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Abstract

Background This study aimed to determine the factors related to insufficient weight loss (IWL) following bariatric surgery.
Methods The data for 3456 individuals who had bariatric surgery were obtained prospectively. A bioelectrical impedance
analyzer was used to measure body composition changes and compare them between the sufficient (SWL) and IWL groups.
The generalized estimated equation approach was used to assess changes in fat mass (FM), fat-free mass (FFM), FFM loss/
weight loss percentage (FFML/WL%), and excess weight loss percentage (EWL%). Multivariate logistic regression models
were used for IWL to establish independent baseline factors.

Results IWL was recorded in 8% of the cases. The data analysis revealed substantial differences in the changes in FM%,
FFM%, FFML/WL%, and EWL% between the SWL and IWL groups after six months of follow-up. The IWL group demon-
strated a greater FFML/WL% (Ptime before & after 6 months<0.05). An older age, a higher baseline BMI, diabetes mellitus
(DM), non-smoking, and sleeve gastrectomy (SG) were the predictors of IWL.

Conclusion the significant predictors of IWL included older age, a higher baseline BMI, DM, SG, and non-smoking.
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Introduction Cottam et al. found that the baseline BMI was strongly asso-

ciated with IWL [5]. Age, gender, type of surgery, and obe-

Insufficient weight loss (IWL) is a serious clinical concern
following bariatric surgery. Approximately 15-30% of bar-
iatric surgery patients experience significant IWL (defined
as less than 50% excess weight reduction). There are mul-
tiple definitions for weight regain (WR) and IWL, which
possibly explain their varying prevalence reported in differ-
ent research [1-4].

IWL predictions have been shown to play an important
influence on patient satisfaction with bariatric surgery.
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sity-related comorbidities including hypertension (HTN)
and diabetes mellitus (DM) have already been reported as
predictors of IWL; however, research findings are inconsis-
tent, and there are currently arguments about the effects of
demographic characteristics, obesity-related comorbidities,
and type of surgery on the risk of IWL [4].

Studies, most of which have been conducted follow-
ing sleeve gastrectomy (SG) or gastric bypass (GB), have
shown gaps in modifiable and non-modifiable determinants
of IWL, and there are a few reports on the role of one-anas-
tomosis gastric bypass (OAGB). Moreover, WR and IWL
have different definitions and probably different predictors,
so they should be investigated separately [4, 6]. Identifying
the major predictors of IWL after bariatric surgery can help
provide better counseling, more efficient screening of poten-
tial candidates who may benefit the most from surgery, and
create specific guidelines to prevent IWL. Thus, this study
aimed to determine whether patients’ clinical characteristics
could be used as early predictors of IWL.
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Materials and methods
Study protocol

This study was performed within the framework of the Teh-
ran Obesity Treatment Study (TOTS), in which individu-
als undergo bariatric surgery in specialized centers based
on particular characteristics, whose details are available
elsewhere [7]. The participants of this prospective study
were aged 18—70 years old and were recruited from March
1, 2013, to February 31, 2019. Out of 4025 patients who
underwent sleeve gastrectomy (SG) or GB, 569 individuals
were excluded (patients with a history of previous bariatric
surgery [n=66], other few non-standardized or non-com-
mon types of surgery [#=17], BMI<35 [n=51], various
physical or mental disabilities such as severe depression
(n=5), severe spine deformities (2=5), depending on a
cane (n=14) or wheelchair (n=8), [total n=32]). So, the
study involved 3456 individuals. Follow-up rates at 1, 3, 6,
12, and 24 months were 84.8%, 75.1%, 82.0%, 72.7%, and
64.8% for sufficient weight loss (SWL) and 85%, 73.3%,
77.0%, 64.7%, and 59.4% for IWL, respectively.

Surgical procedures

The surgeon informed patients via numerous individual con-
sultations that included extensive explanations of surgical
techniques, expected results, and probable complications,
along with an all-encompassing review for every candidate.
Individuals having a family record of gastric cancer were
recommended to choose SG owing to the necessity of endo-
scopic screening, whereas individuals who had substantial
hiatal hernias or significant gastroesophageal reflux were
warned about the reflexogenic nature of SG. Patients with
diabetes were advised that GB provides a greater remission
or improvement of diabetes than SG.

The study is organized into three distinct phases, each
representing the most common form of malabsorptive gas-
tric bypass (GB) treatment at the time. During the first six
months, only Roux-en-Y gastric bypass (RYGB) was used.
However, starting in September 2013, OAGB has become
the recommended approach. Initially, all OAGB patients
received a 200 cm biliopancreatic limb (BPL) for up to three
years. Unfortunately, after a patient expired due to severe
protein-calorie deprivation and liver failure [8], the BPL
length was reduced to 160 cm. Importantly, the decision
to change the BPL length in OAGB was unaffected by the
patient’s age, gender, preoperative BMI, comorbidities, or
dietary habits. Additionally, since September 2013, RYGB
has been rarely used, reserved mainly for patients with
severe hiatal hernia, significant gastroesophageal reflux, or
based on individual patient preference. Of a total of 3456
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patients, 2352 (68.1%) underwent SG, and 1104 (31.9%)
underwent GB (986: OAGB, 118: RYGB).

Measurements

Data were obtained following the study protocol. To assess
obesity status and key health parameters, all patients under-
went a physical examination and regular medical history
assessment, which included systolic and diastolic blood
pressure (BP) measurements. Baseline data, including
age and gender, as well as anthropometric measurements
(height, weight, and BMI), were collected in accordance
with World Health Organization (WHO) criteria [9]. Body
composition was measured with a portable bioelectrical
impedance analyzer (BIA) (InBody 370, Biospace, Seoul,
South Korea).

To ensure accurate results, participants were asked to fol-
low several guidelines before the impedance analysis: fast-
ing overnight or for at least 4-5 h, refraining from exercise
for at least 12 h, avoiding alcohol for at least 24 h, staying
hydrated, and resting in a supine position for at least 5 min.
The patient’s resistance to alternating current (500 pA at
50/60 kHz) was measured while standing on the analyzer
platform. The results were interpreted using the manufac-
turer-provided software’s “standard” setting. The measure-
ments included fat mass (FM in kg and%) and fat-free mass
(FFM in kg and%). These body composition assessments
have demonstrated good concordance with the gold-stan-
dard dual-energy X-ray absorptiometry (DXA) and are safe
for routine clinical use [10, 11]. Data were collected at base-
line and at 1, 3, 6,9, 12, 18, and 24 months post-surgery.

After 12-14 h of fasting, blood samples were collected
and sent for biochemical analysis, which included the lipid
profile (total cholesterol [TC], high-density lipoprotein cho-
lesterol [HDL-C], and serum triglycerides [TG]) and fasting
plasma glucose (FPG). FPG, TG, and TC were evaluated
using enzymatic colorimetric techniques, whereas HDL-C
was quantified using a specialized kit after precipitating
apolipoprotein B-containing lipoproteins with phospho-
tungstic acid. Internal quality control was carried out to
guarantee accuracy, and all tests met the necessary stan-
dards. The inter- and intra-assay coefficients of variation at
baseline were 2.2% for FPG, 2% and 0.5% for HDL-C, and
1.6% and 0.6% for TG, respectively.

Definitions

Elevated triglycerides (TG), total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C), and reduced high-
density lipoprotein cholesterol (HDL-C) were defined as
follows: TG levels>150 mg/dL or use of lipid-lowering med-
ications, TC levels>200 mg/dL, LDL-C levels>130 mg/dL,
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and HDL-C levels <50 mg/dL for women or <40 mg/dL for
men. Hypertension was categorized by a systolic blood pres-
sure (SBP) of >140 mmHg, diastolic blood pressure (DBP)
of 290 mmHg, or the use of antihypertensive medication.
Diabetes mellitus was defined by either a fasting plasma
glucose (FPG) level > 126 mg/dL, HbA1c>6.5%, or the use
of diabetes medications. Additionally, behavioral and psy-
chological factors, including current or past smoking (as
defined by the US Centers for Disease Control and Preven-
tion) [12], alcohol consumption, and a history of psycholog-
ical disorders, were also assessed at the baseline. Alcohol
consumption and a history of psychological disorders were
also evaluated at baseline. Depression was assessed using
the Persian version of the Beck Depression Inventory (BDI),
version I, a 21-item questionnaire designed to identify and
measure the severity of depressive symptoms. Scores were
categorized as follows: 0-9 (normal), 10-18 (mild to mod-
erate depression), 19—29 (moderate to severe depression),
and 30-63 (severe depression) [13]. Serum creatinine (Cr)
levels were measured using the Jaffe kinetic method. The
preoperative glomerular filtration rate (GFR) was estimated
using the Chronic Kidney Disease Epidemiology Collabo-
ration (CKD-EPI) formula) [14], while insulin resistance
(IR) was calculated using the homeostatic model assess-
ment-insulin resistance (HOMA-IR) formula: HOMA-IR =
[fasting insulin (WU/mL) x fasting glucose (mmol/L)}/22.5.
Insulin resistance was defined as HOMA-IR>2.6 for both
sexes [15]. Diabetes mellitus (DM), hypertension (HTN),
and dyslipidemia remission were defined as follows: DM
remission was indicated by HbAlc levels <6.5% and fasting
blood glucose (FBG)<126 mg/dL without the use of anti-
diabetic medications. Hypertension remission was defined
as systolic blood pressure (SBP)< 140 mmHg and diastolic
blood pressure (DBP)<90 mmHg without antihyperten-
sive medications. Dyslipidemia remission was considered
a normal lipid profile without lipid-lowering medications,
with LDL<100 mg/dL, HDL>40 mg/dL, total choles-
terol <200 mg/dL, and triglycerides <150 mg/dL.

To assess weight loss, the percentage of excess weight
loss (EWL%) was calculated as:

Initial Weight — PostoperativeWeight

EWL% =
% Initial weight — Ideal weight

x 100 (1)

where the ideal weight was based on a body mass index
(BMI) of 25 kg/m?.

Fat-free mass loss relative to total weight loss (FFML/
WL%) was calculated as:

FFML/WL%

_ FFM (post — operative) — F'F M (preoperative)
" weight (post — operative) — weight (preoperative
x 100

2

Insufficient weight loss (IWL) was defined as not achiev-
ing 50% of EWL during a median follow-up of 18 months
(range: 12-24 months) after surgery in all of our analyses,
or the less popular definition<20% TWL [4, 16]. The indi-
viduals who did not fall into the IWL category were consid-
ered to achieve sufficient weight loss (SWL).

Follow-up and postoperative care

Patients underwent comprehensive evaluations following a
strict post-operative protocol at 1, 3, 6, 9, 12, 18, and 24
months after surgery to ensure compliance. Our post-op
care team consisted of an obesity specialist, a nutritionist,
and a sports and exercise medicine physician. Patients were
placed on a calorie-restricted diet, consisting of 10-35%
protein, and were prescribed daily vitamin and mineral sup-
plements for up to one year. Their diets were continually
adjusted based on individualized clinical and biochemical
assessments. Additionally, all patients were instructed to
follow a physical activity regimen, incorporating a combi-
nation of aerobic and resistance exercises for at least 30 min
per day post-surgery.

Statistical analysis

Categorical variables were summarized and presented by
frequencies and percentages, while normally distributed
continuous variables were reported as means and stan-
dard deviations (SD), and non-normally distributed data as
median [25-75 interquartile range (IQR)]. Normally distrib-
uted variables were analyzed by the two-tailed independent
sample t-test, and non-normally distributed variables were
analyzed using the Mann—Whitney test. The Chi-square and
Fisher’s exact tests were used to compare qualitative vari-
ables between groups when appropriate. The generalized
estimating equation (GEE) method, using an auto-regres-
sive working correlation structure and a log-link function
with binomial errors, was employed to evaluate changes in
fat mass (FM), fat-free mass (FFM), fat-free mass loss rela-
tive to weight loss (FFML/WL%), and excess weight loss
percentage (EWL%) over 24 months following bariatric
surgery. Time-trend analysis models were applied to both
the IWL and SWL groups, with P values for trends reported
separately for each group. Interactions between the groups
at each phase of the study were assessed using various mod-
els. To identify significant independent baseline predictors
for IWL, multivariate logistic regression models were con-
structed. Variables with a P value of <0.2 in the univariate
regression analysis were included in the multivariate anal-
ysis, and stepwise regression was applied to identify risk
factors associated with IWL. All analyses were conducted
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using IBM SPSS Version 20 (SPSS, Chicago, IL, USA),
with statistical significance set at P<0.05 (two-tailed).

Results

A total of 3456 individuals (78.2% women) participated in
the study. The medians of age and BMI were 39.9 £+ 11.3
years and 44.8 + 5.6 kg/m?, respectively. Most of the par-
ticipants were categorized in the obesity class III (BMI:
40-44.9). After a median follow-up of 18 months post-
surgery, 3190 (92.3%) individuals achieved 50% or more
EWL (i.e., the SWL group), and 266 (8%) failed to achieve
this parameter (categorized as IWL). The members of the
IWL group were older and had a higher mean baseline BMI
(47.6 £6.3 vs. 44.6 £5.5 P<0.001), as well as higher base-
line FM% (51.3 £4.4 vs. 49.9 £4.7 P <0.001), and lower
baseline FFM% (48.5+4.1 vs. 49.9+4.7% P <0.001). In
the IWL group compared to the SWL group, a significantly
higher ratio of patients underwent SG compared to GB
(9.7% vs. 3.4%, P<0.001). All metabolic parameters and
obesity-related comorbidities (WC, TG, FPG, HbA1C, SBP,
DBP, dyslipidemia, HTN, DM, and insulin resistance) were
higher or more frequent in the IWL group compared to the
SWL group (P<0.05) (Table 1).

Figure 1 shows changes in FM%, FFM%, FFML/WL%,
and EWL% in the SWL and IWL groups throughout a
median of 18 months of follow-up. The means of FM%,
FFM%, and FFML/WL% significantly decreased, and
EWLY% significantly increased in both the SWL and IWL
groups (Py.nq < 0.05). There were significant differences in
FM%, FFM%, FFML/WL%, and EWL% between the two
groups over time, with the IWL group showing a higher
FFM/WL% loss and a lower FM loss after six months of
follow-up (P time before & after 6 months <0.05) (Fig. 1).

Table 2 shows univariate and multivariate logistic regres-
sion and stepwise regression analysis of the factors associated
with IWL with two popular definitions of it. With defining
IWL<50% EWL at 18 months post-surgery, An older age,
suffering from DM, undergoing SG, a higher baseline BMI,
and non-smoking were associated with a greater likelihood
of IWL, so these parameters were the main negative pre-
dictors of achieving a satisfactory outcome after bariatric
surgery (P<0.05). Moreover, by defining IWL as <20%
TWL, the prevalence of IWL and SWL was 2.9% (n=100)
and 85% (n=2938), respectively. Predictors of IWL, associ-
ated with a higher risk of IWL with this definition were: an
older age, suffering from DM and HTN, undergoing SG, a
higher baseline BMI, and non-smoking. However, signifi-
cant results of HTN and non-significant BMI of 40—44.9 kg/
m? and age of 40-59 in the multivariate analysis were dif-
ferent in comparison to the former definition (EWL<50%).
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Table 3 shows obesity-related co-morbidities resolution
in each study group. Regarding the remission of co-morbid-
ities, our analysis revealed a significantly greater remission
rate of HTN and DM in the SWL group compared to the
IWL. However, there weren’t any significant differences in
dyslipidemia resolution between the two groups.

Discussion

In the present study, after a median follow-up of 18 months
(range: 12-24 months), data analysis showed that 8% of the
participants fell into the IWL group. Significant differences
were seen in the changes of FM%, FFM %, FFML/WL%,
and EWL% between the SWL and IWL groups after six
months of follow-up. Also, FFML/WL% was significantly
higher in the IWL group. An older age, a higher baseline
BMI, having DM, and undergoing SG and non-smoking
were the main independent predictors of IWL.

Currently, there is no standardized definition for the suc-
cess or failure of bariatric surgery. Additionally, in the lit-
erature, IWL is often confused with WR, but these terms
should not be used interchangeably [4, 17]. WR and IWL
are distinct issues, and patients experiencing them require
different treatment approaches [18]. Patients with IWL may
experience early negative outcomes or may have biological
or genetic factors that limit the beneficial effects of bariatric
surgery. In contrast, patients who experience WR typically
respond well to the initial metabolic effects of surgery but
struggle with long-term weight management, which may be
due to behavioral, metabolic, or genetic factors.

The Reinhold classification has been most acceptable
used to determine unsuccessful weight loss as EWL<50%
[19]. Although, the ability of this definition to correlate
with clinical outcomes such as resolution or recurrence of
co-morbidities, quality of life, and patient satisfaction is
limited. A recent review in 2022 suggests that for obesity
treatment, the term “surgical nonresponse ” would be appro-
priate as a replacement for IWL [17]. It is still unclear to
which extent cardiometabolic improvements after bariatric
surgery depend on the degree of weight loss. In addition,
many surgeons use projections based on EWL% to provide
their patients with expectations of successful surgery. Our
results showed that individuals with SWL had a greater
improvement in cardio-metabolic comorbidities such as
DM and HTN compared to the IWL group. There is a big
knowledge gap about this issue and no previous study is
available regarding the comparison of cardio-metabolic
comorbidities resolution between IWL and SWL groups.
With this investigation, the authors try to get the attention of
elites and researchers to the knowledge gap in this field and
to discuss it more.
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Table 1 Baseline characteristics of studied groups prior to bariatric surgery

Variables Total Insufficient weight loss (IWL) Sufficient weight loss (SWL) P value
(3456) (N=266) (N=3190)

Sex women, n (%) 2701 (78.2) 221 (83.1) 2480 (77.7) 0.043

Age group, n (%) 399 £ 11.3

18-39 1790 (51.8) 74 (27.8) 1716 (53.8) <0.001

40-59 1508 (43.6) 156 (58.6) 1352 (42.4)

60 < 158 (4.6) 36 (13.5) 122 (3.8)

BMI (kg/m?)' 448+ 5.6 47.6+6.3 44.6+5.5 <0.001

BMI group, n (%) <0.001

35-39.9 566 (16.3) 19 (7.1) 547 (17.2)

40-44.9 1419 (41.0) 87 (32.7) 1332 (41.8)

45-49.9 910 (26.3) 78 (29.3) 832 (26.1)

>50 560 (16.2) 82 (30.8) 478 (15)

WC (cm) 124.5 + 23.9 127.9+14.9 124.3+24.5 0.023

TG (mg/dl), 143 (105-191) 157 (114-204.75) 142 (105-189) 0.011

Dyslipidemia, n (%) 2835 (85.2) 230 (88.5) 2605 (84.9) 0.119

HDL (mg/dl) 47.0 + 11.8 47.9+12.7 47.0+11.8 0.232

LDL (mg/dl) 1109 + 31.9 108.4+34.4 111.1+31.7 0.195

Cholesterol (mg/dl) 188.9 + 37.6 187.6+£39.9 189.0+£37.5 0.567

SBP (mmhg) 123.8 + 12.3 126.1+12.8 123.7+£12.3 0.003

DBP (mmhg) 79.8 £ 7.4 80.9+8.0 79.8+7.4 0.030

HTN, n (%) 975 (28.2) 118 (45.7) 857 (28.1) <0.001

FPG (mg/dl) 110.25 + 374 123.6+46.0 109.1+36.4 <0.001

HbAlc 59 + 141 63+1.5 59+14 <0.001

DM, n (%) 892 (25.8) 119 (45.9) 773 (25.7) <0.001

Serum Creatinine (mg/dl) 09 + 04 0.9£0.1 0.9+0.4 0.397

¢GFR (ml/min) 240.6 £ 87.9 83.277 £19.874 88.371 £ 19.720 <0.001

eGFR group, n (%) <0.001

eGFR>60 3229 (93.4) 238 (89.5) 2991 (93.8)

eGFR 30-60 212 (6.1) 28 (10.5) 184 (5.8)

eGFR <30 15(0.4) 0(0.0) 15 (0.5)

FM, kg 60.2 + 11.1 63.4+12.5 59.9+£10.9 <0.001

FM (%) 50.0 + 4.7 51.3+4.4 49.9+4.7 <0.001

FFM, kg 60.1 + 12.0 59.8 £11.2 60.1 £12.0 0.709

FFM, (%) 49.7 + 4.6 485 £4.1 49.90 + 4.7 <0.001

Surgery type, n (%) <0.001

SG 2352 (68.1) 228 (85.7) 2124 (66.6)

GB (RYBG and OAGB) 1104 (31.9) 38 (14.3) 1066 (33.4)

Insulin (uWU/mL) 18.7 (12.4-26.9) 18.3 (12.6-25.9) 18.8 (12.4-27.0) 0.711

Insulin resistance, n (%) 2905 (84.1) 199 (87.7) 2185 (81.6) 0.022

Alcohol consumption, n (%) 440 (12.7) 15(5.9) 425 (13.9) <0.001

Depressive disorders 107 (3.1) 17 (6.4) 90 (2.8) 0.001

Smoking status n, (%) <0.001

Smoker 369 (10.7) 9(3.6) 360 (11.9)

Non-smoker 2898 (83.9) 243 (96.4) 2655 (88.1)

IWL, insufficient weight loss (<50% EWL at 18 months post surgery), BMI, body mass index; WC, waist circumference; High TG, triglyc-
eride>150 or using lipid-lowering medication; Low HDL, HDL-C<40 in men and <50 in women or using lipid-lowering medication; HTN,
hypertension (Systolic blood pressure (SBP)>140 mmHg and/or diastolic blood pressure (DBP)>90 mmHg or taking antihypertensive medica-
tion, FPG, DM, dibetes mellitus, FPG>126 mg/dl or HBA1C>6.5 anti-diabetic medication use; FM, fat mass; FFM, fat free mass; SG, sleeve
gastrectomy; RYGB, Roux-en-Y, gastric bypass; OAGB, one-anastomosis gastric bypass; Insulin resistance, HOMA-IR, fasting glucose (mg/
dL) X fasting insulin (pU/mL) / 405. IR was defined as HOMA-IR>2.6 in both sexes. Data are presented as mean=SD or n (%) except for TG
and Insuline, which has been presented as median ( 1Q 25-75)
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Fig. 1 Trend of different characteristics of IWL and SW1 individuals during 24 months of follow-up. a) Fat mass percentage (FM%). b) Fat-free
mass percentage (FFM%). ¢) fat-free mass loss/weight loss (FFML/WL). d) excess weight loss (EWL%)

With the lack of an accurate definition of IWL, the true
incidence is not known. According to current definitions,
about 15-35% of the patients undergoing bariatric surgery
may lose weight inadequately and are considered to have
IWL [2, 20]. Moreover, some studies have not reported sep-
arate frequencies for INL and WR [4, 20]. Al-Khayatt et al..
conducted a study on 227 patients undergoing GB to deter-
mine the predictors of IWL (defined as <50% EWL after
12 months) and reported an incidence rate of 14% for IWL
[1]. Lower mean age and baseline BMI in our study popula-
tion compared to the population studied by Al-Khayatt et
al. (39.9+11.3,44.8+5.6 vs. 48.60+11, 53.6+7.1), as well
as different surgical techniques and our strict exclusion cri-
teria, may have caused the different incidence rates of IWL
(8% vs. 14%). Using different bariatric techniques, multiple
IWL definitions, and different study populations have been
noted to result in different IWL frequencies [3, 20].

The factors associated with IWL and their impacts have
been a matter of debate [1, 3, 21]. Identifying the factors
associated with IWL may help reduce its incidence by
employing specific strategies and additional supportive
therapies for at-risk groups. In line with our results, older
age has been noted as a predictor of IWL after GB [1] and
SG [3]. As we know, aging is accompanied by a decrease in
the basal metabolic rate and lipolytic activities [1]. How-
ever, Cadena-Obando reported that age alone might not sig-
nificantly affect weight loss because of the dominant effects
of intensive exercise programs and diet [2]. Needless to
say, many old individuals may undergo bariatric surgery to
manage their comorbidities better rather than achieve SWL.
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Altogether, it seems better to perform bariatric surgery at a
younger age for optimal outcomes.

Multiple reports have demonstrated that a higher base-
line BMI can be associated with IWL [1, 3, 22-24]. Consis-
tent with our findings, EI-Moussaoui et al. concluded that
a higher baseline BMI (BMI>50 kg/m? ) was a significant
predictor of weight loss failure [24]. However, Gil-Rendo
et al. reported that, according to multivariate regression
analysis, baseline BMI did not affect SWL four years after
SG [25]. Patients with super obesity (BMI>50 kg/m?® ) gen-
erally have reduced physical activity, lower calorie intake,
and an intrinsic metabolic pattern [26], demanding ade-
quate dietary regimens pre-operative to promote acceptable
weight loss after surgery.

Consistent with our results, one of the most significant
predictors of IWL has been noted to be the type of bariat-
ric surgery [4]. In agreement with our observation, previous
studies demonstrated that SG was a negative predictor of
IWL [21]. This may be explained by more extended malab-
sorptive areas in GB and more significant changes in ghrelin
and other appetite-regulating hormones after SG [2, 27]. As
reported in previous studies, GB was associated with better
FFM preservation compared to SG [28], which may be due
to lower ghrelin levels after SG compared to GB. Ghrelin is
an important anabolic agent for skeletal muscles, and during
SG, the major source of ghrelin is removed [29]. Altogether,
malabsorptive bariatric surgeries may be offered to high-
risk candidates.

We found that obesity-related comorbidities such as DM
negatively influenced weight loss, which is in line with other
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Table 3 Cardiovascular risk factors and co-morbidities in each study group

Variables IWL SWL P-value

Hypertension, n (%) Pre-operation 118 (45.7) 857 (28.1) 0.001
Remission Post-operation 45 (48.9) 438 (66.5)

Diabetes mellitus, n (%) Pre-operation 119 (45.9) 773 (25.7) 0.005
Remission Post-operation 49 (60.5) 409 (75.3)

Dyslipidemia, n (%) Pre-operation 230 (88.5) 2605 (84.9) 0.143
Remission Post-operation 28 (20.0) 454 (25.6)

IWL, insufficient weight loss (<50% EWL at 18 months post surgery), HTN, hypertension (Systolic blood pressure (SBP)>140 mmHg and/
or diastolic blood pressure (DBP)>90 mmHg or taking antihypertensive medication, DM, diabetes mellitus, FPG>126 mg/dl or HBA1C>6.5
anti-diabetic medication use; Dyslipidemia: High TG, triglyceride> 150 or using lipid-lowering medication; Low HDL, HDL-C<40 in men and

<50 in women or using lipid-lowering medication

Diabetes mellitus Remission, (HbA1c<6.5%, FBG<126 mg/dL) in the absence of antidiabetic medications; hypertension Remission, Defined
as SBP<140 mmHg and DBP<90 mmHg off antihypertensive medication; Dyslipidemia Remission, Normal lipid panel off medication.
(LDL<100 mg/dL and HDL <40 mg/dL, total cholesterol <200 mg/dL and triglyceride<150 mg/dL

reports [1, 3, 4]. This may be due to the impact of some
antidiabetic agents that can increase circulating insulin lev-
els and promote lipogenesis, reducing weight loss. Never-
theless, GB has been noted to improve insulin sensitivity,
and the benefits of bariatric surgeries are well-established
in diabetic patients [1]. Overall, our findings suggest regu-
lar follow-up and post-surgery monitoring of weight loss in
patients with DM.

The etiology of IWL post-surgery is multifactorial, and
the factors contributing to this phenomenon considerably
overlap with each other. In agreement with our previous
report, we also observed here a non-significant independent
link between eGFR>60 mL/ min and IWL in multivari-
ate regression analysis, reflecting that IWL may be partly
caused by DM or older age in individuals with eGFR higher
than this threshold [30].

This study had some limitations. First of all, our study
had a relatively short follow-up time and we inevitably had
missing data at some points, which were managed by GEE
analysis and matching the characteristics of people in the
IWL and SWL groups at the baseline. We did not evalu-
ate participants’ physical activity and dietary habits, which
could have had notable effects on weight loss and body com-
position. We evaluated variables only at the baseline, and
no data were available post-bariatric surgery and through-
out the follow-up. Addressing the strengths of this study,
our study was conducted on a large population; we defined
IWL as a separate entity from WR, and we also assessed the
effects of OAGB, which has been described in a few reports.

Conclusion

In conclusion, this study showed that after a median fol-
low-up of 18 months after bariatric surgery, the incidence
of IWL was 8%. The factors associated with IWL included
older age, higher baseline BMI, having DM, undergoing
SG, and non-smoking. Malabsorptive bariatric procedures

@ Springer

may be offered to high-risk individuals; however, this
requires identifying the risk factors associated with IWL so
that at-risk individuals can benefit from appropriate support
plans preoperatively and during follow-up to improve their
clinical outcomes.

In order to get to the goal of effective treatment after bar-
iatric surgery there is a dire need for a standardized definition
of IWL. This makes it difficult to define how much EWL%
is significant to achieve improvement of co-morbidities.
Therefore, there is a need to address the IWL definitions
knowledge gaps including the exact cutoff points predict-
ing cardiometabolic outcomes. Moreover, for obesity treat-
ment, the term surgical nonresponse would be appropriate
as a replacement for IWL. Further studies will be needed
to elucidate all preoperative and post-operative modifiable
predictors of IWL, including physical activity and dietary
regimen, to achieve the best outcomes possible.
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