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Background/Aims: Obesity is a major global health issue, exacerbated by reduced physical activity due to tech-
nological advancements. Bariatric surgery is the most effective treatment for significant weight loss. This study
examines 2-month postoperative changes in anthropometric parameters, muscle strength, and regional fat reduc-
tion in female patients.

Materials and Methods: In this observational prospective study, anthropometric measurements were collected
from female patients who underwent laparoscopic sleeve gastrectomy between October 2022 and March 2023.
Data were recorded preoperatively and at the first and second months postsurgery.

Results: A significant reduction in skinfold thickness, indicative of fat mass reduction, was observed, alongside
a marked improvement in grip strength within the 8-week postoperative period.

Conclusion: This study is notable for being the first to comprehensively evaluate short-term changes in skinfold
thickness following bariatric surgery. In addition, it is pioneering in its application of the pinch strength test
alongside the hand grip strength test in this context.

Keywords: bariatric surgery, laparoscopic sleeve gastrectomy, anthropometric measurements, skinfold thick-
ness, grip strength

Introduction 2008, the prevalence of obesity in the general population is
27.8%, with a rate of 34.0% among women and 21.7% among

besity is a major global health issue, driven partly by ~men.*

reduced physical activity due to technological advance-
ments such as automation and computerization.'? It imposes
significant financial burdens on health care systems.? According
to the World Health Organization, obesity rates are increasing
globally, with over 1 billion people—equivalent to one in
eight individuals—affected by obesity. A review published in
The Lancet revealed that adult obesity worldwide has doubled
between 1990 and 2022, while obesity among adolescents has
surged fourfold."? Looking at the data for Tiirkiye, as of

Obesity increases the risk of insulin resistance, type II dia-
betes, hypertension, dyslipidemia, sleep apnea, cardiovascular
diseases,”® and cancer.” It affects the sympathetic nervous
system,&9 contributes to musculoskeletal issues, gallbladder
disease, nonalcoholic fatty liver disease, pulmonary dysfunc-
tion,'? and is linked to a sedentary lifestyle, reduced cardio-
pulmonary fitness,'! and lower life expectancy.'?

Bariatric surgery is an effective treatment for signifi-
cant, long-term weight loss and preventing obesity-related
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complications. The estimate weight loss after sleeve gastrec-
tomy ranged between 60% and 80% of the excess weight,
around 35-40% of total body weight.!>1# It provides substan-
tial benefits with minimal complications for most morbidly
obese patients.'> Typically considered after the failure of non-
surgical methods such as diet, exercise, and medications, it
also improves obesity-related comorbidities and modifies fast-
ing and satiety patterns.'®
Laparoscopic sleeve gastrectomy (LSG) is a widely accepted
bariatric procedure that involves removal of a portion of the
stomach, leaving a tubular stomach.!” The incision starts
4-5 cm from the pylorus and extends to the angle of His.
LSG has proven to be effective for weight loss. Thanks to its
relative technical simplicity and long-term data supporting its
durability in treating obesity and related comorbidities, sleeve
gastrectomy has become increasingly popular among both
patients and surgeons. Although there are some variations in
the technical approach to performing a LSG certain key steps
must be followed to ensure safe and successful outcomes.'®
Skinfold thickness is a simple, cost-effective method to
estimate body fat, assuming subcutaneous fat reflects total
body fat proportion. Measurements using a caliper provide
an alternative to weight and height-based metrics.!%2°
Postoperative follow-up is essential for reducing weight
regain and ensuring patient safety after bariatric surgery. A pri-
mary goal is to reduce body fat while preserving lean body
mass (LBM), particularly body cell mass—a critical LBM sub-
set vital for maintaining metabolic and physical functions.?!
Postbariatric monitoring of weight, muscle and fat loss,
muscle strength, and body fat distribution is crucial for sur-
geons and dietitians. This study aims to examine short-
term (2-month) changes in anthropometric parameters among
female patients, assess weight loss effects on muscle strength,
and quantify regional fat reduction postsurgery.

Materials and Methods
Study design

This prospective cross-sectional study included 26 female
patients who underwent LSG at Kirsehir Training and
Research Hospital between October 2022 and March 2023.
These patients, eligible for bariatric surgery due to unsuc-
cessful weight loss despite lifestyle and pharmacological
interventions, had their demographic and anthropometric
data collected before the procedure.

All patients followed a standardized postoperative nutri-
tional plan, starting with a 15-day liquid diet, progressing to
pureed, and eventually solid foods, with a recommended
daily intake of 400-500 kcal to ensure weight loss. Consider-
ing their tolerance to diet in the follow-up, they were placed
on a strict diet after the 15th day and protein intake was
planned as 0.8-1.2 g/kg/body weight per day. Anthropomet-
ric assessments were performed at baseline and during the
first and second postoperative months. Two patients missing
follow-up data were excluded from the final analysis. The
study received ethical approval from the Kirsehir Ahi Evran
University Medical Research Ethics Committee (decision
number 2022-09/97). Informed consent was obtained from
all participants.
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Anthropometric measurements

The data collection process was conducted 1-3 days before
surgery and during the first and second postoperative months.
Demographic information was collected via a structured ques-
tionnaire, and 11 anthropometric measurements were taken
from nine anatomical sites using a skinfold caliper, including
vertical and horizontal abdominal skinfold thickness (ASFv,
ASFh), triceps (TSF), biceps (BSF), chest (CSF), vertical and
horizontal midaxillary skinfold thickness (MSFv, MSFh), sub-
scapular (SSSF), thigh (ThSF), suprailiac (SISF), and medial
calf (MCSF). Pinch strength measurements—tip pinch (TP),
key pinch (KP), and Palmar pinch (PP)—and circumferential
measurements—waist (WC), hip (HC), and neck circumfer-
ence (NC)—were recorded, alongside hand grip strength
(HGS), totaling 18 measurement points.

Pinch strength was measured using a digital pinch meter
with participants positioned as follows: shoulders adducted,
elbows flexed at 90°, forearms in neutral, and wrists at 0-30°
dorsiflexion and 0—15° ulnar deviation. The highest recorded
value for each hand was used for analysis.?? Circumferential
measurements were taken in centimeters with a nonstretch-
able tape. WC was measured at the umbilicus, HC at the
widest hip part, and NC at the midpoint between the middle
cervical spine and anterior neck. The waist-to-hip ratio
(WHR) and waist-to-height ratio (WHtR) were calculated
from these measurements.

HGS was assessed using a digital dynamometer with the
participant standing, and measurements were taken from the
dominant hand. Central obesity indices derived from WC,
such as the conicity index (CI) and a-body shape index
(ABSI), were included. CI incorporates WC, height, and
weight to analyze fat distribution, while ABSI, based on
WG, is largely independent of height, weight, and body mass
index (BMI).??

CI was calculated as follows:

Cl = WC (m)
0.109 x \/weight (ke) /height (m)
ABSI was calculated as follows:

WC (m)
BMI x height (m)?

ABSI=

All measurements were performed twice by the same per-
son in the research group, and the highest values measured
for grip strength and pinch forces were recorded.

Statistical analysis

Statistical analysis of the study data was performed using
SPSS version 29.0 software for Windows (IBM SPSS Statis-
tics for Windows, Version 29.0. Armonk, NY: IBM Corp.,
USA). The sample size calculation was performed using the
G*Power 3.1.9.6 software. The Shapiro—Wilk test was used
to examine the normality of the quantitative continuous vari-
ables. Descriptive statistics were presented using mean *
SD, median (minimum—maximum), where appropriate. Wil-
coxon signed-rank test was used for pairwise comparisons
between preoperative and postoperative measurements. Dif-
ferences in the anthropometric parameters readings in were
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compared using repeated measures analysis of variance (if
normality and sphericity assumptions were satisfied); other-
wise, the Friedman test was used. Pairwise comparisons were
conducted using the Bonferroni multiple comparison test (if
assumptions were satisfied), otherwise the Wilcoxon signed-
rank test was used. Prior to the study, a priori power analysis
was conducted to determine the required sample size.
Based on the analysis, with an effect size of f = 0.30, « =
0.05, power (1-p err prob) = 0.80, number of groups = 1,
number of measurements = 3, correlation among repeated
measures = 0.5, and nonsphericity correction ¢ = 1, the mini-
mum required total sample size was calculated to be 20.

A value of p < 0.05 was accepted as statistically
significant.

Results

Measurements were conducted preoperatively and at 1
and 2 months postoperatively, assessing ASFv, ASFh, TSF,
BSF, CSF, MSFv, MSFh, SSSF, ThSF, SISF, MCSF, TP,
KP, PP, HGS, WC, HC, and NC. Descriptive statistics and
intergroup comparisons are presented (Table 1). These statis-
tics and comparisons visualized (Fig. 1). Significant
improvements were observed postoperatively across most
parameters compared to baseline, reflecting the positive
impact of the surgical intervention.

Significant reductions were noted in ASFv, ASFh, TSF,
BSF, CSF, MSFv, MSFh, SSSF, ThSF, MCSF, SISF, WC,
HC, NC, WHtR, WHR, HGS, PP, and KP (p < 0.05) (Fig. 1).
However, nonsignificant changes were found for ASFv
and HGS during the second postoperative period (p = 0.112,
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p = 1.000, respectively). KP showed significance only in the
first postoperative period, whereas WHR and PP showed
changes only in the second postoperative period (Table 1).
TP remained nonsignificant across all time points (p = 0.237).

Comparisons of ABSI and CI, limited to preoperative and
second postoperative measurements, revealed a significant
reduction in CI (p < 0.05), whereas ABSI showed no signifi-
cant change. This indicates a stronger response to interven-
tion in CI than ABSI (Table 2).

Discussion

LSG currently represents the most widely performed pri-
mary bariatric intervention globally. Its efficacy and safety in
achieving favorable anthropometric outcomes are well-
established, primarily due to its profound metabolic impact
mediated by intricate hormonal pathways. These endocrine
alterations significantly influence satiety regulation, glycemic
homeostasis, and gastrointestinal functionality, contributing
to sustained weight loss and metabolic improvements.?* In
the study by Pizza et al. (2021), LSG patients were prospec-
tively randomized into two groups: group A (with the resec-
tion starting 2 cm proximal to the pylorus) and group B
(starting 6 cm proximal to the pylorus). All patients were
monitored at 3, 6, 12, and 24 months. During the first
12 months, BMI, %excess weight loss, and %total weight
loss showed statistically significant differences, favoring
group A.?> From a surgical perspective, LSG is a technically
reproducible and time-efficient procedure, as it involves only
gastric resection without requiring intestinal anastomosis.
However, despite its advantages, LSG is not devoid of

TABLE 1. DESCRIPTIVE STATISTICS AND P VALUES OF THE MEASUREMENTS (N = 24)

Preoperative
mean * SD and

First postoperative
mean * SD and

Second postoperative
mean = SD and

Variables median (Min—Max) median (Min—Max) median (Min—Max) p
Vertical abdominal skinfold thickness (ASFv) (mm) 33.41%+6.17* 25.87+4.07° 24.00+4.75° 0.000%*
Horizontal abdominal skinfold thickness 35.02+5.14% 26.41+5.03° 23.85+5.01° 0.000*
(ASFh) (mm)
Triceps skinfold thickness (TSF)(mm) 37.45+5.74% 30.79+3.76° 26.91%5.01° 0.000%*
Biceps skinfold thickness (BSF) (mm) 24.00+8.51° 18.25+6.32° 15.25+5.68° 0.000*
Chest skinfold thickness (CSF) (mm) 26.83+7.48° 18.89 +6.40° 15.79+5.80° 0.000*
Vertical midaxillary skinfold thickness 28.91£6.50° 23.02+5.35" 19.75£5.92¢ 0.000%*
(MSFv) (mm)
Horizontal midaxillary skinfold thickness 33.37+£7.63" 25.66+6.25" 21.33£5.76° 0.000%*
(MSFh) (mm)
Subscapular skinfold thickness (SSSF) (mm) 38.0 (34.0-47.0)*  30.0 (21.040.0)>  26.0 (18.0-41.0)° 0.000%
Thigh skinfold thickness (ThSF) (mm) 45.08+5.14% 37.00+6.08" 34.54+5.15¢ 0.000%*
Medial calf skinfold thickness (MCSF) (mm) 42.0 (18.0-52.0)*  32.5(16.041.0°  27.0 (15.0-39.0)° 0.000%**
Suprailiac skinfold thickness (SISF) (mm) 30.0 (24.0-40.0)*  22.0 (13.0-30.0)° 18.0 (13.0-29.0)° 0.000%*
Tip pinch (TP) (1bs) 5.33+1.31° 5.15+1.10° 5.56+1.10° 0.237*
Key pinch (KP)(lbs) 7.00 (3.63-11.29) 6.44 (4.72-11.29)*  7.30 (5.08-11.88)™ 0.048%**
Palmar pinch (PP) (Ibs) 5.05+£1.33" 556+1.71° 5.85+£1.44° 0.042*
Hand grip strength (HGS) (kg) 29.27+6.87" 33.95+6.70° 34.44+7.09° 0.000*
Waist circumference (WC) (mm) 123.16+11.72* 113.41+10.81° 107.75+11.31° 0.000%*
Hip circumference (HC) (mm) 135.79+8.93* 126.50+8.45° 122.04+7.89° 0.000*
Neck circumference (NC) (mm) 40.0 (36.0-50.0)*  37.0 (34.045.0)°  36.0 (33.0-43.0)° 0.000%*
Waist-to-hip ratio (WHR) (mm) 0.906+0.056 0.896+0.052 0.882+0.060 0.005*
Waist-to-height ratio (WHtR) (mm) 0.760+0.060" 0.700+0.056" 0.665+0.062° 0.000*

*Repeated measures ANOVA.
**Kruskal-Wallis test.

Means with the same letter (**°

) in the same row are not significantly different (p > 0.05).
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Mean values of variables in preoperative and postoperative measurements. Vertical abdominal skinfold thick-

ness (ASFv), horizontal abdominal skinfold thickness (ASFh), triceps skinfold thickness (TSF), biceps skinfold thick-
ness (BSF), chest skinfold thickness (CSF), vertical midaxillary skinfold thickness (MSFv), horizontal midaxillary
skinfold thickness (MSFh), subscapular skinfold thickness (SSSF), thigh skinfold thickness (ThSF), suprailiac skinfold
thickness (SISF), medial calf skinfold thickness (MCSF), tip pinch (TP), key pinch (KP), Palmar pinch (PP), waist cir-
cumference (WC), hip circumference (HC), neck circumference (NC), hand grip strength (HGS), waist-to-hip ratio

(WHR), waist-to-height ratio (WHtR).

potential complications, some of which may be severe or
even life-threatening. These include staple line leakage, post-
operative hemorrhage, splenic injury, gastric stenosis, and the
exacerbation or de novo development of gastroesophageal
reflux disease (GERD).?* It is important to note that LSG has
been linked to adverse GERD outcomes and an inconsistent
incidence of newly developed GERD. The recent studies
have shown that a higher occurrence of GERD symptoms fol-
lowing LSG, with some cases requiring conversion to Roux-
en-Y gastric bypass (RYGB) surgery.?6-2°

One-anastomosis gastric bypass (OAGB) is gaining increas-
ing traction among bariatric surgeons. It ranks as the third
most frequently performed bariatric procedure worldwide, fol-
lowing sleeve gastrectomy and RYGB.?° Extensive multicen-
ter studies, such as the recent research by Musella et al., have

TABLE 2. DESCRIPTIVE STATISTICS AND P VALUE
OF ConicITy INDExX AND A BoDY SHAPE INDEX (ABSI)
FOR PREOPERATIVE AND POSTOPERATIVE 1 VALUES

(N=24)
Measurements Preoperative Postoperative
E— median median
Indices (Min—-Max) (Min—-Max) Value®

A body shape  0.07 (0.06-0.08) 0.07 (0.06-0.08) 0.123
index

Conicity index 1.36 (1.16-1.45) 1.31 (1.11-1.45) 0.001

“Wilcoxon signed-rank test.

highlighted OAGB’s efficacy in enhancing anthropometric
measures while maintaining a favorable complication profile
in the early and midterm postoperative phases.’! Between
July 2014 and February 2019, Pizza et al. conducted a retro-
spective evaluation of patients who had undergone OAGB
and had a follow-up period of at least 12 months. A total of
241 patients were included in the study, and the authors
reported significant improvements in anthropometric parame-
ters, including BMI, %excess weight loss, and %total weight
loss.>?

Although OAGB has garnered substantial support, it
remains a subject of debate due to persistent concerns regard-
ing bile reflux and malabsorption-induced nutritional deficien-
cies.?! Some studies have documented cases of OAGB being
revised to RYGB due to bile reflux. On the contrary, multiple
long-term follow-up studies have downplayed this issue.333°
Similar to other malabsorptive procedures, OAGB appears to
be associated with a higher incidence of cholelithiasis com-
pared to purely restrictive surgeries. In a prospective random-
ized controlled trial by Pizza et al., regular postoperative use
of ursodeoxycholic acid for the first 6 months was found to
significantly lower the occurrence of cholelithiasis after
OAGB, with no reported cases of intolerance.*’

Although it has been documented in the literature that
LSG has been converted to RYGB due to the manifestation
of GERD,?*?° and that OAGB has similarly been revised to
RYGB owing to bile reflux complications,*=® the anthropo-
metric efficacy of both LSG and OAGB remains extensively
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validated. Within the scope of the present study, the impact
of LSG on anthropometric parameters was particularly pro-
nounced and noteworthy. In the first 8 weeks postsurgery,
significant reductions in body weight and skinfold thickness,
indicative of fat mass loss, were observed alongside notable
improvements in grip strength. To our knowledge, this is the
first study from Tirkiye to track anthropometric measure-
ments after surgery and the first in the literature to compre-
hensively investigate reductions in skinfold thickness and
regional fat tissue.

While body weight and BMI are common obesity indica-
tors, they fail to distinguish between fat and muscle mass.3?
Alternative measures such as skinfold thickness, WC, HC,
WHR, and WHIR provide more precise insights into fat dis-
tribution. Skinfold measurements are widely used due to
their affordability and simplicity, while combining them
with WC and HC improves predictive accuracy. Garcia et al.
emphasized that combining skinfolds with circumferences
yields more accurate body fat estimates.>®

Sans et al. reported a 25% reduction in WC and HC and a
50% reduction in triceps skinfold thickness after 1 year in
103 morbidly obese women undergoing Roux-en-Y gastric
bypass (RYGB).*° Similarly, Strauss et al. observed a 30%
reduction in the sum of skinfold thicknesses at four sites in
17 patients undergoing gastric banding over a 2.5-year fol-
low-up.*!

Our study provides the most comprehensive analysis of
skinfold thickness reductions in LSG patients, assessing 9
sites and 11 measurements. Significant reductions in all skin-
fold thicknesses in the short-term postoperative period con-
firm the efficacy of LSG in reducing adiposity.

In addition, we evaluated static muscle strength changes,
focusing on grip strength after bariatric surgery. Hand and
pinch grip strength, noninvasive and cost-effective indicators
of upper extremity muscle function, are increasingly recog-
nized as predictors of mortality and morbidity in clinical
settings.?!

Previous studies have reported inconsistent results regard-
ing changes in muscle strength after bariatric surgery. Alba
et al. noted a decline in dynamic muscle strength 612 months
post-RYGB, while Cole et al. and Colar et al. found no signifi-
cant changes in HGS at 6 and 12 months postoperatively.*>
Similarly, Ibacache et al. observed reduced HGS at 1 and
3 months post-LSG, but other studies reported no significant
changes in muscle strength 21448

In contrast, our study demonstrated a significant increase in
HGS during the first and second postoperative months
(Table 1). In addition, we are the first to evaluate pinch
strength in LSG patients, revealing significant improvements
in KP and PP strengths between pre- and postoperative meas-
urements (Table 1). These results highlight the positive impact
of LSG on muscle strength in the early postoperative period,
differing from prior studies. Gedmantaite et al. (2020)
reported that grip strength was positively correlated with pro-
tein intake and diet quality. In our study, since a strict diet was
started after the 15th day and protein intake was planned as
0.8-1.2 g/kg/body weight per day, the decrease in postopera-
tive first month and the increase in postoperative second
month changed depending on the protein intake process.*’

Anthropometric measurements such as WC, HC, NC,
WHR, and WHItR are widely used for evaluating obesity in
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bariatric surgery. Our results align with those reported by
Ahuja, Shirazi, Carvajal, Shah, Hosseini-Esfahani, and Sans.
For example, Talalaj et al. documented reductions of 22.1%
in WC, 18.4% in HC, and 4.2% in WHR 12 months post-
LSG. Shirazi et al. observed reductions of 17.1% in WC,
17.3% in HC, and 17.5% in WHIR, while Carvajal et al.
reported decreases of 20% in WC, 14% in HC, and 10% in
NC at 6 months. 3740

In our study, reductions of 12.5% in WC, 10.1% in HC,
10% in NC, 2.6% in WHR, and 12.5% in WHtR were
observed within 2 months, demonstrating rapid postoperative
changes and the efficacy of LSG in reducing obesity-related
parameters.

CI, a reliable indicator of fat distribution, is cost-effective
and effective in detecting abdominal obesity.’® Shirazi et al.
reported a 30% reduction in CI 12 months post-LSG.?® In
our study, a 4% reduction was observed within 2 months,
underscoring its utility in early postoperative assessments.

ABSI, which adjusts WC for BMI and height, offers a
refined measure of central adiposity and is an independent
predictor of mortality. Gomez-Peralta et al. found significant
pre- and postoperative differences in ABSI in gastric bypass
and sleeve gastrectomy patients, highlighting its potential in
bariatric outcomes.”!

Conclusions

In conclusion, obesity is a chronic, multifactorial condi-
tion associated with numerous comorbidities and a high risk
of recurrence despite treatment. LSG is an effective surgical
option, but long-term success requires ongoing postoperative
management, including lifestyle modifications in diet and
physical activity.

Anthropometric assessments, such as skinfold thickness,
circumferential measurements, WHtR, and CI, are essential
tools for monitoring progress after LSG, providing a com-
prehensive evaluation of nutritional and metabolic status and
helping reduce the risk of weight regain.

Our study is the first to comprehensively analyze short-
term postoperative changes in skinfold thickness and inte-
grate pinch strength testing with HGS assessments, offering
a detailed evaluation of muscle function and body composi-
tion in postsurgical recovery.
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