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"I see no hope for the future of
our people if they are dependent
on the frivolous youth of today,
for certainly all youth are reckless
beyond words. When | was a boy,
we were taught to be discreet
and respectful of elders, but the
present youth are exceedingly
wise and impatient of restraint.”

—Hesiod (Greek poet, 700 BC)

outh is a carefree time. Reck-

less health behavior is seldom

linked to serious consequenc-
es. This is generally true for dia-
betes, both type 1 and type 2. For
young people with diabetes, it is well
known that the transition years (pre-
teen to mid-20s) are highly prob-
lematic (1). Numerous factors com-
pete for youths’ attention, so diabetes
and other health matters are low on
their list of priorities. Deterioration
of previously well-controlled diabe-
tes always frustrates health care pro-
viders (HCPs) and parents, but for
emerging adults trying to navigate
the demands of “growing up,” diabe-
tes management naturally falls by the
wayside, and rising A1C levels are
the proof.

Young adults tend to their dia-
betes management better once
their lives have settled down after
the tumultuous transition years.
However, recent evidence is showing
that, by then, complications may have
developed. Although diabetes com-
plications such as hypertension and
kidney disease occur primarily in

older individuals with long-standing
disease, these complications are not
absent in young adult and pediatric
populations.

This article reviews the impact
of type 1 and type 2 diabetes on
long-term complications in youth,
specifically focusing on hypertension
and diabetic kidney disease (DKD).
It concludes with considerations for
future clinical research.

Epidemiology: the SEARCH and
TODAY Studies

Two major studies aimed at better
characterizing diabetes in youth have
contributed to our understanding of
the unique pathophysiology of dia-
betes in this population: SEARCH
for Diabetes in Youth (SEARCH)
and Treatment Options for Type 2
Diabetes in Adolescents and Youth
(TODAY).

SEARCH

SEARCH, an ongoing, multicenter
study, was a concerted effort to pro-
vide detailed epidemiological infor-
mation on children and young adults,
objectively characterizing the diverse
populations affected by diabetes (2).
SEARCH researchers identified and
longitudinally tracked youths (<20
years of age) to assess the natural his-
tory of type 1 and type 2 diabetes,
including acute and chronic compli-
cations and quality-of-life outcomes.
In 2009, SEARCH estimated that
191,986 U.S. youths aged <20 years
(up from 154,000 cases in 2001)
have diabetes, including 166,984
with type 1 diabetes, 20,262 with
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type 2 diabetes, and 4,740 with other
types of diabetes (2).

Between 2001 and 2009, the prev-
alence of type 1 diabetes in youth
increased by 21.1% (95% CI 15.6—
27.0), with comparable increases for
both sexes and in most racial/ethnic
and age-groups (3). For type 2 dia-
betes, the prevalence also increased
significantly over the same time
period by 30.5% (95% CI 17.3-45.1),
with increases observed in both boys
and girls, those 10-14 and 15-19
years old, and among Hispanic,
non-Hispanic white, and African-
American youths (3).

TODAY
TODAY was a multicenter, random-
ized clinical trial evaluating differ-
ent treatment options (metformin
monotherapy, metformin with a thi-
azolidinedione [rosiglitazone], and
metformin with an intensive lifestyle
intervention program) in youths 10—
17 years of age with type 2 diabetes.
Unlike two decades ago, type 2
diabetes is no longer uncommon in
youth, and the rise of the disease
tracks the growth of the obesity
epidemic. According to Dabelea et
al. (4), of new diagnoses of diabe-
tes in people <18 years of age in the
United States, one in three are type
2 diabetes, and two-thirds are type
1 diabetes. Overweight and obesity
are closely linked to type 2 diabetes,
with the Centers for Disease Control
and Prevention reporting that 85% of
adults with type 2 diabetes are also
overweight or obese (5). This trend
is mostly likely the same for youths.
Poor self-control is perpetuated
as the root of type 2 diabetes, even
by HCPs. However, the pathogen-
esis of type 2 diabetes is far more
complex. Another widespread health
assumption is that youths with poorly
controlled diabetes are immune
to complications, but this is also
wrong. Recent evidence suggests that
type 2 diabetes appears to be a more
aggressive disease in youths than in

adults (6-9).
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Although the TODAY study
was aimed at evaluating treatment
options, it captured remarkable dif-
ferences in the pathophysiology of
diabetes between youths and adults.
TODAY longitudinally tracked
complications and discovered that
they were more severe and developed
at an accelerated rate in youths ver-
sus adults with type 2 diabetes (10).
TODAY also captured the “chang-
ing faces of diabetes” (i.e., youths of
various ethnic populations affected
by diabetes). This study exposed the
aggressive nature of diabetes in youth
and showed that poor disease man-
agement during adolescence could
have immediate and devastating
results (6).

Complications

Overall Complications

From 1990 to 2010, strong clinical
research led to steady improvements
in diabetes clinical care and progres-
sive declines in overall complication
rates. The largest relative decline has
been seen in acute myocardial in-
farctions (—67.8%), and the small-
est has been in end-stage renal dis-
case (—28.3%) (11). Ironically, while
complication rates decreased in the
adult population, youths with type
2 diabetes appeared to be experienc-
ing higher rates and greater severity
of complications with limited, if any,
effective treatment options.

Type 1 Diabetes

Historically, type 1 diabetes has been
more strongly associated with child-
hood and adolescence than has type
2 diabetes, so researchers have more
aggregate data from the childhood,
adolescent, and adulthood years for
type 1 diabetes. This has enabled
more accurate tracking of complica-
tions relative to glycemic control and
disease duration in type 1 diabetes
than in type 2 diabetes. Although few
adolescents (aged 13—-18 years) were
included in the Diabetes Control
and Complications Trial (DCCT)
(12), both the DCCT and its 30-
year follow-up, the Epidemiology
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of Diabetes Interventions and
Complications study (13), demon-
strated that tight glycemic control
improves long-term outcomes re-
gardless of age. Samuelsson et al.
(14) evaluated two Swedish registries
(n = 1,543 children) and validated
that higher A1C levels (>8.6% vs.
<6.7%) correlated with the presence
of macroalbuminuria and retinopa-
thy. Of note, those with higher A1C
levels were also less physically active
and had higher rates of smoking.
Other studies have corroborated that
complication risk is inversely related
to improved glycemic control, which
is directly linked to more sophisticat-
ed diabetes management and thera-
peutics (15,16). In general, because
of improved treatment and monitor-
ing options, both complication rates
and prognoses for youths with type 1
diabetes have improved (17).

Type 2 Diabetes

In comparison to type 1 diabetes,
type 2 diabetes in youth is a rela-
tively recent phenomenon, and the
absolute numbers of young people
with type 2 diabetes are modest.
Therefore, longitudinal data on com-
plications are sparse.

Type 2 diabetes is often perceived
as less serious than type 1 diabetes,
so initial management, treatment,
and education may be less rigor-
ous or even minimized. HCPs may
recommend interminable trials of
exercise and healthful eating before
considering therapeutic interventions.
Metformin and insulin are currently
the only approved therapies for
youths (>10 years of age) with type
2 diabetes, so treatment options are
limited, perhaps contributing to
under-treatment in this population.

The comprehensive TODAY study
evaluated the trajectory of hyperten-
sion (5), nephropathy (6), retinopathy
(7), and cardiovascular (8) outcomes
in multi-ethnic youths with type 2
diabetes and found that no thera-
pies were particularly effective in
managing disease and preventing
complications. More alarming is
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that, compared to adulthood, type 2
diabetes in youth appears to be far
more aggressive, is associated with
more comorbidities, and has a more
precipitous onset of complications,
especially in those with poor glyce-
mic control (17).

Hypertension

Type 1 Diabetes

The paradigm of arterial hyperten-
sion only plaguing adults and spar-
ing children is no longer true. A large
European study in children with type
1 diabetes (2 = 2,105, aged 5-18
years) evaluated risk factors that led
to hypertension and microalbumin-
uria. The authors found a clear link
between the quality of metabolic
control and altered blood pressure
regulation and showed that age, di-
abetes duration, sex, BMI, A1C, and
insulin dose were related to altered
blood pressure profiles. They also
found that youths with type 1 dia-
betes showed significantly increased
nocturnal blood pressure (systolic
blood pressure +0.51, diastolic blood
pressure +0.58, mean arterial pres-
sure +0.80), which primarily con-
tributes to microalbuminuria (18).

Type 2 Diabetes

The U.K. Prospective Diabetes Study
in adults with type 2 diabetes demon-
strated that tight glycemic and blood
pressure control influenced the de-
velopment and progression of DKD
(19,20). Pinhas-Hamiel and Zeitler
(21) compared rates of microalbu-
minuria and nephropathy in youths
with type 1 versus type 2 diabetes
of comparable duration and found
that youths with type 2 diabetes had
higher rates of microalbuminuria
and worsening nephropathy. Insulin
resistance likely plays a role, but this
is speculative.

TODAY evaluated youths and
young adults for hypertension and
nephropathy and followed them
for an average of 3.9 years. Subjects
were enrolled within 2 years of their
diagnosis (mean age 14 years) and
received comprehensive diabetes care.
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At baseline, 11.6% had hypertension
(e.g., blood pressure 295% for age,
sex, and height or blood pressure
>2130/80 mmHg). Initial interven-
tions for hypertension included
lifestyle modifications (dietary, exer-
cise, and sodium education), followed
by medical management (ACE inhib-
itor, escalated as needed). After 3.9
years of follow-up, 33.8% exhibited
hypertension. The increased inci-
dence of hypertension is most likely
multifactorial in origin; inadequate
adherence to lifestyle modification,
behavioral influences, obesity-related
factors, inadequate medical thera-
pies, pubertal hormones, sex, and the
aggressive nature of type 2 diabetes
in youth all play a role. Males were at
increased risk for hypertension, and
hypertension risk increased by 14%
per additional year of age. BMI also
showed a correlation to hypertension,
with a 6% increased risk for each unit
increase in BMI (6).

DKD

DKD is defined as kidney disease
attributed to diabetes (versus chron-
ic kidney disease, which may have
numerous etiologies, including di-
abetes). The American Diabetes
Association (ADA) recommends
screening for nephropathy 5 years
after diagnosis for type 1 diabetes
and at diagnosis for type 2 diabetes.
Screening includes urine albumin
excretion (mg/g creatinine). ADA
no longer uses the terms “microalbu-
minuria” (30-299 mg/g creatinine)
or “macroalbuminuria” (=300 mg/g
creatinine), but defines albuminuria
as elevated urinary albumin (=30
mg/g creatinine). The term “micro-
albuminuria” implies less serious dis-
ease, which is not true.

Glomerular filtration rate (GFR)
is used to assess kidney function.
Because it is difficult to measure GFR
directly, the secretion of an endoge-
nous filtration marker (i.e., serum
creatinine) is used to determine
the estimated GFR (eGFR). eGFR
depends on age, sex, weight, and
ethnicity. Younger people have higher

eGFRs because of their relatively
higher muscle mass and greater aver-
age creatinine generation rate (22).

Because nephropathy is linked to
hypertension, providers should closely
monitor blood pressure (23). DKD
may be preventable, so it is import-
ant for pediatric HCPs to understand
screening procedures, risk factors,
prevention measures, and treatment
options.

Type 1 Diabetes

One retrospective study in pediatric
type 1 diabetes found that end-stage
renal disease occurred in 2.9% of its
population and was significantly as-
sociated with poor glucose control
(A1C 210%), higher LDL cholester-
ol (>100 mg/dL), and age >6 years
at diagnosis (24). Natural history
studies in youths with type 1 diabetes
suggest that structural damages to the
glomeruli, interstitium, and vascula-
ture are evident long before overt al-
buminuria develops, with functional
changes often reflecting advanced
disease (3). Although it is not entire-
ly clear which patients are at risk for
DKD, in a large (z = 27,805), pro-
spective study of youths with type
1 diabetes, Raile et al. (25) reported
that A1C, blood pressure, dyslipid-
emia, diabetes duration, and male
sex were correlated with develop-
ment of nephropathy. The Oxford
Regional Prospective Study (26) re-
ported that microalbuminuria was
associated with poor glycemic con-
trol (30% increased risk per 1% in-
crease in A1C) and higher GFR at 5
years (22% increased risk per each 10
mL/min/1.73 m? rise in GFR).

As in adulthood, albuminuria
may be reversible in youth. Salardi et
al. (27) retrospectively evaluated 41
youths (mean age 12.9 years) with
type 1 diabetes and abnormal albu-
min excretion and found that 82% of
untreated patients and 79% of ACE
inhibitor—treated patients reverted
back to normal. Thus, it appears
that nephropathy may be a reversible
phenomenon in youth with type 1
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diabetes, although close monitoring
and treatment are still recommended.

Type 2 Diabetes

TODAY found that the prevalence
of microalbuminuria tripled after
<4 years of follow-up (6 vs. 16.6%,
respectively). Glycemic control con-
tributed to the development and
progression of nephropathy, with a
17% increase in albuminuria risk for
each 1% increase in A1C (6). Asian,
African Caribbean, and American
Indian (especially Pima Indian)
youths are significantly affected by
nephropathy. At the initial diagno-
sis of type 2 diabetes, 22% of Pima
Indian youths had albuminuria, with
an estimated prevalence of 60% by
30 years of age (28). Although type
2 diabetes is more prevalent in mi-
nority populations, race and ethnic-
ity did not appear to have an impact
on the development or progression

of DKD.
Treatment Options

Type 1 Diabetes

Newer insulin analogs, continuous
glucose monitoring, and continuous
subcutaneous insulin infusion (insu-
lin pump) therapy have dramatically
improved care and decreased compli-
cations for youths with type 1 diabe-
tes. Tight metabolic control, prop-
er nutrition, exercise, tobacco-free
living, and routine monitoring by
HCPs remain the cornerstones of di-
abetes management, including min-
imizing complications (23). HCPs
should measure A1C, blood pressure
(with a correct cuff size and assessed
according to age-appropriate percen-
tiles), urine albumin-to-creatinine
ratio, and serum lipids. Persistent al-
bumin-to-creatinine ratios >30 mg/g
creatinine on three separate occa-
sions is a useful marker of diabetic
nephropathy.

An ACE inhibitor (or the angio-
tensin receptor II blocker (ARB)
losartan for those >6 years of age)
should be considered for treatment
of hypertension or albuminuria. Post-
pubertal youths should be counseled
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about pregnancy prevention because
both ACE inhibitors and ARBs may
be teratogenic. There are limited long-
term data on statin use in youth, but
children >10 years of age with cardio-
vascular risk factors should be started
on a statin. Statins should be imme-
diately discontinued if pregnancy
occurs (23).

Type 2 Diabetes

The same principles for type 1 diabe-
tes management hold true for type 2
diabetes. Youths with a strong family
history of type 2 diabetes and mul-
tiple risk factors (e.g., ethnic back-
ground, BMI, and smoking) should
be provided lifestyle education (in-
cluding reduced sodium intake for
hypertension) and aggressively treat-
ed with medical management (in-
cluding tight glycemic control and
ACE inhibitors, ARBs, and statins to
manage disease complications as ap-
propriate) and tenaciously followed.

Areas for Future Research

Type 1 Diabetes

For patients with type 1 diabetes, the
Adolescent Type 1 Diabetes Cardio-
Renal Intervention Trial should shed
light on the role of ACE inhibitors
and statins in reducing complica-
tions, including DKD, in youth.
Results are expected in December
2016.

Albuminuria is currently used to
detect underlying kidney disease;
however, this may be an imperfect
marker. Several adult studies have
shown that albuminuria may be a
better marker of renal structural
damage than a predictor of diabetic
nephropathy risk because 50-60%
of type 1 diabetes patients with albu-
minuria revert back to normal (29).
A more accurate biomarker to predict
diabetic nephropathy would be useful
in this young population. It is known
that hypertension and overproduc-
tion of angiotensin II exacerbate
renal function. However, a better
understanding of the link between
hypertension and DKD would enable
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targeted treatment while minimizing
side effects.

Type 2 Diabetes

The majority of youths with type 2
diabetes have reached puberty, with
the disease rarely seen in children <10
years of age. The impact of pubertal
hormones on the development and
progression of diabetes complications
remains unknown. Understanding
the impact of pubertal and growth
hormones on insulin resistance could
facilitate the development of novel
treatment options. Growth factors,
pubertal hormones, inflammatory
markers, and other unidentified fac-
tors may all play a role in the aggres-
siveness of type 2 diabetes in youth,
but this remains unclear.

Treatment options for youths
with type 2 diabetes are extremely
limited. This is worrisome, especially
because the onus of type 2 diabetes is
compounded by economic hardships
faced by this population. In 2014, the
U.S. Food and Drug Administration
approved six new therapies for adults
with type 2 diabetes and none for
youths (30). There are two main
hurdles. First, study recruitment of
this young, primarily multi-ethnic
population remains extremely chal-
lenging. Finding these individuals is
challenging because most youths with
type 2 diabetes are from underserved,
disparate communities where clinical
research participation is a low prior-
ity. Regulatory authorities argue that
a potential solution to the recruit
ment issue is a multi-therapeutic trial;
sharing a single control arm (i.e., the
control arm could be placebo) would
have the advantage of reducing the
total number of pediatric patients
required (31). Second, there is a
lack of consensus between industry
and regulatory authorities on what
constitutes a successful pathway to
enable drug approval (31). The phar-
maceutical industry argues that a key
challenge is the regulatory require-
ment regarding the role of metformin
and insulin in these trials, as the stan-
dard of care, which makes it virtually
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impossible to see a treatment effect
from other medications (32).

Future research that would
provide treatment alternatives to
metformin and insulin would cer-
tainly be welcome. Although reckless
behavior should never be encouraged,
youths should be able to live until
young adulthood to rectify their mis-
takes. We, as a medical community,
must enable this.
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