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Type 2 Diabetes in the Young

The evolving epidemic

ZACHARY T. BLOOMGARDEN, MD

he topic of the International Diabe-
Ttes Federation Consensus confer-

ence, held 7-9 February 2003 in
Santa Monica, California, was “Type 2 Di-
abetes in the Young: The Evolving Epi-
demic” (1). The topic has become a
clinical and health economic priority,
with important implications for an in-
creasing health care burden throughout
the world. Aspects of these conditions
have recently been reviewed (1,2).

Epidemiology

We are in the midst of an epidemic of lack
of exercise, of obesity, of the insulin resis-
tance syndrome (IRS), and of diabetes in
young persons. The diabetogenic process
begins in fetal life, with low birth weight
and poor nutrition combining with sed-
entary lifestyle and dietary factors to pro-
duce an insulin-resistant phenotype that
may accelerate the development of renal
pathology and cardiovascular disease
(CVD). Worldwide, the number of per-
sons with diabetes has tripled since 1985.
In Australia, 1.7 and 1.4% of persons aged
35—-44 and 45-54 years, respectively, had
diabetes in 1981, and these rates in-
creased to 2.5 and 6.2% in 2000 (3), sug-
gesting a trend to earlier age of onset of
diabetes.

Obesity. The prevalence rates of obesity
(BMI exceeding the 95th percentile)
among U.S. children and adolescents
aged 6-11 and 12-19 years, respectively,
were 4.2 and 4.6% in 1963-1970, 4.0
and 6.1% in 1971-1974, 6.5 and 5.0% in
1976-1980, 11.3 and 10.5% in 1988-
1994, and 15.3 and 15.5% in 1999-
2000, an alarming rate of increase.
Obesity (weight corrected for height
>05th percentile) among U.S. children

increased between 1988 and 1999 from 7
to 10% among those aged 25 years (Fig.
1) (4,5). In a cross-sectional survey of
children 9-12 years old in Hong Kong,
38% of girls, but 57% of boys, were over-
weight, with overweight children of both
sexes showing higher systolic blood pres-
sure, triglyceride, and insulin and lower
HDL cholesterol than the normal-weight
group (6). In Australia, ~5% of children
are currently obese and an additional 16%
overweight (BMI 85th to 95th percentile)
(7). These prevalences doubled over the
past decade after being nearly stable
around 10% from 1969 to 1985 (8).
There appear to be ethnic differences
within countries, with African-American
and Hispanic children aged 412 years in
the U.S. showing an increase to 22% prev-
alence of overweight between 1986 and
1998, while non-Hispanic whites showed
no significant change with a 12% over-
weight prevalence (9). It is noteworthy
that BMI may underestimate the preva-
lence of obesity in young people. Recent
analysis of trends in British youth suggest
that waist circumference has increased
more rapidly than BMI over the past two
decades, with 14 and 17% of boys and
girls, respectively, exceeding the 98th
percentile in this measure in 1997, while
10 and 8% exceed the 98th percentile for
BMI; both measures exceeded the 98th
percentile only in 2-3% of adolescents
between 1977 and 1987 (10).

These considerations suggest that the
phenomenon of increasing type 2 diabe-
tes among children and adolescents may
be a result of increasing obesity and, par-
ticularly, of increasing central obesity (2).
There is a strong relationship between
childhood obesity and the development
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of insulin resistance in early adulthood
(11). Fasting insulin levels show correla-
tion with blood pressure (12) and triglyc-
eride and inverse correlation with HDL
cholesterol levels (13), important compo-
nents of the IRS.

Diabetes. In populations with low prev-
alence of diabetes, children with obesity
may be relatively protected against the de-
velopment of diabetes, with an Italian
study of 710 obese children showing just
0.2% with type 2 diabetes and 4.5% with
impaired glucose tolerance (IGT) (14). In
contrast, a U.S. study of 167 obese ado-
lescents and children showed a 4% prev-
alence of type 2 diabetes, all occurring
among Hispanic and black adolescents,
while IGT was seenin 16, 27, and 26% of
the obese white, black, and Hispanic ad-
olescents, respectively, suggesting envi-
ronmental and/or genetic differences
contributing to the more common occur-
rence of glycemic abnormality in the U.S.
than in Italy (15). In the U.K., the risk of
type 2 diabetes is 13.5 times greater
among Asian than white children (16,17).
Gender is also important, with girls being
1.7 times more likely than boys to de-
velop type 2 diabetes in analysis of a large
set of studies (18). Family history plays a
crucial role, with more than two-thirds of
children with type 2 diabetes having at
least one parent with type 2 diabetes (19).
Among children with type 2 diabetes in
Japan, onsetin 77% is between 12 and 15
years of age, 57% are female, and 26% are
of normal weight, with 29% mildly, 26%
moderately, and 19% severely obese. Jap-
anese children with type 2 diabetes show
familial clustering, with siblings having a
175- to 250-fold increase in diabetes over
the frequency in the general population
and parents a 48—060% likelihood of hav-
ing type 2 diabetes (20).

Certain ethnic groups show a partic-
ularly high prevalence of glycemic abnor-
mality among young persons, and
diabetes prevalence appears to be increas-
ing. Type 2 diabetes was seen in <1% of
Pima Indian children aged 10-14 years
and 2-3% of those aged 15-19 in 1967-
1976 but increased to 2-3 and 4-5%, re-
spectively, in the two age-groups in
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Figure 1—Trends in childhood obesity (=95th percentile weight-for-length age 6—23 months,
BMI age 2—19 years) from birth through 19 years by age-group (from data in 5).

1987-1996 (Fig. 2) (21). In arural South-
Asian population in Bangladesh in 1995,
IGT was reported in 5.7% of persons aged
15-29 (22). Among an indigenous popu-
lation in Australia, IGT was found in 8.1%
of persons aged 7-18 years (23). In the
U.S., among Navajo Indians, diabetes or
IGT was found in 3 and 13%, respec-
tively, of girls and boys aged 12-19 (24).
In Canada, among the Cree-Ojibway ab-
originals, diabetes and impaired fasting
glucose (IFG) were found in 1 and 3% of
children aged 4-19 (25), respectively,
and IGT in 10% of those aged 10-19
(26). A 4% prevalence of diabetes among
adolescent girls in native populations in
Canada has been reported from several
surveys (27). The prevalence of diag-
nosed diabetes among American Indians
aged 15-19 in the southwestern U.S. in-
creased from 3.2 to 4.5 per 1,000 from
1990 101997 (28).

Clinic-based studies have also been

used to assess changes in frequency of
type 2 diabetes in young persons. Inci-
dence rates of type 2 diabetes among
young persons increased ~10-fold from
1982 to 1994 in Cincinnati, Ohio (29).
From 1994 to 1998, the proportion of di-
abetic children diagnosed with type 2 di-
abetes in Florida increased from 9.4 to
20% (30). Among newly diagnosed chil-
dren and adolescents in Bangkok, type 2
diabetes increased from 5% during
1986-1995 to 17.9% during 1996-1999
(3D). In the United Arab Emirates, among
those <18 years, 12.5% of persons with
diabetes have type 2 (32). A 10-country
study in Asia has shown ~10% of young
people with diabetes attending major pe-
diatric centers having type 2 diabetes,
with considerable regional variation (33).
Currently, approximately one-third of
children and adolescent presenting with
diabetes in Ohio, in Arkansas, and,
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Figure 2—Sex-specific prevalence of diabetes in Pima children age 10-14 and 15-19 years, in
three time periods from 1967 to 1996. P < 0.0001 for temporal trend for both age-groups (from

data in 21).
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among Hispanics, in California have type
2 diabetes (18).

Estimates of diabetes and IFG in the
U.S. population from 1988 to 1994 are
available from the Third National Health
and Nutrition Examination Survey
(NHANES 1II). Of almost 3,000 persons
aged 12-19 tested in this representative
national sample, the prevalence of IFG
was 17.6 per 1,000, the prevalence of
HbA,. >6% was 3.9 per 1,000, while di-
abetes of all types (9 of the 13 diagnosed
with diabetes were on insulin) was diag-
nosed in 4.1 per 1,000, suggesting that
~600,000 adolescents in the U.S. have
some degree of glycemic abnormality, al-
though the estimates are imprecise be-
cause of the relatively low prevalence
(34). Using the “capture-recapture”
method to estimate the prevalence of type
2 diabetes among school children in
Osaka suggests a prevalence of almost 30
per 100,000 (35). The trend to increasing
obesity closely parallels that of increasing
diabetes among children in Japan, where
~1, 2, 3, and 4% of children were obese
and incident type 2 diabetes occurred
among 2, 3, 5,and 8 per 100,000 children
in Tokyo in 1975, 1980, 1990, and 1995,
respectively, in an annual urine screening
for diabetes in school children aged 6 and
15 years (36). A similar increase in diabe-
tes over time was seen in the city of Yoko-
hama, further suggesting this to be a valid
set of observations (35). A urine-based
screening program of some 3 million stu-
dents in Taiwan has shown similar annual
type 2 diabetes incidence rates of 4 and 7
per 100,000 boys and girls (37). In these
studies, not only obesity but also elevated
blood pressure and cholesterol, both high
and low birth weight, and positive family
history of diabetes were associated with
type 2 diabetes found at screening.

There may be underestimation of the
magnitude of type 2 diabetes in youth be-
cause of underdiagnosis with no or few
symptoms, misclassification as type 1 di-
abetes for those persons with more severe
hyperglycemia, and case reporting mainly
by pediatric endocrinologists leading to
few data for those in the 15- to 19-year
age-group. The likelihood of underdiag-
nosis for lack of symptoms can be appre-
ciated from the Japanese studies, where
the mean HbA . of those found at screen-
ing was 7.9%, with 46% having levels
<6.5%, while those presenting with
symptoms had mean HbA, . at diagnosis
of 10% (38). A screening methodology
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not relying on glycosuria would presum-
ably find cases at even lower levels of
glycemia.

Estimates from the Japan and Taiwan
screening programs suggest a cost of
~$10,000 (U.S.) per case found, so that
unless it is possible to demonstrate bene-
fit, it may not be appropriate to recom-
mend that this be applied to all
populations and it may be necessary to
rely on “targeted screening” case-finding
approaches. Indeed, cost-effectiveness
analysis in adults suggests this to be an
optimal approach for ascertainment of di-
abetes (39), although these analyses have
not been carried out for children. Thus,
screening for hyperglycemia among
young persons with hypertension, dyslip-
idemia, insulin resistance and obesity
may offer the most effective approach to
diagnosis of type 2 diabetes in this age-
group.

The greatest costs of screening will be
those from treatment of persons who are
discovered to have illness, so cost-
effectiveness studies of diabetes screening
among young persons must include anal-
ysis of the overall diagnostic and thera-
peutic process. Screening for type 2
diabetes in children appears, however, to
meet a number of criteria, suggesting this
to be an appropriate target. The disease is
common, is serious in terms of morbidity
and mortality, exhibits prolonged latency
without symptoms, and can be assessed
by blood glucose measurement with ac-
ceptable sensitivity and specificity. Fur-
thermore, a number of interventions can
prevent or delay disease onset, and it may
be more effective to treat diabetes early in
order to delay or prevent the complica-
tions. The consensus position of the
American Diabetes Association and the
American Academy of Pediatrics recom-
mends testing at age >10 years or onset of
puberty for children with BMI above the
85th percentile, with a first- or second-
degree relative having diabetes, in an at-
risk race/ethnic group, particularly with
signs of insulin resistance such as acan-
thosis nigricans, hypertension, polycystic
ovarian syndrome (PCOS), or dyslipide-
mia (19). The NHANES III data suggest
that the American Diabetes Association
risk criteria would lead to testing of 10%
of youths, for a total of ~2.5 million ad-
olescents between 12 and 19 years of age,
of whom 5% might be expected to have
IFG or undiagnosed diabetes, while 1.8%
of those not tested under such recom-

mendations would be expected to have
IFG (40).

The measurement of fasting plasma
glucose is preferred, with other potential
tests being the 2-h oral glucose tolerance
test (OGTT), a 2-h postprandial or ran-
dom postprandial blood glucose, or
HbA, . This is similar in concept to rec-
ommendations for screening of adults
<45 years of age with major risk factors
for type 2 diabetes (41). The fasting glu-
cose measurement without an OGTT
may, however, fail to identify all persons
at risk. Furthermore, as children have
lower mean glucose levels, the criteria
used for diagnosis of diabetes, IGT, and
IFG in adults may not be sufficiently low
for full appreciation of hyperglycemia in
younger persons. The glucose load
needed for the OGTT may also need to be
more fully assessed. The notion of “pre-
diabetes” has become more important
with these considerations. The term may
be considered to mean IGT and/or IFG
(42) or, alternatively, to represent a state
before the existence of abnormality in gly-
cemia in persons who subsequently de-
velop diabetes. In either form, the
concept may serve the purpose of “in-
form[ing] both the general public and
health professionals about a modifiable
state which, if reversed, could reduce the
likelihood of type 2 diabetes” (43). It is,
however, possible that identifying a
young person as being “pre-diabetic”
could cause psychosocial harm, particu-
larly if effective intervention is not avail-
able, so that caution is needed before
generally employing such approaches.

Pathogenesis of type 2 diabetes in
the young

Genetics. Anumber of monogenic disor-
ders causing diabetes in children have
been described. These include (-cell de-
fects such as maturity-onset diabetes of
the young (MODY), types 1-06, transient
neonatal diabetes, permanent neonatal
diabetes, the syndrome of maternally in-
herited diabetes and deafness, the Wol-
fram syndrome, and the renal cysts and
diabetes syndrome. There are also syn-
dromes of insulin resistance, including
type A insulin resistance, leprechaunism,
familial partial lipodysptrophy, and total
lipodystropy, and obesity syndromes,
such as Prader Willi, Alstroms, and Bar-
det-Beidel. Diagnosis is important, as
MODY-3 patients with hepatic nuclear
factor (HNF)-1a mutations are sensitive

to sulfonylureas (44) and actually tend to
exhibit increased insulin secretory re-
sponse to sulfonylureas and increased in-
sulin sensitivity compared with persons
with type 2 diabetes (45). They may
therefore exhibit hypoglycemia on sulfo-
nylurea initiation and a marked rise in
HbA, . if this treatment is discontinued.
MODY patients with glucokinase muta-
tions generally require no pharmacologi-
cal treatment because the glycemic
abnormality is mild.

Type 2 diabetes is probably caused by
the same continuum of genetic abnormal-
ities in children as in adults. A number of
major predisposing genes have been
found on chromosomes 1q, 12q, 20q,
and 17q, with the only major gene iden-
tified being the calpain 10 gene in Mexi-
can Americans (46). Minor genes that
have been defined by the “candidate” ap-
proach include the Prol2Ala polymor-
phisms in peroxisome proliferator—
activated receptor y (47) and the Kir 6.2
E23K variant (48). The HNF-1la G319S
private mutation predisposes to type 2 di-
abetes in Cree-Ojibway aboriginals in
Canada (49). Carriers of 2 and 1 copies of
the gene present ~12 and 6 years earlier,
respectively, than those without the vari-
ant (50). Among children in this group
with type 2 diabetes, there is a high prev-
alence of HNF-1a G319S (51). As diag-
nostic molecular testing is now available
(for example, from www.diabetesgenes.
org), it may be reasonable to employ this
test in appropriate populations.
Familial factors and intrauterine
growth retardation. The thrifty geno-
type and thrifty phenotype hypotheses
have been combined into the concept of
adverse effect of undernutrition. With the
latter hypothesis, effects of intrauterine
undernutrition and subsequent overnu-
trition lead to insulin resistance, while the
thrifty genotype hypothesizes a survival
advantage accrued from many genera-
tions of episodic malnutrition increasing
the expression of this state. A U-shaped
relationship has been shown, with diabe-
tes prevalence being highest among per-
sons with either low or high birth weight
(52). Those persons with highest prepu-
bertal body weight and those with lowest
birth weight are particularly at risk of in-
sulin resistance and diabetes (Fig. 3)
(53,54). Other factors include family his-
tory, with there being a marked increase
in diabetes frequency with one parent and
an even greater frequency with two par-
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Figure 3—Cumulative incidence of diabetes based on quintile of birth weight (P value for trend

<0.005) and weight at age 11 (P value for trend

ents having diabetes among Pima Indians
age 5-19 (55). Exposure in utero to a
mother with gestational diabetes is partic-
ularly associated with increased risk of di-
abetes (21) and appears to decrease
insulin secretory capacity rather than de-
creasing insulin action (56).

Physical activity and insulin sensitiv-
ity. Children differ from adults in meta-
bolic response to exercise, showing a
lesser increase in the intramuscular inor-
ganic phosphate-to-phosphocreatine ra-
tio and a lesser decrease in pH (57).
Obesity and dietary factors may alter the
expected metabolic response to exercise.
This can be seen with high-fat feeding,
which reduces the growth hormone re-
sponse to exercise (58). Growth hormone
and epinephrine responses to exercise are
blunted in obese subjects (69). Both intra-
and extramyocellular triglyceride stores
are greater in obese than in lean children
(60). In children, there appears to be a

<0.001) (from data in 54).

body composition threshold around the
75th percentile of weight for height,
above which abnormalities are seen in fit-
ness, as measured by the maximal oxygen
consumption, with reductions in insulin
sensitivity also seen (61). Physical activity
increases insulin sensitivity in children
(62), and this is also seen among obese
children undergoing regular exercise who
show a fall in fasting insulin that is re-
versed by a return to a sedentary lifestyle
(63).

Australian aborigines were a popula-
tion exhibiting high levels of physical fit-
ness in their traditional hunter-gatherer
lifestyle, with low BMI, blood pressure,
and cholesterol, although with elevated
fasting insulin and triglyceride levels sug-
gesting insulin resistance. With western-
ization, this population changed to one
with high levels of unemployment, wel-
fare dependency, poor education, over-
crowded living conditions, poor health

35
30 Q,
x 25 1 &
e
2 15 ™~
£ 10 NN _O— o
5 o
0 . . .M
910 1112 1314 1516 17 18 19
Age

Figure 4—Median habitual activity (in metabolic equivalent times [METs] per week). @, black

girls; [, white girls (from data in 72).
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with heavy infectious disease burden,
particularly among children (perhaps
causing an inflammatory load), and in-
creased lifestyle-related chronic disease
among adults (64). The change in health
and socioeconomic status is associated
with central obesity, early-onset type 2 di-
abetes, and premature CVD with IRS fea-
tures of dyslipidemia, hypertension,
hyperinsulinemia, and microalbuminuria.
Low birth weight and diabetes in
pregnancy have emerged as important
risk factors in this group. The age profile
of this group is similar to that of an un-
derdeveloped country, with the majority
in the younger age-groups and life expect-
ancy 20 years less than that of the nondis-
advantaged Australian population. The
diabetes prevalence is 7% at age 25-34,
20% at age 35—44, and 28% at age 45-54,
as compared with respective levels of nil,
3%, and 6% in the nondisadvantaged
population, although the prevalence of
obesity is similar in both groups (65).
During the period from 1987 to 1995, the
aboriginal population had a marked in-
crease in BMI, with the incidence of dia-
betes among persons with BMI <25
kg/m? ~10 per 1,000 person-years, and
more than a tripling of this rate among
persons with BMI of =25 kg/m2 (66). The
Aboriginal Birth Cohort has traced 686
singleton births of Australian Aboriginal
mothers between 1987 and 1990, 70%
from remote rural locations, with fol-
low-up beginning in 1998 of 482 children
age 8—14 years showing decreased linear
growth rates in the rural group, but with
higher blood pressure, cholesterol, and
insulin levels in the urban group and al-
most a fourfold increase in prevalence of
BMI >25 kg/m?, suggesting early devel-
opment of features of the IRS (67). Similar
evidence of high prevalence of overweight
and obesity in urban Aboriginal children
has been reported in other studies (68).
Studies in Japan suggest that weight
gain is caused by a reduction in energy
expenditure among young people, with
participation by young people in Japan in
exercise and sports showing a consistent
decrease in all age-groups (69). Twenty-
seven and 43% of high school boys and
girls, respectively, in the U.S. participate
in an insufficient amount of physical ac-
tivity (70). Habitual leisure-time physical
activity in girls decreases by approxi-
mately two-thirds among Caucasian girls
and to an even greater extent among Afri-
can-American girls in the U.S. as age in-
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creases from 9 to 18 years (Fig. 4) (71).
This is particularly related to television
viewing (72), which shows an interaction
with decreased physical activity in rela-
tion to obesity (73). There is high corre-
lation between television viewing and
consumption of high-energy foods, fur-
ther exacerbating this effect (74). Part of
the cause may be the frequency of food
advertisement on television programs di-
rected at children. On average, children’s
programming includes 12 food advertise-
ments hourly, more than twice that in
adult viewing, with the average child in
the U.S. seeing >20,000 advertisements
per year (75). Parental influences are also
important, with the NHANES III survey
showing nearly one-third of mothers of
overweight children to believe that the
children are at “about the right weight”
(76).

Insulin resistance in young persons.
The development of type 2 diabetes in-
volves a loss of the balance between insu-
lin sensitivity and secretion, as has been
reported in adults, where the normal in-
verse relationship between the two factors
leads to a constant glucose disposition in-
dex in a given person, with decline in this
parameter being associated with the de-
velopment of IGT and type 2 diabetes
(77). Insulin resistance in the young has
been reported in a variety of ethnic groups
and is strongly associated with obesity
(78). Furthermore, obese children exhibit
glucose intolerance, which is strongly as-
sociated with evidence of both insulin re-
sistance and impaired insulin secretion
(14).

There are important ethnic differ-
ences in the degree of insulin resistance
(79). In a study comparing 22 black and
22 white nonobese prepubertal children,
the former group was found to have a sig-
nificant decrease in insulin sensitivity
with hyperinsulinemia, showing, how-
ever, lower glucose disposition indexes,
suggesting an increase in ultimate diabe-
tes risk. Circulating levels of the insulin-
sensitizing adipocyte secretory product
adiponectin were ~60% higher in white
children. Important dietary differences
were found, with the black children con-
suming 10% fewer calories from carbohy-
drates and showing a 36% increase in the
dietary fat—to—carbohydrate ratio, which
had strong negative correlation with insu-
lin sensitivity. Whether this is causally re-
lated to metabolic abnormalities remains
to be determined (80). One important de-

terminant of obesity may be the relative
propensity to retain fat in adipose tissue,
with evidence that rates of lipolysis are
lower in black than in white boys and girls
@8D.

Comparing obese and normal-weight
black and white adolescents, insulin sen-
sitivity is decreased with obesity regard-
less of ethnicity, showing inverse
correlation with body fat (82). A number
of studies have shown that black children
have higher total fat and cholesterol in-
take, prefer greater sweetness in liquids,
are physically less active, and spend more
time watching television. Black girls have
higher total energy intake than whites, do
not perceive themselves as heavy, and ac-
tually express a desire to be on the fat side
(83-89). Clearly, then, there must be a
complex interplay of cultural/environ-
mental and genetic factors explaining the
metabolic differences observed between
the two ethnic groups.

Of particular importance as a deter-
minant of insulin resistance is central obe-
sity (90). In a cross-sectional study of 14
adolescents with IGT matched with 14
control subjects of similar age, BMI, body
fat, and leptin, the children with IGT were
insulin resistant, with increased in-
tramyocellular fat measured by 'H nu-
clear magnetic resonance spectroscopy
showing strong correlation with insulin
sensitivity and with 2-h postload plasma
glucose. Those with IGT had higher vis-
ceral and lower subcutaneous abdominal
fat and decreased first-phase insulin se-
cretion and glucose disposition index
(91). Comparing black and white chil-
dren with obesity and similar insulin sen-
sitivity levels, blacks have lower hepatic
glucose output, lower total and LDL cho-
lesterol, and lower triglyceride levels,
with considerably lower visceral fat levels.
Blacks who do have visceral obesity, how-
ever, have a fall in the glucose disposition
index (92), suggesting greater diabeto-
genic risk of obesity among blacks, but
greater atherogenic risk among whites.
Important additional risk of diabetes is
seen among black children with a positive
family history of diabetes, who show an
~20% lowering of insulin sensitivity in
the first decade of life (93).

A major cause of insulin resistance is
puberty (94). Insulin sensitivity decreases
by ~30% during puberty with compen-
satory increase in insulin secretion
(95,96). Insulin action decreases similarly
during puberty in black and white chil-

dren (97). The further metabolic derange-
ment of PCOS is associated with
decreased glucose disposition (98), with
~30% of adolescent girls with PCOS hav-
ing IGT and 4% type 2 diabetes (99). Ad-
olescents with PCOS who develop IGT
have similar degrees of obesity and eleva-
tions in circulating testosterone to those
with normal glucose tolerance but show
blunting of first-phase insulin secretion in
response to intravenous glucose with a
consequent decrease in the glucose dispo-
sition index (100).

Complications

Microvascular disease. Among Pima In-
dians with type 2 diabetes diagnosed dur-
ing childhood, microalbuminuria was
seen in 22% at diagnosis and in 58% at
follow-up, macroalbuminuria in 0 and
16%, and hypercholesterolemia in 18 and
30%, suggesting the tendency to progres-
sion of both micro- and macrovascular
disease (101). In another study of 178
Pima Indians with onset of type 2 diabetes
before age 20, a urinary protein-to-
creatinine ratio >0.5 g/g was seen in 20%
after 25 years, implying a similar relation-
ship between duration of diabetes and ne-
phropathy to that seen in persons with
adult onset of diabetes, while there was
relative protection against retinopathy,
which had developed in 15% (Fig. 5)
(102). Retinopathy progression rates are
similar in Japanese young persons with
type 1 and type 2 diabetes, but nephrop-
athy occurs approximately two times
more commonly among young persons
with type 2 than among those with type 1
diabetes (104). After a 20-year diabetes
duration, 50 of 1,065 Japanese persons
with onset of type 2 diabetes before age
30, whose mean age at diagnosis was 20,
required dialysis and 128 had developed
proliferative retinopathy before age 35, of
whom 23% were on dialysis. An addi-
tional important finding is that both pri-
mary and acquired renal disease not
caused by diabetes appear to be common
in populations with a high prevalence of
type 2 diabetes in young persons
(105,106). Children developing end-
stage renal disease have a 1,000-fold in-
crease in CVD mortality in young
adulthood that is associated with hyper-
tension and dyslipidemia, suggesting a
particular challenge (107). In a study of
Manitoba Cree young adults, mortality
was 9%, 6% required dialysis, 38% of the
women who had become pregnant had
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Figure 5—Prevalences of diabetic nephropa-
thy (A) and retinopathy (B) among Pima Indi-
ans versus diabetes duration among persons
developing diabetes before age 20 (O), 20-39
(W), and =40 (A) years.

pregnancy loss, 35% were lost to clinical
follow-up, and 67% had poor glycemic
control (108).

Macrovascular disease. Fibrous plaque
lesions are present in the aorta and coro-
nary arteries of children and young adults
and associated with obesity, dyslipide-
mia, and cigarette use (109). Risk factors
for CVD predate the onset of type 2 dia-
betes in adults, but there are no prospec-
tive studies on CVD risk factors and long-
term outcomes in childhood and
adolescent type 2 diabetes. The dyslipide-
mia of type 2 diabetes is not fully cor-
rected by strict glycemic control,
suggesting the need for assimilation of
new concepts for pediatric treatment.
Certainly, correction of risk factors, in-
cluding those involved in dyslipidemia,
such as triglyceride, VLDL, LDL, small
dense LDL, apolipoprotein B, HDL, and
apolipoprotein A-1 should be an impor-
tant treatment emphasis (110). Treatment
of hypertension is important, (111,112),
as is cigarette discontinuation (113) and
treatment of microalbuminuria and other
renal disease manifestations (114). Obe-

sity is itself important to address (115).
Attention to control of glycemia is reason-
able (116), although little evidence shows
that intensive glycemic control delays or
prevents macrovascular disease. An im-
portant clinical factor is the presence of
family history of complications. Finally,
treatment of hypercoagulability and de-
creased fibrinolysis is important (117), al-
though the relatively small risk of Reye’s
syndrome, which is rare after puberty, has
dissuaded pediatricians from using aspirin.
The National Cholesterol Education
Program lipid guidelines for children in-
clude LDL <110, HDL >45, and triglyc-
eride <125 mg/dl as “desirable,” whereas
levels >130, <35, and >125 mg/dl, re-
spectively, are termed “undesirable”
(118). The American Diabetes Associa-
tion has recently proposed that desirable
levels of LDL for children without and
with diabetes be considered <130 and
<100 mg/dl, respectively (119). Pharma-
cological treatment is generally instituted
with caution in young persons, starting
with dietary lipid management with
staged diet, and niacin and cholestyra-
mine are the best-studied agents in chil-
dren, although safety studies for statins
are now appearing (120,121). Microalbu-
minuria measurement at diagnosis and
yearly thereafter, as well as ACE inhibitor
treatment for children with microalbu-
minuria or hypertension, appear appro-
priate, with recognition of the potential
teratogenicity of these agents. Blood pres-
sure goals among children need to be ad-
justed for age, height, and sex, and there
is currently no evidence as to whether the
95th or 90th percentile should be chosen
as the appropriate target (122).
Other complications associated with
type 2 diabetes in young persons. Non-
alcoholic fatty liver disease is associated
with obesity and insulin resistance.
Among young persons with diabetes in
the Manitoba Cree, there was a 16% prev-
alence of alanine aminotransferase eleva-
tion to three times the upper level of
normal (123). Of the Cree group, 38%
smoked cigarettes, and some authors
have suggested urine cotinine screening
because of the high frequency of “covert”
cigarette use (124).

Treatment

Goals of treatment include the achieve-
ment of glycemic control (at HbA,_
<7%), striving for a level as near to nor-
mal as possible in order to eliminate
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symptoms of hyperglycemia and reduce
microvascular complications (125). Fur-
thermore, maintenance of reasonable
body weight, improvement of CVD risk
factors, and improvement of physical and
emotional well-being are additional rea-
sonable goals. Strategies for glucose self-
monitoring need to be delineated,
particularly addressing evidence that
such approaches are cost-effective and
necessary for young persons with type 2
diabetes. Such a treatment approach may
be aided by participation in a structured
diabetes education program. For young
persons, the important role of the family
in diabetes management cannot be under-
estimated, and it is crucial to include di-
rect family supervision in optimizing
glycemia (126). One needs to take into
account familial and/or psychosocial dys-
function, ethnic influences, and barriers to
compliance, recognizing that the long life-
span of children requires the development
of safe and effective therapeutic approaches.

A proposed therapeutic algorithm for
asymptomatic children with type 2 diabe-
tes therapy is to start with lifestyle inter-
vention approaches to diet and exercise;
then to add monotherapy, particularly
emphasizing the use of metformin; then
to use combinations of two oral medica-
tions, although recognizing that neither
sulfonylureas nor thiazolidinediones have
been fully studied in the pediatric age-
group; and then to add insulin. For symp-
tomatic children, with blood glucose
>300 mg/dl or when ketoacidosis is
present, a reasonable approach is to start
with insulin with subsequent efforts to
taper this and substitute metformin
(127). 1f diabetes is diagnosed early in a
young person, lifestyle intervention may
suffice, although this only appears to be
applicable to ~10% of patients at the time
of presentation. Such approaches require
intensive and expensive counseling ef-
forts, and it remains to be seen whether
they can be employed in clinical practice.
Pharmacological treatment. Pharmaco-
logical treatment may include insulin,
metformin, insulin secretagogues, thiazo-
lidinediones, and a-glucosidase inhibi-
tors. Insulin is familiar to pediatricians
and pediatric diabetologists and is effec-
tive in treating acute metabolic decom-
pensation, particularly when it is
uncertain whether the patient has type 1
of type 2 diabetes. It may in addition con-
vey a message of more serious illness, per-
haps improving compliance (128). In
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clinical practice in the U.S., approxi-
mately one-half of young patients with
type 2 diabetes receive insulin and one-
half oral agents, most commonly met-
formin (127).

Metformin is approved in the U.S. for
pediatric use. It is typically used as the
initial pharmacological treatment in the
absence of severe hyperglycemia, lower-
ing HbA, . by 1.1% and fasting blood glu-
cose 64 mg/dl in such patients (129). It
will be important to obtain outcome stud-
ies. Analysis of efficacy of metformin in a
group of Cree in Canada showed little ef-
fect of metformin on HbA,, or body
weight after 1 year among adolescents
with type 2 diabetes, although gastroin-
testinal side effects were more common
with treatment (130). Poor adherence to
oral therapy among relatively asymptom-
atic young persons with type 2 diabetes
may be a major barrier to improvement in
outcome.

Sulfonylureas are well studied in
adults and are effective, safe, and inex-
pensive, although they may cause weight
gain and hypoglycemia and have no effect
on lipids. Newer sulfonylureas and non-
sulfonylurea insulin secretagogues and
combination approaches with metformin
may allow greater flexibility and improve-
ment in outcome. The thiazolidinediones
are being used in studies for pediatric use,
and although associated with weight gain,
their reduction in visceral fat suggests
overall benefit if long-term safety con-
cerns can be addressed. The safety profile
with regards to edema and congestive
heart failure may be more favorable in pe-
diatrics, although this needs to be deter-
mined. a-Glucosidase inhibitors are used
infrequently but are safe and have been
shown to have a role in prevention (131),
although their gastrointestinal side effects
may decrease acceptance among young
persons.

Prevention

It may be possible to combat the trend to
increasing obesity with programs aimed
at increasing activity levels in children. In
Singapore from 1992 to 2000, the “Trim
and Fit” program led to a fall in obesity
prevalence from 16 to 14% of primary
and secondary school students (132). An
exercise intervention in Japan decreased
the prevalence of overweight from 40 to
37% among boys and to 32% among girls
between ages 10 and 13, with no change
in a control group (133).

In an analysis of 173 Mexican-
American children age 9 years from a low-
income neighborhood, ingestion of total
and saturated fat was greater than recom-
mended national dietary guidelines and
reported daily fruit and vegetable intake
was half of what was recommended. Their
physical fitness level, measured with
modified Harvard exercise protocol, was
low, they watched television on average of
3.5 h daily, and they had high body fat.
Sixty percent had a first- or second-degree
relative with diabetes (134). The Biene-
star school-based diabetes prevention
program, based on the concept that in-
creasing knowledge is not sufficient to
change health behavior, aimed to create a
network of social support in the class-
room, home, school cafeteria, and among
friends and classmates. School cafeteria
staff and parents may themselves need ed-
ucation to decrease saturated fats and in-
crease fruits and vegetables and to
participate in the development of healthy
food and exercise habits among children.
Of 93 sessions in the program, one-third
were for children and the rest for school
personnel and parents. Using such an ap-
proach, in a population of 1,420 students,
fasting capillary glucose at baseline was
110-125 mg/dl in 35 and >125 mg/dl in
7, with a decrease in fasting blood glucose
from 127 to 97 mg/dl among children in
the intervention program compared with
a fall from 117 to 99 mg/dl children not
participating in the program. Of the re-
maining children whose initial blood glu-
cose was <110 mg/dl, 10 of 651 in the
intervention group, but 19 of 618 in the
control group, had glucose =110 mg/dl
after the 1-year program. Physical fitness
increased in the intervention group but
decreased in the control group. The inter-
vention group showed higher calorie in-
take, which was compatible with the
increased physical activity. BMI increased
in both groups, but the intervention
group had a 1.3% and the control group a
0.65% decrease in body fat (135).

Risk reduction and prevention strate-
gies for obesity, as for all illnesses, are dif-
ficult and time consuming because of the
multicausal etiology of the condition, het-
erogeneous time perspectives, low com-
pliance, competition for prevention of
other illnesses, calls for additional evi-
dence, economic priorities, and informa-
tion overload of the persons who are
targeted for this and other interventions
(136). One difficulty is the perception by

physicians and overweight persons that
large weight loss is required. Analysis of a
strategy of weight gain prevention in Hol-
land, assuming that the expected 3.5%
mean increase would be prevented for 10
years, suggested that a decrease in osteo-
arthritis by 5-6% and consequent de-
crease in work loss by 2-3% could be
anticipated (137). Furthermore, persons
who develop obesity must have greater
annual weight gain than persons who re-
main nonobese, so simply sustaining a
stable weight represents an important
achievement, and the recommended
5-10% maintained weight loss for per-
sons with or at risk of diabetes would be
highly effective, although neither physi-
cians nor patients are satisfied with such
outcomes. For overweight and obese chil-
dren, appropriate goals may include
weight maintenance or even retardation
of weight gain.

There are a number of barriers to ef-
fective weight loss in obese persons with
diabetes (138). Physical activity is partic-
ularly a problem in older persons with
diabetes, who often have contraindica-
tions to exercise and may not be able to
perform even mild exercise to aid in their
attempts at weight loss (139). The de-
crease in fitness among young persons
with obesity and pre-diabetes may simi-
larly potentiate their weight gain. A par-
ticular problem in adults, which may be
important in children as well, is weight
gain before and during holidays, amount-
ing annually to an average of 0.6 kg and
hardly offset by the average 0.1-kg weight
loss following the holiday (140). There is
a weak but significant negative correla-
tion between obesity and decreased sense
of smell, so that the obese person may
overeat because of failure to achieve olfac-
tory satisfaction (141).

Another set of barriers to weight loss
is in beliefs and behaviors of the health
care provider. Physicians feel that “fat pa-
tients” do not comply with advice, and the
skills to assist with weight loss decreased
among physicians between 1992 and
1997 with diminishing notice of weight
problems (142). Physicians identify few
persons potentially with sleep apnea, con-
sistently failing to ask questions to iden-
tify the syndrome (143). Whether similar
characteristics apply to providers of treat-
ment for young persons is again not
known.

Predictors of long-term success in
weight reduction are early weight loss,
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which encourages ongoing participation,
male sex, lower age, greater education,
more social support, weight history, and
behavioral and cognitive strategies; treat-
ment characteristics associated with suc-
cess include approaches that empower
self-confidence and feelings of control,
with a good weight-maintenance/
follow-up approach. The National
Weight Control Registry reports show
that 90% of successful dieters show simi-
lar approaches to weight maintenance:
following a low-fat, high-carbohydrate
diet, frequently self-monitoring their
weight, eating breakfast, and being phys-
ically active (144). Diet may itself be as-
sociated with adverse consequences, with
astudy of 810 teenagers in the U.S. show-
ing that for boys, advice from mothers to
diet was associated with more worry
about weight gain,and much greater like-
lihood of binge eating (145).

Pediatric obesity is a novel concern,
for which prevention is optimal but not
likely with current approaches. Predictors
of weight gain are therefore needed so that
intervention at early stages of this costly
condition can be initiated. For obese dia-
betic adolescents, diet, exercise, behavior,
and drug treatment are options, although
very few drug or surgery studies have
been carried out in obese children, sug-
gesting that we may be undertreating
obese children. Attitudes, prejudice, and
stigmatization by the medical profession
may be important obstacles. Weight loss
is effective among adolescents in increas-
ing insulin sensitivity and reducing blood
pressure (146).

Another set of approaches to lifestyle
measures at risk reduction can be gained
from the perspective of studies of groups
with a particularly high risk of diabetes.
Potential interventions include glycemic
control of diabetic pregnancy and reduc-
tion of risk of low birth weight by preven-
tion of smoking and genital infection.
Encouraging breast-feeding may mini-
mize excessive energy intake and perhaps
improve insulin sensitivity in the child
because of the higher polyunsaturated fat
content of breast milk than cow milk.
Pima Indian studies show a lower preva-
lence of type 2 diabetes with breast-
feeding during infancy (147). In studies
of Native Canadians, exclusive breast-
feeding results in a fourfold decrease in
diabetes during adolescence (148). Sup-
portive environments for regular physical
activity and healthy food supply may lead

to a decrease in diabetes development.
School lunch (and breakfast) programs
can be highly effective in providing
healthier diet in these settings.

In a trial of 192 children in two Cali-
fornia schools, television and videotape
viewing and video game use was reduced
from 12 to 8 h/week in the intervention
group versus no change in the control
group. Those in the intervention group
had a 0.45-kg/m? lesser increase in BMI
and a 2.3-cm lesser increase in waist cir-
cumference that the control group during
the 6-month study (149). The “Kids ‘N
Fitness” program promotes health and
wellness in classrooms across the U.S.
(150), with similar programs having been
shown to decrease weight gain among at-
risk young persons from 1.2 to 0.2 kg/
month (151).

Metformin was shown to be of equal
efficacy to intensive lifestyle intervention
in decreasing conversion from IGT to di-
abetes among younger obese adults in the
Diabetes Prevention Program (152). In a
study of 29 obese hyperinsulinemic ado-
lescents with a positive family history of
type 2 diabetes randomized to metformin
versus placebo, however, although BMI
and fasting insulin improved modestly
with treatment, no change could be dem-
onstrated in insulin sensitivity, HbA,,
lipids, or glucose disposal; therefore, it is
uncertain whether this medication will
have a role in the prevention of type 2
diabetes among young persons (153).

Summary

Type 2 diabetes is becoming an increas-
ingly prevalent disorder among young
persons who are driven, as is the case in
adults, by lifestyle factors leading to in-
creased body weight. Genetic and familial
factors, fetal environmental factors, par-
ticularly maternal gestational diabetes
and intrauterine growth retardation, and
lack of physical activity during childhood
and adolescence lead to increasing levels
of insulin resistance that appear to be cru-
cial in the pathogenesis of type 2 diabetes
in the young. The disorder is associated
with microvascular disease, with a sug-
gestion of greater risk of nephropathy
than of retinopathy, and may also lead to
early macrovascular disease. Treatment
includes lifestyle modification and the
pharmacotherapeutic approaches utilized
in adults with type 2 diabetes, with stud-
ies to date supporting the roles of insulin
and metformin, suggesting the impor-
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tance of studying insulin secretagogues
and thiazolidinediones as approaches in
the treatment of type 2 diabetes in the
young. The development of effective ap-
proaches to disease prevention will be of
great importance.

Acknowledgments— Financial support for
the International Diabetes Federation Consen-
sus conference was provided by Johnson &
Johnson.

The conference organizing group members
are George Alberti (London), Francine Kauf-
man (Los Angeles), Martin Silink (Westmead,
Australia), and Paul Zimmet (Caulfield, Aus-
tralia). Presentations were made by Silva A.
Arslanian (Pittsburgh, PA; insulin resistance),
Peter Bennett (Phoenix, AZ; pathogenesis), So-
nia Caprio (New Haven, CT; insulin resistance
and approaches to risk reduction), Lee-Ming
Chuang (Taipei, Taiwan; screening), Dan
Cooper (Irvine, CA; exercise), Heather Dean
(Manitoba, Canada; microvascular disease),
Andrew Hattersley (Exeter, U.K.; genetics),
Francine Kaufman (screening and treatment),
Kaichi Kida (Ehime, Japan; epidemiology)
Kerin O’Dea (Casuarina, Australia; Australian
aborigines), Michael Marmot (London; socio-
economic considerations), Chittaragnan Ya-
jnik (Rasta Peth, India; fetal and neonatal
origins of insulin resistance), Stephan Rossner
(Stockholm, Sweden; obesity), Martin Silink
(CVD risk management), Roberto Trevifio
(San Antonio, TX; prevention), Frank Vinicor
(Atlanta, GA; epidemiology), and Paul Zimmet
(epidemiology).

References

1. Goran MI, Ball GD, Cruz ML: Obesity
and risk of type 2 diabetes and cardio-
vascular disease in children and adoles-
cents. | Clin Endocrinol Metab 88:1417—
1427, 2003

2. Steinberger J, Daniels SR: Obesity, insu-
lin resistance, diabetes, and cardiovascu-
lar risk in children: an American Heart
Association scientific statement from the
Atherosclerosis, Hypertension, and
Obesity in the Young Committee (Coun-
cil on Cardiovascular Disease in the
Young) and the Diabetes Committee
(Council on Nutrition, Physical Activity,
and Metabolism). Circulation 107:1448 —
1453, 2003

3. Dunstan D, Zimmet P, Welborn T, Si-
cree R, Armstrong T, Atkins R, Cameron
A, Shaw J, Chadban S, on behalf of the
AusDiab Steering Committee: Diabesity
& Associated Disorders in Australia 2000:
The Accelerating Epidemic. Melbourne,
Australia, International Diabetes Insti-
tute, 2001

4. Centers for Disease Control and Preven-

DiaBETES CARE, VOLUME 27, NUMBER 4, ApriL 2004

1005



|
Perspectives on the News

10.

11.

12.

13.

14.

15.

tion: Overweight children and adoles-
cents 6-19 years of age, according to
sex, age, race, and Hispanic origin:
United States, selected years 1963—65
through 1999-2000 [article online],
2003. Available from http://www.cdc.
gov/nchs/data/hus/tables/2002/

02hus071.pdf. Accessed 27 April 2003

. Ogden CL, Flegal KM, Carroll MD,

Johnson CL: Prevalence and trends in
overweight among US children and ad-
olescents, 1999-2000. JAMA 288:
1728-1732, 2002

. Sung RYT, Tong PCY, Yu CW, Lau PWC,

Mok GTF, Yam M-C, Lam PKW, Chan
JCN: High prevalence of insulin resis-
tance and metabolic syndrome in over-
weight/obese preadolescent Hong Kong
Chinese children aged 9-12 years. Dia-
betes Care 26:250-251, 2003

. Booth ML, Wake M, Armstrong T, Chey

T, Hesketh K, Mathur S: The epidemiol-
ogy of overweight and obesity among
Australian children and adolescents,
1995-97. Aust N Z | Public Health 25:
162-169, 2001

. Booth ML, Chey T, Wake M, Norton K,

Hesketh K, Dollman J, Robertson I:
Change in the prevalence of overweight
and obesity among young Australians,
1969-1997. Am J Clin Nutr 77:29-36,
2003

. Strauss RS, Pollack HA: Epidemic in-

crease in childhood overweight, 1986—
1998. JAMA 286:2845-2848, 2001
McCarthy HD, Ellis SM, Cole TJ: Central
overweight and obesity in British youth
aged 11-16 years: cross sectional sur-
veys of waist circumference. BMJ 326:
624-627,2003

Steinberger J, Moran A, Hong CP, Jacobs
DR Jr, Sinaiko AR: Adiposity in child-
hood predicts obesity and insulin resis-
tance in young adulthood. ] Pediatr 138:
469-473, 2001

Jiang X, Srinivasan SR, Bao W, Berenson
GS: Association of fasting insulin with
blood pressure in young individuals: the
Bogalusa Heart Study. Arch Intern Med
153:323-328, 1993

Freedman DS, Dietz WH, Srinivasan SR,
Berenson GS: The relation of overweight
to cardiovascular risk factors among
children and adolescents: the Bogalusa
Heart Study. Pediatrics 103:1175-1182,
1999

Invitti C, Guzzaloni G, Gilardini L,
Morabito F, Viberti G: Prevalence and
concomitants of glucose intolerance in
European obese children and adoles-
cents. Diabetes Care 26:118-124, 2003
Sinha R, Fisch G, Teague B, Tamborlane
WYV, Banyas B, Allen K, Savoye M, Rieger
V, Taksali S, Barbetta G, Sherwin RS,
Caprio S: Prevalence of impaired glucose
tolerance among children and adoles-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

cents with marked obesity. N Engl ] Med
346:802-810, 2002

Ehtisham S, Barrett TG, Shaw NJ: Type 2
diabetes mellitus in UK children: an
emerging problem. Diabet Med 17:867—
871, 2000

Drake AJ, Smith A, Betts PR, Crowne EC,
Shield JP: Type 2 diabetes in obese white
children. Arch Dis Child 86:207-208,
2002

Rosenbloom AL, Joe JR, Young RS, Win-
ter WE: Emerging epidemic of type 2
diabetes in youth. Diabetes Care 22:345—
354, 1999

American Diabetes Association: Type 2
diabetes in children and adolescents
(Consensus Statement). Diabetes Care
23:381-389, 2000

Owada M, Nitadori Y, Kitagawa T: The
present status of childhood NIDDM in
Japan. Jap ] Pediatr Med 28:823-828,
1996 [article in Japanese]

Dabelea D, Hanson RL, Bennett PH,
Roumain J, Knowler WC, Pettitt DJ: In-
creasing prevalence of type II diabetes in
American Indian children. Diabetologia
41:904-910, 1998

Abutt Sayeed M, Banu A, Khan AR, Hus-
sain MZ: Prevalence of diabetes and hyper-
tension in a rural population of
Bangladesh. Diabetes Care 18:555-558,
1995

Braun B, Zimmermann MB, Kretchmer
N, Spargo RM, Smith RM, Gracey M:
Risk factors for diabetes and cardiovas-
cular disease in young Australian aborig-
ines: a 5-year follow-up study. Diabetes
Care 19:472—-479, 1996

Freedman DS, Serdula MK, Percy CA,
Ballew C, White L: Obesity, levels of lip-
ids and glucose, and smoking among
Navajo adolescents. | Nutr 127:21205—
21278, 1997

Dean HJ, Young TK, Flett B, Wood-
Steiman P: Screening for type-2 diabetes
in aboriginal children in northern Can-
ada. Lancet 352:1523-1524, 1998
Harris SB, Gittelsohn J, Hanley A, Barnie
A, Wolever TM, Gao J, Logan A, Zinman
B: The prevalence of NIDDM and asso-
ciated risk factors in native Canadians.
Diabetes Care 20:185-187, 1997
Fagot-Campagna A: Emergence of type 2
diabetes mellitus in children: epidemio-
logical evidence. ] Pediatr Endocrinol
Metab 13:1395-402, 2000

Acton KJ, Burrows NR, Moore K, Querec
L, Geiss LS, Engelgau MM: Trends in di-
abetes prevalence among American In-
dian and Alaska native children,
adolescents, and young adults. Am J Pub-
lic Health 92:1485-1490, 2002
Pinhas-Hamiel O, Dolan LM, Daniels
SR, Standiford D, Khoury PR, Zeitler P:
Increased incidence of non-insulin-de-
pendent diabetes mellitus among ado-

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

lescents. | Pediatr 128:608-615, 1996
Macaluso CJ, Bauer UE, Deeb LC, Ma-
lone JI, Chaudhari M, Silverstein J, Eid-
son M, Goldberg RB, Gaughan-Bailey B,
Brooks RG, Rosenbloom AL: Type 2 di-
abetes mellitus among Florida children
and adolescents, 1994 through 1998.
Public Health Rep 117:373-379, 2002
Likitmaskul S, Kiattisathavee P, Chaichan-
watanakul K, Punnakanta L, Angsusingha
K, Tuchinda C: Increasing prevalence of
type 2 diabetes mellitus in Thai children
and adolescents associated with increas-
ing prevalence of obesity. J Pediatr Endo-
crinol Metab 16:71-77, 2003

Punnose J, Agarwal MM, El Khadir A,
Devadas K, Mugamer IT: Childhood and
adolescent diabetes mellitus in Arabs re-
siding in the United Arab Emirates. Dia-
betes Res Clin Pract 55:29-33, 2002
Cockram CS: Diabetes mellitus: per-
spective from the Asia-Pacific region. Di-
abetes Res Clin Pract 50 (Suppl. 2):S3—
S7,2000

Fagot-Campagna A, Saaddine JB, Flegal
KM, Beckles GL: Diabetes, impaired fast-
ing glucose, and elevated HbA, . in U.S.
adolescents: the Third National Health
and Nutrition Examination Survey. Dia-
betes Care 24:834—-837, 2001
Kawamura T, Kadotani S, Kimura K,
Nishihara S, Inada H, Ishiki G: The epi-
demiological study on the prevalence
rate of childhood type 2 diabetes in
Osaka city of Japan using capture mark
recapture method (Abstract). Diabetes
48 (Suppl. 1):A168, 1999

Kitagawa T, Owada M, Urakami T, Yam-
auchi K: Increased incidence of non-in-
sulin dependent diabetes mellitus
among Japanese schoolchildren corre-
lates with an increased intake of animal
protein and fat. Clin Pediatr 37:111-
115, 1998

L-M Chuang, Wei J-N, Sung F-C, Lee
C-Y, Lin R-S, Lin C-C, Chiang C-C: In-
cidence and prevalence of childhood di-
abetes in Taiwan: an experience with
nation-wide mass screening (Abstract).
Diabetes Res Clin Pract 56 (Suppl. 1):S16,
2002

Silink M, Craig M, Yeo J-P (Eds): IDF
WPR Childhood and Adolescence Diabcare
2001 Report. Brussels, International Dia-
betes Federation, 2001

CDC Diabetes Cost-Effectiveness Study
Group: The cost-effectiveness of screen-
ing for type 2 diabetes. JAMA 280:1757—
1763, 1998

Fagot-Campagna A, Saaddine JB, Engel-
gau MM: Is testing children for type 2
diabetes a lost battle? (Letter). Diabetes
Care 23:1442-1443, 2000

American Diabetes Association: Screen-
ing for diabetes (Position Statement). Di-
abetes Care 25 (Suppl. 1):521-S24,2002

1006

DiaBETES CARE, VOLUME 27, NUMBER 4, ApriL 2004



42.

43.

44,

45.

46.

47.

48.

49.

50.

American Diabetes Association: Standards
of medical care for patients with diabetes
mellitus (Position Statement). Diabetes
Care 25 (Suppl. 1):533-S50, 2002
Vinicor F, Bowman B, Engelgau M: Dia-
betes: prevention needed. Lancet 361:
544, 2003

Pearson ER, Liddell WG, Shepherd M,
Corrall RJ, Hattersley AT: Sensitivity to
sulphonylureas in patients with hepato-
cyte nuclear factor-lalpha gene muta-
tions: evidence for pharmacogenetics in
diabetes. Diabet Med 17:543-545, 2000
Pearson ER, Shakespeare L, Starkey B,
Owen K, Shepherd M, Ayres S, Clark P,
Hattersley AT: Sulphonylureas sensitiv-
ity in HNF-lalpha MODY is explained
by an exaggerated B-cell insulin secre-
tory response and insulin sensitivity
(Abstract). Diabet Med 19 (Suppl.
2):A70, 2002

Horikawa Y, Oda N, Cox NJ, Li X, Orho-
Melander M, Hara M, Hinokio Y, Lind-
ner TH, Mashima H, Schwarz PE, del
Bosque-Plata L, Horikawa Y, Oda Y, Yo-
shiuchi I, Colilla S, Polonsky KS, Wei S,
Concannon P, Iwasaki N, Schulze J, Baier
LJ, Bogardus C, Groop L, Boerwinkle E,
Hanis CL, Bell GI: Genetic variation in the
gene encoding calpain-10 is associated
with type 2 diabetes mellitus. Nat Genet
26:163-175, 2000

Altshuler D, Hirschhorn JN, Klanne-
mark M, Lindgren CM, Vohl MC, Nem-
esh J, Lane CR, Schaffner SF, Bolk S,
Brewer C, Tuomi T, Gaudet D, Hudson
TJ, Daly M, Groop L, Lander ES: The
common PPARgamma Prol2Ala poly-
morphism is associated with decreased
risk of type 2 diabetes. Nat Genet 26:76—
80, 2000

Gloyn AL, Weedon MN, Owen KR,
Turner MJ, Knight BA, Hitman G, Walker
M, Levy JC, Sampson M, Halford S, Mc-
Carthy MI, Hattersley AT, Frayling TM:
Large-scale association studies of variants
in genes encoding the pancreatic B-cell
K,rp channel subunits Kir6.2 (KCNJ11)
and SUR1 (ABCCS8) confirm that the
KCNJ11 E23K variant is associated with
type 2 diabetes. Diabetes 52:568-572,
2003

Hegele RA, Cao H, Harris SB, Hanley A]J,
Zinman B: The hepatic nuclear factor-
lalpha G319S variant is associated with
early-onset type 2 diabetes in Canadian
Oji-Cree JClinEndocrinolMetab84:1077—
1082, 1999

Triggs-Raine BL, Kirkpatrick RD, Kelly
SL, Norquay LD, Cattini PA, Yamagata
K, Hanley AJ, Zinman B, Harris SB, Bar-
rett PH, Hegele RA: HNF-1alpha G319S,
a transactivation-deficient mutant, is as-
sociated with altered dynamics of diabe-
tes onset in an Oji-Cree community.
Proc Natl Acad Sci US A 99:4614—-4619,

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

2002

Sellers EA, Triggs-Raine B, Rockman-
Greenberg C, Dean HJ: The Prevalence
of the HNF-1la G319S mutation in Ca-
nadian Aboriginal youth with type 2 di-
abetes. Diabetes Care 25:2202-2206,
2002

McCance DR, Pettitt DJ, Hanson RL, Ja-
cobsson LT, Knowler WC, Bennett PH:
Birth weight and non-insulin dependent
diabetes: thrifty genotype, thrifty pheno-
type, or surviving small baby genotype?
BMJ 308:942-945, 1994

Forsen T, Eriksson J, Tuomilehto J, Reu-
nanen A, Osmond C, Barker D: The fetal
and childhood growth of persons who
develop type 2 diabetes. Ann Intern Med
133:176-182, 2000

Fall CH, Stein CE, Kumaran K, Cox V,
Osmond C, Barker DJ, Hales CN: Size at
birth, maternal weight, and type 2 dia-
betes in South India. Diabet Med
15:220-227, 1998

McCance DR, Pettitt DJ, Hanson RL, Ja-
cobsson LT, Bennett PH, Knowler WC:
Glucose, insulin concentrations and
obesity in childhood and adolescence as
predictors of NIDDM. Diabetologia 37:
617-623, 1994

Gautier JF, Wilson C, Weyer C, Mott D,
Knowler WC, Cavaghan M, Polonsky
KS, Bogardus C, Pratley RE: Low acute
insulin secretory responses in adult off-
spring of people with early onset type 2
diabetes. Diabetes 50:1828-1833, 2001
Zanconato S, Buchthal S, Barstow TJ,
Cooper DM: 31P-magnetic resonance
spectroscopy of leg muscle metabolism
during exercise in children and adults.
J Appl Physiol 74:2214-2218, 1993
Cappon JP, Ipp E, Brasel JA, Cooper DM:
Acute effects of high fat and high glucose
meals on the growth hormone response
to exercise. J Clin Endocrinol Metab 76:
1418-1422, 1993

Vettor R, Macor C, Rossi E, Piemonte G,
Federspil G: Impaired counterregula-
tory hormonal and metabolic response
to exhaustive exercise in obese subjects.
Acta Diabetol 34:61-66, 1997

Sinha R, Dufour S, Petersen KF, LeBon
V, Enoksson S, Ma YZ, Savoye M, Roth-
man DL, Shulman GI, Caprio S: Assess-
ment of skeletal muscle triglyceride
content by 'H nuclear magnetic reso-
nance spectroscopy in lean and obese
adolescents: relationships to insulin sen-
sitivity, total body fat, and central adi-
posity. Diabetes 51:1022-1027, 2002
Eliakim A, Scheett TP, Newcomb R, Mo-
han S, Cooper DM: Fitness, training, and
the growth  hormone—>insulin-like
growth factor I axis in prepubertal girls.
J Clin Endocrinol Metab 86:2797-2802,
2001

Schmitz KH, Jacobs DR Jr, Hong CP,

63.

64.

65.

60.

67.

68.

69.

70.

71.

72.

73.

Bloomgarden

Steinberger J, Moran A, Sinaiko AR: As-
sociation of physical activity with insulin
sensitivity in children. Int J Obes Relat
Metab Disord 26:1310-1316, 2002
Ferguson MA, Gutin B, Le NA, Karp W,
Litaker M, Humphries M, Okuyama T,
Riggs S, Owens S: Effects of exercise
training and its cessation on compo-
nents of the insulin resistance syndrome
in obese children. Int ] Obes Relat Metab
Disord 23:889-895, 1999

O'Dea K, White NG, Sinclair AJ: An in-
vestigation of nutrition-related risk
factorsin an isolated Aboriginal commu-
nity in northern Australia: advantages of
atraditionally-orientated life-style. Med |
Aust 148:177-180, 1998

McDermott R, Rowley KG, Lee AJ,
Knight S, O’Dea K: Increase in preva-
lence of obesity and diabetes and de-
crease in plasma cholesterol in a central
Australian aboriginal community. Med |
Aust 172:480-484, 2000

Daniel M, Rowley KG, McDermott R,
Mylvaganam A, O’Dea K: Diabetes inci-
dence in an Australian aboriginal popu-
lation: an 8-year follow-up study.
Diabetes Care 22:1993-1998, 1999
Mackerras DE, Reid A, Sayers SM, Singh
GR, Bucens IK, Flynn KA: Growth and
morbidity in children in the Aboriginal
Birth Cohort Study: the urban-remote
differential. Med | Aust 178:56-60,
2003

Magarey AM, Daniels LA, Boulton TJ:
Prevalence of overweight and obesity in
Australian children and adolescents: re-
assessment of 1985 and 1995 data
against new standard international defi-
nitions. Med J Aust 174:561-564, 2001
Physical activities and obesity in Japa-
nese children: 1981 and 1992: Japanese
Association of School Health: report on
surveillance of health of school children,
1992. Japanese Journal of School Health
57,1993 [in Japanese]

Grunbaum JA, Kann L, Kinchen SA,
Williams B, Ross JG, Lowry R, Kolbe L:
Youth risk behavior surveillance: United
States, 2001. MMWR CDC Surveill Summ
51:1-62, 2002

Kimm SY, Glynn NW, Kriska AM, Bar-
ton BA, Kronsberg SS, Daniels SR, Craw-
ford PB, Sabry ZI, Liu K: Decline in
physical activity in black girls and white
girls during adolescence. N Engl | Med
347:709-715, 2002

Crespo CJ, Smit E, Troiano RP, Bartlett
SJ, Macera CA, Andersen RE: Television
watching, energy intake, and obesity in
US children: results from the Third Na-
tional Health and Nutrition Examination
Survey, 1988-1994. Arch Pediatr Ado-
lesc Med 155:360-365, 2001

Salmon J, Bauman A, Crawford D, Tim-
perio A, Owen N: The association be-

DiaBETES CARE, VOLUME 27, NUMBER 4, ApriL 2004

1007



|
Perspectives on the News

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

tween television viewing and overweight
among Australian adults participating in
varying levels of leisure-time physical
activity. Int ] Obes Relat Metab Disord 24:
600-6006, 2000

Campbell K, Crawford D, Jackson M,
Cashel K, Worsley A, Gibbons K, Birch
LL: Family food environments of 5-6-
year-old-children: does socioeconomic
status make a difference? Asia Pac ] Clin
Nutr 11 (Suppl. 3):5553-S561, 2002
Chestnutt 1G, Ashraf FJ: Television ad-
vertising of foodstuffs potentially detri-
mental to oral health: a content analysis
and comparison of children’s and prime-
time broadcasts. Community Dent Health
19:86-89, 2002

Maynard LM, Galuska DA, Blanck HM,
Serdula MK: Maternal perceptions of
weight status of children. Pediatrics 111:
1226-1231, 2003

Weyer C, Bogardus C, Mott DM, Pratley
RE: The natural history of insulin secre-
tory dysfunction and insulin resistance
in the pathogenesis of type 2 diabetes
mellitus. J Clin Invest 104:787-794,
1999

Kobayashi K, Amemiya S, Higashida K,
Ishihara T, Sawanobori E, Kobayashi K,
Mochizuki M, Kikuchi N, Tokuyama K,
Nakazawa S: Pathogenic factors of glu-
cose intolerance in obese Japanese ado-
lescents with type 2 diabetes. Metabolism
49:186-191, 2000

Svec F, Nastasi K, Hilton C, Bao W,
Srinivasan SR, Berenson GS: Black-white
contrasts in insulin levels during puber-
tal development: the Bogalusa Heart
Study. Diabetes 41:313-317, 1992
Arslanian SA, Saad R, Lewy V, Danadian
K, Janosky J: Hyperinsulinemia in Afri-
can-American children: decreased insu-
lin clearance and increased insulin
secretion and its relationship to insulin
sensitivity.  Diabetes 51:3014-3019,
2002

Danadian K, Lewy V, Janosky JJ, Arsla-
nian S: Lipolysis in African-American
children: is it a metabolic risk factor pre-
disposing to obesity? ] Clin Endocrinol
Metab 86:3022-3026, 2001

Danadian K, Suprasongsin C, Janosky
JE, Arslanian S: Leptin in African-Amer-
ican children. J Pediatr Endocrinol Metab
12:639-644, 1999

Arslanian S: Metabolic differences be-
tween caucasian and African American
children and the relationship to type 2
diabetes mellitus. J Pediatr Endocrinol
Metab 15:509-517, 2002

Arslanian S, Danadian K: Insulin secre-
tion, insulin sensitivity and diabetes in
black children. Trends Endocrinol and
Metabol 9:194-199, 1998

Aaron DJ, Kriska AM, Dearwater SR,
Anderson RL, Olsen TL, Cauley JA, La-

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

porte RE: The epidemiology of leisure
physical activity in an adolescent popula-
tion. Med Sci Sports Exerc 25:847-853,
1993

Bacon AW, MilesJS, Schiffman SS: Effect
of race on perception of fat alone and in
combination with sugar. Physiol Behav
55:603-606, 1994

Desmond SM, Price JH, Hallinan C,
Smith D: Black and white adolescents’
perceptions of their weight. | Sch Health
59:353-358, 1989

Falkner F: Obesity and cardiovascular
disease risk factors in prepubescent and
pubescent black and white females. Crit
Rev Food Sci Nutr 33:397—402, 1993
Kimm SY, Gergen PJ, Malloy M, Dresser
C, Carroll M: Dietary patterns of U.S.
children: implications for disease pre-
vention. Prev Med 19:432—442, 1990
Freedman DS, Srinivasan SR, Burke GL,
Shear CL, Smoak CG, Harsha DW, Web-
ber LS, Berenson GS: Relation of body fat
distribution to hyperinsulinemia in chil-
dren and adolescents: the Bogalusa
Heart Study. Am ] Clin Nutr 46:
403-410, 1987

Weiss R, Dufour S, Falk-Petersen K,
Taksali SE, Shulman G, Caprio S: In-
creased intramyocellular lipid content in
obese adolescents with impaired glucose
tolerance (Abstract). Diabetes 51 (Suppl.
2):A68, 2002

Bacha F, Saad R, Gungor N, Janosky J,
Arslanian SA: Obesity, regional fat dis-
tribution and syndrome X in obese black
versus white adolescents: race differen-
tial in diabetogenic and atherogenic risk
factors. J Clin Endocrinol Metab. In press
Danadian K, Balasekaran G, Lewy V, Meza
MP, Robertson R, Arslanian SA: Insulin
sensitivity in African-American children
with and without family history of type 2
diabetes. Diabetes Care 22:1325-13209,
1999

Smith CP, Dunger DB, Williams AJ, Tay-
lor AM, Perry LA, Gale EA, Preece
MA, Savage MO: Relationship between
insulin, insulin-like growth factor I, and
dehydroepiandrosterone sulfate con-
centrations during childhood, puberty,
and adult life. ] Clin Endocrinol Metab 68:
932-937, 1989

Amiel SA, Sherwin RS, Simonson DC,
Lauritano AA, Tamborlane WV: Im-
paired insulin action in puberty: a con-
tributing factor to poor glycemic control
in adolescents with diabetes. N Engl
J Med 315:215-219, 1986

Bloch CA, Clemons P, Sperling MA: Pu-
berty decreases insulin sensitivity. J Pe-
diatr 110:481-487, 1987

Saad RJ, Danadian K, Lewy V, Arslanian
SA: Insulin resistance of puberty in Afri-
can American children: lack of a com-
pensatory increase in insulin secretion.

98.

99.

100.

101.

102.

103.
104.

105.

106.

107.

108.

109.

110.

Pediatr Diabetes 3:4-9, 2002

Lewy VD, Danadian K, Witchel SF, Ar-
slanian S: Early metabolic abnormalities
in adolescent girls with polycystic ovar-
ian syndrome. ] Pediatr 138:38-44,
2001

Palmert MR, Gordon CM, Kartashov Al,
Legro RS, Emans SJ, Dunaif A: Screening
for abnormal glucose tolerance in adoles-
cents with polycystic ovary syndrome.
J Clin Endocrinol Metab 87:1017-1023,
2002

Arslanian SA, Lewy VD, Danadian K:
Glucose intolerance in obese adolescents
with polycystic ovary syndrome: roles of
insulin resistance and beta-cell dysfunc-
tion and risk of cardiovascular disease.
] Clin Endocrinol Metab 86:66—-71, 2001
Fagot-Campagna A: Complications
among Pima Indians diagnosed during
childhood (Abstract). Diabetes 47
(Suppl. 1):A155, 1998

Krakoff J, Lindsay RS, Looker HC, Nel-
son RG, Hanson RL, Knowler WC: Inci-
dence of retinopathy and nephropathy
in youth-onset compared with adult-on-
set type 2 diabetes. Diabetes Care 26:76—
81,2003

Reference deleted

Yokoyama H, Okudaira M, Otani T, Ta-
kaike H, Miura J, Saeki A, Uchigata Y,
Omori Y: Existence of early-onset
NIDDM Japanese demonstrating severe
diabetic complications. Diabetes Care
20:844-847, 1997

Bulloch B, Postl BD, Ogborn MR: Excess
prevalence of non diabetic renal disease
in native American children in Mani-
toba. Pediatr Nephrol 10:702-704, 1996
Fagot-Campagna A, Nelson RG,
Knowler WC, Pettitt DJ, Robbins DC,
Go O, Welty TK, Lee ET, Howard BV:
Plasma lipoproteins and the incidence of
abnormal excretion of albumin in dia-
betic American Indians: the Strong
Heart Study. Diabetologia 41:1002—
1009, 1998

Mitenefes MM: Pediatric end-stage renal
disease: heart as a target. J Pediatr 141:
162-164, 2002

Dean HJ, Flett B: Natural history of type
2 diabetes diagnosed in childhood: long
term follow-up in young adult years
(Abstract). Diabetes 51:A24, 2002
Berenson GS, Srinivasan SR, Bao W,
Newman WP 3rd, Tracy RE, Wattigney
WA: Association between multiple car-
diovascular risk factors and atheroscle-
rosis in children and young adults: the
Bogalusa Heart Study. N Engl ] Med 338:
1650-1656, 1998

Expert Panel on Detection, Evaluation,
and Treatment of High Blood Choles-
terol in Adults: Executive Summary of
the Third Report of the National Choles-
terol Education Program (NCEP) Expert

1008

DiaBETES CARE, VOLUME 27, NUMBER 4, ApriL 2004



111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel IID).
JAMA 285:2486-2497, 2001

UK Prospective Diabetes Study Group: Ef-
fect of intensive blood-glucose control
with metformin on complications in over-
weight patients with type 2 diabetes (UK-
PDS 34). Lancet 352:854—-865, 1998
Sowers JR, Epstein M, Frohlich ED:
Diabetes, hypertension and cardiovas-
cular disease. Hypertension 37:1053—
1069, 2001

Doll R, Peto R: Mortality in relation to
smoking: 20 years’ observations on male
British doctors. Br Med ] 2:1525-1536,
1976

Sowers KM, Sowers JR: Obesity, hyper-
tension and vascular disease. Curr Hy-
pertension Rep 1:140-144, 1999
Sowers JR: Obesity and cardiovascular
disease. Clin Chem 44:1821-1825,1998
UK Prospective Diabetes Study Group:
Intensive blood-glucose control with
sulphonylureas or insulin compared
with conventional treatment and risk of
complications in patients with type 2 di-
abetes (UKPDS 33). Lancet 352:837-
853, 1998

Colwell JA: Aspirin therapy in diabetes.
Diabetes Care 20:1767-1771, 1997
National Cholesterol Education Pro-
gram: Highlights of the Report of the Ex-
pert Panel on Blood Cholesterol Levels
in Children and Adolescents. Pediatrics
89:495-501, 1992

American Diabetes Association: Man-
agement of dyslipidemia in children and
adolescents with diabetes. Diabetes Care
26:2194-2197, 2003

de Jongh S, Stalenhoef AFH, Tuohy MB,
Mercuri M, Bakker HD, Kastelein JJP, for
the Simvastatin in Children Study
Group: Efficacy, safety and tolerability of
simvastatin in children with familial hy-
percholesterolaemia rationale, design
and baseline characteristics. Clin Drug
Invest 22:533-540, 2002

de Jongh S, Ose L, Szamosi T, Gagne C,
Lambert M, Scott R, Perron P, Dob-
belaere D, Saborio M, Tuohy MB, Step-
anavage M, Sapre A, Gumbiner B,
Mercuri M, van Trotsenburg AS, Bakker
HD, Kastelein JJ: Efficacy and safety of
statin therapy in children with familial
hypercholesterolemia: a randomized,
double-blind, placebo-controlled trial
with simvastatin. Circulation 106:2231—
2237, 2002

National High Blood Pressure Education
Program Working Group on Hyperten-
sion Control in Children and Adoles-
cents: Update on the 1987 Task Force
Report on High Blood Pressure in Children
and Adolescents: A Working Group Report
From the National High Blood Pressure Ed-

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

ucation Program. Bethesda, MD, Na-
tional Institutes of Health, 1996 (U.S.
Department of Health and Human Ser-
vices publ. NTH 96-3790)

Dean HJ, Sellers EAC: Steatohepatitis in
children with type 2 diabetes (Abstract).
Diabetes 50 (Suppl. 1):A378, 2001
MacFarlane 1, Gill G, Grove T, Wal-
lymahmed M: Trends in the smoking
habits of young adults with diabetes.
Postgrad Med ] 77:461-463, 2001
American Diabetes Association: Stan-
dards of medical care for patients with
diabetes mellitus (Position Statement).
Diabetes Care 22 (Suppl. 1):S33-541,
1999

Bradshaw B: The role of the family in
managing therapy in minority children
with type 2 diabetes mellitus. ] Pediatr
Endocrinol Metab 15:547-551, 2002
Silverstein JH, Rosenbloom AL: Treat-
ment of type 2 diabetes mellitus in chil-
dren and adolescents. ] Pediatr
Endocrinol Metab 13 (Suppl. 6):1403—
1409, 2000

Sellers EAC, Dean HJ: Short term insulin
therapy in youth with type 2 diabetes
(Abstract). Diabetes 51 (Suppl. 2):A613,
2002

Jones KL, Arslanian S, Peterokova VA,
Park JS, Tomlinson MJ: Effect of met-
formin in pediatric patients with type 2
diabetes: a randomized controlled trial.
Diabetes Care 25:89-94, 2002

Sellers EAC, Young KT, Dean HJ: A ran-
domized controlled trial of metformin in
a pediatric type 2 population (Abstract).
Diabetes 51 (Suppl. 2):A430, 2002
Chiasson JL, Josse RG, Gomis R,
Hanefeld M, Karasik A, Laakso M: Acar-
bose for prevention of type 2 diabetes
mellitus: the STOP-NIDDM randomised
trial. Lancet 359:2072-2077, 2002

Toh CM, Cutter J, Chew SK: School
based intervention has reduced obesity
in Singapore (Letter). BMJ] 324:427,
2002

Kida K, Ito T, Yang SW, Tanphaichitr V:
Effect of Western diet on risk factors of
chronic diseases in Asia. In Preventive
Nutrition. 2nd ed. Bendich A, Deckel-
baum RJ, Eds. Totowa, NJ, Humana
Press, 2000, p. 435-446

Trevino RP, Marshall RM Jr, Hale DE,
Rodriguez R, Baker G, Gomez J: Diabetes
risk factors in low-income Mexican-
American children. Diabetes Care 22:
202-207, 1999

Trevino RP, Yin Z, Garcia O, Dempsey
LA, Gonzalez AM, Mobley C: Bienestar’s
primary prevention of hyperglycemia: a
randomized controlled trial (Abstract).
Diabetes 52 (Suppl. 1):A404, 2003
Allander E, Lindahl BI: Why is preven-
tion so difficult and slow? Scand J Soc
Med 25:145-148, 1997

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

Bloomgarden

Visscher TLS: Obesity: The Public Health
Impact. Thesis. Wageningen, the Neth-
erlands, University of Wageningen,
2001

Campbell L, Rossner S: Management of
obesity in patients with type 2 diabetes.
Diabet Med 18:345-354, 2001

Samaras K, Ashwell S, Mackintosh AM,
Campbell LV, Chisholm DJ: Exercise in
NIDDM: are we missing the point? Dia-
bet Med 13:780-781, 1996

Yanovski JA, Yanovski SZ, Sovik KN,
Nguyen TT, O'Neil PM, Sebring NG: A
prospective study of holiday weight
gain. N Engl ] Med 342:861-867, 2000
Hunter-Smith DG, Kessel K, Grant M,
Piotrowski ZH: Association between el-
evated body-mass index and impaired
sense of smell in older people (Letter).
J Am Geriatr Soc 44:100-101, 1996
Hiddink GJ, Hautvast JG, van Woerkum
CM, van’t Hof MA, Fieren CJ: Cross-sec-
tional and longitudinal analyses of nutri-
tion guidance by primary care
physicians. Eur J Clin Nutr 53:535-543,
1999

Kramer NR, Cook TE, Carlisle CC, Cor-
win RW, Millman RP: The role of the
primary care physician in recognizing
obstructive sleep apnea. Arch Intern Med
159:965-968, 1999

Wyatt HR, Grunwald GK, Mosca CL,
Klem ML, Wing RR, Hill JO: Long-term
weight loss and breakfast in subjects in
the National Weight Control Registry.
Obes Res 10:78—-82, 2002

Fulkerson JA, McGuire MT, Neumark-
Sztainer D, Story M, French SA, Perry
CL: Weight-related attitudes and behav-
iors of adolescent boys and girls who are
encouraged to diet by their mothers. Int
J Obes Relat Metab Disord 26:1579—
1587, 2002

Rocchini AP, Katch V, Schork A, Kelch
RP: Insulin and blood pressure during
weight loss in obese adolescents. Hyper-
tension 10:267-273, 1987

Pettitt DJ, Forman MR, Hanson RL,
Knowler WC, Bennett PH: Breastfeeding
and incidence of non-insulin-dependent
diabetes mellitus in Pima Indians. Lancet
350:166-168, 1997

Young TK, Martens PJ, Taback SP, Sell-
ers EA, Dean HJ, Cheang M, Flett B:
Type 2 diabetes mellitus in children:
prenatal and early infancy risk factors
among native Canadians. Arch Pediatr
Adolesc Med 156:651-655, 2002
Robinson TN: Reducing children’s tele-
vision viewing to prevent obesity: a ran-
domized controlled trial. JAMA 282:
1561-1567, 1999

DiRado A: CHLA program suggests how
to promote kids’ healthful eating, exer-
cise habits [article online], 2001. Avail-
able from http://www.usc.edu/hsc/info/

DiaBETES CARE, VOLUME 27, NUMBER 4, ApriL 2004

1009



|
Perspectives on the News

151.

pr/1vol7/723/chla. html. Page modified
14 September 2001

Mackenzie M, Halvorson M, Kaufman
FR, Braun S, Conrad BP: Effect of a Kids
‘N Fitness weight management program
on obesity and other pediatric health
factors (Abstract). Diabetes 50 (Suppl.

152.

1):A22,2001

Knowler WC, Barrett-Connor E, Fowler
SE, Hamman RF, Lachin JM, Walker EA,
Nathan DM, the Diabetes Prevention
Program Research Group: Reduction in
the incidence of type 2 diabetes with life-
style intervention or metformin. N Engl

153.

J Med 346:393-403, 2002

Freemark M, Bursey D: The effects of
metformin on body mass index and glu-
cose tolerance in obese adolescents with
fasting hyperinsulinemia and a family
history of type 2 diabetes. Pediatrics 107:
E55, 2001

1010

DiaBETES CARE, VOLUME 27, NUMBER 4, ApPriL 2004



