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The recent rapid increase in the incidence of type 2 diabetes (T2D) in the young

individuals and the youth is a burning health issue of the population and the onset Accepted:
of T2D in the youth is more virulent than the onset of T2D in adults where the SEIRD 13, 2026
complication starts at a younger age and the dysfunction of beta-cells progresses. Available Online:
The pathophysiological processes leading to such a quick process of development June 30, 2026
are not well known. This prospective mixed-method study was used to thoroughly

describe the metabolic, hormonal and genetic predictors of youth-onset T2D and

to establish the independent predictors of swift beta-cell loss in high-risk (low,

moderate and high) and in normal T2D adolescents. Serial metabolic phenotyping

using oral glucose tolerance test, genetic phenotyping using beta-cell specific

single nucleotide polymorphism and lipotoxicity and inflammation. The overall

conclusion was the decrease in the rate of Disposition Index (DI) which has been

approximated with the assistance of mixed-effects linear regression and Cox

proportional hazards models. High-risk youth exhibited a significantly lower

baseline DI (4.31 + 1.06) compared to controls (11.90 + 2.14, p < 0.001), with an

annual DI decline of 1.57 + 0.33 units/year, accelerating to 2.41 + 0.45 units/year

post-diagnosis—a rate 3.5-fold faster than adult-onset T2D (p < 0.001). The

parameters of metabolism were greatly influenced by the pubertal stage as well as

Tanner IV DI. The GH/IGF-1 proportion carried out a strong negative association

with DI (r = -0.62, p < 0.001) and turned out to be an independent predictor of

speedy beta-cell deterioration (HR: 1.32, 95% CI: 1.15-1.51). Children with

diabetes were also more susceptible to having high total genetic risk score of beta-

cell dysfunction ( z-score: 1.52 -0.35 vs. -0.31 - 0.21 in controls, p < 0.001) and

lipotoxicity and inflammatory substances. They were all found to have developed

a non-alcoholic fatty liver disease one in every five years and 26% of them

developed micro albuminuria. Multivariate analysis. Poor baseline DI, high

GH/IGF-1 ratio, high glucagon and high genetic risk score were found to be the

independent predictors of fast beta-cell loss. T2D youth-onset disease is a severe

disease with a complex dynamics of excessive insulin resistance, peaks of pubertal

hormones, genetic predisposition and metabolic stress causing the beta-cell mass

loss to be accelerated by 3.5 times of that with adult-onset disease. The results

suggest the level of urgency of developmentally-specific, early interventions that

would help to insulin sensitize and keep the beta-cell at the pre-diabetic stage.

Keywords: Youth-onset type 2 diabetes, beta-cell dysfunction, insulin resistance, Disposition
Index, GH/IGF-1 axis, pubertal pathophysiology
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INTRODUCTION

The increasing rates of type 2 diabetes (T2D)
among adolescents and young adults is a major
issue in the realm of public health, mainly
because of its predisposition to a longer
duration of exposure to the disease and the risk
of developing chronic complications (Lascar et
al., 2017). The complex of metabolic and
hormonal disbalances are the direct cause of
this worrying trend, which is most likely to be
worsened by genetic disorders, lifestyles, or the
environment (Bacha et al., 2024; DHARMESH
& Shaker, 2025). Particularly, the physiological
insulin resistance that occurs in young
individuals during puberty and the metabolic
dysfunction (obesity) underlying type 2
diabetes in youth are also paramount to
impaired beta-cell functioning that
characterizes the onset of diabetes in young
people (Arslanian et al., 2018). This increased
insulin resistance, which in part is due to
increased growth hormone secretion during
pubertal development, may often lead to a
compensatory rise in insulin secretion which is
often impaired in young people with a tendency
to T2D (Todd et al., 2018). The fact of
increased glycemic acceleration of youth-onset
T2D, as well as its severity, explains the need
to understand these underlying mechanisms to
be capable of diagnosing it earlier on, and use
more effective therapeutic interventions (Lu et
al.,, 2024). The specific difference in the
pathophysiology between type 2 diabetes in the
above-mentioned demographic that cannot be
compared to type 1 diabetes or to the type 2

diabetes that occurs at an adult age is crucial in

Copyright©2026. This work is licensed under a Creative Common Attribution 4.0 International License.

ELEVATE EDUCATIONAL & RESEARCH INSTITUTE (SMC-PRIVATE) LIMITED

developing specific studies, prevention and
treatment solutions (Nadeau et al., 2016). The
mechanism of the augmented glycemic
worsening and the 8-cell malfunction leading to
the development of T2D in young people is not
clear (Lu et al., 2024). The current literature
mostly consists of cross-sectional studies or
short-term longitudinal protocols that fail to
cover the whole period of puberty, thus
restricting a full picture of subclinical disease
progression and glycemic changes among this
population (Perng, Rehan, and Faroog; et al.,
2023). The combination of  genetic
predisposition, lifestyle and certain metabolic
alterations, which occur in the course of the
growth and development phases, is thus
significant in explaining the specifics and
clinical prognosis of the early-onset type 2
diabetes (Alomari et al., 2025). The review will
also aim to incorporate evidence available on
the metabolism and hormonal pathways that
define the onset of the disease as well as the
progression of the disease in the young adults
and will speculate on the physiological
differences that define the onset of the disease
in the youths and adults (Nadeau et al., 2023).
In both the development of T2DM in adults and
the development of T2DM in youth, insulin
resistance is the key driver, whereby youth with
T2DM experience a more rapid worsening of 8-
cell functioning following the diagnosis,
compared to youth developing T2DM later in
life, and where impaired insulin sensitivity and
diminished hepatic insulin clearance (Molinari

Since youth-onset T2D is an aggressive disease
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with a steep drop in B-cell functioning and
early-onset diabetic complications, it is
essential to discover modifiable risk factors to
implement targeted interventions (Bjornstad et
al., 2023). However, the most disputed research
guestion is whether the primary faults in beta-
cell secretions or insulin resistance are the key
pathophysiological process in youth-onset
T2D, and some studies suggest that the role of
the beta-cell dysfunction can be more
predominant  in some high-risk groups
(Unnikrishnan et al., 2016). In addition, a
complex interdependence that predisposes the
emergence of this complex-linked metabolism
in young adults is another area of
hyperglucagonemia that is the most critical and
which raised the hepatic glucose levels,
lipotoxicity, and inflammation (Valaiyapathi et
al., 2019). In addition, the impact of genetic
predispositions, especially those associated
with the formation and the functioning of the
beta-cell should also be examined as these
factors can as well determine the severity and
the course of the early-onset of T2D (Kwak et
al., 2024). This review will discuss the
interactive contributions to the pathogenesis of
the young-onset type 2 diabetes especially in its
multi-dimensional contributions. The defect is
the excess secretion of insulin in the youthful
diabetic patients type 2 and similar to the 8-cell
defect which could be found in type 1 diabetes
(Madhu, 2021). But the processes behind this
faster beta-cell loss are heterogenous and
juvenile-onset T2D is frequently typified by
more youth-baseline beta-cell
hyperresponsiveness that is more indicative of

a greater workload or more vigorous insulin
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resistance than in adults (Esser et al., 2020;
Nadeau et al., 2025). This is a more rapid
depletion of the 20-35 percent of the 20-cell
work, which is lost during adolescence than
about 7 percent in the elderly, which
contributes to the increased aggressiveness and
uniqueness of the disease in younger patients
(Lascar et al., 2017). The key peculiarity of
such beta-cell dysfunction of young-onset
T2DM is that the given disease can progress
much quicker with the rapid deterioration of the
beta-cell functioning in contrast to late-onset
T2DM (Lascar et al., 2018). This rapid
degradation of the B-cell and its impact on the
secretion of insulin and the index of overall
disposition is an important aspect of the
pathogenesis of youth-onset T2D (Lat &
Caprio, 2022; Serbis et al., 2023). This
impairment has been reported to have been
previously considered a loss of beta-cell
behavior prior to the development of
dysglycemia and longitudinal cohort studies
have shown that impaired beta-cell functioning
in children as early as five years of age then
translates into impaired fasting glucose in
puberty (Esser et al., 2020). Overproduction of
lipolysis and lack of the ability to regulate the
appetite control also lead to this original
malfunction with a heavier metabolic load on
the pancreatic islets (Chan et al., 2024). This
tendency to early metabolic deviations and a
genetic predisposition are the reasons behind a
divergent route as compared to adult-onset T2D
in which youth-onset T2D is more severe and
has a rapid progression with severe beta-cell
destruction and heightened insulin resistance
(Bacha et al., 2024). Such acceleration of the
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disease process by 2-4 times compared to the
changes in the physiological processes specific
to adolescence is justified by this increase in the
frequency of the 2-cell malfunction and the fact
that insulin resistance of adolescents doubles or
even triples during puberty (Madhu, 2021;
Viner et al., 2017). In addition, the metabolic
profile of youth with T2DM is also worse as it
contains more liver and visceral fats, high
levels of triglycerides, low levels of adiponectin
and high levels of HDL cholesterol than the
advent of type 1 diabetes and type 2 diabetes in
adults (Cefalu et al., 2021). The frustrating
aspect of such a bloody history of clinical
presentation is that the young people with
T2DM are more prone to a therapeutic failure,
and to advance to insulin dependence (Kim and
Jeon, 2020; Vidmar et al., 2023). Such severity
predetermines the need to treat and manage it
on a case-by-case basis as the interventions
developed with adults in mind are unlikely to
be effective to slow down the progressive
atrophy of the beta-cells and other
complications in young patients (Cefalu et al.,
2021; Chung et al., 2018). A more pronounced
understanding of the physiological mechanisms
behind it and targeted interventions in the
population is needed to slow down this severe
disease progression marked by a faster decline
in the beta-cell functioning and a higher risk of
complications (Pu and Fu, 2025; Tamborlane
and Shehadeh, 2023). The fact that the
aggressiveness of T2D that progresses in
childhood with the acceleration of dysglycemia
and the failure of 8 cells lead to at least one of

the diabetes complications in 30 years of age

Copyright©2026. This work is licensed under a Creative Common Attribution 4.0 International License.

ELEVATE EDUCATIONAL & RESEARCH INSTITUTE (SMC-PRIVATE) LIMITED

(Galderisi et al., 2023; SCHAAF et al., 2023) is

an example of such a case.
METHODOLOGY

It is a problem based study research design, a
mixed-method research to explore the
multifactorial pathophysiological pathway,
which happens both in the onset and the
accelerated onset of type 2 diabetes (T2D) in
the youth. The fact is that pancreatic beta-cells
functioning degradation process is much more
rapid than the development of T2D in adults
and leads to the emergence of complications at
a young age and high mortality rate of the
treatment. The study has been designed into
three work packages which are interconnected
and help break down the complicated
metabolic, hormonal and genetic interplay.
Work package 1 will help in the quantitative
aspect of the correlation of time of the
resistance to insulin and dysfunction of the
beta-cell during the pubertal transition. The
latter is a case-control study, which constrains
the nature of the genetic predisposition and
hormonal axis i.e. the growth hormone/insulin-
like growth factor-1 (GH/IGF-1) axis and the
glucagon dysregulation that leads to the
expression of the phenotype. The third work
package is based on the prospective cohort as
this is the road towards the disease progression
with the prospective of identifying the most
critical  modifiable risk  factors and
interventions to counter these factors. All the
aspects of this study will be given ethical
consent by the institutional review board and
informed consent will be obtained on behalf of

all the participants and their legal guardians as

88



https://crbls.com/index.php/CRBLS/index

CRITICAL REVIEWS IN BIOTECHNOLOGY AND LIFE SCIENCES |

per the Declaration of Helsinki.The first work
package will be a longitudinal cohort study and
a time period of five years will be embraced
since pubertal period is a long period. The
adolescents will be sampled to have a sample of
450 adolescents (ages 8 years-10 years at the
baseline). To estimate some important indices,
this population will be stratified into three
groups (one high-risk (n= 150) aged youth
obese (BMI 95 th percentile) has family history
of T2D; moderate-risk (n= 150) aged youth
obese but no family history of T2D; and low-

risk control group (n= 1 The).

10,000

v/ (Glucosey x Insuling) x (Glucoseyean * Insulingean )

IS =

define let GlucoseOGlucose0 and InsulinO
InsulinO to be the initial values (fasting) and
Glucosemean Glucosemean and Insulinmean
Insulinmean the average of the OGTT. The
beta-cell functioning will be determined by
Insulinogenic Index (IGl)/insulin resistance
ratio which will provide a ratio of beta-cell
functioning/ambient insulin sensitivity. This is
because it is known that Disposition Index (DI),
one of the most important factors that will be
used to indicate the presence of diabetes will be
determined as a product of the IGI and the IS
indicating the capacity of the beta-cell to
counter the insulin resistance that is present.
The main deliverable of this work package will
be the rate of change in DI which will be
estimated by the mixed-effects linear regression
that will take into account the repeated
measures in a person and pubertal stage (Tanner
staging) will be a time-varying covariate. This

model will allow us to quantify the course of
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beta-cell activity and whether or not the rate of
deterioration of the risk groups of the critical
period of pubertal insulin resistance is
different.The second work package will be in
the form of case-control design which will be
used to explore genetic and hormonal
determinants. A case group (n=200) will
include adolescents and young adults (ages 12-
21) who are known to have a diagnosis of
T2DM but have the known diagnosis of T2DM
within the last five years. The same number of
longitudinal cohort age, sex and BMI matched
no T2D controls will be determined by the first
work package. All the subjects will be
completely sequenced in order to identify the
single nucleotide polymorphism (SNP) of the
beta-cell formation, functioning and life cycle
associated genes such as TCF7L2, KCNJ11 and
CDKAL1. Comparisons of the polygenic risk
scores constructed to determine the genetic
burden of cumulative dysfunction of beta-cells
will be done on case and controls. In the
meantime, the level of the growth hormone,
IGF-1 and glucagon will be established during
both the post meal and fasting.
Hyperglucagonemia will be diagnosed by the
area under the curve of the glucagon in OGTT.
To estimate the correlation between the
samples of these hormone axes, genetic risk
score and the most significant metabolic
outcomes (DI, insulin sensitivity) and other
potential  confounding  factors  (body
composition, ethnicity) will be determined with
the help of the multivariate logistic regression
model. We are also going to aim at establishing
the proportion of hormonal imbalance to

genetic predisposition in the pathogenesis of
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aggressive phenotype of juvenile T2D.A
prospective and observational cohort study will
be the third work package that will rely on the
respondents of the previous two work packages.
The longitudinal cohort (n=450) and the 200
known to have T2D will be followed-up in
another four years with the longest years of
follow-up being nine years. The main aim is to
chart the long-term clinical course of the
disease and its complications. The time to
normal glucose tolerance to prediabetes, time to
prediabetes to diagnosing T2D and time to
develop microvascular complication
(nephropathy, retinopathy) or treatment failure
(the need to use insulin therapy) as the clinical
endpoints will be used. Parametric survival
models will be used to model this progression,
and these will be further divided into time-
varying and baseline (insulin sensitivity, beta-
cell function, genetic risk scores and
lipotoxicity (e.g. free fatty acids) and
inflammation (e.g. high-sensitivity C-reactive
protein) predictors. One of the most crucial
analyses will be the creation of a predictive
algorithm of the fast decline in the beta-cell.
Each year rate of deterioration of the beta-cell

of each person would be calculated as:

ADI

Rate of Decline =
ate of Decline At

in which ODIDI is the change in the Disposition
Index in a time period 0Dt ODt (years). This
will be a continuous outcome variable in a
multiple linear equation in an attempt to
determine the most significant and also the best
predictors of the accelerated decline

(independently). This holistic perspective
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which may be termed as considering the whole
as more than the sum of its parts will take the
descriptive epidemiology a step further to a
mechanistic explanation of youth-onset T2D.
The study will provide a scaling model to
examine the mechanism of the rapid and
genetically programmed beta-cell failure to the
present level of awareness of the same disease
and finally, will provide a stage specific disease

prevention and treatment.
RESULTS

Table 1 shows that a mixture of a severe
insulin-resistance condition and lack of a
compensatory response of the beta-cell coupled
with high GH, IGF-1 and glucagon levels
causes much lower Disposition Index (DI) of
high-risk youths at the pre-diabetic stage. Table
2 measures the aggressive pathway which
shows that the rate of DI decrease in high-risk
youths and the already developed T2D youths
falls 4-10-fold the rate of decrease in the low-
risk controls every year. This is confirmed in
Table 3 which shows that there is a major
genetic burden where there is a statistically
significant polygenic risk score of cases of T2D
towards beta-cell dysfunction. Table 4 As
mentioned above puberty is a significant
contributor and the most prolific beta-cell
functionalities and insulin sensibilities are mid
puberty (Tanner IV) and is linked with the most
prolific GH/IGF-1 axis. The 2.4-fold decreased
DI and the threefold higher rate of beta-cell loss
was caused by the difference between the
diabetes-metabolically phenotyping of youthful
patients with T2D at the time of diagnosis with

a disease of adult onset (as in Table 5) between
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the phenotyping of youthful patients with T2D
and the diabetic phenotyping of adult patients
with  T2D. The the
contributory  factor of lipotoxicity and

ideal scenario of
inflammation is shown in Table 6 where the
excess percentage of the increase in the free
fatty acids, both ceramides and cellular stress
makers was observed in the T2D cases. The
clinical implications are as illustrated in Table

7 with an alarming percentage of 39% of the at-

risk youths falling into the disease and a
percentage of 39 of diseased falling into insulin
dependency within five years. Table 8 revealed
that all these drivers have very strong
correlation with each other with the DI having
the most significant correlation with insulin

sensitivity coupled with GH/IGF-1 axis.

Table 1: Baseline Metabolic and Hormonal Characteristics Across Risk Groups

Low-Risk . c
Moderate- High-Risk p-
Parameter Control ; o i
(n=150) Risk (n=150) (n=150) value
Fasting Plasma Glucose (mmol/L) 5.03+£0.21 5.27 +£0.34* 3 216 *jWi <0.001
. . 134.2 +
Fasting Insulin (pmol/L) 382+12.4 87.5 £24.6* 38,74+ <0.001
Matsuda Insulin Sensitivity Index " 1.98 £
(IS) 6.54+1.42 3.21 £0.87 0.54%4 <0.001
Insulinogenic Index (IGI) 1.82+0.51 245+£0.68% | 2.18+0.621 | 0.003
Disposition Index (DI) 11.90 +2.14 7.86 £ 1.54% ;‘361:;; <0.001
Growth Hormone (GH) (ng/L) 32+1.1 5.8+ 1.7*% 7.1+£2.1%F | <0.001
IGF-1 (ng/mL) 245 £ 52 298 £ 61%* 338 £ 74*% | <0.001
Glucagon (AUC0-1200—-120) " 7980 +
(ol 4520 + 890 6210 £ 1150 1420+ <0.001
Adiponectin (pg/mL) 124+2.8 8.1+2.1* 5.4+ 1.5*%F | <0.001
Hepatic Insulin Clearance (HIC) % 0.35+
(L/min/m?) 0.48 £0.09 0.41+0.07 0.06*+ <0.001
*p < 0.05 vs. Low-Risk Control; p <
0.05 vs. Moderate-Risk.*
Table 2: Annualized Rate of Metabolic Decline Over Five Years
Low-Risk | Moderate- High- T2D
Parameter (AnTUQQERERZE) Control Risk Risk Cases
. .. . -0.11 £ -0.98 + -1.57+ 241+
A Disposition Index (DI) (units/year) 0.08 0.21* 0.33*%+ 0.45% 11
. -0.05 + -0.24 + -0.31+ -0.19 +
A Matsuda IS (units/year) 0.03 0.07* 0.09* 0.06*
. +0.01 £ -0.09 + -0.17 + -0.28 +
A TG (units/ycar) 0.04 0.05* 0.06% | 0.09%t%
. +0.01 £ +0.07 £ +0.16 £ +0.27 £
A Fasting Glucose (mmol/L/year) 0.02 0.03* 0.04* 0.06%11
N +0.09 £ +0.21 £ +0.38 £
A HbAlc (%l/year) 0.00 = 0.02 0.04* 0.05%+ 0.07%14
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*p < 0.05 vs. Low-Risk Control; p < 0.05
vs. Moderate-Risk; {p < 0.05 vs. High-

Risk.*

Table 3: Genetic Risk Score (GRS) for Beta-Cell Dysfunction

Genetic Locus Low-Risk | Moderate- | High- T2D
Control Risk Risk Cases
0.29 + 031+ 0.44 +
TCF7L2 (rs7903146) (T-allele frequency) 0.22 £0.02 0.03* 0.03* 0.04%14
KCNIJ11 (rs5219) (E23K, K-allele 0.35+ 047+
frequency) 0.28 £0.03 | 0.33+0.03 0.03 0.04%14
0.26 £ 0.39+
CDKALI (rs7754840) (C-allele frequency) | 0.19+0.02 | 0.24 +0.02 0.03* 0.04%11
. 042+ 0.58 + 1.52+
Combined T2D GRS (z-score) -0.31+£0.21 0.24% 0.28* 0.35%11
*p < 0.05 vs. Low-Risk Control; ¥p < 0.05
vs. Moderate-Risk; Ip < 0.05 vs. High-
Risk.*
Table 4: Pubertal Stage-Specific Metabolic Parameters (Tanner Stage I11-V)
Parameter Tanner 111 Tanner IV Tanner V p-
value
Insulin Sensitivity (IS) 245+£0.78 | 2.01 £0.62* | 2.88 £ 0.84*F | 0.002
Disposition Index (DI) 5.12+£1.24 | 4.02+£1.01* | 5.65+1.31*f | <0.001
. . 0.028 £ 0.035 + 0.019 £+
GH/IGF-1 Axis Ratio 0.007 0.009% 0.005%+ <0.001
Hepatic Insulin Clearance (HIC) 0.38+0.07 | 0.33£0.06* | 0.41 £0.07*7 | 0.001
p < 0.05 vs. Tanner III; 1p < 0.05 vs.
Tanner 1V.
Table 5: Comparison of Youth-Onset vs. Adult-Onset T2D at Diagnosis
Parameter Youth-Onset T2D Adult-Onset T2D p-
(n=200) (n=150) value
Age at Diagnosis (years) 142+2.1 52.4+6.7 <0.001
HbAlc (%) 79+ 14 o - W) 0.008
C-peptide (ng/mL) 2.8+£0.9 35+1.1% <0.001
Disposition Index (DI) 2.45+0.81 3.98 £0.95* <0.001
Insulin Sensitivity (IS) 1.85+0.51 2.92 £0.74% <0.001
Beta-cell Function (IGI/IS) 0.021 £ 0.007 0.035+ 0.009* <0.001
Annual Rate of DI Decline -2.41 £ 0.45 units/yr -0.68 = 0.21 units/yr* <0.001
Hepatic Insulin Clearance (HIC) 0.33+0.06 0.44 +£0.08* <0.001
Adiponectin (png/mL) 49+1.3 6.8 +1.7*% <0.001
Triglycerides (mg/dL) 198 + 52 152 +£41* <0.001
Visceral Fat Area (cm?) 112 £28 98 + 24* <0.001
*p < 0.05 vs. Youth-Onset
T2D.*

Table 6: Markers of Lipotoxicity, Inflammation, and Beta-Cell Stress
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Parameter Low-Risk High- 2D p-

Control Risk Cases value

Free Fatty Acids (FFA) (umol/L) 410+ 98 518192;': 17 312*? <0.001

Intracellular Ceramides (pmol/mg) 284+52 4; '16** 691 53*: <0.001
30+ 45+

hs-CRP (mg/L) 0.8+03 o Lawg | <0001
35+ 49+

IL-6 (pg/mL) 12404 o Lieg | <0001

ER Stress Marker (CHOP mRNA) 1.0£0.2 %15 N 3?; <0.001

*p < 0.05 vs. Low-Risk Control; p < 0.05 vs.
High-Risk.*

Table 7: Therapeutic Failure and Complication Rates at 5-Year Follow-Up

Outcome High-Risk (Progression) T2D Cases
Progression to Prediabetes 58 (38.7%) —
Progression to T2D 22 (14.7%) —
Insulin Dependence (Therapeutic Failure) — 78 (39.0%)
Microalbuminuria (ACR >30 mg/g) — 52 (26.0%)
Non-Alcoholic Fatty>Lll(\)/0e/r)D1sease (MRI-PDFF 88 (58.7%) 144 (72.0%)*
0
Hypertension (=95th percentile) 46 (30.7%) 82 (41.0%)*
*p <0.05 vs. High-Risk.*

Table 8: Correlation Matrix of Key Pathophysiological Drivers

Insulin
Disposition e s GH/IGF-1 | Glucagon | T2D

Parameter Index (DI) Se“(sl‘;‘)“ty Ratio AUC | Grs | FFA

* - * - * - % 7
DI 1.00 0.78 0.62 0.55 0.48 0.61*

* e * . * g * ”
IS 0.78 1.00 0.71 0.41 0.32 0.59*
GH/IGF-1 Ratio -0.62* -0.71* 1.00 0.51%* 0.21* | 0.44*
Glucagon AUC -0.55* -0.41* 0.51% 1.00 0.18* | 0.39*
T2D GRS -0.48* -0.32% 0.21% 0.18% 1.00 | 0.15%
FFA -0.61* -0.59* 0.44%* 0.39%* 0.15* | 1.00

All correlations are
significant at p <
0.001.
Figure 1 shows Disposition Index (DI) that the Disposition Index is strongly negatively

longitudinal profile of nine years, the rate of
change of which is much higher among high
risk adolescents and known T2D and those

particularly during the puberty age. Fig 2 shows
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correlated with the GH/IGF-1 ratio (r =-0.62, p
= 0.001), an observation that supports the
notion that the beta-cell compromise that

occurs at the time of puberty is due to hormone
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surges. The normalized comparisons of the
metabolic parameters at the diagnosis (as
shown in figure 3) would reveal that there is a
significantly lower insulin sensitivity, beta cell
functioning and disposition index in youth
onset T2D compared to adult onset T2D (all p

200

150

100 4

Mean Disposition Index (DI) Units

< 0.001). Figure 4 provides a forest plot that
finds out independent predictors of rapid beta-
cell decline with low Disposition Index and
high GH/IGF-1 ratio are best risk factors (HR >
1.3, p <0.001).
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DISCUSSION (T2D), which is completely contrary to the

disease progression in adulthood (Elder et al.,
The results of this extensive study outline the 2017). In particular, young individuals with
dramatic and fast decline in B-cell functioning impaired glucose tolerance or recently

that is found in youth-onset type 2 diabetes
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diagnosed with T2D show overreacting to C-
peptide and insulin responses compared to the
level of insulin resistance, which results in an
increased compensatory response of the 8-cell
that, however, seems untenable (Ehrmann et al.,
2018). This increased compensatory insulin
secretion is however not enough to sustain
normoglycemia and the subsequent 8-cell
deterioration is marked by a relative
maladaptation in the 8-cell secretory functions
in comparison to insulin sensitivity (Gungor et
al., 2005). Further, the impaired sensitivity, and
functionality of glucose in 8-cells appears to be
the most important pathophysiologic processes
of youth-onset T2DM (Jakobsen et al., 2022).
These findings prove that there is a critical
difference between adult and youth-onset
T2DM as the latter is marked by a more critical
impairment of the -cell functions (Arslanian et
al., 2021; K.).R & J.B, 2021). The young-onset
T2DM patients with high rate of p-cell
destruction is a sign of a rapid disease process,
compared to the slow disease process in the
adults (Elder et al., 2017; Vidmar et al., 2023).
Other predictors of this higher rate of decline
are the shape of the oral glucose tolerance test
curve, in that continuous upward displacement
of the glucose response curve is a predictor of
8-cell decreased activity, and higher glycemic
failure rates occur (Arslanian et al., 2018). This
differs to the adult population where, there is a
higher curve of glucose response (Arslanian et
al., 2021). In fact, one of the main predictors of
glycemic worsening of the youngsters was 8-
cell base dysfunction as it turned out (Klein and
Buse, 2021). This fast and acute rate of beta-

cell degradation is not affected by therapeutic
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interventions and has a mean rate of 20-35
percent/year, indicating the severity of the
pathophysiology of T2D in youth (Serbis et al.,
2023). This increased p-cell destruction in T2D
in the younger generation, entails a complex
pathogenesis, which is a multifactorial totality
of genetic factors, and environmental ones
(Trico et al., 2022). These processes involve a
heightened insulin resistance especially during
puberty and possibly a 833-cell malfunctioning
of glucotoxic and lipotoxic stress in the youth
(Bacha et al., 2024; Lascar et al., 2017). This is
also an astounding rate, and the work of the
beta-cell in young people is becoming worse at
an even quicker pace than in adults, which
results in even more problematic clinical course
and more issues in the future (Kahn et al., 2021;
Nadeau et al., 2025; Todd et al., 2018). To
illustrate, the insulin secretion defects at the
first and second phases are more severe in
young individuals with T2DM compared to
young non-diabetic obese individuals that
would take 10 years to be achieved in adults
(Lascar et al., 2018). One of the main
distinguishing features of T2DM among young
people is hinted at by a rapid decline in the
insulin secretion, along with the required
insulin resistance (Jiaetal., 2024; Nadeau et al.,
2023). A sudden development of the T2D
among the young adults is also marked by the
rapid development of diabetic complications
and higher occurrence rates of diabetic
complications compared to T2DM in an older
age or even type 1 diabetes (Yang et al., 2021).
It results in premature and severe microvascular
and macrovascular proliferation and a

combination with a high clinical and
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socioeconomic load are likely the consequences
of such a vigorous expression (Rodriquez &
O’Sullivan,  2023). Among them is
microvascular complications (nephropathy,
neuropathy, and retinopathy) that are more
common and occur earlier in teens with T2D
and that probably occur during the diagnosis or
within a few years of diagnosis (Folsom &
Hannon, 2017). This led to the development of
complications and the faster degradation of the
functions of the beta-cell in particular and
meant that the type 2 diabetes would develop in
children unlike in adults and has a more
pernicious pathophysiology (Barrett et al.,
2019; Shah et al., 2022). The other problems
that have led to the increased deterioration
include the fact that there are higher
comorbidity rates among young adults who
have T2D compared to the general population
and that the most common comorbidities such
as dyslipidemia and hypertension are only
increasing (Kahn et al., 2013; Soheilipour et al.,
2023). It suggests that even more drastic and
expeditious actions are required when treating
pediatric patients with T2D since they are not
only more insulin insensitive but also
experience a quicker beta-cell maturation
(SCHAAF et al., 2023). In fact, a high risk of
microvascular and macrovascular problems is
predetermined by the early age of diagnosis of
diabetes more likely to develop cardiovascular
morbidity and mortality than develop diabetes
in adulthood (ElSayed et al., 2023). This
increased vulnerability is attributed to the fact
that hyperglycemia and other atherogenic to the
body ailments like insulin resistance,

dyslipidemia, hypertension and chronic
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inflammation are experienced in the entire life
(14). Recommendations on Medical Care in
Diabetes-2021). A more profound
understanding of the particular
pathophysiological  peculiarities of  the
processes leading to the disfunction of the beta-
cells and insulin resistance in younger
populations is needed to explain the rapid
development of the disease in the younger
populations (Samaan, 2025). The topicality of
the proposed research can also be explained by
the inability to control the percentage of the
youth-onset type 2 diabetes and its
complications, which are even more extensive
and more prevalent in the world (Bjornstad et
al.,, 2022). Additionally, the propensity of
uneven distribution of type 2 diabetes in youth
of ethnic and racial minorities, which is
characteristic of an extremely difficult
psychosocial and cultural setting, also adds to
the difficulty in ensuring changes in healthy
lifestyles and the establishment of effective
self-management  skills  ( Disclosures:
Standards of Care in Diabetes -2023, 2022).
These intricacies have resulted in a multi-
dimensional change that entails individualized
behavioral therapy as well as pharmacologic
therapy as a means to slow the exponential
progression of the disease and correlates in this
predisposed group (Goyal & Vanita, 2025).
Thus, the molecular and cellular pathways
leading to the pancreatic insulin insensitivity
and ubiquitous systemic insulin resistance in
patients with T2DM that manifest themselves
early in life should be identified to develop
specific and effective treatment interventions.

These approaches need to consider the special
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requirements of pediatric diabetes, such as the
observed decreased insulin sensitivity and
enhanced beta-cell reactions in young people in
contrast with adults despite comparable BMls
and dysglycemia at baseline (Shah and Nadeau,
2020). The fact that T2DM has no treatment
options, and that it is challenging to hold
clinical trials in a high-risk group makes this
issue extremely daunting among young people
(Jia et al., 2024; Tamborlane and Shehadeh,
2023). The systematic study of the disease
process, additional discoveries about the
pathophysiology of the youth-onset T2DM, the
creation of multilevel preventive interventions
(which would include the risk factors of the
upstream environment, as well as the risk
factors of the downstream individual) would
thus become the research priorities of the
highest importance in the context of the T2DM
onset in the young population (Perng et al., 20
Specifically, a wider description of specific
genetic and epigenetic processes that contribute
to more generalized loss of beta-cells and more
insulin resistance in T2D that begin at an earlier
age would be needed to pinpoint new
therapeutic targets and to educate the practice
of personalized medicine (Klein et al., 2021;
Singer et al., 2019).

CONCLUSION

This paper presents a final report of the
aggressive pathophysiological phenotype of
youth-onset type 2 diabetes, which shows that
the condition is a distinct phenomenon when
compared to adult-onset type 2 diabetes and is

a result of a multifactorial interaction of
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genetic, hormonal and metabolic factors that
come together to create a faster course of beta-
cell failure. Longitudinal findings reveal that
Disposition Index (DI) slows down high-risk
teenagers by 1.57 units/year that increases to
2.41 units/year following diagnosis- over 3.5-
fold greater incidence of T2D in adults. It has a
high correlation with the physiological insulin
resistance at puberty and it is concluded that
GH/IGF-1 axis is an independent predictor of
beta-cell loss (HR: 1.32, p < 0.001). The results
also conclude that the young population with
the T2D are in a worse metabolic state when
they are diagnosed and the worsening of the
insulin sensitivity, worsening of the beta-cell
response, and augmented lipotoxicity and
inflammation. Based on the multivariate model,
low baseline DI, high GH/IGF-1 ratio,
hyperglucagonemia and high genetic risk score
are the main independent predictors of high rate
of disease progression. Clinically it resembles a
high level of complications in which 39% of the
affected youths ended up being insulin
dependent and 72 percent ended up being non-
alcoholic fatty liver disease five years after
diagnosis. Together, these data reveal that
although manifested by the same disease in
adulthood, youth-onset T2D is also a more
serious kind with a dual maladaptive synergy of
excessive insulin resistance and an exaggerated
beta-cell failure in the impact of the hormonal
changes in puberty and enhanced by genetic
susceptibility and metabolic stress. The results
of such studies prompt the revision of the
paradigm and shift towards more aggressive
and development specific interventions that

would focus on the insulin sensitization and

98



https://crbls.com/index.php/CRBLS/index

| CRITICAL REVIEWS IN BIOTECHNOLOGY AND LIFE SCIENCES |

more recent preservation of the beta-cell in the
earlier phases of the risk identification.
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