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ABSTRACT
Introduction The pathophysiology of type 2 diabetes 
(T2D) in youth differs from adults and conventional medical 
treatment approaches with lifestyle change, metformin, 
thiazolidinediones or insulin are inadequate. Metabolic 
bariatric surgery (MBS) improves multiple health outcomes 
in adults with T2D. Initial small, uncontrolled studies of 
Roux- en- Y gastric bypass have also suggested beneficial 
effects in adolescents. Definitive studies in youth with T2D 
are lacking, especially with the now more common form 
of MBS, vertical sleeve gastrectomy (VSG). The surgical 
or medical treatment for paediatric type 2 diabetes 
(ST

2OMP) clinical trial was designed to test the hypothesis 
that VSG will more effectively reduce hyperglycaemic 
and diabetes comorbidities than the best currently 
available medical treatment incorporating state of the art 
pharmacotherapies. ST

2OMP is also designed to better 
understand the pancreatic and enterohepatic mechanisms 
by which MBS improves diabetes and its associated 
comorbidities.
Methods and analysis ST

2OMP is a prospective, 
open- label, controlled clinical trial that will recruit 90 
postpubertal participants, age range 13–19.9 years, 
with  ≥35 kg/m2 or >120% of 95th percentile and youth- 
onset T2D. The primary outcome is the per cent of 
youth achieving haemoglobin A1c <6.0% at 12 months 
postgroup allocation (post- VSG vs postmedical group 
allocation). Secondary outcomes include remission 
of comorbidities and measures of β-cell and incretin 
responses at 12 and 24 months post VSG versus AMT.
Ethics and dissemination The ST

2OMP protocol was 
approved by the Cincinnati Children’s Hospital Medical 
Center and the University of Colorado Institutional Review 
Boards. Written informed consent is obtained prior to study 
enrolment. Study findings will be widely disseminated 
through peer- reviewed publications and conference 
presentations.
Trial registration number Clinical Trials.Gov 
NCT04128995.

INTRODUCTION
Twenty- seven percent of youth with type 2 
diabetes (T2D) in population- based cohorts 
have poor glycaemic control, defined very 

conservatively as a haemoglobin (Hb) A1c 
>9.5%.1 2 In the Treatment Options for Type 2 
Diabetes in Adolescents and Youth (TODAY) 
randomised clinical trial, metformin and 
metformin plus lifestyle were ineffective 
in maintaining durable glycaemic control 
(HbA1c <8.5%) in 57% and 47% of adoles-
cents with youth- onset T2D, respectively.3 
Moreover, in the TODAY study, while rosigl-
itazone enhanced the efficacy of metformin, 
the combined dual therapy was still inef-
fective at maintaining durable control in 
over one- third of adolescents.3 Importantly, 
both insulin and thiazolidinediones (TZDs) 
promote weight gain and TZDs have ongoing 
heart failure risk concerns. Data from the 
TODAY study also showed high rates of early 
diabetes complications and continued disease 
progression over time.4–6

The Restoring Insulin Secretion (RISE) clin-
ical trial treated youth with prediabetes or T2D 

Strengths and limitations of this study

 ► This is a non- randomised, prospective clinical tri-
al that will compare outcomes in adolescents who 
self- select advanced medical therapy with vertical 
sleeve gastrectomy to those who self- select ad-
vanced medical therapy alone.

 ► Advanced medical therapy includes diet and exer-
cise counselling and incorporates the use of mul-
tidrug therapy, if needed, to achieve a haemoglobin 
(Hb) A1c of <6.5%.

 ► The primary outcome is the percent of youth achiev-
ing HbA1c <6.0% at 12 months postgroup alloca-
tion. Secondary outcomes include the impact of 
treatments on diabetes- related comorbidities, beta 
cell function and incretin responses.

 ► Limitations of the study include lack of randomisa-
tion of participants and self- selection of their treat-
ment arm.
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with metformin alone or insulin followed by metformin 
and both regimens were ineffective at improving β-cell 
function or slowing glycaemic progression. When youth 
were compared with adults, adults actually achieved better 
glycaemic outcomes in the RISE trial.7 8 Recent results 
from the Ellipse study tested the glucagon- like peptide 
(GLP-1) agonist liraglutide in 10–17 year olds with T2D 
and found liraglutide lowered the 26- week primary effi-
cacy end point HbA1c by 0.64 percentage points (vs an 
increase by 0.42 percentage points with placebo), that 
is, a treatment difference of −1.06 percentage points 
(p<0.001); the difference increased to −1.30 percentage 
points by 52 weeks,9 leading to US Food and Drug Admin-
stration (FDA) approval of liraglutide for youth- onset 
T2D. However, GLP-1 analogue studies have not yet 
looked at longer- term durability of glycaemic control or 
the impact of the medication on diabetes- related compli-
cations. Thus, currently- available paediatric T2D treat-
ment algorithms10 11 do not achieve glycaemic targets 
or prevent diabetes progression. Innovative approaches 
to slow β-cell decline improve glycaemic control, and 
durably reduce comorbidities in youth- onset T2D are 
urgently needed.

Bariatric surgery induces weight loss. However, as effi-
cacy data emerged in adults also showing high rates of 
T2D, hypertension (HTN) and dyslipidaemia remission 
as well as reductions in HbA1c, medication use and 
T2D- related microvascular and macrovascular complica-
tions, the term ‘metabolic bariatric surgery’ (MBS) was 
coined.12–16 MBS now appears to be the most effective T2D 
treatment in adults.17 Up to 27 years of follow- up in the 
adult Swedish Obese Subject (SOS) trial demonstrated 
that MBS with a variety of operations induced durable 
reductions of 25% in body weight, 30% in mortality, and 
50% in microvascular complications versus adults not 
choosing surgery.18 Further, the SOS study found a 30% 
T2D remission rate with MBS at 15 years versus 6.5% in 
the nonsurgical arm.19 The Surgical Therapy and Medi-
cations Potentially Eradicate Diabetes Efficiently study 
also reported T2D remission in 23% of adults 5 years post 
vertical sleeve gastrectomy (VSG) compared with 5% with 
intensive medical treatment.20 21 Given the numerous 
differences between youth- onset versus adult- onset T2D 
including severe insulin resistance, early and rapid β-cell 
failure, poor response to lifestyle and medication inter-
ventions, and the unique impacts of puberty, growth and 
adolescent behavior,22 it is challenging to extrapolate 
these adult data to youth.

Teen- Longitudinal Assessment of Bariatric Surgery 
(LABS), a prospective, observational cohort study of 
obese youth undergoing bariatric surgery, examined 
29 youth with T2D who underwent Riux- en- Y gastric 
bypass (RYGB). A 94% (95% CI 84% to 100%) T2D 
remission rate occurred at 3 years post- op with no inci-
dent T2D cases in the 153 youth without T2D.23 When 
retrospectively comparing these results from the Teen- 
LABS surgical study to outcomes in a matched cohort 
from the TODAY medical study, youth undergoing RYBG 

appeared to provide better outcomes than with medical 
therapy.24 25 However, neither of these studies were 
designed for direct comparison with notable differences 
in study design, outcomes collected and cohort charac-
teristics. In addition, new medical therapies are now avail-
able since the timeframe of the TODAY study, arguing the 
need for a contemporary prospective study. Importantly, 
almost all the MBS data in youth come from adolescents 
undergoing RYGB, but there has been a major shift in 
the type of MBS procedures performed in adolescents to 
VSG now accounting for >80% of adolescent cases.26 27 In 
Teen- LABS, only six youth with T2D underwent VSG; thus 
very limited outcome data exist for youth with T2D under-
going VSG. In adults, MBS implemented at a younger age, 
shorter T2D duration (<5–8 years), and prior to insulin 
dependence predicted T2D remission.14 28 These data 
provide a strong argument for MBS during adolescence 
and earlier in the course of T2D.

The current surgical or medical treatment for paedi-
atric type 2 diabetes (ST2OMP) trial aims to compare 
the effect of advanced medical therapy (AMT) plus VSG 
to AMT alone on glycaemic control and T2D- associated 
comorbidities. Additionally, the study aims to understand 
the mechanisms underlying VSG including the impact 
of VSG on beta cell function and incretin hormones. 
Our working hypothesis is that AMT plus VSG will be 
more effective in reducing glycaemic control and T2D- 
associated comorbidities than AMT alone, where AMT is 
defined as aggressive, multidrug, treat- to- target medical 
therapy aimed at lowering HbA1c.

METHODS AND ANALYSIS
Study design
The ST2OMP study began its funding period in September 
2019. The first patient was enrolled into run- in in Feb 
2020. The first baseline study visit was performed in 
August 2020. The anticipated completion of the study is 
August 2024.

ST2OMP is a prospective, open- label, controlled clinical 
trial. Randomisation was strongly considered, but was ulti-
mately deemed impossible as: (1) true randomisation is 
impeded in the USA by inequitable insurance coverage of 
MBS for youth and surgical costs are too high to be covered 
by existing grant mechanisms; (2) covering surgical costs 
would risk potential coercion for some youth to partici-
pate to access an otherwise unattainable procedure; and 
(3) there is potential for high dropout if participants are 
not randomised to their preferred group.29 As shown by 
others when strong barriers to randomisation exist, as in 
this study, well- controlled prospective, open- label clinical 
trials remain a valid and valuable alternatives30 31

Recruitment
Participants are being recruited from the T2D and 
bariatric surgery clinics at two academic clinical centres, 
Cincinnati Children’s Hospital in Cincinnati, Ohio and 
Children’s Hospital Colorado in Aurora, Colorado. On 
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average, each month, both sites participate in the care 
of ~50 teens with T2D. The primary recruitment strategy 
consists of in- person invitations by providers and other 
members of the multidisciplinary team within the T2D 
and bariatric surgery clinics. All races and both sexes are 
recruited. As part of routine clinical care standardised 
between both sites, all adolescents with T2D are 
provided lifestyle counselling, and additional therapies 
for T2D are discussed which include medications, and 
for those with a body mass index (BMI) >35 or >120% of 
95th percentile, consideration of MBS per the American 
Society for Metabolic and Bariatric Surgery Pediatric 
Committee guidelines32 and American Academy of Pedi-
atrics policy statement.33 As such, all participants have 
the opportunity to consider MBS. Adolescents self- select 
to medical or surgical treatment based on personal/
family preference, but is sometimes MBS is declined due 
to insurance coverage. After adolescents choose their 
clinical treatment path and if they meet all inclusion 
and exclusion criteria, they are invited to participate 
in ST2OMP. Therefore, treatment arm assignment in 
ST2OMP is self- selected prior to enrolling in the study. 
Enrolment will continue until both medical and surgical 
arms of the study achieve their required sample sizes. 
Written informed consent is obtained from the adoles-
cent if age ≥18 years or the legally authorised represen-
tative for youth <18 years; for youth <18 years, assent is 
obtained. Any participant who requests withdrawal from 
the study can do so at any time.

Participants
This study will recruit 90 participants with youth- onset 
T2D who are between 13 through <20 years of age. T2D 
is defined as having negative islet cell antibody titers 
and diabetes onset prior to age 18 years. A BMI ≥35 kg/
m2 or >120th of the 95th percentile based on CDC 
charts is also required for inclusion at time of enrol-
ment. These BMI criteria were chosen for inclusion 
because they (1) follow the current best- practice clinical 
guidelines to consider MBS in adolescents,33 (2) allow 
for BMI- comparable groups at enrolment, and (3) will 
ensure all participants will have the potential option of 
surgery, as insurance companies will not presently cover 
MBS if starting BMI <35 or <120th of the 95th percen-
tile. Exclusion criteria for ST2OMP include diabetes 
from causes other than T2D, weight promoting medi-
cations within 60 days of enrolment (eg, oral steroids), 
chronic kidney or liver disease with the exception of 
non- alcoholic fatty liver disease (NAFLD) or diabetic 
kidney disease (DKD), pregnancy or breastfeeding, 
genetic causes of obesity or hypothalamic obesity, 
history of prior bariatric surgery or history of malig-
nancy. As of April 2021, 75 participants eligible for the 
study were approached, 22 declined participation and 
46 have been enrolled. Of the 46 adolescents enrolled, 
15 participants have enrolled in the VSG arm and 31 
have enrolled in the AMT arm.

Study design
Run-In
Participants who meet the study inclusion and exclu-
sion criteria are consented to participate in a 6- month 
run- in period, regardless of treatment arm. During run- 
in, participants in both the VSG and AMT groups are 
seen every 3 months by a paediatric endocrinologist per 
American Diabetes Association (ADA) guidelines10 and 
receive AMT. The definition of AMT includes aggressive 
multidrug, treat- to- target medical therapy with the goal 
of achieving an A1c <6.5%. All visits include nutrition 
and exercise counselling. Medications are added if A1c 
is >6.5%. If A1c is maintained at <6.5%, medications are 
continued.

A treat- to- target approach is desirable because it 
allows flexibility for patient drug preferences, insurance 
coverage and side effects.11 34 Potential medications for 
use include metformin, basal insulin, GLP-1 agonists and 
sodium–glucose transport-2 inhibitors. The latter two 
medication classes have been associated with weight loss 
and cardiovascular benefit in adults35 36 and studies in 
youth with T2D show adding the GLP-1 agonist liraglu-
tide to metformin in youth with T2D results in a further 
mean HbA1c lowering of ~0.5%–1% and a favourable 
safety profile.9 Pioglitazone is considered for participants’ 
not tolerating metformin. Insulin is also used short or 
long term as needed to achieve glycaemia.

The run- in period was designed to ensure (1) that both 
groups are optimally managed for HbA1c and comorbidi-
ties (dyslipidaemia, HTN, DKD and NAFLD); (2) an equi-
table baseline comparison for AMT and VSG since health 
insurance policies commonly require 6 months of contin-
uous medical care prior to their authorisation of MBS; 
(3) that treatment is consistent across both groups and 
sites; and to (4) maximise participant retention following 
the baseline study visit by identifying participants unable 
to adhere to study visits. Insurance coverage for surgery 
requires monthly medically supervised visits with either 
a primary care provider or the bariatric team. As such, 
the medical group receives monthly contact via telehealth 
or phone calls from the study team to discuss diabetes 
education topics such as glycaemic control, nutrition and 
exercise, to equalise education content and contact time 
with study staff between the VSG and AMT study arms.

Treatment phase
Participants completing the run- in period then receive 
VSG per standard clinical procedures or are designated 
as continuing to receive AMT. Participants in both 
groups will continue to be seen every 3 months per ADA 
guidelines to assess glycaemic control (HbA1c metre 
download), advance or adjust medications, assess medi-
cation adherence, and assess medical and surgical safety 
outcomes. Both groups will continue to have their T2D 
and any T2D comorbidities managed by study protocol 
for a full 2 years following the baseline visit. No attempts 
to blind study participants nor study staff to study group 
allocation are made. Figure 1 provides an overview of the 
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study design including run- in and treatment phases of the 
study.

Comprehensive study-outcome visits
A comprehensive baseline visit occurs prior to the VSG 
procedure or continuing the AMT intervention. This visit 
will be repeated at 12 and 24 months. At the compre-
hensive visit, participants bring in a first morning urine 
sample and undergo a fasting blood draw and a phys-
ical exam that includes vital signs, anthropometrics and 
Tanner staging. Participants will also complete question-
naires as shown in table 1. A liver MRI examination to 
quantify liver proton density fat fraction and liver stiffness 
(magnetic resonance elastography) as a marker of hepatic 
fibrosis and inflammation, and a mixed meal tolerance 
test (MMTT) to evaluate beta cell function paired with 
indirect calorimetry is also conducted. A diet diary, phys-
ical activity and sleep monitor are used for the 7 days prior 
to comprehensive visits to allow adjustment in analyses. 
Participants will also wear a continuous glucose monitor 
to assess glycaemic patterns and variability during these 
7 days, and in VSG participants, for 2 weeks following 
their VSG procedure. VSG participants will also have a 
liver biopsy performed while in the operating room per 
our institutions’ standard clinical practice, and for partic-
ipants who agree, samples of blood, urine, stool and/
or liver tissue stored in our institutions biobanks. For a 
list of all procedures, see table 1. The study radiologist 
evaluating the liver MRI and the pathologist evaluating 
the liver biopsy are blinded to study group allocation and 
clinical data. Following the 24- month visit, participants 
will return to routine medical care.

Study outcomes
The ST2OMP study primary outcome is the percent of 
youth achieving HbA1c <6.0% at the 12 month post- 
treatment- allocation visit. An HbA1c of 6% was chosen 
because in the TODAY study, this endpoint was attainable 
with metformin alone in approximately 50% of adoles-
cents at 1 year and predicted durable glycaemic control.3 37 
The HbA1c at 12 months will be measured in a central 
laboratory at the University of Colorado. The MRI will be 
interpreted and analysed centrally by a single radiologist 
study investigator at Cincinnati Children’s Hospital and 
the liver biopsy slides read by a central pathologist at the 

National Cancer Institute. Secondary outcomes are listed 
in table 2 and include remission of comorbidities at 12 
and 24 months, and impact of T2D duration and initial 
HbA1c on the primary outcome. Additional outcomes 
include measures from the MMTT to assess β-cell func-
tion, α-cell function, incretin response, whole- body and 
adipose insulin sensitivity and carbohydrate and fat oxida-
tion, all which could be mechanisms by which AMT and/
or VSG affect glycaemic control.

Retention
To aid in study retention, we aligned research visits with 
timing of required clinical care visits per ADA guidelines 
for adolescent T2D. Participants are also compensated for 
their time and travel. Other retention strategies include 
birthday and holiday cards, as well as small tokens to be 
given at several of the study visits (examples include back 
sacks, water bottles and ear buds). Contact information 
(primary and alternate) is updated at each study visit. 
Study visit reminders and instructions are provided using 
a variety of methods including written mailings, phone 
calls, text messages and e- mail messages.

Sample size
The target sample size is 90. The power calculation was 
based on achieving the main study outcomes in table 1. 
For the overall primary endpoint of HbA1c <6.0% and 
secondary endpoints in (HTN, dyslipidaemia and DKD 
(using urinary albumin excretion remission)), sample 
size estimates were calculated using responses to medical 
treatment in the TODAY clinical trial versus surgical 
outcomes after RYGB in the Teen- LABS study.24 Esti-
mates for the main β-cell outcome, oral disposition index 
(insulin secretion * insulin sensitivity), were based on 
β-cell responses to medical therapy in the RISE study8 and 
on a non- T2D adolescent cohort who underwent RYGB.8 
With a proposed sample size of 45 participants per group, 
the study is powered for the primary and main secondary 
outcomes, but are also powered if smaller effects are seen 
with VSG than those observed with RYGB, or as expected, 
if adolescents with T2D have smaller improvements in 
β-cell function, insulin sensitivity and/or insulin secre-
tion in response to MBS compared with the nondiabetic 
adolescents who comprised the preliminary data. All esti-
mates assume 90% statistical power, alpha of 0.05, and 

Figure 1 Overview of the Surgical or Medical Treatment for Paediatric Type 2 Diabetes (ST2OMP) study design showing run- in 
and treatment phases as well as frequencies and timings of study visits.
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15% attrition rate. With this sample size, we expect to also 
have power to explore subgroup analyses by sex and by 
race.

Statistical analysis
Following initial data cleaning procedures, descrip-
tive statistics will be calculated to identify any outliers, 
questionable values, or errors. Frequencies and percent-
ages, mean/median and SD/IQR will be examined 
by treatment group and time point and graphs will be 

generated. The assumption of normality will be checked. 
If there is skewness in the data, it will be transformed 
and analyses will be performed on the transformed vari-
able or we will use non- parametric methods. Change 
over time and bivariate relationships will be examined 
by scatter plots, boxplots and contingency tables. For 
any missing data, concurrent analyses will be performed 
using complete and available case data or multiple impu-
tation/maximum likelihood techniques. Additionally, 

Table 1 ST2OMP visit schedule and procedures

Months from baseline visit

Run- in Study visits

−6 −3
0 
(baseline) 3 6 9 12 15 18 21 24

Clinic visit Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7 Visit 8 Visit 9 Visit 10 Visit 11

  Demographics, 
anthropometrics,

X X X X X X X X X X X

  Medications, medical history, 
medical and surgical safety 
outcomes

X X X X X X X X X X X

  Tanner staging, hip and waist 
circumference

X X X X

Lab tests

  HbA1c (POCT) X X X X X X X X X X X

  Comprehensive metabolic 
profile, GGT, lipids, urine 
microalbumin, cystatin C

X X X

  CBC, TIBC, Iron, folate, B12, 
ferritin, 25OHD (VSG group 
only)

X X X X

  Stored samples (blood, DNA, 
urine)

X X X

  Mixed meal tolerance test 
(MMTT) with collection of blood 
at multiple time points over 
6 hours

X X X

Questionnaires

  Socioeconomic status, family 
medical history

X

  Depression, risky behaviours, 
anxiety/stressors, sleep 
disordered breathing, appetite, 
quality of life

X X X

Other study procedures

  Liver biopsy (VSG group only) X

  Indirect calorimetry X X X

  Neurocognitive testing X X X

  Liver MRI for stiffness and fat X X X

  Physical activity/sleep monitor 
and sleep diary*

X X X

  Continuous glucose monitor X X X

MMTT labs include insulin, pro- insulin, c- peptide, glucagon, free fatty acids, glucagon- like peptide (GLP-1), GIP-1, PYY and ghrelin.
*Conducted 3 days prior to study visit.
CBC, complete blood count; GGT, gamma- glutamyl transferase; HbA1c, haemoglobin A1c; POCT, point of care testing; PYY, Peptide 
YY hormone; TIBC, total iron binding capacity; VSG, vertical sleeve gastrectomy.
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pattern- mixture and selection models38 will be used for 
sensitivity analyses.

Analysis of a non- randomised cohort. Treatment selec-
tion is often associated with patient characteristics in 
observational studies. As a result, baseline characteris-
tics of treated patients often differ from those who are 
untreated. Therefore, propensity score covariate adjust-
ment will be used to account for baseline differences 
in patient selection of study arms (VSG or AMT). The 
propensity score allows for analysis of non- randomised 
data so that it mimics some of the characteristics of a 
randomised study. Specifically, conditional on the propen-
sity score, the distribution of observed baseline covariates 
will be similar between VSG and AMT subjects.39 Propen-
sity scores will be computed as the predicted probability 
that a patient selects VSG compared with AMT using 
logistic regression. Additionally, each of the specific aims 
will be addressed as described below.

For the primary endpoint, achievement of HbA1c 
<6.0%, generalised linear mixed modelling will be used, 
adjusting for covariates, including, but not limited to: 
propensity score, treatment group, study visit, age, sex, 
race/ethnicity, clinical site, baseline HbA1c, duration of 
T2D and per cent change in BMI from baseline. ORs with 
95% CIs, as well as modelled percentages with 95% CIs, 
will be calculated. For secondary outcomes, linear mixed 
modelling will be used to evaluate the relationship 
between treatment group and each outcome. Model 
covariates may include, but are not limited to: propen-
sity score, treatment group, study visit, age, sex, race/
ethnicity, clinical site and per cent change in BMI from 
baseline.

Reporting adverse events
Both serious and non- serious adverse events will be 
reported to the Institutional Review Board. A four- 
member independent Data and Safety Monitoring Board 
consisting of experts in the fields of diabetes and bariatric 
surgery was appointed to review cumulative data and 
assess the study progress and conduct, safety data, scien-
tific validity and data integrity, and to provide recommen-
dations to study personnel.

DISCUSSION
Carefully designed human studies like ST2OMP are neces-
sary to advance our understanding of how VSG and AMT 
affect the pathophysiology underlying youth- onset T2D 
and to direct the development of new therapeutic strate-
gies to impede the development of complications related 
to youth- onset T2D. ST2OMP will generate an extensive 
dataset on the outcomes of VSG and AMT. Furthermore, 
it will also begin a biorepository of blood, urine, stool and 
liver tissue that will be stored for future use by the primary 
investigators and will also be available to outside investi-
gators on request, as shown in table 1. Our over- arching 
goal is to identify ways to achieve the metabolic benefits 
of MBS noninvasively, thereby improving the quality and 
longevity of the lives of adolescents with T2D.

ETHICS AND DISSEMINATION
The protocol was approved by the Cincinnati Children’s 
Hospital Medical Center and the University of Colorado 
Institutional Review Boards. Written informed assent 
and/or consent is sought prior to study enrolment. 
All participants will receive medical care for T2D and 
their comorbidities regardless of group enrolment. All 
study participants will be assigned a study identification 
number. Only study staff have access to personal informa-
tion. Study findings will be widely disseminated through 
peer- reviewed publications and conference presentations.
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Table 2 Outcomes of the ST2OMP study

Glycaemic control Primary: A1c <6.0% at 1 year
A1c <6.0% at 2 years, time to first A1c 
<6%, number of meds to achieve A1c 
<6%, glycaemic variability

Resolution of diabetes 
comorbidities 
(dyslipidaemia, HTN, 
DKD, NAFLD)

LDL- C <100 mg/dL and triglycerides 
<150 mg/dL, HTN (BP <95th percentile), 
UAE <30 µg/mg and eGFR ≤127 mL/
min/1.73 m2, hepatic fat <5% by MRI

β-Cell function Oral disposition index=insulin secretion 
(insulinogenic index) * insulin sensitivity 
(1/fasting insulin)

Adipose insulin 
sensitivity

Free fatty acid suppression

α-Cell function Fasting glucagon and glucagon area 
under the curve

Incretin response Fasting incretins, incretin area under 
the curve and hunger scale ratings

Carbohydrate and fat 
oxidation

Fasting and MMTT metabolic cart

DKD, diabetic kidney disease; eGFR, estimated glomular 
filtration rate; HTN, hypertension; LDL- C, low density lipoprotein 
cholesterol; MMTT, mixed meal tolerance test; NAFLD, non- 
alcoholic fatty liver disease; UAE, urinary albumin excretion.
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