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Lipids in Health and Disease

Laparoscopic sleeve gastrectomy improves @
body composition and alleviates insulin
resistance in obesity related acanthosis

nigricans
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Abstract

Background: Acanthosis nigricans (AN) has a close relationship with obesity. It is believed that obesity and AN
have the common pathophysiological basis such as hyperinsulinism. This study is aimed to observe the effect of
laparoscopic sleeve gastrectomy (LSG) on body composition and insulin resistance in Chinese obese patients with

acanthosis nigricans.

Methods: A total of 37 obese patients who underwent LSG in our hospital were selected for analysis. They were
divided into simple obesity (OB n = 14) and obesity with acanthosis nigricans (AN n = 23) group respectively. Body
composition was measured by dual-energy X-ray absorptiometry (DEXA). Anthropometric measurements and
glucolipid metabolism before and 3 months post LSG were collected for analysis.

Results: Patients with AN got noticeable improvement in skin condition and their AN score was significantly
decreased (3.52 + 0.79 vs. 148 + 0.73, P < 0.001).Alleviated insulin resistance and more trunk fat loss than limbs'’
were observed in both groups (P value < 0.01). In AN group, preoperative android fat mass (FM) was positively
correlated with fasting insulin and natural logarithm of HOMA-IR (LNIR) (r = 0.622, 0.608, respectively; all P < 0.01).
Besides, changes in android FM and visceral adipose tissue (VAT) also showed significantly positive correlation with
changes in LNIR (r = 0.588, r = 0.598, respectively; all P < 0.01).

Conclusions: L SG had a positive impact on body composition and skin condition in Chinese obese patients with
AN. Loss of android FM and VAT might result in the alleviation of insulin resistance in AN patients. Android fat
distribution seems to be a potential indicator of postoperative metabolic benefits for obese patients with AN.
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Background

Obesity is regarded as a global pandemic and is defined
as being the excessive accumulation of body fat to the
point of harming a person’s health, closely associated
with a number of chronic diseases such as type 2 dia-
betes, hypertension, coronary artery disease and cancer
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[1]. Data from Lancet showed the prevalence of over-
weight and obesity combined rose by 27.5% for adults
and 47.1% for children between 1980 and 2013 world-
wide [2]. Compared with countries such as the UK and
USA, China had a lower rate of obesity in adults in
2013, but the absolute number of obese people in China
is exceeded only by that in the USA. What is more, ab-
dominal obesity appears to be of greater concern than
general obesity among Chinese adults. The prevalence of
abdominal obesity among Chinese adults, based on
WHO suggestions for Chinese, was 37.4% (27.8% in men
and 45.9% in women) according to the China Health
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and Nutrition Surveys in 2009 [3]. Accumulation of adi-
pose tissue in the abdominal region has been associated
with insulin resistance (IR), T2DM, and cardiovascular
diseases [4—6].

Due to the rising prevalence of obesity, a high preva-
lence of acanthosis nigricans has been observed recently
[7]. More and more patients see a doctor for discolour-
ation rather than obesity, especially in adolescents.
Acanthosis nigricans is a mucocutaneous disorder that is
characterized by symmetric, skin-colored or brownish,
velvety lesions that are especially seen in the axillae, neck,
groin, inframammary folds, popliteal fossae, elbows, and
umbilical region [8]. Acanthosis nigricans has been associ-
ated with many diseases such as type 2 diabetes mellitus,
endocrinopathies, malignancies, obesity and drugs. Its re-
lationship with obesity got special concern in the past few
years. It is believed that obesity and AN have the common
pathophysiological basis such as hyperinsulinism, high
level of IGF-1 [9, 10]. For most cases of obesity-associated
benign AN, weight loss and lifestyle changes may lead to
clinical improvements [11].

In recent years, bariatric surgery has been shown to be
superior to nonsurgical approaches for the treatment of
obesity in terms of weight loss and remission of type 2
diabetes and metabolic syndrome over both the short
term and long term [12, 13]. In the last decade, the
number of bariatric surgeries performed worldwide has
increased substantially, doubling between 2003 and 2013
from 146,301 to 468,609 procedures per year [14]. Also,
SG is currently the most frequently performed proced-
ure in the USA/Canada and in the Asia/Pacific regions
as per the IFSO-based world survey. LSG has gained
ground because of its good short- and mid-term results,
with a lower complication rate than other bariatric sur-
geries [15-17].

To the best of our knowledge, there was few studies fo-
cused on body composition analysis in obese patients with
acanthosis nigricans after bariatric surgery. In this study,
we aimed to investigate the impact of LSG on body com-
position measured by dual-energy X-ray absorptiometry
(DXA) in obesity patients with acanthosis nigricans over a
period of 3 months following this procedure.

Methods

Patients

From July 2014 to June 2016, 37 patients (aged 18—
65 years) who underwent LSG at the Department of
Gastrointestinal Surgery in Shanghai Tenth People’s
Hospital of Tongji University were enrolled in this study.
The patients were divided into two groups: obesity
group (n = 14, BMI > 28 kg/m?, no acanthosis nigricans,
OB) and obesity with acanthosis nigricans group
(n = 23, BMI >28 l(g/mz, with acanthosis nigricans, AN).
Patients included in this study were those with complete
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data on demographics, weight, and clinical outcomes,
and eligible for the 3-month follow-up. All patients pro-
vided written informed consent prior to the surgical pro-
cedure. This study was approved by the Ethics
Committee of the Shanghai Tenth People’s Hospital,
Tongji University (no.ChiCTR-OCS-12002381).

Inclusion criteria: Obesity was defined with BMI
>28 kg/m” according to the guidelines for prevention
and control of overweight and obesity in Chinese adults
[18]. The following scale for AN was used [19]. Neck se-
verity: 0, Absent or not detectable on close inspection; 1,
Present: clearly present on close visual inspection, not
visible to the casual observer, extent not measurable; 2,
Mild: limited to the base of the skull, does not extend to
the lateral margins of the neck (usually < 3 in. in
breadth); 3, Moderate: extending to the lateral margins
of the neck (posterior border of the sternocleidomastoid,
usually 3-6 in.), should not be visible when the partici-
pant is viewed from the front; 4, Severe: extending an-
teriorly (>6 in.), visible when the participant is viewed
from the front. Axilla severity: 0, Absent: not detectable
on close inspection; 1, Present: clearly present on close
visual inspection, not visible to the casual observer, ex-
tent not measurable; 2, Mild: localized to the central
portion of the axilla, may have gone unnoticed by the
participant; 3, Moderate: involving entire axillary fossa,
but not visible when the arm is against the participant’s
side; 4, Severe: visible from front or back in the un-
clothed participant when the arm is against the partici-
pant’s side. In this study, each subject enrolled with AN
had a score greater than 2.

Exclusion criteria included severe hepatic and renal
impairments, cardiovascular and cerebrovascular dis-
eases, chronic consumptive diseases such as cancer.
Meanwhile, women who were pregnant or lactating were
also excluded. Those patients who were clinically veri-
fied as having malignant AN were excluded.

Anthropometric assessment

All measurements were made before and 3 months post
LSG. A basic anthropometric examination, including
measurements of body weight, height, neck, waist and
hip circumference, and assessment of AN, was per-
formed by trained technicians. Participants were
weighed barefoot and in light clothing to the nearest
0.1 kg. Height was measured with a fixed wall stadi-
ometer. Neck circumference was measured to 1 mm ac-
curacy with a plastic tape in a standardized manner,
horizontally above the cricothyroid cartilage, just below
the laryngeal prominence [20]. The waist circumference
was measured at the end of gentle expiration midway
between the lowest rib and the iliac crest with the pa-
tient standing, central obesity as assessed by WC
(290 cm in male and >85 c¢m in female), while the hip
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circumference was measured at the greater trochanter
[21]. BMI was calculated as weight (kg) divided by
squared height (meters).

Data collection

Glucolipid metabolism indexes, such as fasting plasma
glucose (FPQG), fasting insulin (FINS), fasting c-peptide
(FCP), total cholesterol (TC), triglycerides (TG), low dens-
ity lipoprotein cholesterol (LDL), high density lipoprotein
cholesterol (HDL) were recorded. IR index was deter-
mined using the homeostasis model assessment of insulin
resistance (HOMA-IR), which was calculated according to
the formula: HOMA-IR = FPG x FINS/22.5. The natural
logarithm of HOMA-IR (LNIR) was calculated. Dual-
energy X-ray absorptiometry (DXA, APEX4.5.0.2, HOLO-
GIC, USA) was used to measure body composition. Fat
distribution was evaluated by the following parameters: fat
mass (FM), lean mass (LM), bone mineral content (BMC),
and percent fat mass (%FM). In DXA examination, an-
droid and gynoid were used to represent two main types
of fat distribution. Android mainly referred to body fat
around the abdomen. Gynoid referred to body fat around
the buttocks and thighs. FM, LM, BMC, and %FM were
measured in the whole body and six different regions in-
cluding arms, legs, trunk, head, android, and gynoid. Body
composition consisted of FM, LM, and BMC. The weight
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of the whole body and each tested body region included
the weight of FM, LM, and BMC. Visceral fat analysis was
performed by CoreScan™, a software available for the as-
sessment of visceral fat (mass in g, volume in cm® and
area in cm?) in the android region. Three DXA indexes
were calculated: android/gynoid FM (A/G), %FM trunk/
%FM legs (trunk/leg), trunk/limb FM (trunk/limb).

Statistical analysis

Statistical analysis was carried out using SPSS for Win-
dows version 20.0 (IBM, Chicago, IL, USA). All continu-
ous data are presented as the mean + standard deviation.
Independent Student’s t-test was applied in the intergroup
comparison, and paired samples t-test was used to test the
differences of continuous variables before and after sur-
gery. Correlation analysis was determined using the Pear-
son coefficient. Differences with P (two-tailed) value <0.05
were considered to be statistically significant.

Results

Baseline anthropometric and metabolic characteristics of
the patients

Table 1 shows the baseline and metabolic characteristics
of the patients. At baseline, patients in AN group were
younger than those in OB group (29.04 + 5.85 vs.
42.71 + 14.13, P < 0.001). Compared to OB group, there

Table 1 Clinical and metabolic characteristics of subjects at baseline and 3 months post LSG

Characteristics OB(n = 14) AN(n = 23)

0Om 3m 0m 3m
Agelyears) 42.71 1413 - 2904 + 585" -
Gender(Male/Female) 6/8 - 12/11 -
AN Score - - 352+ 079 148 + 0.73%
BMI(kg/m?) 37.79 + 487 3057 + 4.53* 4056 + 454 3192 + 421%
NC(cm) 4364 + 378 3850 + 3.21% 4489 + 471 4059 + 347%
WC(cm) 11950 + 13.93 10214 + 12,98 12076 + 11.07 102.78 = 11.13%
HC(cm) 12207 £ 1233 107.75 1023 12243 =828 10911 £ 9.13
WHR 0.98 + 0.07 0.95 + 0.07 0.99 + 0.07 094 + 007**
FPG(mmol/L) 7524323 545 + 161 581+ 162 453 + 044*
FINS(mmol/L) 2324 + 852 1068 + 5.17* 4481 +3363" 1253 + 790"
FCP(mmol/L) 349 £ 115 247 + 065" 518+ 210" 275 + 0.83*
HOMA-IR 804 + 373 259 + 164" 1229 + 1094 257 «177%
LNIR 1.98 + 0.50 0.79 + 058" 222+073 0.76 + 063"
HbA1c(%) 6.99 + 1.84 579 + 1.06* 640 +1.18 521 + 028"
TC(mmol/L) 460+ 117 423 +096 458 +1.12 441 079
TG(mmol/L) 1.74 + 066 117 £ 040%* 192 + 162 114 + 030*
HDL(mmol/L) 104 +0.19 110 028 094 + 023 0.99 + 0.22
LDL(mmol/L) 291+ 097 257 +075% 281+ 086 284 + 057

Data presented as means + SD; *P <0.05 baseline vs. 3 months; #*P <0.01 baseline vs. 3 months; **P <0.01 OB vs. AN group at baseline
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was no difference in BMI, NC, WC, HC and WHR in
AN group. As for glucose metabolism, the levels of FINS
and FCP were markedly higher in AN group than those
in OB group (P = 0.007, P = 0.003, respectively), while
there was no significant difference in FBG and HbAlc
between the two groups. In addition, no significant dif-
ference was observed in lipid profile including TC, TG,
HDL and LDL between AN and OB groups.

Changes of weight, glucose and lipid metabolism after
surgery

As shown in Table 1, skin condition of patients with AN
got noticeable improvement and the corresponding AN
score was also significantly lower (3.52 + 0.79 vs.
148 + 0.73, P < 0.0001) by 3 months postoperatively.
Anthropometric measurements including BMI, NC and
WC were significantly decreased in both groups while
WHR was reduced notably just in AN group. All glucose
indexes (FPG, FINS, FCP, HbAlc) were dramatically
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decreased at 3 months compared with baseline in the
two groups. Moreover, insulin resistance was greatly im-
proved in the two groups. In terms of lipid metabolism,
triglyceride levels decreased significantly in OB and AN
groups (1.74 + 0.66 vs. 1.17 + 0.40, P < 0.01; 1.92 + 1.62
vs. 1.14 + 0.30, P < 0.05, respectively). LDL was signifi-
cantly lower in OB group. However, TC and HDL levels
did not change much in either group (Table 1).

Changes of body composition

Body composition values in the 3-month period of fol-
low up are listed in Table 2. As shown in Table 2, there
was a marked reduction in total and regional body mass
and body fat from baseline to 3-month of follow-up in
both OB and AN groups (all P values <0.01), but not in
most total and regional BMC. In particular, the specific
analysis of visceral adipose tissues including VAT mass,
volume and area showed a pronounced decrease during
the entire follow-up period (P < 0.01). On the other

Table 2 Body composition and derived indexes in OB and AN patients at baseline, 3 months post LSG

Variables OB AN
0m 3m 0m 3m
Total FM (kq) 45.78 £ 10.63 36.21 + 9.05** 47.78 £ 9.02 36.71 + 859**
LM (kg) 5529 £ 11.02 46.54 + 9.67** 6292 + 1212 51.69 + 9.20**
BMC (kg) 251 £ 051 251 £048 266 = 0.50 268 £ 0.50
Android FM (kq) 477 £ 141 343 £ 1.11% 4.82 + 091 3.15 + 0.96**
LM (kg) 471 £ 087 353 £ 059 503+ 1.10 365 + 0.81**
Gynoid FM (kg) 6.29 £ 1.56 500 + 1.21%* 6.65 = 1.52 492 + 1.36**
LM (kg) 866 + 1.85 6.95 + 1.36** 1013 + 203 8.06 + 1.70**
Trunk FM (kg) 2524 + 6.56 19.20 £ 6.03** 2647 + 467 18.75 £ 4.75**
LM (kg) 2838 = 440 23.16 + 4.06** 31.16 = 649 2484 + 472%*
BMC (kg) 0.75+0.13 067 = 0.10* 0.75+0.16 0.72 + 0.15*
Arms FM (kg) 647 +1.85 5.08 £ 0.97** 6.84 £ 135 550 £ 2.10%*
LM (kg) 552+ 175 4.73 £ 1.53** 6.37 £ 1.81 536 + 1.32%*
BMC (kg) 033 + 007 035+ 0.11 0.34 + 0.06 0.35 £ 0.07
Legs FM (kg) 1241 + 3.07 1044 + 2.61** 1429 + 3.69 10.88 + 3.36**
LM (kg) 17.86 + 433 15.13 + 3.83** 2096 + 3.82 17.15 £ 3.51**
BMC (kg) 0.88 + 0.21 092 + 0.22* 099 + 0.21 1.00 £ 0.21
Head FM (kg) 1.66 £ 0.25 149 + 0.25%* 167 £0.27 1.59 £ 0.33
LM (kg) 436 £ 0.57 4.08 + 0.56* 444 + 057 434 £ 0.66
BMC (kg) 0.60 = 0.14 061 £ 0.13 059 +0.12 061 £0.12
Vat mass(kg) 133+£0.28 1.03 £ 0.33** 1.08 £ 0.24 0.72 £ 023**
Vat volume(cm3) 144045 £ 299.95 111845 £ 353.02** 1171.22 £ 254.85 77406 + 246.34**

Vat area(cm?2) 27636 + 57.58

Indexes A/G 120+ 0.14
trunk/leg 118 £0.13
Trunk/limb 136 £ 0.26

214.64 £ 67.61%*
1.16 £0.14
1.14 £ 0.13
1.26 £ 0.23*

224.72 + 4892
1.26 £0.15
1.17 £ 015
1.26 + 0.28

14852 £ 4721%
123 £0.15
1.09 + 0.28
1.13 £ 033

Data presented as means + SD
*P < 0.05 vs. baseline; **P < 0.01 vs. baseline
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hand, no significant changes of A/G, trunk/leg ratio
were measured throughout the entire period in both
groups. In OB group, a significant reduction was ob-
served in trunk/limb ratio (1.36 + 0.26 and 1.26 + 0.23,
P < 0.05).

Change of fat distribution after LSG in OB and AN group
The regional distribution of changes in FM and LM
resulting from LSG were also analyzed (Figs. 1 and 2).
Overall, the trunk region accounted for more whole-
body weight loss than the limbs in both groups. Further-
more, we compared the FM and LM loss of the same
body part such as trunk and limbs. The result showed
EM reduction was more than LM in the trunk, while re-
duction of FM and LM in the limbs had no significant
difference in AN group. In OB group, FM loss and LM
loss occurred at the same time, neither the trunk nor
the limbs showed any significant difference between the
change of FM and LM in short-time follow up.

Relationship among FINS, HOMA-IR and body
composition

The correlations between insulin resistance and body
composition variables were tested in both groups. In AN
group, android FM was positively associated with FINS
(r 0.622, P 0.002) and with LNIR (r 0.608,
P = 0.002; Fig. 3) at baseline. Android FM loss was also
significantly correlated with LNIR changes (r = 0.588,
P = 0.004; Fig. 4). We further found that LNIR changes
were significantly associated with VAT mass reduction
(r = 0.598, P = 0.009; Fig. 4). Oppositely, LNIR was not
related to body composition variables, regardless of the
baseline or postoperative change in OB group. In
addition, no correlations were found between LNIR
changes, anthropometric measurements, or clinical vari-
ables in two groups.

Discussion

Acanthosis nigricans was once considered a rare para-
neoplastic dermatosis, but is now frequently observed in
obese patients, especially in adolescents [22]. The exact
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Fig. 2 Comparison between the change of fat mass and lean mass
in the same body parts after LSG in AN and OB groups. Data are

presented as mean. Error bars are SD. *P < 0.05, **P < 0.01
J

pathogenesis of obesity-associated AN is complicated
and has yet to be fully elucidated. In the present study,
AN patients had obvious higher insulin and c-peptide
level compared with OB group. According to the criteria
that IR is diagnosed when HOMA-IR is greater than
2.71 [23], patients in the study had severe IR, especially
in AN group. Previous most studies also get the same
conclusion. In 2002, a study involving a group of total
2205 American Indians showed AN is independently as-
sociated with hyperinsulinemia and therefore may be
useful as an early indicator of high risk for diabetes [24].
Wiegan et al. [25] observed a sample of 491 obese chil-
dren and adolescents and concluded that the presence of
AN is associated with higher HOMA values. Further-
more, Copeland et al. [26] investigated the association
between AN and insulin resistance in children and also
observeded that AN was an independent risk factor for
the development of insulin resistance. According to the
available evidence, IR is regarded as the key mechanism
leading to the development of AN in obesity [27, 28].
The most commonly proposed mechanism is the direct
and indirect activation of the insulin-like growth factor
receptor by hyperinsulinemia, triggering dermal fibro-
blast, and epidermal keratinocyte proliferation [29].
More confirmatory research is required.

AN is a skin condition that is difficult to treat [30]. Man-
agement of obesity-associated AN should treat the

Data are presented as mean. Error bars are SD. *P < 0.05, **P < 0.01
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underlying cause. If the obesity and the associated IR im-
prove, the cutaneous features of AN can regress [7, 8].
Thus, obesity management is crucial for tackling the prob-
lem. Bariatric surgery is gaining favor around the world and
thought the most effective treatment modality for obesity
and its comorbidities. We further explored body compos-
ition and IR in obese patients with AN following bariatric
surgery. As expected, in AN group, the skin condition

noticeable improved and AN score decreased significantly
(3.52 £ 0.79 vs. 148 + 0.73, p < 0.0001) over the period of
observation. The mean %TWL achieved was 20.58 + 4.29
and the mean %EWL was 52.68 + 17.41 at 3 months,which
are in accordance with reports by Wang and Vidal [31, 32].
The mean HOMA-IR was decreased sharply and 61% of
AN patients had no IR after surgery, confirming the effect-
iveness of surgery for obesity-associated AN.
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In the present study, there was a significant decrease in
the total and regional body mass and body fat, suggesting
that the body fat accumulation reached a rebalance after
LSG. In terms of the postoperative fat distribution, trunk
fat mass reduction mainly contributed to weight loss after
3-months. Meanwhile, WC and WHR were significantly
decreased (120.76 + 11.07 vs. 102.78 + 11.13, 0.99 + 0.07
vs.0.94 £ 0.07, respectively, all p < 0.0001). Since large pro-
portion of abdominal obesity is the characteristics of
Chinese obesity and potentially dangerous [33-35], all pa-
tients included in our study have central obesity, and the
vast majority of them had ratio of trunk/limb fat mass lar-
ger than 1.00. Hence, it can be seen that bariatric surgery
significantly improves abdominal fat distribution. On the
other hand, total and regional lean mass were decreased
too. The similar result was observed in obesity without
AN patients [36, 37], Robyn A et al. reported the majority
of LM loss (18 + 6% of initial LM) occurring in the first
6 months following surgery [37]. A two-year follow-up
after RYGBP showed LM had a moderate decrease at
3 months and stabilized thereafter [38]. Long-term pro-
spective studies about LM loss are necessary.

Furthermore, it is noteworthy that high levels of android
FM were positively associated with IR in AN group (Fig. 3).
Several studies reported that WC had a strong, liner rela-
tionship with IR and could be used in the prediction of
metabolic syndrome [32-34]. However, WC or WHR was
not significantly correlated with IR in our study, android
FM measured by DXA may be more accurate than WC.
Change in android FM showed significant positive correla-
tions with change in LNIR(r = 0.588, P < 0.01), suggesting
that the improvement in regional body fat may contribute
to the modification of glucose metabolism. Android fat was
associated with abdominal subcutaneous and visceral adi-
pose tissue (SAT and VAT). More recently, it has been
demonstrated that VAT rather than SAT is the major pre-
dictor of adverse events [34—36]. Phillips et al. reported that
insulin sensitivity was improved due to continued loss of
visceral adipose tissue [38]. Indeed, our study proved that
abdominal VAT was significantly reduced after LSG, and
LNIR changes were significantly associated with VAT mass
reduction (r = 0.598, p = 0.009), suggesting that abdominal
VAT loss after bariatric surgery contribute to the improve-
ment of IR in AN patients. Oppositely, LNIR was not re-
lated to body composition variables, regardless of the
baseline or postoperative change in OB group. It indicated
the post-operation metabolism benefits in obesity and
acanthosis nigricans might be different.

There were several limitations in the study. First of all,
our study had a small sample size, which potentially af-
fected the accuracy of the analysis. Secondly, the follow-
up duration after LSG was short, which caused the long-
term effect and safety data for obese patients with AN to
be unclear. Third, potential confounders were not
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properly accounted for due to the study type and the
homogeneity of the subjects. Finally, the limited number
of patients entering our bariatric surgery program during
the period does not allow any conclusion regarding pos-
sible gender-related differences in body composition re-
sponse to surgery. Collection of long-term data is
warranted and the effect of gender difference on body
composition after surgery should be studied further.

Conclusion

This study showed a substantial reduction in body com-
position and obvious improvement in the extent of skin
hyperkeratosis and pigmentation in in obese patients
with AN followed LSG. Loss of android FM and VAT
can result in improvement of insulin resistance in AN
patients. Android fat distribution may be a good indica-
tor of postoperative benefits for obese patients with AN.
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