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Carotid intima media thickness (cIMT) measured via ultrasound correlates with risk of
future cardiovascular events, including myocardial infarction and death?. Thus, researchers
use cIMT as an intermediate outcome to denote atherosclerosis in younger populations who
would not have time to develop clinical cardiovascular endpoints. In this issue of
Circulatior?, Koskinen and colleagues use data from the International Childhood
Cardiovascular Cohort (i3C) Consortium to identify antecedents in childhood of high cIMT
(>90t study-specific percentile) in adulthood. This rich dataset includes 23.4 years of
longitudinal follow-up on 2,893 12-18-year-old participants from four studies
(Cardiovascular Risk in Young Finns, Childhood Determinants of Adult Health, Bogalusa
Heart, and Insulin Studies) across three continents. The combined i3C data show childhood
obesity, hypertension, and dyslipidemia in adolescence predict presence of high cIMT in
adulthood.

In the analysis, obesity is the risk factor most strongly associated with high cIMT, increasing
risk 3.7 (2.0-7.0) fold. This makes sense because adolescent obesity is highly prevalent, very
challenging to treat, and strongly associated with obesity and premature mortality in
adulthood3. Prevalence of childhood overweight and obesity has nearly tripled in the US
since 1988, and rates worldwide have increased 10-fold.# Short-term weight stabilization or
loss is achievable with intensive family-based behavioral approaches, but disturbingly few
adolescents with obesity (2%) achieve clinically meaningful treatment responses at three
years®. Of even greater concern is the co-occurrence of obesity-related comorbidities: over
60% of adolescents with obesity have additional risk factors such as hypertension or
dyslipidemia. These risk factors improve with lifestyle changes and pharmacological
treatments. For this reason, pediatric guidelines for weight management, hypertension, and
hyperlipidemia recommend treating obesity-related comorbidities with intensive lifestyle
counseling coupled with effective pharmacological therapies, when indicated®’.
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Hypertension is strongly linked to obesity, with significant consequences for the heart and
vasculature8. Although prevalence of hypertension in US children overall is 3-5%,
prevalence among children with obesity is much higher (up to 25%)8. As fat mass increases,
so does total blood volume via central (e.g., renin-angiotensin and sympathetic systems) and
peripheral mechanisms (e.g., baroreceptors and autonomic dysregulation)8. The resultant
increase in stroke volume, cardiac output, systemic vascular resistance, and afterload leads
to elevated blood pressure, hypertension, increased left ventricular mass, and left ventricular
concentric hypertrophy®. Total blood volume and hypertension increase further in the
presence of sleep apnea (present in 55% of adolescents undergoing bariatric surgery®).
Repetitive obstructive apneas/hypopneas cause dramatic fluctuations in intrathoracic
pressure and blood pressure, increased left ventricular preload, left atrial dilatation,
arrhythmias (particularly atrial fibrillation), and left ventricular eccentric hypertrophy®.
Together, these changes mechanically stress arterial walls and provoke vascular smooth
muscle cells to both proliferate (causing smooth-muscle hypertrophy) and migrate (leading
to neointimal hyperplasia), contributing to increased cIMT. In i3C, hypertension was
associated with 1.9 (1.3-2.9) fold increased risk of high cIMT. Interestingly, a separate study
of children with high cIMT documented that 90% also had left ventricular hypertrophy®.
Hypertension and sleep apnea both are treatable with weight loss and disease-specific
therapies.

Dyslipidemia in youth—specifically elevated triglycerides and low HDL—is also strongly
linked to obesity. Nearly 17% of US adolescents with obesity have abnormal non-HDL
cholesterol and severity of obesity correlates with prevalence of high total cholesterol (10%
with overweight to 19% with class 111 obesity), low HDL cholesterol (up to 19% with class
111 obesity), and high triglycerides (29% with class 111 obesity)1°. In contrast to obesity-
related dyslipidemia, the relationship between obesity and LDL cholesterol is less strong.
This may partially explain why, in the study by Koskinen et al., adding lipid levels to a
model containing obesity, hypertension, and sex minimally improved discrimination of high
cIMT risk (AUC increased from 0.698 to 0.717)10, Despite this, LDL cholesterol is a well-
established risk factor for atherosclerosis. In lipid disorders where high LDL predominates
(e.g., familial hypercholesterolemia [FH]), early detection is critical for initiating
pharmacological therapy to reduce the substantial risk for early myocardial infarction’.
Numerous studies document that cIMT is both markedly higher in children with FH and
reduced by statin therapy’. Thus, the finding that lipids do not greatly improve
discrimination of high cIMT risk should not be interpreted as an indication against
childhood lipid screening. Lipid screening in children detects both genetic lipid
abnormalities (e.g., including FH that affects 1 in 250 individuals) and dyslipidemia that
responds favorably to lifestyle modification. For children with obesity, identifying abnormal
lipids invigorates dietary counseling, by heightening the immediate importance of dietary
changes for cardiovascular health.

Despite recognition that hypertension and dyslipidemia are associated with childhood
obesity, these major risk factors are infrequently diagnosed or treated in childhood with
potentially dire cardiovascular consequences by young adulthood!: 12, At the time of
hypertension diagnosis, 20-40% of children have left ventricular hypertrophy, which
correlates with high cIMT /n childhood, and is a known antecedent to heart failure.
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Children with dyslipidemia also have high cIMT in childhood". Koskinen and colleagues’
findings build on data from the individual i3C cohorts to demonstrate that hypertension and
dyslipidemia in childhood correlate with high cIMT in adulthood. Disturbingly, childhood
obesity has been associated with a documented 50% rise in heart-failure incidence among
18-34-year-olds (from 1987-2006), increasing frequency of stroke in young adults, and an
8-fold increased risk of kidney failure3-15, Although it is unclear whether childhood
hypertension or hyperlipidemia increase these clinical events, these data caution us to the
critical need for improved childhood diagnosis and treatment of overweight/obesity,
hypertension, and dyslipidemia.

Unfortunately, despite an estimated 24.5 million US children with obesity and additional
cardiovascular risk factors, major barriers exist in identifying and treating obesity,
hypertension, and dyslipidemia in childhood>=7:11. 12, Obesity is the easiest of these risk
factors to identify, yet the most challenging to durably improve. Healthcare providers report
discomfort and inadequate training in communicating about unhealthy weight with patients
and families'8. Shame and judgement surround obesity at home, in provider offices, and in
the community2®. This weight stigmatization insidiously undermines the ability of patients
and healthcare providers to unite in positive and meaningful dialogue about how to achieve
healthy lifestyles and reduce overweight/obesity. Childhood hypertension and dyslipidemia
are even more under-recognized due to lack of familiarity with current guideline
recommendations, plus complex thresholds for diagnosis, evaluation, and treatment. For
example, to determine pediatric hypertension thresholds in <13-year-olds, providers must
reference age-, sex-, and height-specific normative tables manually or compute them using
websites or electronic health records112. Moreover, diagnosis of pediatric hypertension
requires that providers identify elevated blood pressures at three separate encounters. This is
very difficult for children <13-years old, because each blood pressure needs to be referenced
to the percentile-based threshold for the child’s height and age at the time of the blood-
pressure measurement. Many of these barriers may be reduced using alerts, decision support,
and additional technological advances that maximize the value of electronic health records
in healthcare delivery.

Findings from i3C reported by Koskinen et al underscore that obesity, hypertension, and
dyslipidemia are three key modifiable risk factors in childhood of high cIMT in adulthood.
All can be effectively treated by lifestyle modification and pharmacotherapy. Obesity is the
common denominator and driving force behind blood volume, blood pressure, and blood
lipid changes that impact vascular health. Thus, lifestyle modification to improve obesity is
first-line. If obesity proves unalterable, or blood pressure or cholesterol do not improve
using lifestyle modification alone, hypertension and dyslipidemia must be treated using
effective guideline-recommended pharmacological approaches. If we can improve our
comfort engaging patients and families in health-focused communication about unhealthy
weight, increase our rates of screening, diagnosis, and treatment of hypertension and
dyslipidemia, and expand our knowledge of guideline-based lifestyle and pharmacological
therapies, we can better partner with patients and families to improve their weight, blood
pressure, dyslipidemia and future cardiovascular health.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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| Cardiovascular trajectory across the lifespan associated with overweight and obesity in childhood
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