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Pediatric Cardi y

Changes in Insulin Resistance and Cardiovascular Risk
During Adolescence
Establishment of Differential Risk in Males and Females

Antoinette Moran, MD; David R. Jacobs, Jr, PhD; Julia Steinberger, MD, MS; Lyn M. Steffen, PhD;
James S. Pankow, PhD; Ching-Ping Hong, MS; Alan R. Sinaiko, MD

Background—Developmental changes in insulin resistance and cardiovascular risk were studied in youths 11 to 19 years
of age.

Methods and Results—A cohort was randomly selected after blood pressure screening of Minneapolis, Minn, school
children. Studies were done 3 times on this cohort and once on their siblings (996 observations on 507 individuals from
363 families). Insulin sensitivity was determined by euglycemic clamp. Body mass index and waist circumference
increased similarly in both sexes from ages 11 to 19 years. Body fat decreased in males and increased in females
(P<<0.001). Lean body mass increased at a steeper rate in males (P<<0.0001). Insulin resistance was lower in males at
11 years but increased steadily to 19 years (P=0.003); in contrast, it did not increase in females. Thus, despite being
less insulin resistant at 11 years and decreasing in fatness during puberty, males became more insulin resistant than
females by 19 years of age. Triglycerides increased in males and high-density lipoprotein cholesterol decreased, whereas
the opposite pattern was seen in females, which resulted in higher triglycerides and lower high-density lipoprotein
cholesterol in males at 19 years. No gender difference in low-density lipoprotein or total cholesterol was seen. Systolic
blood pressure increased in both sexes but at a greater rate in boys (P=0.03).

Conclusions—During the transition from late childhood through adolescence, insulin resistance in males increased in
association with increased triglycerides and decreased high-density lipoprotein cholesterol, despite a concurrent
reduction in body fatness, whereas the opposite occurred in females. These gender-related developmental changes in
insulin resistance, which were independent from changes in fatness, total cholesterol, and low-density lipoprotein
cholesterol, are consistent with an early role for insulin resistance in the increased cardiovascular risk found in males.
(Circulation. 2008;117:2361-2368.)
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Interest in the metabolic syndrome and long-term cardio-
vascular risk in children and adolescents has increased over
the past decade because of recognition of increasing child-
hood prevalence of the full syndrome and increasing levels in
children of the individual risk factors that make up the
syndrome.'-3 Adverse childhood levels of risk factors have
been related to development of target-organ disease in
adults.* During the first 2 decades of life, insulin resistance
and metabolic syndrome factors are influenced by significant
developmental changes mediated by puberty and growth.
Thus, studying changes in insulin resistance and its relation to
measures of body composition and other metabolic syndrome
factors during adolescence may help clarify the causative
relations among insulin resistance, body fatness, and the
development of cardiovascular risk.
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The present report used data obtained from children par-
ticipating in a longitudinal study to describe changes in
insulin resistance, body composition, and other metabolic risk
factors from age 11 to 19 years.5¢ The results show that
substantial changes in insulin resistance occur during this
transition period from late childhood to young adulthood and
that important sex-related differences are established, consis-
tent with development of early cardiovascular risk in males.

Methods
Subjects

The present study was approved by the Institutional Review Board
Human Subjects Committee of the University of Minnesota. Consent
was obtained from the children and their parents/guardians.
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The initial cohort was selected randomly after blood pressure
screening of 12 043 fifth- to eighth-grade public school children in
Minneapolis, Minn (93% of eligible children in those grades), with
stratification according to sex, race (black and non-Hispanic white),
and systolic blood pressure (SBP) percentile (half from the upper
25th percentiles and half from the lower 75th percentiles to enrich
the study population with potentially higher-risk children), as de-
scribed previously.” Of 2915 children receiving a recruitment letter,
537 attended an information meeting (groups of 20 to 30) with their
parents, 401 provided informed consent, and 357 completed an initial
clinic visit. The screening blood pressure, height, and weight of these
participants did not differ significantly from the children who chose
not to participate. The original cohort of 401 participants was
reexamined twice, with a target reexamination interval of 2 years
between visits 1 and 2 and at age 18 to 19 years for visit 3. After
enrollment of the initial cohort, siblings were recruited. Of 266
siblings who were 11 to 19 years old, clinic visits and insulin clamps
were completed on 150. There were 13 pregnancies; no data were
obtained during pregnancy or in the postpartum period.

Participants were seen in a dedicated clinic. Blood pressure was
measured with a random-zero sphygmomanometer on the right arm
of seated subjects, and the average of 2 SBP and fifth-phase
Korotkoff diastolic blood pressure (DBP) measurements were ana-
lyzed. The euglycemic insulin clamp and other laboratory studies
were conducted 3 times on the initial cohort and once on their
siblings in the University of Minnesota Clinical Research Center, as
described previously.>7 Insulin was infused at a rate of 1 mU - kg™ -
min ' for 3 hours. A variable infusion of 20% glucose was adjusted
to maintain plasma glucose at 100 mg/dL (5.6 mmol/L). Insulin
sensitivity, M, was determined from the amount of glucose required
to maintain euglycemia over the final 40 minutes of the clamp,
corrected for lean body mass (LBM) and expressed as Mgy
(milligrams of glucose per kilogram of LBM per minute). A lower
M,y value represents greater insulin resistance. LBM was calcu-
lated by the method of Slaughter et al® for data collected at the first
and second cohort clamps and by dual-photon x-ray absorptiometry
for the third cohort clamp and the sibling clamps. The Slaughter
estimates were adjusted to the dual-photon x-ray absorptiometry
estimates on the basis of formulas from our previously published
studies® in 140 children 11 to 17 years of age who showed high
correlations for percent body fat (%BF) and fat body mass between
the Slaughter estimates and dual-photon x-ray absorptiometry, as
follows: boys (n=72), %BF r=0.93, fat body mass r=0.96; girls
(n=68), %BF r=0.92, fat body mass r=0.98 (all P=0.0001).

Plasma glucose was measured immediately at the bedside with a
Beckman glucose analyzer II (Beckman Instruments Inc, Fullerton,
Calif). Fasting plasma insulin levels were obtained at baseline (15,
10, and 5 minutes before the insulin infusion was begun) and
averaged. Analyses were conducted in the University of Minnesota
Fairview laboratory by radioimmunoassay (Diagnostic Products
Corp, Los Angeles, Calif) for the first and second cohort clamps. The
laboratory then changed the method for insulin measurements to a
chemiluminescence solid-phase immunometric assay (Immulite, Di-
agnostic Products Corp), and this method was used for the third
cohort clamp and the sibling clamp studies. After analysis of 26
samples with radioimmunoassay insulin <80 mU/L measured both
ways, insulin values were recalibrated from the radioimmunoassay to
the Immulite method, as follows: Immulite insulin value=—2.195+
0.9349 X radioimmunoassay insulin value (r=0.98, P=0.0001). Serum
lipids were analyzed as described previously'?; low-density lipopro-
tein cholesterol was estimated by the Friedewald equation.

Data Analysis

We analyzed linear and year-by-year age trends in each dependent
variable separately for boys and girls using SAS PROC MIXED to
account for the correlated observations. The observations were
correlated in 2 ways. There were up to 3 repeated measures in
original study participants (tracking correlations), and family mem-
bership induced lesser correlations among siblings (including 4
original participants who were siblings of other original partici-
pants). The model included terms for sex, race, sibship (an indicator

for sib or original proband), visit number, current age at observation,
and the products of each of sex, race, and sibship with current age.
Further adjustment for whether or not the original participant was
selected for high SBP did not alter the findings (data not shown). The
linear slopes with increasing age were derived from this model with
current age as a continuous variable. Because none of the sibship-
by-age interaction terms were significant, it was appropriate to pool
the age slopes across original participants and their siblings. Findings
were more variable, but patterns were consistent with those reported
here when analyses were restricted to the 193 original participants
who underwent all 3 clamp studies. Adjusted mean levels of the
dependent variable at each examination were derived from a similar
model in which year of age was treated as a categorical variable and
the race-by-age and sibship-by-age terms were dropped. The age-
year—by—age-year means serve as an indication of goodness of fit of
the linear slopes. The term for visit number in these models was
categorical and removed systematic measurement differences
(matching on age) between examinations.

The authors had full access to the data and take full responsibility
for its integrity. All authors have read and agree to the manuscript as
written.

Results

Subjects

After missing data were removed in 10 clamp studies, the
ages and number of clamps performed on the initial cohort
were as follows: age 11 to 15 years (visit 1) n=350; age 13
to 17 years (visit 2) n=303; and age 18 to 19 years (visit 3)
n=193. Clamps were completed once on each of 150 sib-
lings, 11 to 19 years of age, for a total of 996 data
measurements from 507 individuals in 363 families that form
the cohort for the present study (Table 1). A total of 57% of
observations were in males, whereas 43% were in females,
and racial composition was 80% white and 20% black. Girls
entered puberty earlier than boys, but by age 18 years, all
subjects were sexually mature at Tanner stage 5 (Table 1).
Changes over age in body composition, insulin resistance,
lipid levels, and blood pressure are shown in Table 2 and
described below.

Body Composition

Between ages 11 and 19 years, body mass index (BMI)
increased in both sexes (each P<<0.0001), with no significant
difference in BMI or in the rate of increase in BMI over time
between sexes (P=0.44). Waist circumference increased in
both sexes (P<<0.0001), and the rate of increase did not differ
between males and females (P=0.16). Despite similar
changes in BMI, very different sex-associated changes in
body composition occurred during the adolescent years (Fig-
ure 1). Both %BF and LBM increased at a modest but
significant rate in females (P<<0.0001). LBM increased at a
steeper rate in males (P<<0.0001), and, in contrast to females,
%BF decreased (P<<0.0001). Height reached a plateau at
approximately age 13 years in females and age 16 to 17 years
in males.

Insulin Resistance and Fasting Insulin Levels

Mean M, 5 was significantly greater in males than in females
at age 11 years (Figure 2); however, M, gy began to decrease
in early adolescence, stabilized in mid adolescence, and then
continued to significantly decrease into young adulthood
(P=0.003). In contrast, after an early decrease in females,
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Table 1. Number of Observations by Sex and Race, Ages 11 to 19 Years
Age, y
Sex and Ethnicity 11 12 13 14 15 16 17 18 19 Total Observations Total Individuals Total Families
Male
White 17 57 57 68 74 25 24 64 46 432 215 150
Black 5 20 18 27 19 1 6 21 9 136 69 50
Total 22 77 75 95 93 36 30 85 55 568 284 200
% Tanner 5 0 3 9 44 52 78 90 100 100
Female
White 20 35 65 58 59 33 18 47 34 369 190 138
Black 9 6 10 12 8 3 1 6 4 59 33 25
Total 29 41 75 70 67 36 19 53 38 428 223 163
% Tanner 5 0 10 29 51 61 69 68 100 100
All
White 37 92 122 126 133 58 42 111 80 801 405 288
Black 14 26 28 39 27 14 7 27 13 195 102 75
Total 51 118 150 165 160 72 49 138 93 996 507 363

M, s\ recovered to early adolescent levels, where it remained,
and it was significantly greater than in males by late adoles-
cence. Thus, the sex differences in insulin sensitivity were
reversed during adolescence, and by age 19 years, females
had greater insulin sensitivity than males. Comparable results
were also seen when data were analyzed only for the initial
participants without inclusion of siblings.

My (BW indicates body weight, not adjusted for LBM)
showed a similar pattern as M;py. My decreased signifi-
cantly between age 11 and 19 years in males (P=0.01) and
did not change between age 11 and 19 in females (P=0.47);

these patterns were significantly different between the sexes
(P=0.002). However, at age 19 years, My was not signifi-
cantly different between the sexes.

Fasting insulin showed little change in males from 11 to 19
years (P=0.93). Although fasting insulin was significantly
higher in females than males at age 11, it decreased from 11
to 19 years (P=0.06), which resulted in a mean level that was
not significantly different from males at age 19. The ho-
meostasis model assessment (HOMA; fasting insulin X fasting
glucose/22.5) followed the same pattern as fasting insulin
(data not shown).

Table 2. Rates of Change per Year of Age (Linear Slope) in Study Variables Between Age 11 and 19 Years Adjusted for

Age, Race, and Sex

Variable Female P Male P P (Between Sexes)
BMI, kg/m? 0.68+0.11 (<0.0001) 0.72+0.10 (<0.0001) 0.44
%BF 0.69+0.26 (<0.0001) —0.42+0.25 (<0.0001) <0.0001
LBM, kg 1.23+0.18 (<0.0001) 3.64+0.17 (<0.0001) <0.0001
Waist, cm 1.03+0.24 (<0.0001) 1.29+0.23 (<0.0001) 0.16
Fasting glucose, mg/dL —0.2320.18 (0.18) —0.1120.16 (0.46) 0.52
Mgy, Mg « kg LBM~" - min~" 0.12+0.11(0.29) —0.3120.10 (0.003) <0.0001
Fasting insulin, mU/L —0.460.24 (0.06) —0.02+0.23 (0.93) 0.05
Triglycerides, mg/dL —4.09+1.38 (0.003) 1.45+1.31(0.27) <0.0001
HDL cholesterol, mg/dL 0.51+0.23 (0.02) —0.43+0.22 (0.05) 0.0001
LDL cholesterol, mg/dL (quadratic coefficient) 0.51+0.18 (0.01) 0.41+0.18 (0.02) 0.80
LDL cholesterol, mg/dL (linear coefficient) 0.010.54 (0.99) —0.63+0.50 (0.21) 0.19
Total cholesterol, mg/dL (quadratic coefficient) —0.02+0.62 (0.98) —0.36+0.58 (0.53) 0.54
Total cholesterol, mg/dL (linear coefficient) 0.69+0.21 (0.001) 0.50+0.20 (0.01) 0.48
DBP, mm Hg 1.20+0.36 (0.001) 1.660.34 (<0.0001) 0.17
SBP, mm Hg 0.53+0.23 (0.02) 0.94+0.22 (<0.0001) 0.03

HDL indicates high-density lipoprotein; LDL, low-density lipoprotein. The P value within each sex is noted parenthetically after the mean+SEM.
The Pvalue for the difference in slopes between genders is noted in the last column. Findings were similar when only the probands (no siblings) were
evaluated. For LDL and total cholesterol, the linear coefficient and P value are from regression analysis that ignores the teenage dip and considers
only general tendency to change upward or downward. The quadratic coefficient and P value are from regression analysis that also includes a linear
term (not shown) and shows that the amount of curvature is not significantly different between boys and girls.
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Blood Pressure and Lipid Levels and Smoking

Lipid levels and blood pressure were not significantly differ-
ent between the sexes at age 11 years (Figure 3). Low-density
lipoprotein and total cholesterol followed similar U-shaped
patterns in both sexes (Table 2). High-density lipoprotein
cholesterol decreased in males (P=0.05) and increased in
females (P=0.02). In contrast, triglycerides increased in
males (P=0.03) but decreased in females (P=0.003). SBP
increased significantly in both sexes but at a greater rate in
boys (sex interaction P=0.03). DBP increased similarly in

Mibm,
mg/kg Ibm/min

i p— i

- . ”

o

mU/L
e
® S N B

Fasting Insulin,
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Figure 2. Changes in insulin sensitivity (M gy; a higher number
indicates greater insulin sensitivity) and fasting insulin levels in
boys and girls from age 11 to 19 years. Plotted in each figure
are means and SEs estimated in the repeated-measures model
described in Methods.

11 12 13 14 15 16 17 18 19 11 12 13 14 15 16 17 18 19

both sexes (sex interaction P=0.17). Smoking data were only
available for the present cohort at age 17 to 19 years, at which
time 27% of youths and their siblings smoked regularly
(averaging ~10 cigarettes per day), with no sex difference
(P=0.72).

Results by Median Baseline BMI and

Racial Differences

The male and female cohorts were divided by median
baseline BMI and the analyses repeated. Comparable patterns
were seen in heavy and thin youths. The trends in the
variables between 11 and 19 years for both groups were
similar to those seen in the respective sexes for the entire
cohort, and there were no significant differences in the slopes
between the groups above or below median BMI.

There were few significant differences between black
and white participants. M, gy, decreased significantly in blacks
but not whites (—0.40 versus —0.02 mg per kg Ibm - min ' -y,
P=0.003), and high-density lipoprotein cholesterol decreased at
a significantly steeper rate in blacks (—0.32 versus 0.19
mg-dL"'-y !, P=0.01). There was no significant racial differ-
ence in BMI, %BF, LBM, fasting insulin, triglycerides, or SBP.
No significant differences were noted in sex-by-race compari-
sons, but the number of blacks in each sex limited the statistical
power for meaningful conclusions.

Discussion
Previous studies in children and adolescents have tended to
focus on the cross-sectional relation of insulin resistance to
obesity and other cardiovascular risk factors. The present
report provides information on the change in insulin resis-
tance during the transition from late childhood through
adolescence, presenting it in the context of normal develop-
mental changes in body size and fatness and in relation to
changes in other risk factors. The results show 2 new findings
that are highly relevant to the development of cardiovascular
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risk. First, a relatively rapid increase in insulin resistance was
seen in males during adolescence despite a decrease in %BF,
with an opposite pattern occurring in females. Although girls
and boys had similar body composition at age 11 years and
similar BMI throughout the teenage years, by age 19, males
were more insulin resistant, even though they had greater
LBM and less adiposity than females. Second, an overall
adverse change in lipid levels and blood pressure was found
in males, which, in association with the changes in insulin
resistance, established significantly greater cardiovascular
risk by age 19 than for females. No sex difference in
cardiovascular risk was present at the onset of adolescence,
but significantly higher SBP and triglycerides and lower
high-density lipoprotein cholesterol were present in males by
age 19. In contrast, low-density lipoprotein and total choles-
terol, traditional measures of cardiovascular risk in adults,
had not yet emerged as risk factors in males in the present
youth cohort. Thus, a focus on traditional measures to the
exclusion of factors more typically associated with the
metabolic syndrome may overlook at-risk children and ado-
lescents. Smoking, another important risk factor, was not
studied in the present cohort until age 17 to 19 years, at which
time no sex difference was apparent.

Obesity is well known to be associated with insulin
resistance in both adults and children. Several mechanisms
have been proposed to explain this, including impaired
insulin signaling, interference with glucose transport, de-
creased insulin clearance related to elevated intraportal free
fatty acids, and systemic effects of adipocyte cytokines.!!
Although these factors may be operative in the development
of insulin resistance, the present study shows that they or
other mechanisms act, in part, independent of obesity, be-
cause insulin resistance during adolescence did not follow the
expected course in relation to developmental changes in
adiposity.

The changes in insulin resistance during adolescence also
appear to be independent of puberty. Early puberty in both
sexes is associated with insulin resistance. This occurs earlier
in girls than boys because girls enter puberty earlier. Our
previous study in the present cohort at age 11 to 14 years
showed that insulin sensitivity recovers in girls and boys by
Tanner stage 5.7 However, as noted in the present study,
which extends the cohort evaluation to age 19 years, after a
period of stabilization in mid adolescence, insulin resistance
increases in males. Although this may be related to some
ongoing pubertal changes in males, the fact that Mgy
continues to fall despite virtual completion of puberty by age
18 years suggests that other mechanisms are involved.

During puberty, boys gain more LBM than girls, whereas
fat mass increases in girls and decreases in boys. The result is
a change from a childhood body composition that is similar
between the sexes to an adult-type pattern in which, for a
given BMLI, there is increased lean mass in males and greater
adiposity in females. This normal physiological differentia-
tion in body habitus is largely due to sex hormones, which
also influence fat distribution such that young women pri-
marily accumulate peripheral (gluteal and subcutaneous)
rather than central (intra-abdominal) fat.'> Despite the de-
crease in %BF in males in the present cohort, it could be
suggested that the increase in insulin resistance was related to
greater accumulation of abdominal fat in males than in
females; however, waist circumference increased at a similar
rate in both sexes. Thus, developmental changes in insulin
resistance during adolescence appear to be independent of
normal maturational changes in adiposity, although when
obesity occurs, it may overwhelm these natural relations,
because excessive accumulation of adipose tissue in either
sex is not physiological and is associated with insulin
resistance. There was no sex difference in insulin sensitivity
at age 19 years when total body glucose uptake was not
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normalized for LBM; this adjustment was performed because
skeletal muscle is the primary site of the metabolic activity of
insulin.

Other cross-sectional and longitudinal studies in the pres-
ent cohort and cross-sectional studies in other youth cohorts
have suggested an independent effect for insulin resistance on
development of cardiovascular risk.®!314 The sex-associated
differences in insulin resistance shown in the present study to
emerge during the adolescent years parallel changes in
cardiovascular risk and suggest an association in the early
establishment of increased risk in males. Before puberty,
boys and girls have similar lipid profiles and blood pres-
sure,'>1¢ whereas in adulthood, men have higher SBP, total
cholesterol, and low-density lipoprotein cholesterol than
women.*!7-18 The incidence of coronary artery disease is 3 to
4 times higher in adult men, and there is a male predominance
in the incidence of myocardial infarction.!” The degree of
coronary atherosclerosis in women at autopsy lags behind
men by several years: A slight increase in advanced lesions is
already seen in young men compared with women by late
adolescence (2% versus none), whereas by 30 to 34 years
of age, 20% of men compared with only 8% of women have
advanced lesions.!® Similar to the present findings in youth at
the end of adolescence, the few clamp studies available in
adults have tended to show greater insulin resistance in
white?° and black?!' men than in women. The exception is a
second study in blacks from investigators>! who showed
greater insulin resistance in black females, which disappeared
when glucose uptake was corrected for body fat.??

No single risk factor or combination of factors fully
explains reduced cardiovascular risk in women. Although the
present study does not have data on hormonal changes, the
finding that female sex exerts a positive influence on insulin
sensitivity, lipids, and blood pressure despite a seemingly
paradoxical increase in adiposity, combined with the fact that
risk protection in women is known to disappear after meno-
pause, strongly suggests that it is mediated directly or
indirectly by female sex hormones.

Estrogen exerts many physiological effects that might
influence cardiovascular risk and insulin resistance. It has
both antiinflammatory??® and antioxidant>* properties, and it
directly upregulates expression of antioxidant genes.?> Estro-
gen protects the pancreatic f-cell from glucolipotoxicity,
oxidative stress, and apoptosis.?® It enhances insulin sensitiv-
ity by decreasing hepatic glucose production and increasing
muscle glucose transporter content.?”-28 It stimulates lipolysis
in the abdominal fat depots and promotes use of lipid as a fuel
by muscle,? the net effect of which is a reduction in central
adiposity.3°

There are situations, however, when estrogen has been
associated with insulin resistance in women. The effect of
hormone replacement therapy in postmenopausal women is
controversial, with some investigators reporting improved
insulin sensitivity and others reporting insulin resistance.3'-34
Pregnancy, a high estrogen state, is characterized by insulin
resistance. Interpretation of these data may be complicated by
the fact that hormone replacement therapy studies have
generally involved nonhuman estrogen preparations, and
pregnancy is influenced by other complex hormonal interac-

tions. The balance of information suggests that estrogen
promotes insulin sensitivity in women.

The most difficult finding to explain in the present study is
why insulin sensitivity and cardiovascular risk deteriorate in
young men at the very time they are accumulating LBM and
reducing adiposity. Is it simply that they are missing the
protective effect of estrogen, or are there other unknown
factors that cause insulin resistance in young men? Complete
absence of estrogen synthesis3> or action® in men is associ-
ated with insulin resistance; however, estrogen excess is also
deleterious, because administration of a very high dose of
estrogen (100 wg/d) to normal men causes insulin resis-
tance.’” A possible deleterious role for androgens can be
postulated because testosterone increases insulin gene expres-
sion and release,’® androgens reduce adiponectin levels,?® and
an excess of androgen negatively affects insulin sensitivity in
both women37-4° and men.*!*> However, low androgen states
in men appear to be equally harmful,*3-45 and physiological
replacement of androgens in hypogonadal men improves
insulin sensitivity.*¢ Although there is no clear hormonal
explanation for increased metabolic risk in males, it is
possible that subtle sex-related differences in sex hormones
and central fat distribution play a role.

We have previously shown that the growth hormone/
insulin-like growth factor-I (GH/IGF-I) axis is an important
contributor to the transient physiological rise in insulin
resistance that occurs in both boys and girls during normal
puberty.” Insulin resistance peaks at mid puberty, which
coincides with peak serum levels of insulin-like growth
factor-I. Pubertal maturation and linear growth were complete
in the present cohort by the end of adolescence. Given that
growth hormone and insulin-like growth factor-I levels fall
after mid puberty, are lower in adults than in adolescents, and
are not greater in adult men than in women, it appears
unlikely that they are related to the sex difference in insulin
resistance that emerges during the latter half of adolescence.

In summary, measures of insulin sensitivity, anthropomet-
rics, and cardiovascular risk factors during adolescence show
a trend of increasing levels of insulin resistance and cardio-
vascular risk in males compared with females, with an
unexpected divergence in the relation between body fat and
insulin resistance. Why increased risk begins to appear in
males during this developmental period is not clear. We
postulate that estrogen, via multiple mechanisms, reduces
cardiovascular risk in women, and this effect first becomes
apparent during adolescence. Evolution of insulin resistance
during adolescence appears to be independent, at least in part,
of normal physiological changes in body fat, although exces-
sive adiposity that results in obesity may erase this natural
protection.
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CLINICAL PERSPECTIVE
The present study assessed changes in insulin resistance and overall cardiovascular risk during the transition from late
childhood through adolescence (ie, age 11 to 19 years). During these years, boys decreased their percentage of body fat
and become more lean and muscular, whereas girls gained body fat. Insulin resistance at age 11 years was significantly
lower in boys but increased during adolescence, so that by age 19, boys were more insulin resistant than girls. Over the
same period, triglycerides increased and high-density lipoprotein cholesterol decreased in males, whereas the opposite
pattern was seen in females, and systolic blood pressure increased at a greater rate in males. Total cholesterol and
low-density lipoprotein cholesterol changes did not differ between the sexes. Thus, adolescence in males was associated
with increased insulin resistance despite decreased adiposity, as well as an increase in cardiovascular risk. Because this was
independent of adverse changes in low-density lipoprotein and total cholesterol, it suggests that early development of risk
is related to insulin resistance. Although the cause of these sex-related changes is not clear, it is possible that the increased
cardiovascular risk that emerges in males during normal adolescence is related to hormonal differences between the sexes.
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