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Abstract

Objective: This study aimed to evaluate microRNAs (miRNAs) as predictive biomark-
ers for type 2 diabetes (T2D) remission 12 months after sleeve gastrectomy (SG).
Methods: A total of 179 serum miRNAs were profiled, and 26 clinical variables were
collected from 46 patients. Two patients were later excluded because of hemolysis,
and six patients with unclear remission status were set aside to evaluate the predic-
tion models. The remaining 38 patients were included for model building. Variable se-
lection was done using different approaches, including Least Absolute Shrinkage and
Selection Operator (LASSO). Prediction models were then developed using LASSO
and assessed in the validation set.

Results: A total of 26 out of 38 patients achieved T2D remission 12 months after SG.
The prediction model with only clinical variables misclassified two patients, which
were correctly classified using miRNAs. Two miRNA-only models achieved an accu-
racy of one but performed poorly for the validation set. The best miRNA model was
a mixed model (accuracy: 0.974) containing four miRNAs (hsa-miR-32-5p, hsa-miR-
382-5p, hsa-miR-1-3p, and hsa-miR-21-5p) and four clinical variables (T2D medication,
sex, age, and fasting blood glucose). These miRNAs are involved in pathways related
to obesity and insulin resistance.

Conclusions: This study suggests that four serum miRNAs might be predictive bio-
markers for T2D remission 12 months after SG, but further validation studies are

of an international co-financed project. needed.
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INTRODUCTION (1-3). It is a less complicated procedure and it has fewer surgery com-
plications compared with other methods (4-7). Although SG is com-

Sleeve gastrectomy (SG) is the most common bariatric surgery pro- parable to other methods for weight loss and weight regain (8-10),

cedure in Poland and other countries, including the United States SG has a lower success rate for type 2 diabetes (T2D) remission

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2022 The Authors. Obesity published by Wiley Periodicals LLC on behalf of The Obesity Society (TOS).

Obesity (Silver Spring). 2022;30:435-446.

www.obesityjournal.org 435


http://www.obesityjournal.org
mailto:﻿
https://orcid.org/0000-0001-9890-8794
http://creativecommons.org/licenses/by-nc/4.0/
mailto:gladys.wojciechowska@umb.edu.pl

MiRNAs AS PREDICTORS FOR BARIATRIC SURGERY OUTCOME

ObeSit og)HBEswv
A Research Journal y SOCIETY

(4,11). Therefore, identifying patients who can benefit the most from
SG is valuable for effective treatment.

Different prediction models have been developed to predict
T2D remission after bariatric surgery (12). However, most models
were developed using cohorts of surgery methods other than SG
or a limited number of SG patients (12). A 2019 study found that
these models overestimated diabetes remission in SG patients with
varying degrees (12). Better prediction models are needed for SG
patients.

There is increasing interest in using biomarkers as predictive
variables. A 2016 study used structural genetic variants as predic-
tive biomarkers for T2D remission (13). We are interested in study-
ing microRNA (miRNA), an epigenetic factor that regulates protein
expression through destabilization of target mRNA (14). Epigenetic
factors were reported to have a relationship with bariatric surgery
outcomes (15,16). However, the predictive value of miRNAs for sur-
gery outcomes has not been explored before, to our knowledge.

We selected patients with diabetes and obesity from a larger
cohort of the Biatystok Bariatric Surgery Study (BBSS), an ongoing
longitudinal study of Eastern Polish SG patients. Presurgery serum
miRNA levels were collected for 46 diabetic patients with T2D re-
mission status 12 months post surgery. We aim to explore whether
miRNA information gives any added value to clinical data for pre-
dicting T2D remission after SG.

Additionally, we implemented machine learning approaches for
variable selection and developed the prediction models. We pro-
filed 179 serum miRNAs and collected 26 clinical variables, including
those used in other T2D prediction models. To reduce data dimen-
sionality, we chose Least Absolute Shrinkage and Selection Operator
(LASSO) for variable selection and to develop classifiers.

Therefore, this pilot study aims to evaluate the added value of
including miRNAs as predictive biomarkers for T2D remission after

SG through machine learning approaches (Figure 1).

METHODS
Study participants

Patients were recruited from the BBSS (17), in which 321 Polish
patients with obesity had undergone bariatric surgery, including
SG, from 2016 to 2019. The inclusion criteria for surgery were BMI
> 40 kg/m? or BMI = 35 with comorbidities. The exclusion crite-
ria included prior bariatric surgery, substance abuse, uncontrolled
psychiatric illness, expected lack of compliance, or advanced can-
cer (17). A subset of the SG cohort had T2D based on the American
Diabetes Association criteria and had T2D remission status 12
months post surgery (n = 46). Remission status was determined
using the American Society of Metabolic and Bariatric Surgery
(ASMBS) criteria, based on T2D medication status, hemoglobin
Alc (HbA1lc), and fasting glucose 12 months after surgery (18).
The ASMBS criteria creates five remission groups (18). However,
we regrouped patients into a binary remission status because of

Study Importance

What is already known?

» Sleeve gastrectomy (SG) is an effective weight loss sur-
gery that may result in type 2 diabetes (T2D) remission.

» Prediction models for T2D remission have been built for
surgery types other than SG and have not included mi-
croRNAs (miRNAs).

What does this study add?

» Four serum miRNAs (hsa-miR-32-5p, hsa-miR-382-5p,
hsa-miR-1-3p, and hsa-miR-21-5p) that might predict
T2D remission 12 months after SG were identified.

» These miRNAs are involved in pathways related to obe-

sity and insulin resistance.

How might these results change the direction of
research or the focus of clinical practice?

» Biomarker research could focus on these miRNAs and
validate them in larger cohorts to evaluate their predic-
tive value.

» The miRNAs could also be studied further to understand
molecular subtypes of T2D patients with obesity.

the sample size: patients with “complete” and “partial” remission
were grouped into “remission.” “Improvement,” “unchanged,” and
“recurrence” were grouped into “nonremission.” Six patients had
unclear remission status due to missing information post surgery.
We held out these six patients for model evaluation. All partici-
pants provided informed consent before the study. The study
was conducted in accordance with the Declaration of Helsinki,
and the protocol was approved by the Ethics Committee of the
Medical University of Biatystok (project identification code: R-I-
002/546/2015) (17).

Sample preparation and miRNA extraction

Serum samples were obtained between 2 and 4 weeks before
surgery from patients in the overnight fasting state. Blood sam-
ples were collected in Sarstedt S-Monovette tubes (Sarstedt, Inc.,
Numbrecht, North Rhine-Westphalia, Germany) with separator gel.
The samples were allowed to clot for at least 30 minutes and were
then centrifuged for 10 minutes at 2,500 rpm. Serum samples were
immediately stored at -80°C until use.

RNA was isolated using the miRNeasy Serum/Plasma Advanced
Kit (QIAGEN, Hilden, Germany). Three RNA spike-ins (UniSP2,
UniSP4, and UniSP5) were added to the kit's “RPL buffer” as RNA
isolation controls. Serum volumes of 200 uL were used for isolation,
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FIGURE 1 Overview of study design. (A) General framework of patient stratification based on miRNAs and clinical variables. (B)
The study’s approach for variable selection and building prediction models with miRNAs and clinical variables. (C) The approach for
evaluating the prediction models using patients with unclear remission status. CV, cross validation; LASSO, Least Absolute Shrinkage

and Selection Operator; LOOCYV, leave-one-out cross validation; miRNA, microRNA; T2D, type 2 diabetes [Color figure can be viewed at

wileyonlinelibrary.com]

and 20 uL of nuclease-free water was used for elution. A no-template
sample (nuclease-free water) was also included to evaluate RNA iso-

lation quality.
Quality control of miRNA extraction
The miRCURY locked nucleic acid (LNA) miRNA QC PCR Panel

(QIAGEN) was used to assess miRNA quality, monitor comple-
mentary DNA (cDNA) synthesis, evaluate hemolysis, and assess

polymerase chain reaction (PCR) efficiency. For this quality control
(QC) panel, 2 uL of miRNA elute was used for 10 uL of reverse tran-
scription (RT) reaction using the miRCURY LNA RT Kit (QIAGEN).
Two spike-ins were used for cDNA synthesis (UniSpé and cel-
miR-39). A total of 1.5 uL of cDNA was used for the QC panel. Two
samples were later excluded because of hemolysis (final n = 44), as
indicated by a difference in cycle threshold (Ct) values between miR-
23a-3p and miR-451a of more than five (19). PCR was done using the
Roche LightCycler 480 Instrument (Roche, Basel, Switzerland) with
SYBR Green dye.
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miRNA profiling

Using the Serum/Plasma miRCURY LNA miRNA Focus PCR Panel
(QIAGEN), profiling was done with a 96-well plate format (20)
(Supporting Information Table S1). For this panel, 4 uL of miRNA
elute was used for 20-uL cDNA synthesis, along with the two spike-
ins for cDNA synthesis. The whole cDNA reaction was used for pro-
filing. No-template controls were also used to evaluate background
miRNA levels. PCR was done using the Roche LightCycler 480
Instrument with SYBR Green dye.

Data preprocessing

Raw miRNA data were preprocessed using the GeneGlobe Data
Analysis Center (QIAGEN; geneglobe.giagen.com) to remove
miRNAs below a Ct cutoff (Ct = 35) and to apply interplate
calibration. The processed data were then normalized using a
global mean normalization. There were no missing values for
miRNAs.

A total of 43 baseline clinical variables were collected from pa-
tients, including blood biochemical parameters, blood morphology
measures, and anthropometric measurements. We selected 26 clin-
ical variables with missingness less than 10%. Median imputation
was used for missing values. The total number of clinical and miRNA

variables was 205.

Variable selection

Ten unique variable sets were created: six sets with only miRNA
variables, two with only clinical variables, and two sets with
miRNA and clinical variables. Variables were normalized to obtain
Z scores.

Out of the 44 patients with miRNA data, six patients with unclear
remission status were set aside for model evaluation. Therefore, 38
patients with clear remission status were used for variable selection

and building classifiers.

Selecting serum miRNA variables

Six miRNA-only variable sets were created using different meth-
ods. One set contains all 179 miRNAs, another includes miRNAs
from statistical testing, and four other sets contain LASSO-
selected miRNAs.

miRNA selection using statistical significance and fold change

Fold change is the ratio of relative normalized miRNA expression
between remission groups. Unpaired t tests were used to calculate
p values. Four miRNAs with p < 0.05 and fold regulations of at least
1.5 were selected in this variable set.

Variable selection with LASSO

LASSO (21) with repeated 10-fold cross validation (500 repeats) was
built using all 179 miRNAs. A total of 20 miRNAs had nonzero coef-
ficients and they were ranked based on their importance. The top
five, ten, fifteen, and all nonzero miRNAs were selected as four sets
of LASSO-selected miRNAs.

Selecting pre-surgery clinical variables

Two sets of clinical variables were created: one set contains all 26
variables, and another has LASSO-selected variables. The LASSO
selection process is the same as that for miRNAs. Repeated cross
validation with 10 folds and 500 repeats was done using all 26 clini-

cal variables, and then the resulting nonzero variables were selected.

Selecting serum miRNA and clinical variables

Two sets of miRNA and clinical variables were created: one set con-
tains all available variables (205 variables), and another has LASSO-
selected variables. The LASSO selection process was done using all
variables with the same repeated cross-validation approach. The
nonzero variables were selected.

Prediction models

Ten LASSO models were built with each variable set. A leave-one-
out cross-validation approach was used. Model performances were
obtained using caret and epiR in R (R Foundation, Vienna, Austria),

and models were compared based on their accuracy.

Model evaluation using six patients with unclear
remission status

Remission labels were determined using available postsurgery clini-
cal measures. The label decision was first made based on the dis-
continuation of T2D medicines. Then HbA1c and fasting glucose
information was considered. For prediction, we first applied the
same median imputation and z score scalar used for the model-
building data. Then prediction was made using four models: one
clinical-only model, one clinical and miRNA model, and two miRNA
models (Supporting Information Table S2). We then compared the
prediction with their remission labels.

Correlation analysis

Pearson correlation was done to evaluate the relationship between
clinical variables and miRNAs hsa-miR-32-5p, hsa-miR-382-5p,
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hsa-miR-1-3p, and hsa-miR-21-5p. Multiple testing correction was done
using false discovery rate (FDR). Two plots for unadjusted and adjusted

p values were made using ggcorrplot package in R (R Foundation).

Pathway analysis

Pathway analysis was done for miRNAs hsa-miR-32-5p, hsa-miR-
382-5p, hsa-miR-1-3p, and hsa-miR-21-5p. The DIANA miRPath
version 3 software (http://www.microrna.gr/miRPathv3) was used
to identify experimentally reported target genes and evaluate the
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways.

RESULTS
Patient demographics and miRNA profiles

Six clinical variables were significantly associated with remission
after SG: T2D medication; age; HbAlc; and fasting plasma glucose,
as well as plasma glucose 30 and 60 minutes after oral glucose toler-
ance test (OGTT,; Table 1). The remission group had a much lower
proportion of patients taking diabetes medication before surgery
(remission vs. nonremission: 12% vs. 83.3%, adjusted p = 0.003). The
remission group was also significantly younger and had lower plasma
glucose and lower HbA1c. Additionally, the remission group had
higher plasma insulin and took fewer medications for chronic dis-
eases, but the relationships were not significant after FDR (Table 1).

A total of 179 circulating miRNAs were profiled from serum sam-
ples collected before surgery. None of the miRNAs was significant
between remission and nonremission groups after multiple testing
correction using FDR (Supporting Information Table S1). However,
eight miRNAs had unadjusted p < 0.05, and four of them had a fold
regulation of at least 1.5 (remission vs. nonremission group: upreg-
ulation = hsa-miR-382-5p, hsa-miR-409-3p; downregulation = hsa-
miR-375, hsa-miR-1-3p, respectively).

Variable selection and modeling results

Ten variable sets were created based on different variable selec-
tion processes (Table 2). One set for miRNAs contained the four
significantly differentially expressed miRNAs (GeneGlobe miRNAs:
hsa-miR-382-5p, hsa-miR-409-3p, hsa-miR-375, and hsa-miR-1-3p).
LASSO selected 20 out of 179 miRNAs after repeated cross valida-
tion, including three out of 4 significant miRNAs (hsa-miR-382-5p,
hsa-miR-375, and hsa-miR-1-3p). For clinical variables, LASSO se-
lected four out of twenty-six variables: T2D medication, age, fasting
plasma glucose, and sex. When all variables were provided, LASSO
chose the same four clinical variables (T2D medication, sex, age, and
fasting plasma glucose) and four miRNAs (hsa-miR-1-3p, hsa-miR-
21-5p, hsa-miR-32-5p, and hsa-miR-382-5p; Table 2, set 4).

RObeSity Oé%%‘gv_w' LEY =
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Among the 10 prediction models, classifiers with miRNA vari-
ables performed best. Models with 10 or 15 miRNAs achieved an
accuracy of 1 (95% Cl: 0.91-1; Table 2). Models with only clinical vari-
ables misclassified two nonremission patients, with an accuracy of
0.947 (95% Cl: 0.82-0.99; Tables 2 and 3). When four miRNAs were
added into the clinical model, patient 1 was correctly predicted, but
not patient 2 (Figure 2A; Table 3). Patient 2 was later correctly classi-
fied in the miRNA-only models, and no other misclassifications were
found (Figure 2B; Table 3).

Evaluating prediction models using six patients with
unclear remission status

Four classifiers were selected for evaluation: a clinical-only
model, a mixed model with miRNA and clinical variables, and two
miRNA-only models (Table 4; Supporting Information Table S2).
Models with clinical variables agreed the most with postsurgery
data (Table 4). All models predicted patient A as nonremission,
but postsurgery data suggested remission. All miRNA models pre-
dicted nonremission for patient C. Postsurgery values were within
the remission group, but this patient had missing medication in-
formation. The miRNA-only models had increasing disagreement
with postsurgery data, indicating overfitting with the training
data.

Evaluating the four predictive miRNAs (hsa-miR-32-
5p, hsa-miR-382-5p, hsa-miR-1-3p, hsa-miR-21-5p)

Four miRNAs that improved prediction for clinical models had sig-
nificant correlations with glucose measures and HbA1c, but not with
other clinical measures (Figure 3; Supporting Information Figure S1).
The miRNA hsa-miR-382-5p was significantly positively correlated
with HbA1c (r = 0.432) and plasma glucose (r = 0.485 for fasting
and r = 0.359 for 30 minutes during OGTT). The relationship with
fasting plasma glucose was maintained after FDR (Figure 3). There
were other significant correlations between miRNA and clinical vari-
ables, but they were not significant after FDR; for example, fasting
plasma glucose with hsa-miR-32-5p (r = -0.354) and hsa-miR-21-5p
(r = -0.346), as well as hemoglobin cell count with hsa-miR-21-5p
(r = =0.456). The miRNA hsa-miR-1-3p was not significantly corre-
lated with any of the selected clinical variables. The miRNA hsa-miR-
32-5p was positively correlated with hsa-miR-1-3p (r = 0.393) and
hsa-miR-21-5p (r = 0.362) but was no longer significant after FDR.

Pathway analysis was done for these miRNAs using the DIANA
miRPath version 3 software. Three out of four miRNAs regulated 39
KEGG pathways, including 19 signaling pathways related to obesity
and insulin resistance (Table 5). There was no information for hsa-
miR-1-3p in this database. Within these 19 pathways, hsa-miR-32-5p
regulated 253 genes, hsa-miR-21-5p regulated 330 genes, and hsa-
miR-382-5p regulated 73 genes.
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TABLE 1 Baseline clinical data from patients measured before surgery

Variable

No. of patients

Age at time of SG (y)

BMI before SG (kg/m?)

Percentage of body fat before SG (%)
Fasting blood insulin before SG (IU/mL)

Plasma insulin measured at 30 min during OGTT (n =
35; 1U/ml)

Plasma insulin measured at 60 min during OGTT (n =
35; 1U/mL)

Plasma insulin measured at 120 min during OGTT (n =
35; 1U/mL)

Number of chronic diseases before SG (1 or more)

Number of chronic disease medications before SG (2
or more)

HbA1c before SG (%)
Fasting blood glucose before SG (mg/dL)

Plasma glucose measured at 30 min during OGTT (n =
35; mg/dL)

Plasma glucose measured at 60 min during OGTT (n =
35; mg/dL)

Plasma glucose measured at 120 min during OGTT (n
= 35; mg/dL)

Bilirubin before SG (mg/dL)

C-reactive protein before SG (mg/L)
Cholesterol before SG (mg/dL)
Triglyceride before SG (mg/dL)
High-density lipoprotein before SG (mg/dL)
Low-density lipoprotein before SG (mg/dL)
White blood cell count before SG (10°/ulL)
Red blood cell count before SG (10%/uL)
Platelet blood count before SG (10%/uL)
Hemoglobin cell count before SG (g/dL)
Male sex

Diabetes medication before SG (n = 37)

p value

Remission Nonremission p value (adj)
26 12

45,5 (38.25;54) 58 (56.25;65.25) 0 0.004
46.87 (43.33;50.77) 45.87 (43.65;52.75) 0.975 0.975
47.1 (44.77;50.58) 49.4 (44.83;51.4) 0.46 0.594
34.55(29.53;53.57) 34.72 (27.55;43.52) 0.396 0.567
128.08 (109.6;173.73) 74.08 (61.61;126.53) 0.031 0.091
159.18 (146.12;231.63) 123.27 (73.27;168.24) 0.213 0.395
121.86 (82.54;243.84) 90.56 (52.09;105.67) 0.045 0.118
19 (73%) 12 (100%) 0.084 0.546
12 (46%) 12 (100%) 0.017 0.216
6.4 (5.9;6.88) 7.1 (6.65;8.25) 0.005 0.021
132.5(123.25;143.5) 154.5 (146.75;178.75) 0 0.004
232.5(194.5;239) 248 (235;271) 0.011 0.042
248 (224.75;282.25) 298 (283;315) 0.002 0.012
194.5 (159.75;218.25) 225(183;243) 0.186 0.395
0.47 (0.36;0.59) 0.38(0.3;0.57) 0.307 0.499
5.89 (2.62;10.53) 3.92(1.69;10.24) 0.48 0.594
190 (165.5;214) 184 (152.5;203.25) 0.387 0.567
146 (131.25;231) 163 (126;225) 0.888 0.923
39.5(35;45) 44,5 (37.75;53.5) 0.209 0.395
118.5(97.12;146) 103.95 (82.83;133.75) 0.272 0.471
7.95 (6.65;9.07) 8.2(7.5;8.62) 0.753 0.879
4.98 (4.7;5.26) 5.07 (4.82;5.29) 0.777 0.879
224 (203.75;263) 209.5 (190;283.75) 0.414 0.567
14.35 (13.25;15.05) 14.45 (13.3;15.05) 0.826 0.895
16 (61.5%) 10 (83.3%) 0.333 0.546
3(12%) 10 (83.3%) 0 0.003

Note: Values show the median (first;third quartiles) or the number of patients and percentages. p values are shown for the XZ test (categorical
variables) and Kruskal-Wallis test (continuous variables). Rows with p < 0.05 are shown in bold. Multiple testing correction was done using the false

discovery method. If not otherwise stated, n = 38.

Abbreviations: adj, adjusted; OGTT, oral glucose tolerance test; sleeve gastrectomy.

DISCUSSION

This pilot study evaluated miRNAs as predictive biomarkers and
used machine learning approaches to select the most potential miR-
NAs and for model building. We found that miRNAs might improve
T2D remission prediction and that they are best used with clinical
variables. We considered all miRNAs because statistically significant
variables are not always good predictive variables (22).

Our clinical model, based on T2D medication, age, sex, and fast-
ing plasma glucose, misclassified two nonremission patients. Both

patients had similar presurgery conditions: they did not take any
T2D medications before surgery, and they were in their 60s. Patient
1 needed T2D medicines after surgery; therefore, this patient had a
nonremission status. In contrast, patient 2 seemed to be borderline
partial remission after surgery. The second patient’s fasting blood
glucose was only three points above the upper limit for partial remis-
sion (<125 mg/dL). Therefore, the clinical models well predicted that
patient 2 could achieve remission after surgery.

Adding miRNA information improved prediction for patient 1.
When the miRNAs hsa-miR-32-5p, hsa-miR-382-5p, hsa-miR-1-3p,
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FIGURE 2 Adding miRNA information increases model accuracy. (A) Two nonremission patients (highlighted as dark red) were
misclassified in a model with four clinical variables (accuracy = 0.947). One patient was correctly classified when four miRNAs were
added (accuracy = 0.974). (B) The second patient was correctly classified in an miRNA-only model (using 10 miRNAs, accuracy = 1). Other
patients remained correctly classified. miRNA, microRNA; NonRem, nonremission; Rem, remission

and hsa-miR-21-5p were added into the clinical model, patient 1
was correctly predicted to have nonremission. Patient 2 was still
predicted as remission. When 10 or 15 miRNAs were used instead
of clinical variables, both patients were classified as nonremission.
Considering that patient 2 seemed to be borderline remission, the
model with both clinical variables and miRNAs appears to be most
accurate.

Data from the six patients with unclear remission status also
agree that clinical variables are essential in the prediction model.
Models with clinical predictors matched the most with postsurgery
information. Using only miRNAs increased the disagreement be-
tween prediction and postsurgery data. Although more samples are
needed to confirm, this suggests that our miRNA-only models are
likely to be an overfit, and clinical variables should be kept in pre-
diction models.

When available, miRNA information can help improve prediction
for difficult patients and provide additional information to poten-
tially imprecise clinical measures. Two out of four variables used
in our clinical model can be inaccurate: fasting plasma glucose and
T2D medication information. We requested for our patients to fast
before the OGTT but we could not guarantee that they genuinely

fasted. T2D medication was obtained through the patient question-
naire, which is subject to recall bias.

Our prediction models can help decision-making for newly di-
agnosed T2D patients who qualify for SG. Some of our patients
were unaware of their T2D status and were diagnosed during their
presurgery visit, which might explain the relatively low percentage
of patients taking T2D medication. We found that most patients
who did not report taking T2D medication achieved remission after
SG, but not everyone. SG is a simpler surgery procedure but it has
a lower T2D remission rate than Roux-en-Y gastric bypass (RYGB)
(4,11). Therefore, deciding on bariatric surgery for new T2D patients
is not straightforward. Our prediction models might help predict
whether SG would result in rapid T2D remission or not for these
patients.

Previous prediction models, which used similar clinical variables,
predicted remission in SG patients with sensitivity and specificity
up to 0.92 and 0.83, respectively (12). Our clinical model with four
variables achieved sensitivity and specificity of 0.83 and 1, respec-
tively, and adding four miRNAs increased the sensitivity to 0.917.
Confirmation in external cohorts is vital to confirm the usefulness

of our models.



443
-WILEY

THE
OBESITY
SOCIETY

40

Obes

A Research

MiRNAs AS PREDICTORS FOR BARIATRIC SURGERY OUTCOME

'sa1aqelp g 9dA3 ‘QZL ‘9|ge|leA. 30U “WN ‘WNYOIIIW ‘YNYIW Dew ‘| ‘10jesad UoI3d9|as pue a8exullys a3njosqy 35897 ‘OSSYT TV ulqojSowsy OTyqH ‘a|eway ‘A :SUOI3eIAIqqY

oN
oN
SOA
oN
oN
oN

ON
ON
SOA
ON
SOA

ON

SYNY!wW 6T Ajuo SYNYy!w 0T Aluo

SaA
ON
SOA
ON
SOA
ON

SVNy!w
pue
learudy

SOA
ON
ON

SOA

SOA
ON

sa|qelien
[eatuid
Ajuo

SSA
ON
SSA
SOA
SSA

SSA

ejep

Aia8unsysod
uo paseg

6
LS
VN
'S
LS
79

STVaH

G6
VN
VN

[40)
VN
VN

9s0on|3
ewse|d
Sunyseq

VN

SaA

ON

VN

ON

ON
uopesIpaw
acir

9'9
Sz
9L

9
¥'9
VN

STVAH

OTT
SeT
VN
L2T
81T
LET

9s0on|3
ewse|d
Sunseq

ON
SOA
SSA
SOA
SSA

SSA

uopesipaw gz

LE
s
61
%74
13%
€9

[TRETEED S TR TR
< m O 0O w w

a8y X3S juaned

uondIpaid uoissiway

A198.ns 3so0d syjuow gz

A1984ns aud

SYNUY!W GT YHM pue ‘SYNYIW 0T YHM ‘ss|qelien
VNYIW pue [eaiuld YyHm ‘sa|geldea [eaiul]d AjJuo yim s|apow OSSY ] pue ejep A1a3.4ns-3sod wouy umoys suol3dipald pue sjuaiied Jespun XIs Jo solisialoeleyd Aiadinsisod pue -ald ¢ 3719VL

'sa3aqelp g 9dA} ‘QzL (YNYOIDIW ‘YNYIW Djew ‘| ‘4ojesadQ Uo13d9]9g pue agesuldys 21njosqy 1sea7 ‘OSSY 1 2TV ulgojSoway ‘OTyqH :SUolleInalqqy

oN SOA
ON ON

SYNYIW Aluo SYNYIW
pue [eaul|d

SOA

SOA

sa|qeLieA

[eauipd Ajuo

ON
ON

uolss|way

6'S
€9
AL

8¢T
L1T

9soon|3
ewse|d
Sunyseq

ON
SOA

uojjesipaw
acl

9
'8
AL

9so0on|3

GET
€61

ewse|d
Sunyseq

ON
ON

uonealpaw gz

99 W @
€9 N T
ady X3¢ juaned

uoi3a1paid uoissiway

pue ‘sa|qeLieA YN YIW PUe [ed1ul]d Y3IM ‘S3|qeLIeA [BDIUID AJUO YHM

A198.ns 3sod syjuow z1

A1984ns aid

SYNYIW OT Yam

S[apoW OSSY T WOy UMOoYs suoldipald pue syualjed paljIsse|dsiu 0M3 dY3 JO sol3siiajoeteyd Alaginsysod pue -ald € 379VL



MiRNAs AS PREDICTORS FOR BARIATRIC SURGERY OUTCOME

ObeSit O(T)HBES\TV
A Research Journal y SOCIETY

BIL

GLU_120
GLU_60
GLU_30

GLU_O .
HbA1c
INS_120
INS_60
INS_30
INS_0
PBF
BMI
Age
hsa-miR-21-5p
hsa-miR-1-3p

hsa-miR-382-5p

&8 88 %35k °888 22888 z2¢%3 233
PP aE R 0SS S8 @K Q@ F 29
I e Z o o 1 8 3 o o i
® @ 1 0~ £ zZ Z © T ® 2 o O o
(R T ) < £ 2 o o 4
uclguc = o
E £ b E
r E @ T
s F g%
g & £ 8
2 g 2
2
CorrI

O

a-miR-21-5p

croL
T
HOL
Low
wac
8
[

-1.0-05 00 05 1.0

FIGURE 3 Significant Pearson correlations between selected miRNA and clinical variables. The analysis was done using R packages
Hmisc and ggcorrplot. Nonsignificant correlations based on (A) p < 0.05 and (B) adjusted p < 0.05 are set to blank. Red boxes indicate
positive correlations, whereas blue boxes represent negative correlations. BIL, bilirubin levels; CHOL, cholesterol levels; CRP, C-reactive
protein levels; GLU_O, fasting blood glucose levels; GLU_30, plasma glucose levels measured at 30 minutes during OGTT; GLU_60, plasma
glucose levels measured at 60 minutes during OGTT, GLU_120, Plasma glucose levels measured at 120 minutes during OGTT; HbA1c,
hemoglobin Alc; HDL, high-density lipoprotein levels; HGB, hemoglobin cell count; INS_O, fasting blood insulin levels; INS_30, plasma
insulin levels measured at 30 minutes during OGTT; INS_60, plasma insulin levels measured at 60 minutes during OGTT; INS_120, plasma
insulin levels measured at 120 minutes during OGTT,; LDL, low-density lipoprotein levels; miRNA, microRNA; OGTT, oral glucose tolerance
test; PBF, percentage of body fat; PLT, platelet blood count; RBC, red blood cell count; TG, triglyceride levels; WBC, white blood cell count

To our knowledge, these four serum miRNAs (hsa-miR-32-5p,
hsa-miR-382-5p, hsa-miR-1-3p, and hsa-miR-21-5p) have not been
studied as predictive biomarkers for T2D remission after surgery.
However, studies have reported associations between these
miRNAs with obesity and T2D. The miRNA hsa-miR-382-5p is in-
volved in cholesterol homeostasis (23). Plasma and serum levels
of hsa-miR-21-5p are associated with T2D (24-26), as well as with
obesity (27,28). The miRNA hsa-miR-32-5p is also associated with
T2D (29) and obesity (29,30). Our pathway analysis identified 19
obesity- and T2D-related pathways regulated by these miRNAs,
including mechanistic target of rapamycin (serine/threonine ki-
nase) (mTOR), mitogen-activated protein kinase (MAPK), phos-
phatidylinositol 3-kinase-protein kinase b (PI3K-Akt), fatty acid
elongation, and degradation pathways. The miRNA hsa-miR-1-3p
has regulatory roles in cardiac muscle tissues and tumor suppres-
sors in various cancers (31). It is also dysregulated in pancreatic
cancer patients (32).

These miRNAs have been studied in bariatric surgery patients to
measure differential expression before and after surgery (16). An RYGB
study reported that plasma hsa-miR-32-5p and hsa-miR-21-5p were
significantly reduced 9 and 12 months after surgery (33). However,
another RYGB study reported an increase of plasma hsa-miR-21-5p
12 months after surgery (28). The miRNAs hsa-miR-1-3p and hsa-miR-
382-5p were reported to be not significantly differentially expressed
after RYGB (33). It appears that predictive miRNAs do not need to be
differentially expressed after surgery. However, these studies were
primarily done in RYGB patients, and more studies with SG patients
are needed.

Our pilot study suggests that miRNAs could potentially predict
T2D remission after the intervention. Our findings agree with a re-
cent study that identified predictive miRNAs for T2D remission after
diet intervention (34). The set of miRNAs are different from this study,
which might reflect the study population. Our study focused on pa-
tients with T2D and obesity, whereas the other study’s patients had
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TABLE 5 Obesity- and insulin resistance-related pathways regulated by the four predictive miRNAs

No. KEGG pathway

1 Thyroid hormone signaling pathway

2 Lysine degradation

3 FoxO signaling pathway

4 Fatty acid elongation

5 Prolactin signaling pathway

6 Focal adhesion

7 Adherens junction

8 ECM-receptor interaction

9 Valine, leucine, and isoleucine biosynthesis
10 Regulation of actin cytoskeleton

11 MAPK signaling pathway

12 p53 signaling pathway

13 mTOR signaling pathway

14 Protein processing in endoplasmic reticulum
15 Hippo signaling pathway

16 Fatty acid degradation

17 Endocytosis

18 PI3K-Akt signaling pathway

19 HIF-1 signaling pathway

No. of No. of
p value genes miRNAs
9.22E-05 33 3
2.04E-04 15 2
2.34E-04 41 3
0.0012 7 3
0.0014 21 3
0.0021 52 3
0.0024 20 2
0.0025 19 3
0.0036 2 2
0.0061 50 3
0.0102 54 3
0.0102 21 8
0.0133 18 3
0.0140 39 8
0.0157 32 3
0.0241 7 2
0.0263 41 3
0.0370 68 8
0.0478 26 3

Abbreviations: ECM, extracellular matrix; FoxO, forkhead box protein O; HIF-1, hypoxia-inducible factor 1; KEGG, Kyoto Encyclopedia of Genes and
Genomes; MAPK, mitogen-activated protein kinase; miRNA, microRNA; mTOR, mechanistic target of rapamycin (serine/threonine kinase); PI3K-Akt,

phosphatidylinositol 3-kinase-protein kinase b.

BMI around 30 as well as coronary heart disease. Nevertheless, our
study has limitations, including the small number of participants and
limited external validation. Owing to sample size limitations, we sim-
plified T2D and remission groups as dichotomous traits. Future studies
could also investigate T2D subtypes based on f-cell function and in-
sulin resistance measures (35) and include other diabetes-related vari-
ables such as C-peptide and T2D duration. Some of the patients were
unaware of their T2D status, so we could not obtain an accurate T2D
duration for these patients. Patients with differing risk profiles might
have different remission rates after surgery. Another limitation is that
we focused on SG without comparing other surgery types such as
RYGB. RYGB has better long-term T2D remission rates (4,11), but only
8% of our BBSS patients underwent RYGB. Owing to study size lim-
itations, we could not adequately compare miRNA's predictive value
between these two surgery types. It would also be interesting to see
whether miRNAs can differentiate between the original ASMBS remis-

» o«

sion groups (“‘complete remission,

partial remission,” “improvement,’
“unchanged,” and “recurrence”). Additionally, we considered only 179
miRNAs that were included in the quantitative PCR profiling platform
for serum samples. Using larger profiling platforms such as small RNA
sequencing might uncover more or better predictive miRNAs.

In conclusion, we identified four miRNAs (hsa-miR-32-5p, hsa-
miR-382-5p, hsa-miR-1-3p, and hsa-miR-21-5p) that might comple-
ment clinical models in predicting T2D remission after SG. Further
studies in much larger data are needed to confirm the utility of these

serum miRNAs as predictive biomarkers. The four serum miRNAs
could also be studied further to understand molecular subtypes of

T2D that separate remission and nonremission patients.O
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