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Abstract

T2DM.

from the beginning of 2018 until January 2023.

control, and most patients need early combination therapy.

preventing future complications.

Context: Global reports have revealed a dramatic rise in the number of patients diagnosed with type 2 diabetes (T2DM) over the
past three decades in all age groups, even in children and adolescents. The physiologic phenomenon of insulin resistance during
puberty, as well as genetic and epigenetic factors, are implicated in this phenomenon. It seems that patients with early-onset
T2DM experience a more aggressive clinical course; however, limited treatments available for these patients pose a challenge. This
narrative review intends to scrutinize the micro- and macrovascular complications and treatments of patients with early-onset

Methods: The literature search was conducted in the PubMed database to identify all relevant original English articles published

Results: Vascular complications, such as albuminuria, hypertension, cardiovascular diseases, and retinopathy, were seen to be
more common in early-onset T2DM compared to type 1 diabetes. The odds ratio of vascular complications was higher in early-onset
compared to late-onset T2DM. In children and adolescents with T2DM, the only approved medications included metformin, insulin,
and glucagon-like peptide-1 agonists. Treatment of early-onset T2DM with metformin monotherapy cannot yield durable glycemic

Conclusions: During the past years, the frequency of early-onset T2DM has been growing at an alarming rate. Vascular

complications in these patients seem more aggressive and more challenging to control. Hence, further clinical trials should
be conducted to develop novel therapeutic approaches and evaluate their long-term benefits in terms of glycemic control and
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1. Context

Early-onset type 2 diabetes (EOD) refers to diabetes
that occurs in younger people below the age of 40, and
its prevalence has been rising in recent years. This
condition is associated with a high risk of cardiovascular
complications and affects people more commonly in
their working years, highlighting the negative societal
implications of the disease (1, 2). Physiologic insulin
resistance during puberty, a family history of diabetes,
obesity, sedentary lifestyles, and socioeconomic status are
implicated in the current rise in the incidence of type 2
diabetes (T2DM) (3).

In youths (10 - 19years), T2DM is considered an

aggressive disease leading to adverse complications
at a faster rate than type 1 diabetes (TIDM). Proliferative
retinopathy was seen in 5.6% and 9.1% of children suffering
from TIDM and early-onset T2DM, respectively. Meanwhile,
the benefits of new medications are still a matter of debate
since there are few therapeutic options available for T2DM
in children and adolescents (4).

As an emergent healthcare concern in pediatrics,
T2DM causes many challenges regarding the appropriate
choice of treatment strategies. Medications should be
started early and administered continuously. Moreover,
weight control in obese individuals and screening for
T2DM in high-risk children should be recommended
(5).  Available treatments have markedly expanded
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with the advent of dipeptidyl peptidase-4 (DPP4)
antagonists, glucagon-like peptide 1 (GLP-1) agonists,
and sodium-glucose co-transporter-2 (SGLT2) inhibitors.
These novel treatments, however, still need to be officially
approved for children (6). Lifestyle improvement in
combination with medications like metformin, insulin,
and a GLP-1 analogue, liraglutide, is currently suggested
to manage these patients (7). Understanding the
complications and management strategies of childhood
T2DM is crucial for finding effective therapeutic plans.

To the best of our knowledge, no review has been
published in the recent five years addressing the vascular
consequences and therapeutic modalities of early-onset
T2DM. In the present study, we intend to review the
complications and treatment approaches of this disease.

2. Methods

2.1. Study Design

This narrative review was conducted to evaluate
the micro- and macrovascular complications, as well as
treatment strategies for early-onset T2DM.

2.2. Search Strategy

The literature search was conducted in the PubMed
database to find relevant articles published from January
2018 to January 2023.

Boolean operators (AND & OR) were used to conduct
a comprehensive search using a combination of these
keywords: “Diabetes Type II”, “Diabetes Type two”,
“Diabetes Type 2", “Diabetes Adult-Onset”, “Diabetes
Adult Onset”, “Type II diabetes”, “Type two diabetes”,
“Type 2 diabetes”, “Non-Insulin Dependent Diabetes”,
“Young-onset”, “Young onset”, “Youth-onset”, “Youth
onset”, “Young*”, “Youth*”, “Adult-onset”, “Adult onset”,
“Adult™”, “Young adult*’, “Young adult-onset”, “Young
adult onset”, “Adolescent®’, “Adolescence”, “Adulthood”,

“Teenager*”, “Pediatric*”, “Children”, “age < 407,
“Complication*”, “Micro vascular”, “Macro vascular”,
“Macro-vascular”, “Micro-vascular”, “Retinopathy”,
“Nephropathy”, “Neuropathy”, “Microvascular*”,

“Macrovascular®”, “Therapeutic*’, “Treatment*”, “Drug*”,
“Medication*”, and “Management™”.

2.3. Inclusion and Exclusion Criteria

English language original studies investigating the
prevalence or prognosis of vascular complications or
treatment of T2DM in pediatrics, young adults, and adults
(age < 40) were included. Reviews, case reports, and
case series were excluded. Studies that did not report
any of the desired outcome measures or those assessing

autoimmune or maturity-onset diabetes of the young were
excluded.

3. Results

A total of 1001 articles were evaluated. Duplicates
were excluded. A total of 101 relevant articles were chosen
after reading the title/abstract. Finally, 39 articles were
reviewed by reading the full text. A visual description of
our literature search has been provided in Figure 1.

3.1. Complications

3.1.1. Early-Onset T2DM

According to a study on young patients with
T2DM, vascular complications were reported as 37.1%
retinopathy, 34.8% nephropathy, 34.8% neuropathy, 53.9%
hypertension, 78.7% dyslipidemia, and 7.9% established
cardiovascular disease (8). According to another report,
among 193 children with T2DM, nine patients had at least
one diabetes-related complication at the time of diagnosis
(9).

Microvascular complications of T2DM increased
from 50% at nine years of follow-up to 80.1% after
15 years of follow-up in youths with a mean age of
26 years (10). A significant decline was seen in the
diastolic function of adolescents with T2DM, who had
the highest prevalence of cardiac abnormalities, such as
left ventricular hypertrophy (LVH). The factors predicting
an adverse prognosis included hypertension, obesity,
female gender, Hispanic and non-Hispanic black ethnicity,
poor glycemic maintenance, and tachycardia (11).

Considering the complications of T2DM in patients
diagnosed at the age of < 45 years, those with
severe insulin deficiency were more likely to develop
nephropathy and diabetic retinopathy (DR); however,
neuropathy was more prevalent in patients with mild
insulin deficiency (12).

Young people with T2DM were shown to have an
increase in inner and entire retinal thickness, which was
associated with higher fasting glucose and glycosylated
hemoglobin (HbAIc) levels (13). A study reported a
frequency of 49% for DR in youths with T2DM. The
risk factors of DR progression comprised a lower body
mass index (BMI), greater HbAIlc levels, hypertension,
elevated triglyceride (TG) levels, and the presence of other
comorbidities. However, multivariate analysis revealed
the poor control of HbAlc as the main contributor to the
development and progression of DR (14).

The risk of diabetic peripheral neuropathy (DPN) was
more significant in males, older patients, and those with a
greater BMI (15).
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Figure 1. The PRISMA flow chart of the study

Albuminuria was frequent in adolescents with T2DM.
Each 1% rise in HbAlc carried a greater risk of albuminuria,
hyperfiltration, and a rapid decrease in estimated
glomerular filtration rate (eGFR). Higher systolic blood
pressure and uric acid (UA) levels and lower beta cell
functional indices raised the risk of microalbuminuria.
Elevated TG levels also exaggerated the risk of albuminuria
(16, 17). A significant relationship was noticed between
early-onset T2DM and the activity of the renin-angiotensin
system, which was consistent with poor glycemic control
and early-onset albuminuria (18).
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3.1.2. Early-Onset T2DM vs Late-Onset T2DM

Type 2 diabetes patients with EOD represent a higher
risk of complications compared to late-onset diabetes
(LOD) (onset of diabetes at age > 40 years). However,
the probability of macrovascular complications was
comparable between EOD and LOD after adjustment
according to propensity score matching. The odds ratio of
developing microvascular complications was reported to
be higher in EOD (19).

Patients with EOD seem to have lower systolic blood
pressure (SBP) and greater BMI, waist circumference,
fasting plasma glucose, UA, TG, total cholesterol (TC), and
HbAic. The incidence of DR was significantly higher in
the EOD group, while DPN was less frequent among EOD
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patients. Also, UA, length of diabetes, and SBP were
independent risk factors for EOD-associated nephropathy
(20-23). In young patients, the average duration to
develop atherosclerotic cardiovascular disease (ASCVD)
and arrhythmogenic cardiomyopathy (ACM) was 9.1 years
in high-risk patients and 10.0 years in low-risk patients (23).

Patients with early-onset T2DM had significantly
higher death rates and vascular complications (stroke,
heart failure, myocardial infarction), as well as a higher
incidence of DR and a lower risk of chronic kidney disease
(CKD) (24, 25).

Diabetic retinopathy was also more frequent in EOD
patients compared to those with LOD (26). A study showed
a higher prevalence of DR, CKD, neuropathy, and carotid
artery plaque in EOD patients. After adjustment for the
duration of the disease, neuropathy remained the only
complication that was more prevalent in EOD patients.
Forty-seven percent of patients with EOD and 23% of those
with LOD were classified into the severe insulin-deficient
group representing the highest risk of retinopathies (27).
Regarding the prognosis of proliferative DR between LOD
and EOD patients, those in the latter group showed more
adverse visual outcomes and a greater probability of
post-operative vitreous hemorrhage (2).

3.1.3. Early-Onset T2DM vs TIDM

Based on studies on youths with TIDM and T2DM,
patients with T2DM had higher BMIs, blood pressure,
HbAic, cholesterol, median five-year cardiovascular
risk, and more severe dyslipidemia. Also, inflammatory
markers, albuminuria, and autonomic and peripheral
nerve abnormalities were more pronounced in this group
(28,29).

Children with T2DM (age < 15 years) had lower HbAic
levels at the time of diagnosis, as well as higher BMIs and
a greater risk of hypertension and microalbuminuria
than counterparts with TIDM (30). Early-onset T2DM was
associated with a higher incidence of cardiovascular
autonomic neuropathy (CAN), cardiac abnormalities,
LVH, peripheral neuropathy, obesity, hypertension, and
albuminuria, and also a higher median level of HbA1c and
longer disease duration than those with TIDM (31-34). A
study on patients with age < 25 years showed higher TG
levels and SBP among patients with early-onset T2DM (34).

A study on adolescents showed that end-stage kidney
disease (ESKD) was seen in 6.1% of TIDM and 4.1% of T2DM
patients. Further, TIDM patients were younger when
ESKD was diagnosed, and in the follow-up, a higher
mortality rate was noticed in the T2DM group (35).
However, in another study, ESKD was noted to develop
more quickly among T2DM patients with a diagnosis age
of 15 - 35 years, while the prognosis and mortality rate were

identical in both groups (TIDM vs. T2DM) (36). A study
on young diabetic patients demonstrated no significant
difference between TIDM and T2DM patients regarding the
prevalence of DR, and the length of diabetes and HbAic
levels were identified as the main risk factors for DR (37).

One study found that after a 5-year follow-up
post-diagnosis, 7.7% and 24.6% of youths with T2DM
developed  microalbuminuria and  retinopathy,
respectively, while these values were 3.8% for albuminuria
and 19.2% for retinopathy among adolescents with TIDM.
The incidence of these complications showed an increase
after ten years of follow-up, and adolescents with T2DM
were at a significantly greater risk of retinopathy and
microalbuminuria (38). Studies’ characteristics and
results regarding the complications of early-onset T2DM
have been shown in Table 1.

3.2. Treatment

In a study on early-onset T2DM, 36% of the patients
were treated with oral anti-diabetic agents (OAD), 2.2%
with insulin, and 60.7% with OAD plus insulin. The
mean length from disease onset to the commencement
of insulin therapy was 4.5 + 3.5 years, and insulin was
prescribed in the first three years after diagnosis in 52.8%
of the patients (8).

A clinical trial on patients with early-onset T2DM
from 2004 to 2011 compared the benefits of metformin
monotherapy, metformin plus rosiglitazone, and
metformin plus lifestyle modifications. After completion
of the trial, the participants were transitioned to
metformin with or without insulin and were enrolled in an
observational follow-up study from 2011 to 2020. At least
one complication occurred in 60.1% of the participants,
and at least two complications developed in 28.4% of
them. Patients with two or three complications during the
follow-up were mainly treated with metformin alone. No
adverse events were recorded during the follow-up (10).

According to another study, surgery for obese
adolescents (BMI > 35 kg/m?) with T2DM was linked
to considerable weight loss, improved glycemic
control, reductions in cardiovascular risk factors, and
improvements in renal function. The mean HbAIc level
also reduced from 6.8% to 5.5% in the patients undergoing
bariatric surgery and increased from 6.4% to 7.8% in those
receiving pharmaceutical therapy (39).

Another clinical trial revealed that the rate of
glycemic control failure was considerably lower in young
individuals treated with metformin plus rosiglitazone
than in those treated with metformin alone or metformin
plus intensive lifestyle counseling. After permanently
discontinuing rosiglitazone to estimate its long-term
efficacy, the rate of glycemic control failure did not change
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considerably amongst the subjects managed with the
original treatment during the follow-up (40).

A clinical trial evaluated the effects of a single oral
dose of empagliflozin (an inhibitor of sodium-glucose
co-transporter-2) at doses of 5, 10, and 25 mg in young
adults with T2DM, leading to average reductions of 0.9,
0.9, and 1.1 mmol/L in fasting blood sugar, respectively. No
major adverse reaction was seen, indicating the potential
of empagliflozin to be evaluated in a phase III trial in
pediatrics with T2DM (41).

In another clinical trial, patients with T2DM (the age
range of 10 - 24 years) were randomly allocated to receive
either10 mg of oral dapagliflozin or a placebo for 24 weeks,
followed by prescribing dapagliflozin for all patients
for 28 weeks in the context of an open-labeled safety
extension. The average alteration in HbAlc was -0.25% in
the dapagliflozin group and 0.50% in the placebo group.
Sixty-nine percent of the patients in the dapagliflozin
group experienced adverse reactions during the first 24
weeks of the study. However, there was no significant
adverse reaction during this period in the placebo group.
Only 28% of the patients in the placebo group experienced
hypoglycemia (42).

Another 54-week clinical trial on adolescents with
T2DM compared the benefits of treatment with 100
mg sitagliptin per day with that of placebo/metformin,
showing no significant differences in HbAic levels after 20
and 54 weeks of treatment (43).

In another clinical trial, the effects of liraglutide
and metformin were assessed in adolescents with T2DM.
The mean HbAIc level in the liraglutide group reduced
significantly in comparison with the placebo group. Also,
fasting blood sugar was reduced in the liraglutide group
but raised in the placebo group. The number of patients
who experienced adverse reactions in both groups was
comparable; however, a greater rate of adverse events was
recorded among the patients treated with liraglutide (44).

In another study, adolescents with T2DM were
randomly prescribed once-weekly 2 mg exenatide or a
placebo. After 24 weeks, the minimum alteration in HbAlc
was -0.36% in the exenatide group and +0.49% in the
placebo group. Differences from the baseline in fasting
glucose, systolic blood pressure, and body weight were
not significant. Sixty-one percent of the patients in the
exenatide group experienced adverse reactions. Overall,
the injection of exenatide once per week was shown to
reduce HbAIc levels in adolescents who were sub-optimal
responders to other treatments (45). The details and
results of the studies investigating the treatments of
early-onset T2DM are shown in Table 2.

Int ] Endocrinol Metab. 2023; 21(3):e135004.

4. Discussion

According to the studies focusing on TIDM and T2DM
(early-onset and late-onset), patients with early-onset
disease have shown an increase in the 5-year risk of CVDs
(29) and a higher incidence of vascular complications
(28-34,38).

Higher BMIs, SBP, and TG levels have been reported
in patients with early-onset T2DM compared to patients
suffering from TIDM (28, 30-32). In a study, patients with
TiDM were at a higher risk of developing ESKD at a younger
age; however, the mortality rate of T2DM patients was
higher during the follow-up (35).

Regarding the socioeconomic aspect, a higher ratio
of T2DM patients lived in deprived areas, which was
associated with more aggressive disease progression (29,
31).

Based on articles comparing late- and early-onset
T2DM, patients with early-onset disease had lower SBP,
a longer period of diabetes, greater levels of serum UA,
fasting plasma glucose, HbAlc, TC, and TG, as well as higher
BMIs. The proportions of patients with DR, CKD, carotid
artery plaque, and neuropathy were also more prominent
among patients with early-onset T2DM (21, 22, 25-27).

In addition to the higher incidence of retinopathy
in EOD, the visual prognosis seems to be poor in these
patients, with a greater rate of recurrent postoperative
vitreous hemorrhage (2). The odds ratios of DN, CKD,
and DPN were greater in this group (19). In addition to
microvascular complications, heart failure, stroke, and
myocardial infarction seemed to be higher in those with
early-onset T2DM (24).

Microvascular complications in patients with EOD
were reported in 50% of the patients after nine years of
follow-up and 80% after 15 years (10). The frequency of
DR among youths with T2DM was reported at 49%, and
its progression was associated with higher HbAic levels.
Moreover, it was reported that retinal thickening was more
frequent in young people with T2DM, correlating with
fasting glucose and HbAi1c levels (13, 15).

Another analysis found that every 1% rise in HbAic
was correlated with a greater risk of albuminuria,
hyperfiltration, and a quick fall in eGFR (16). There
was also an association between early-onset T2DM
and the activation of the renin-angiotensin system,
which predicted poor glycemic control and early-onset
albuminuria (18).

Diastolic function and myocardial remodeling
were reported to deteriorate in young T2DM patients
from adolescence to early adulthood (11). Choosing an
appropriate treatment for T2DM patients of younger
ages poses a challenge among physicians. Lifestyle



Soheilipour Fet al.

Table 2. Characteristics of the Selected Articles and Their Reported Results Regarding the Complications of Early-Onset T2DM

Studies Study Number of Age? Outcome Measures Results
Design Participants
Lascaretal. (8) Cohort 100 T2DM (diagnosed < Diagnosis: Treatment of T2DM The mean duration from disease onset to the
40) 325+ 55 (young adults) start of insulin therapy was 4.5 + 3.5 years.
TODAY Study Group et Clinical 500 T2DM 26.4% 28 Treatment of Treatment with metformin alone was associated
al.(10) trial (young-onset) early-onset T2DM with a higher rate of complications.
30 obese T2DM (age < 169+ 13
19) Medical and sureical Better glycemic control was seen in severely
Inge et al. (39) Cohort treatment & obese adolescents with T2DM managed by
63 obese T2DM (age 10 - 153+ 13 surgery.
17)
TODAY Study Group Cohort 572 T2DM (youth-onset) Glycemic failure rate Glycemic failure rates in metformin, metformin
(40) + lifestyle modification, and metformin +
rosiglitazone groups were 65.5 %, 59.4%, and
56.8%, respectively.
Laffel et al. (41) Clinical 27T2DM (age10-17) 14.1+ 2.0 Empagliflozin efficacy Exposure-response correlations were the same
trial as a treatment for T2DM as adults. There was no major side effect.
(young adults)
Shankar et al. (43) Clinical 190 T2DM (age 10-17) 14.0+ 2.0 Sitagliptin therapy in No improvement in glycemic control was seen
trial T2DM patients in the sitagliptin compared to the placebo
(adolescents) group.
Tamborlane et al. (44) Clinical 134 T2DM (age 10 -17) 14.6 Liraglutide plus Liraglutide improved glycemic control in
trial metformin (adolescents adolescents with T2DM.
with T2DM)
Tamborlane et al. (42) Clinical 72 T2DM (age 18 - 24) 161+ 33 Dapagliflozin efficacy in An improvement in HbAic level was observed.
trial T2DM patients The safety profile was excellent, with no major
(pediatrics, youths, and adverse reactions.
adults)
Tamborlane et al. (45) Clinical 72T2DM (age10-18) Exenatide injections in Exenatide injection for 24 weeks (once per week)
trial T2DM patients reduced HbAic levels in adolescents with T2DM.
(adolescents)

Abbreviations: T2DM, type 2 diabetes mellitus; TIDM, type 1 diabetes mellitus.
 Ages are presented as mean + SD or mean.

modification, along with metformin administration, was
suggested as the first-line treatment for adolescents with
T2DM and non-prominent hyperglycemia (46).

In obese adolescents with T2DM, surgical treatment
can be a reasonable choice since a significant reduction
in weight can lead to better glycemic control, mitigating
the risk of cardiovascular and renal diseases in the future
(10, 39). It was reported that more than half of early-onset
T2DM patients began insulin therapy within the first three
years after diagnosis. Research on adults with T2DM
shows that starting insulin therapy in the early stages
of the disease can decrease the probability of developing
vascular complications (8,19).

Injecting exenatide, a GLP-1 agonist, after 24 weeks
(once per week) reduced HbAic levels in adolescents
with T2DM who were sub-optimally managed with other
treatments (45). Liraglutide, another GLP-1 agonist, has
been recently approved for patients the age of ten years
and higher. This drug has been reported to significantly
reduce HbAlc and should be considered second-line
therapy. The main advantage of liraglutide, respective

to metformin for treating T2DM in adolescents, includes
better glycemic control (4, 44, 46).

Asingle oral dose of empagliflozin, an SGLT-2 inhibitor,
showed the same exposure response in young adults
and adults with T2DM (41). Moreover, the benefits of
dapagliflozin in treating T2DM in pediatrics, youths,
and adults include a significant reduction in HbAIc
and an excellent safety profile (42). Nevertheless, the
administration of 100 mg sitagliptin (a DPP-4 inhibitor)
per day exhibited no improvement in glycemic control in
adolescents (43).

According to TODAY Study, young patients with T2DM
presenting with two or three complications during the
follow-up period were mainly treated with metformin,
while patients with no complications were mostly treated
with metformin plus rosiglitazone (thiazolidinediones).
However, the effects of adding rosiglitazone on glycemic
control were transient and disappeared after the drug
was discontinued in adolescents. Since the only approved
medications for early-onset T2DM are metformin, insulin,
and GLP-1 agonists, the management of this condition is
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more complex in this population (10, 16, 40).

4.1. Areas of Uncertainty

Further studies and trials should be conducted to
evaluate the natural course of T2DM, especially in children
and adolescents. Furthermore, the long-term benefits of
different therapeutic regimens, such as SGLT2 inhibitors,
DPP-4 inhibitors, and other novel therapies, should be
evaluated by conducting more clinical trials.

5. Conclusions

In the last five years, the number of patients diagnosed
with early-onset T2DM has increased considerably. These
patients seem to experience more severe and aggressive
vascular complications, which are more challenging to
control. Currently, medications other than metformin,
insulin, extended-release exenatide, and liraglutide are
not suggested to be used for treating early-onset T2DM
in adolescents except in clinical trials. It is crucial to
conduct further clinical trials to develop novel therapeutic
approaches.
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supplementary materials, please refer to the journal
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Table 1. Review Articles Related to the Treatment of Early-Onset Type 2 Diabetes Mellitus

References Study Number of Participants Age? Outcome Results
Design Measures
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characteristics | at diagnosis.
TODAY Study Group et Clinical trial 500 T2DM (adolescents) 264+ 28 Vascular The risk of microvascular complications increased
al. (10) complications | over time.
The TODAY Follow-Up Cohort 411 T2DM (adolescents); 23 Cardiac Cardiac structural abnormalities were higher in
Study et al. (11) 194 obese controls; 51 functions adolescents with T2DM.
normal-weight controls
Prasad et al. (12) Cross-sectional| 1612 T2DM (diagnosed < Diagnosis: 37 Vascular Retinopathy and nephropathy were more frequent
45) complications | in severe insulin-deficient and neuropathy in MOD.
Mititelu et al. (13) Cohort 344 T2DM (adolescents) 25.0% 24 Retinal Youths with T2DM showed an increase in retinal
thickness thickness.
alterations
TODAY Study Group (14) Cohort 367 T2DM (adolescents) 254+ 25 Risk factors HbAIc was the main factor affecting DR progression.
of DR
progression
TODAY Study Group (15) Cohort 674 T2DM (adolescents) 14 DPN Older age, male gender, greater BMI, and HbAlc were
related to DPN risk.
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Dart et al. (18) Cross-sectional - renin-angiotensin system activation, which was
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100 non-diabetic controls 142+ 32 related to higher HbAic levels.
260 T2DM (diagnosed < 53.08+ 6.37
40)
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60) N .
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. complications | microvascular complications.
520 T2DM (diagnosed > 53.44+ 6.08
40)
358 T2DM (diagnosed > 75.27+ 3.81
40)
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Huang et al. (20) Cross-sectional o .
. complications | in early-onset T2DM.
1081 T2DM (diagnosed > 53.2+ 8.5
40)
196 T2DM (diagnosed < 46
40)
K Risk of Patients diagnosed at a younger age had higher
Barker et al. (21) Cross-sectional| 846 T2DM (diagnosed 40- 61 cardiovascular| BMIs, waist circumference, HbAic, and risk of
59) complications | cardiovascular events.
367 T2DM (diagnosed > 7
60)
296 T2DM (age < 40) 315+ 6.6
Patients with EOD had greater levels of blood sugar
Vascular . . . .
Baeketal. (22) Cohort 2,154 T2DM (age 40 - 65) 54.4+ 6.5 at diagnosis, poor glycemic control, and a higher
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risk of complications.
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1,029 T2DM (age > 65) 713+ 5.4
29678 T2DM (age 18 to 39) 33%5
56798 T2DM (age 40 to 49 45+ 3
(a8 ) Early-onset T2DM carried the same cardiovascular
Macrovascular I
Koye et al. (23) Cohort 93698 T2DM (age 50 to 59) 55+ 3 complications and mortality risks as late-onset T2DM, regardless of
cardiometabolic risk factors at diagnosis.
107261T2DM (age 60 to 69) 64+ 3
83419 T2DM (age 70 to 79) 74t 3
5902 T2DM (diagnosed 18 - 332+ 51
40)
32605 T2DM (diagnosed 50.6+ 537
40-60) Vascular Early-onset T2DM represented a significantly higher
Yen etal. (24) Cohort complications risk of mortality and macro- and microvascular
28013 T2DM (diagnosed 7012+ 734 P complications.
60-90)
66520 non-diabetic
controls
60 T2DM (age < 44) 38.55 + 4.97
Wangetal. (25) Cohort Diabetic Adolescents had higher eGFR, retinopathy, and a
g . 187T2DM (age 45-59) 513+ 3.85 nephropathy | lower risk of chronic kidney disease.
68 T2DM (age > 60) 64.60 + 3.22
348 T2DM (diagnosed 15 - 48
40)
588 T2DM (diagnosed 40 - 58.6
50) Vascul
Middleton et al. (26) Cross-sectional czf;ul?crations DR was more common in early-onset T2DM.
796 T2DM (diagnosed 50 - 67.3 P
60)
460 T2M (diagnosed 60 - 77
70)
1,791 T2DM (diagnosed < 45.41%10.6
40) Vascular EOD carried a higher risk of neuropathy after
h, 1. (2 -sectional - . . A
Choetal.(27) Cross-sectiona . complications | adjustment for diabetes duration.
8,656 T2DM (diagnosed > 60.5+ 8.8
40)
134 TIDM 15.8
32 T2DM 151 Vascular Albuminuria and autonomic and peripheral nerve
ulich et al. (28 ase-contro complications | APnormalities were greater in adolescents wit
Aulich et al. C 1 b liti in adol ith
32 cystic fibrosis-related 14.6 p T2DM.
diabetes
48 controls 14.0
1350 T2DM (age < 40, 33
. . diagnosed15-30) Risk factors The median five-year CVD risk score was greater in
Wijayaratna et al. (29) Cross-sectional for CVD T2DM
731TIDM 30 '
2209 TIDM (age < 15 Diagnosis:
(age < 15) 85 % 4 Clinical Early-onset T2DM showed a greater risk of
Haynes et al. (30) Cohort — features hypertension, high cholesterol, and
229 T2DM (age < 15) Diagnosis: microalbuminuria.
127+2
322 T2DM (age 10 -18) 148+ 23 L The prevalence of obesity, hypertension, left
. g 8T 2. Clinical . R
Carino etal. (31) Cohort characteristics ventricular hypertrophy, albuminuria, and
199 TIDM (age 10 - 18) 14.4+17 hyperfiltration was higher in T2DM.
66 T2DM (age < 20) 15.4
Varley et al. (32) Cohort CAN CAN was more frequent in early-onset T2DM.
1153 TIDM (age < 20) 16.5
1646 TIDM (diagnosed < 18+ 4
20) CAN lent in early- T2DM. I
Jaiswal etal. (33) Cohort CAN was more preva ent in early-onset M. ts
. associated factors were elevated TG and urinary Alb.
252 T2DM (diagnosed < 22+ 4
20)
76 TIDM (age < 25) 204+ 3.9 Patients with early-onset T2DM showed a higher risk
age 43 Vascul . ) .
Yeow et al. (34) Cohort asculér u of cardlov:{ascular d}sgase, hlgher BMIs,
complications  hypertension, dyslipidemia, and premature
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nephropathy.
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24 T2DM (age < 25) 20.7+ 3.6
1183 TIDM (adolescents) 18.0+ 1.4
. TiDM and T2DM in adolescents raised the risk of

Pleniceanu etal. (35) Cohort 196 T2DM (adolescents) 18.6+17 ESKD ESKD. The mortality rate of T2DM was higher.
1,499,143 non-diabetics 17.7 11
(adolescents)

Middleton et al. (36) Cohort 1248 TIDM (diagnosed 15 - ESKD The need for renal replacement therapy was higher
35);1534 T2DM (diagnosed in early-onset T2DM. Both groups performed equally
15-35) poorly after ESKD.

Ferm et al. (37) Cross-sectional| 1640 DM (age 5-21);1216 157+ 3.6 DR The prevalence of DR was similar between the
TIDM (age 5 - 21); 416 T2DM groups.
(age5-21)

Eketal. (38) Cohort 1413 T2DM (diagnosed 10 - Vascular Early-onset T2DM showed a higher risk of

25);3748 TID (diagnosed
10-25)

complications | microalbuminuria and retinopathy.

Abbreviations: T2DM, type 2 diabetes mellitus; TIDM, type 1 diabetes mellitus; DR, diabetic retinopathy; DPN, diabetic peripheral neuropathy; LOD, late-onset diabetes;
CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; BMI, body mass index; PDR, proliferative diabetic retinopathy; MOD, mild obesity-related
diabetes; ESKD, end-stage kidney disease; EOD, early-onset diabetes; CAN, cardiovascular autonomic neuropathy; TG, triglyceride; HbAic, hemoglobin.

 Ages are presented as mean + SD, mean or range.
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