .008 116 £ 10 95+ 10 -180x4 <.001 213 .006
WHR 1.03+0.1 0.99 £0.02 —37+6 .086 099+01 0.94+0.1 —45+4 .002 .095 .910
SFT (cm) 385+16 35316 —-7+23 263 3.13+11 26308 -7 +33 .078 .336 .846
PFT (cm) 1.99+04 145+03 —-25+21 .017 1.53+04 1.18+0.3 —24.4 + 15 .001 .012 .946
MFT (cm) 116 +04 0.80+0.3 —-352+13 .012 1.17+0.2 0.57+0.2 -51.3+12 .001 .887 .012

Note: p-Value® for the parameter change before and after surgery. p-Value? for the difference in the baseline parameters between the groups of ‘remained
with NAFLD’ and ‘lost NAFLD’. p-Value® for the difference in the percentage change of the parameters between the groups of ‘remained with NAFLD’

and ‘lost NAFLD’. Bold indicates significant value (p < .05).

Abbreviations: BW, body weight; BMI, body mass index; MFT, mesenteric fat thickness; PFT, preperitoneal fat thickness; SFT, subcutaneous fat thickness;

WOC, waist circumference; WHR, waist hip ratio.
#Wilcoxon's test used.
PMann-Whitney U test.

depot of VAT, after weight loss intervention. In relation to other imag-
ing methods such as computed tomography (CT) and Magnetic Reso-
nance Imaging (MRI) which can assess visceral fat, ultrasound has the
advantage of being generally affordable, readily available and radiation
free. In addition, previous studies®>~?® have shown that ultrasound
assessment of mesenteric fat change may be more specific to the vis-
ceral fat reduction compared to CT and MRI which usually include
extraperitoneal fat in the visceral fat assessment.

In this study, it was shown that bariatric surgery was not only effi-
cacious in significantly reducing different abdominal fat thicknesses
and anthropometric indexes but also resulted in remission of 60%,
32% and 44% of NAFLD, MetS and T2DM, respectively. This was in
concordance with earlier studies.2?%°

Although no significant differences were observed, when compar-
ing those with persistent and remission of MetS, MFT tended to have
a higher percentage decrease when compared to PFT/SFT and all
anthropometric indexes. This may indicate that mesenteric fat could
be more sensitive to the effect of bariatric surgery than other mea-
sures of obesity. The underlying mechanism for this outcome is not
clear. However, given that the mesenteric fat depot has the most vis-
ceral fat quantity, highly metabolically active, highly vascularised, rich
in blood supply, highly innervated and has a larger difference in gene
expression than other abdominal fat depots like the omentum, preper-

itoneal fat and subcutaneous fat,%2%31:2

it can be postulated that its
response to the effects of bariatric surgery is stronger than other fat
depots, driven by an instant need for energy in view of acute negative
energy balance. This in turn results in early restoration of efficient
energy metabolism, manifested as improvement of metabolic aberra-
tions. Thus, mesenteric fat has the highest percentage loss than the
other measures of obesity. Indeed, the above postulation is further

|32

supported by the findings of Andrew et al.”* in a baboon study where

they performed mesenteric visceral lipectomy using liquefaction

technology. The results showed reversal of insulin resistance and
significant weight loss in contrast to subcutaneous fat liposuction®®
and omentectomy®* where the metabolic outcomes were inconsis-
tent. Suggesting that among the various fat depots, reduction of
mesenteric fat depot appears to give greater weight loss and meta-
bolic benefits.

We also found lower baseline MFT in patients with remission of
MetS after surgery. This outcome was further consolidated in the
regression analysis which showed that baseline MFT tended to have a
stronger relationship with MetS remission. Also, there was higher
remission of MetS in subjects whose baseline MFT was below the
median value than in those above the median. These outcomes are in
line with an earlier study by Weiss et al.>® in which the lower baseline
visceral fat (VAT) area as shown by CT was associated with the remis-
sion of MetS after bariatric surgery. These results suggest that lower
baseline MFT might predict remission of MetS. In other words, the
patients with lower baseline MFT may benefit more from bariatric sur-
gery. This outcome could be partly explained by the established fact
that free fatty acid release increases with an increase in VAT mass.3¢
The free fatty acids induce insulin resistance and inflammation in the
major insulin target tissues like the skeletal muscle, liver and endothe-
lial cells, hence, they play a critical role in the development of insulin
resistance and metabolic syndrome.®” It could then be postulated that
metabolic aberrations experienced in higher VAT mass are greater
than in lower VAT mass, thus, subjects with lower baseline MFT tend
to have a higher remission of MetS after surgery because their meta-
bolic condition may not be as worse as those with higher
baseline MFT.

In those with persistent or remission of T2DM, there were no sig-
nificant differences in both the baseline and percentage decrease in
abdominal fat layers and anthropometric indexes. However, the sub-

cutaneous fat thickness (and preperitoneal fat thickness) tended to
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Baseline
median

Baseline
median

Baseline Baseline
median

median

Baseline
median

Remission

Remission

Remission

Remission

Remission

value (cm)  p-Value

p-Value rate, n (%)
5(38.5)
3(22.2)

value (kg/m?)

rate, n (%)
6(37.5)

p-Value
2(22.2)

value (cm)

p-Value rate, n (%)
5(38.5)
3(25)

value (cm)

rate, n (%)
6 (40)

p-Value
2(20)

value (cm)

rate, n (%)
5(38.5)
3(25)

117.5

202

35.84

.673

3.23

402

1.74

.673

1.21

Below median value

Above median value

T2DM (n = 11)

11

117.5

8(61.5)
3(25)

428

35.84

9(56.3)
2(22.2)

1.21 428 6 (40) 1.74 697 5(38.5) 3.23
2 (20) 6(50)

7 (53.8)
4(33.3)

Below median value

Above median value

NAFLD (n = 16)

1.21 .688 12 (80) 1.74 .053 9(69.2) BY3 .688 11 (68.8) 35.84 226 10(76.9) 117.5 226

9(69.2)
7 (58.3)

Below median value

5(55.6) 6 (50)

7 (58.3)

4 (40)

Above median value

Note: Mann-Whitney U test. P-value for the difference between remission rates in those below and above median values for each measured parameter. Bold indicates significant value (p < .05).

Abbreviations: BMI, body mass index; MFT, mesenteric fat thickness; NAFLD, non-alcoholic fatty liver disease; PFT, preperitoneal fat thickness; SFT, subcutaneous fat thickness; T2DM, type 2 diabetes mellitus; WC, waist

circumference.

OBESITY

have a higher percentage decrease in patients with T2DM remission.
Although our results were not statistically significant, Andersson

.38 showed that a significant reduction in subcutaneous fat cell

et a
volume or decrease in estimated subcutaneous adipose tissue area
was strongly associated with improvement in insulin sensitivity. The
probable explanation for this outcome in our study as opposed to
Anderson et al. could be related to T2DM and lipid therapies our
cohort was on, as these treatments are known to alter body
adiposity.>?

With regards to those who had persistent or remission of NAFLD,
there was a significantly lower baseline preperitoneal fat in those with
remission of NAFLD. This outcome was further consolidated in the
regression analysis that showed that PFT had a stronger relationship
with NAFLD remission. However, no significant difference in the
baseline MFT was seen, yet there was a significant reduction in MFT
(and preperitoneal fat but to a lesser degree) in those with remission
of NAFLD after surgery. In agreement with our study, Kim et al.*°
showed no significant difference in the baseline VAT area between
participants with remission or persistent NAFLD. They further showed
that significant reduction in the VAT area (and subcutaneous adipose
tissue area but to a lesser degree) was significantly associated with
regression of NAFLD.*® These results suggest that significant reduc-
tion especially in the MFT coupled with minimal reduction in the pre-
peritoneal fat thickness post-surgery is vital in the remission of
NAFLD. In fact, this current study showed that mesenteric fat had the
largest percentage decrease among all obesity indexes and abdominal
fat layers, which was also associated with improved metabolic pro-
files. Thus, the assessment of mesenteric fat as well as preperitoneal
fat might have an added advantage over traditional anthropometric
indexes in assessing obesity and its related comorbidities in patients.

Concerning the relationship between MFT and anthropometric
indexes, the percentage change in MFT correlated with the percent-
age change in both body weight and BMI but not with waist circum-
ference and waist to hip ratio. These outcomes were consistent with
an earlier study that assessed this relationship using VAT area.>® Thus,
highlighting the importance of assessing the amount of mesenteric fat
(VAT). Mesenteric fat deposition in individuals with obesity leads to
hypertrophic adipocytes to release several specific proinflammatory
cytokines.** These proinflammatory cytokines play a significant role in
the pathogenesis of MetS, T2DM and NAFLD.** Moreover, it is a
known fact that mesenteric fat is drained by the portal circulation,
thus, the increased supply of free fatty acids following visceral lipoly-
sis are deposited directly into the liver. Consequently, contributing to
the pathogenesis of insulin resistance, dyslipidaemia, cardiometabolic
disease (components of MetS) and NAFLD.*?

This study was limited by a small sample size, which could explain
in part, some of the marginal significant outcomes reported. As the
primary study did not investigate the effects of each bariatric surgery
but instead grouped all surgery types as one despite their variability in
malabsorption ability, the effect of each bariatric surgery method on
mesenteric fat, preperitoneal fat, subcutaneous fat, weight, waist cir-
cumference and remission of NAFLD/metabolic syndrome/T2DM could

not be established. Thus, this is another limitation of this study. Finally,
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TABLE 7 Showing regression analysis of the measured parameters in predicting remission of metabolic syndrome, T2DM and NAFLD at

1 year after surgery.

Metabolic Syndrome remission T2DM remission NAFLD remission

Standardised Standardised Standardised

coefficients beta t p-Value coefficients beta t p-Value coefficients beta t p-Value
(Constant) —0.592 561 0.371 715 —1.540 .140
BMI —-.516 —1.233 .232 —.958 —2.245 .037 —.457 —1.163 .259
wC 299 0.783 443 477 1.224 236 536 1.493 152
PFT .188 0.878 391 154 0.704 490 466 2.321 .032
SFT 264 1.158 261 176 0.758 458 179 0.837 413
MFT 432 1.857 .079 .263 1.105 .283 —.085 —0.389 .702

Note: Bold indicates significant value (p < .05).

Abbreviations: BMI, body mass index; MFT, mesenteric fat thickness; NAFLD, non-alcoholic fatty liver disease; PFT, preperitoneal fat thickness;
SFT, subcutaneous fat thickness; T2DM, Type 2 diabetes mellitus; WC, waist circumference.

this was a single centre study with Chinese population, thus, caution
must be taken in the generalisation of the results. Therefore, future
studies to reproduce our findings are warranted with a larger sample
size, multicentre and a homogeneous bariatric surgery procedure.

In conclusion, ultrasound can be used to longitudinally assess dif-
ferent abdominal fat depots of patients with obesity, particularly the
mesenteric fat, a depot of VAT, after weight loss intervention. A sig-
nificant decrease in MFT was associated with significant reduction of
obesity, and with the remission of MetS and NAFLD. Lower baseline
MFT may have the potential to predict MetS remission after bariatric

surgery.

AUTHOR CONTRIBUTIONS

Chileka Chiyanika, Kin Hung Liu, Winnie Chiu Wing Chu, Lorena Tsui
Fun Cheung, Alice Pik Shan Kong, Simon Kin Hung Wong and Enders
Kwok Wai Ng participated in study design. Kin Hung Liu and Lorena
Tsui Fun Cheung collected data. Simon Kin Hung Wong and Enders
Kwok Wai Ng performed bariatric surgeries. Chileka Chiyanika ana-
lysed the data and wrote the manuscript. Kin Hung Liu, Lorena Tsui
Fun Cheung and Winnie Chiu Wing Chu reviewed and edited the
manuscript. All authors revised the manuscript, approved the final
manuscript as submitted and agreed to be accountable for all aspects
of the work. Winnie Chiu Wing Chu is the guarantor of this work and,
as such, had full access to all the data in the study and takes responsi-
bility for the integrity of the data and the accuracy of the data
analysis.

ACKNOWLEDGEMENTS

The authors are grateful to the staff at the Prince of Wales Hospital,
multidisciplinary Clinic of Metabolic & Bariatric Surgery (MCMBS) for
their contributions. The authors also thank all the participants in the
study. This study was supported by a grant from the Hong Kong Asso-
ciation for the Study of Obesity (HKASO) research grant 2017.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

ORCID

Winnie Chiu Wing Chu " https://orcid.org/0000-0003-4962-4132

REFERENCES

1. Azzu V, Vacca M, Virtue S, Allison M, Vidal-Puig A. Adipose tissue-liver
cross talk in the control of whole-body metabolism: implications in non-
alcoholic fatty liver disease. Gastroenterology. 2020;158(7):1899-1912.

2. Huh JY, Park YJ, Ham M, Kim JB. Crosstalk between adipocytes and
immune cells in adipose tissue inflammation and metabolic dysregula-
tion in obesity. Mol Cells. 2014;37(5):365-371.

3. Hill DA, Lim H, Kim YH, et al. Distinct macrophage populations direct
inflammatory versus physiological changes in adipose tissue. Proc Nat|
Acad Sci. 2018;115(22):E5096-E5105.

4. MclLaughlin T, Lamendola C, Liu A, Abbasi F. Preferential fat deposi-
tion in subcutaneous versus visceral depots is associated with insulin
sensitivity. J Clin Endocrinol Metab. 2011;96(11):E1756-E1760.

5. lkramuddin S, Korner J, Lee W, et al. Lifestyle intervention and
medical management with vs without roux-en-Y gastric bypass
and control of hemoglobin Alc, LDL cholesterol, and systolic
blood pressure at 5 years in the diabetes surgery study. JAMA.
2018;319(3):266-278.

6. Chiyanika C, Wong VW, Wong GL, et al. Implications of abdominal
adipose tissue distribution on nonalcoholic fatty liver disease and
metabolic syndrome: a chinese general population study. Clin Trans|
Gastroenterol. 2021;12(2):1-8.

7. Rebuffé-Scrive M, Andersson B, Olbe L, Bjérntorp P. Metabolism of
adipose tissue in intraabdominal depots of nonobese men and
women. Metab Clin Exp. 1989;38(5):453-458.

8. Yang Y, Chen M, Clements RH, Abrams GA, Aprahamian CJ,
Harmon CM. Human mesenteric adipose tissue plays unique role ver-
sus subcutaneous and omental fat in obesity related diabetes. Cell
Physiol Biochem. 2008;22(5-6):531-538.

9. Liu KH, Chan YL, Chan WB, Chan JCN, Chu CWW. Mesenteric fat
thickness is an independent determinant of metabolic syndrome and
identifies subjects with increased carotid intima-media thickness. Dia-
betes Care. 2006;29(2):379-384.

10. Liu KH, Chan YL, Chan J, Chan WB, Kong WL. Mesenteric fat thick-
ness as an independent determinant of fatty liver. Int J Obes. 2006;
30(5):787-793.

11. Liu KH, Kong APS, Chan JCN, Wing WC. Sonographic measurement
of mesenteric fat thickness is a better predictor of aortic stiffness
compared with conventional obesity indexes. Ultrasound Med Biol.
2023;49(2):599-606.

B5UBD17 SUOLULIOD BAIES.D Bedtdde aup Aq paueA0B a8 SaR1He YO ‘SN 0 S3INJ 10} ARG 1T BUIIUO AB|IM UO (SUORIPUOD-PUR-SLLBIWI0D" A3 1M ARIq 1[BUIUO//SdNY) SUORIPUOD PUe SW L 8U3 89S *[6202/T0/T] Uo ARigiTauluo AIIM ‘WOH ON NH ALISYIAINN DINHOILATOd ONOY ONOH Aq L2921 Goo/TTTT 0T/I0p/W0d 43| 1M Aseiq1|eul uoj/sdny wouy papeojumod ‘2 ‘720z ‘TTT88GLT


https://orcid.org/0000-0003-4962-4132
https://orcid.org/0000-0003-4962-4132

CHIYANIKA ET AL.

—Wl LEY 110f 11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Jing J, Wu Y, Zhang H, et al. The establishment of a regression model
from four modes of ultrasound to predict the activity of crohn's dis-
ease. Sci Rep. 2021;11(1):77.

Baroud S, Bazerbachi F, Maselli DB, et al. Id: 3527059 endosono-
graphic estimation of the celiac artery mesenteric fat thickness
(cameus) is reliable validated anthropomorphic correlate of excess
adiposity related chronic disease: the metoblic endoscopic ultrasound
station. Gastrointest Endosc. 2021;93(6):AB220-AB221.

Ng N, Liu KH, Tam C, et al. The relationship between visceral adipos-
ity and cardiometabolic risk in chinese women with polycystic ovary
syndrome. Obes Res Clin Pract. 2021;15(6):593-599.

Bazerbachi F, Vargas E, Maselli DB, Dayyeh BKA. Su1273 endosono-
graphic estimation of the celiac artery mesenteric fat thickness
(cameus) is a novel reliable anthropomorphic correlate of obesity and
obesity-associated steatohepatitis: a proof-of-concept prospective
controlled study and technique description. Gastrointest Endosc.
2020;91(6):AB305.

Cheung L, Ko G, Chow F. Effects of telephone lifestyle reinforcement
and bariatric surgery on diet, hedonic hunger, and metabolic control
in obese chinese patients with type 2 diabetes: a one-year prospec-
tive study. Clin Nutr ESPEN. 2020;40:461.

Cheung LTF, Ko GTC, Chow FCC, Kong APS. Association between
hedonic hunger and glycemic control in non-obese and obese
patients with type 2 diabetes. J Diabetes Investig. 2018;9(5):1135-
1143.

Cheung LT, Chan RS, Ko GT, Lau ES, Chow FC, Kong AP. Diet quality
is inversely associated with obesity in chinese adults with type 2 dia-
betes. Nutr J. 2018;17:1-12.

Alberti K, Eckel RH, Grundy SM, et al. Harmonizing the metabolic syn-
drome: a joint interim statement of the international diabetes federa-
tion task force on epidemiology and prevention; national heart, lung,
and blood institute; american heart association; world heart federa-
tion; international atherosclerosis society; and international associa-
tion for the study of obesity. Circulation. 2009;120(16):1640-1645.
Nagi D, Hambling C, Taylor R. Remission of type 2 diabetes: a posi-
tion statement from the association of british clinical diabetologists
(ABCD) and the primary care diabetes society (PCDS). Br J Diabetes.
2019;19(1):73-76.

Liu KH, Chan YL, Chan WB, Kong WL, Kong MO, Chan J. Sono-
graphic measurement of mesenteric fat thickness is a good correlate
with cardiovascular risk factors: comparison with subcutaneous and
preperitoneal fat thickness, magnetic resonance imaging and anthro-
pometric indexes. Int J Obes. 2003;27(10):1267-1273.

Scatarige JC, Scott WW, Donovan PJ, Siegelman SS, Sanders RC.
Fatty infiltration of the liver: ultrasonographic and computed tomo-
graphic correlation. J Ultrasound Med. 1984;3(1):9-14.

Tchernof A, Després J. Pathophysiology of human visceral obesity: an
update. Physiol Rev. 2013;93:359-404.

Mantatzis M, Milousis T, Katergari S, Delistamatis A,
Papachristou DN, Prassopoulos P. Abdominal adipose tissue distribu-
tion on MRI and diabetes. Acad Radiol. 2014;21(5):667-674.

Fox CS, Massaro JM, Hoffmann U, et al. Abdominal visceral and subcu-
taneous adipose tissue compartments: association with metabolic risk
factors in the Framingham heart study. Circulation. 2007;116(1):39-48.
Yoshizumi T, Nakamura T, Yamane M, et al. Abdominal fat: standardized
technique for measurement at CT. Radiology. 1999;211(1):283-286.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

OBESITY

Borel A, Boulet G, Nazare J, et al. Improved plasma FFA/insulin
homeostasis is independently associated with improved glucose toler-
ance after a 1-year lifestyle intervention in viscerally obese men. Dia-
betes Care. 2013;36(10):3254-3261.

Hung C, Lee J, Yang C, et al. Measurement of visceral fat: should we
include retroperitoneal fat? PLoS One. 2014;9(11):e112355.

Hunt SC, Davidson LE, Adams TD, et al. Associations of visceral, sub-
cutaneous, epicardial, and liver fat with metabolic disorders up to
14 years after weight loss surgery. Metab Syndr Relat Disord. 2021;
19(2):83-92.

Arterburn DE, Telem DA, Kushner RF, Courcoulas AP. Benefits and
risks of bariatric surgery in adults: a review. JAMA. 2020;324(9):
879-887.

Ibrahim MM. Subcutaneous and visceral adipose tissue: structural
and functional differences. Obes Rev. 2010;11(1):11-18.

Andrew MS, Huffman DM, Rodriguez-Ayala E, Williams NN,
Peterson RM, Bastarrachea RA. Mesenteric visceral lipectomy using
tissue liquefaction technology reverses insulin resistance and causes
weight loss in baboons. Surg Obes Relat Dis. 2018;14(6):833-841.
Ybarra J, Blanco-Vaca F, Fernandez S, et al. The effects of liposuction
removal of subcutaneous abdominal fat on lipid metabolism are inde-
pendent of insulin sensitivity in normal-overweight individuals. Obes
Surg. 2008;18(4):408-414.

Dillard TH, Purnell JQ, Smith MD, et al. Omentectomy added to roux-
en-Y gastric bypass surgery: a randomized, controlled trial. Surg Obes
Relat Dis. 2013;9(2):269-275.

Weiss R, Appelbaum L, Schweiger C, et al. Short-term dynamics and
metabolic impact of abdominal fat depots after bariatric surgery. Dia-
betes Care. 2009;32(10):1910-1915.

Nielsen S, Guo Z, Johnson CM, Hensrud DD, Jensen MD. Splanchnic
lipolysis in human obesity. J Clin Invest. 2004;113(11):1582-1588.
Boden G. Obesity and free fatty acids. Endocrinol Metab Clin N Am.
2008;37(3):635-646.

Andersson DP, Hogling DE, Thorell A, et al. Changes in subcutaneous
fat cell volume and insulin sensitivity after weight loss. Diabetes Care.
2014;37(7):1831-1836.

Skovsg S, Damgaard J, Fels JJ, et al. Effects of insulin therapy on
weight gain and fat distribution in the HF/HS-STZ rat model of type
2 diabetes. Int J Obes. 2015;39(10):1531-1538.

Kim D, Chung GE, Kwak M, Kim YJ, Yoon J. Effect of longitudinal
changes of body fat on the incidence and regression of nonalcoholic
fatty liver disease. Dig Liver Dis. 2018;50(4):389-395.

McCracken E, Monaghan M, Sreenivasan S. Pathophysiology of the
metabolic syndrome. Clin Dermatol. 2018;36(1):14-20.

Shulman GI. Ectopic fat in insulin resistance, dyslipidemia, and cardio-
metabolic disease. N Engl J Med. 2014;371(12):1131-1141.

How to cite this article: Chiyanika C, Cheung LTF, Liu KH,
et al. Changes in mesenteric fat thickness and its clinical
impact in bariatric surgery. Clinical Obesity. 2024;14(2):
e12627. doi:10.1111/cob.12627

B5UBD17 SUOLULIOD BAIES.D Bedtdde aup Aq paueA0B a8 SaR1He YO ‘SN 0 S3INJ 10} ARG 1T BUIIUO AB|IM UO (SUORIPUOD-PUR-SLLBIWI0D" A3 1M ARIq 1[BUIUO//SdNY) SUORIPUOD PUe SW L 8U3 89S *[6202/T0/T] Uo ARigiTauluo AIIM ‘WOH ON NH ALISYIAINN DINHOILATOd ONOY ONOH Aq L2921 Goo/TTTT 0T/I0p/W0d 43| 1M Aseiq1|eul uoj/sdny wouy papeojumod ‘2 ‘720z ‘TTT88GLT


info:doi/10.1111/cob.12627

	Changes in mesenteric fat thickness and its clinical impact in bariatric surgery
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study participants
	2.2  Inclusion and exclusion criteria
	2.3  Clinical assessment
	2.3.1  Clinical and anthropometric measurements
	2.3.2  Remission of clinical conditions-Definitions

	2.4  Ultrasound imaging
	2.5  Measurements of abdominal fat thickness
	2.6  Diagnosis of NAFLD
	2.7  Bariatric surgery
	2.8  Statistical analysis

	3  RESULTS
	3.1  Study participants-Baseline analysis
	3.2  Anthropometric outcomes
	3.3  Abdominal fat thickness outcomes
	3.4  Associations of changes in abdominal fat thickness and anthropometric indexes
	3.5  Blood biochemistry outcomes
	3.6  Clinical characteristics
	3.7  NAFLD remission
	3.8  Remission rates
	3.9  Relationship between anthropometric/abdominal fat parameters with metabolic syndrome

	4  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


