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Abstract
Purpose of Review Rates of childhood obesity have been soaring in recent decades. The association between obesity in adulthood
and excess morbidity and mortality has been readily established, whereas the association of childhood and adolescent obesity has
not. The purpose of this review is to summarize existing data regarding the association of the presence of obesity in childhood/
adolescence and early-onset adverse outcomes in adulthood, with specific focus on young adults under the age of 45 years.
Recent Findings Diabetes, cancer, and cardiometabolic outcomes in midlife are closely linked to childhood and adolescent
obesity.
Summary Childhood and adolescent obesity confer major risks of excess and premature morbidity and mortality, which may be
evident before age 30 years in both sexes. The scientific literature is mixed regarding the independent risk of illness, which may
be attributed to childhood BMI regardless of adult BMI, and additional data is required to establish causality between the two.
Nonetheless, the increasing prevalence of childhood and adolescent obesity may impose an increase of disease burden in midlife,
emphasizing the need for effective interventions to be implemented at a young age.
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Introduction

The prevalence of childhood obesity has been soaring in
the past three decades, with recent data showing a persis-
tent upward trend [1]. The United States Centers for
Disease Control and Prevention (CDC) estimates that more
than one in five American teenagers live with obesity in
2020 [2]. In adults, obesity is a known major predisposing
factor for cardiovascular morbidity and mortality, diabetes,

hypertension, cancer, and other unfavorable cardiometa-
bolic alterations [3]. While there is solid evidence linking
obesity with adverse outcomes in adults, data regarding the
consequences of adolescent obesity on development of dis-
ease in young adulthood are limited. Childhood obesity is
associated with numerous complications and comorbidi-
ties; with its rising prevalence, diseases traditionally sur-
facing only in adulthood are becoming increasingly com-
mon early in life.

The presentation of some diseases at earlier ages is
associated with a higher propensity toward complica-
tions and excess mortality, as is exemplified in the case
of type 2 diabetes, which presents with a more aggres-
sive clinical course compared to those who develop the
disease later in life [4]. The importance of this issue lies
in its detrimental implications on young adults of the
working age population, affecting individual, economic,
social, and public health matters. It is therefore of clin-
ical and public health interest to recognize the pivotal
role of childhood obesity as a major driver of excess
disease as early as midlife. Therefore, the focus of this
review is the association between childhood and adoles-
cent obesity and morbidity such as diabetes, cancer, and
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cardiovascular disease in early adulthood (< 45 years of
age).

Methods

We searched for studies that addressed the association
between childhood obesity and morbidity in early adult-
hood. For the major outcomes, we used PubMed to find
relevant articles published through December 2020.
Keywords were used to identify appropriate titles regard-
ing obesity (“Obesity,” “Obese,” “BMI,” “Body mass
index,” “Fatness,” or “Adiposity”) , adolescents
(“Adolescent ,” “Adolescence,” “Childhood,” or
“Pediatric”), and outcomes of interest (“Cancer,”
“Diabetes,” “Type 2 diabetes,” “Coronary artery dis-
ease,” “Coronary heart disease,” “Congestive heart fail-
u r e , ” “H e a r t f a i l u r e , ” “C a r d i om y o p a t h y , ”
“Hypertension,” “Blood pressure,” “Cardiovascular,” or
“Cardiometabolic”). We limited the search to manu-
scripts in English and relating to humans. Additional
articles were added by manually searching through the
references of relevant articles and publication records of
established research groups.

We included longitudinal and cross-sectional studies in
which data on childhood or adolescent body mass index
(BMI) were available. We excluded studies that included
individuals with cancer, diabetes, or a relevant chronic ill-
ness at baseline, as well as individuals who were pre-
scribed a chronic medical treatment at baseline.

The inclusion of studies in this review was not lim-
ited to a specific definition of obesity and there was
considerable variation in the classification of obesity.
BMI was calculated using CDC, International Obesity
Task Force (IOTF) percentile charts, or the World
Health Organization (WHO) BMI tables. Childhood
overweight and obesity were defined as within the fol-
lowing criterion (IOTF percentiles derived from WHO
adult cutoffs of ≥ 25 kg/m2 for overweight and ≥ 30 kg/
m2 for obesity; CDC: ≥ 85th percentile for overweight,
≥ 95th percentile for obesity). We also included articles
that classified BMI groups according to z-scores.

Two authors (AH and AMT) independently screened
the titles and abstracts, if available, of all results from the
search. Full manuscripts of relevant reports were retrieved.
The same reviewers independently assessed the full manu-
scripts. Disagreements were discussed and resolved by
consensus. Fig. 1 shows the selection process according
to the PRISMA statement [5].

One author (AH) extracted data from each study using a
pre-specified table. The extracted information included,
but was not limited to, age at baseline, male-to-female

ratio, length of follow-up, outcome, number of cases, ef-
fect estimates, and BMI classification.

Results

Diabetes

Three decades ago, type 2 diabetes was thought of as a disease
confined solely to adults [6]. Paralleling obesity trends, the
global prevalence of diabetes is expected to rise by 51%, from
463 to 700 million by 2045 [7].

A recent longitudinal study [8•] analyzed the association
between adolescent BMI and incident type 2 diabetes in a
nationwide sample of 1.46 million Israeli adolescents. Of
these, 2177 were diagnosed with type 2 diabetes at a mean
age of 28 years. The population attributable risk (PAR%) for
type 2 diabetes related to adolescent overweight and obesity
was 57% for men and 61% for women, emphasizing the im-
portance of abnormally high BMI in adolescence. The point
estimates ranged from 6- to 26-fold increased risk for type 2
diabetes among men and from 10- to 44-fold risk among
women with overweight or severe obesity, respectively (Fig.
2). Another longitudinal study that followed healthy children
of varying BMI values for development of diabetes before age
20 reported a relative risk of 5.7 (95% CI: 1.9–17.2) in boys
and 2.3 (95% CI: 0.9–5.8) in girls with a BMI between 100
and 120% of the 95th percentile compared to those of normal
weight [9]. With increased severity of obesity, the relative risk
increased up to 10- to 18-fold in those with a childhood or
adolescent BMI > 140% of the 95th percentile. The relative
risks for the same cohort to develop diabetes before age 45
showed a similar trend relating to BMI, though with lower
point estimates. A large scale Danish cohort study reached
similar conclusions, with hazard ratios (HRs) for early adult-
hood type 2 diabetes ranging from 1.65 (95% CI: 1.47–1.85)
to 2.84 (95% CI: 2.31–3.49) per BMI z-score above average
among women and from 1.38 (95% CI: 1.25–1.52) to 2.49
(95% CI: 2.07–3.01) among men [10].

Obesity confers an excess risk for diabetes that is indepen-
dent of coexisting metabolic abnormalities [11]. In a cohort of
33,939 young men, an adjusted model showed a 10.6% (95%
CI: 1.08–1.12) increase in diabetes risk with every 1-unit in-
crease in BMI, as well as a lower incidence of diabetes among
those with obesity compared with normal weight metabolical-
ly healthy individuals [11]. Compared to normal weight indi-
viduals, young adults with BMI in the obesity range had an
excess risk of early-onset type 2 diabetes in subsequent years
despite normoglycemia at baseline, with point estimates rang-
ing from 3.42 to 8.29 [12]. It has been reported that childhood
BMI alone was as good a predictor of midlife type 2 diabetes
as other cardiometabolic outcomes compared with pediatric
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metabolic syndrome [13], suggesting an independent risk con-
ferred by elevated BMI.

Cross-sectional studies provided confirmatory evidence of
the importance of the degree of obesity severity [14]. There
was an inverse linear relationship between the degree of obe-
sity and the age of diabetes onset-adolescent BMI of 39 kg/m2

was associated with type 2 diabetes onset before age 45, com-
pared with a BMI of 33 kg/m2 for disease diagnosed after age
45. Similarly, prevalence of type 2 diabetes among adoles-
cents rises with increasing severity of obesity [15]. A study
that characterized the longitudinal BMI profiles of children
into adulthood indicated that BMI trajectories in adolescence
had a significant positive association with young adult

diabetes and hyperglycemia (measured at a mean age of 33–
35 years) [16]. These findings suggest that the association
between early-life BMI and adult diabetes may not be strictly
due to BMI levels but also relate to patterns of weight change
during these critical years.

The question whether childhood obesity confers a risk for
early-onset diabetes that is independent of adult BMI is a point
of debate in the literature. Based on a cohort of men awaiting
military draft, Tirosh et al. [17] reported that adolescent BMI
was predictive of type 2 diabetes (HR 2.76, 95% CI: 2.11–
3.58; mean age of type 2 diabetes onset, 37 years), but when
adjusted for BMI in adulthood, this effect was attenuated.
These findings were confirmed in several American and

Records identified 

through PubMed

(n = 510)

Records identified 

through other sources: 

(n = 36)

Excluded:

Title (n = 346)

Abstract (n = 95)

Full text (n = 38)

Final qualitative 

analysis (n = 67)

Fig. 1 PRISMA flow diagram of
included studies. The complete
list of studies used for the review
is available in Online Resource 1–
8

Article Sex Morbidity # of Cases Hazard ratio (95% Confidence Interval)

Twig G, 2020[8] 17.3 (0.5) Mean (SD) Males Type 2 diabetes 1,490 13.5 (11.5-15.7)

Twig G, 2020[8] 17.2 (0.4) Mean (SD) Females Type 2 diabetes 687 21.1 (16.0-27.8)

Zimmerman E, 2017*[10] 7-13 Range Males Type 2 diabetes 11,548 2.5 (2.1-3.0)

Zimmerman E, 2017*[10] 7-13 Range Females Type 2 diabetes 7,472 2.8 (2.3-3.5)

Bjerregaard LG, 2018[19] 13-13 Range Males Type 2 diabetes 6,710 1.7 (1.4-2.1)

Tirosh A, 2011[17] 17.4 (0.4) Mean (SD) Males Coronary artery disease 327 5.4 (2.8-10.6)

Falkstedt D, 2007[69] 18-20 Range Males Coronary artery disease 1,452 3.1 (2.2-4.4)

Baker JL, 2007*[72] 7-13 Range Males Coronary artery disease 10,235 1.2 (1.1-1.2)

Baker JL, 2007*[72] 7-13 Range Females Coronary artery disease 4,318 1.1 (1.1-1.2)

Tirosh A, 2010†[61] 17.4 (0.6) Mean (SD) Males Hypertension 3,626 3.7 (2.9-4.6)

Tirosh A, 2010†[61] 17.4 (0.5) Mean (SD) Females Hypertension 184 7.2 (2.7-19.5)

Rosengren A, 2016‡[77] 18.3 (0.7) Mean (SD) Males Heart failure 5,492 6.5 (5.4-7.8)

Robertson J, 2019‡[78] 18.3 (0.7) Mean (SD) Males Cardiomyopathy 4,477 5.0 (4.1-6.2)

Furer A, 2020[36] 17.4 (0.5) Mean (SD) Males Cancer 26,353 1.3 (1.2-1.4)

Furer A, 2020[36] 17.3 (0.5) Mean (SD) Females Cancer 29,488 1.3 (1.1-1.4)

Age at Baseline (years)

1 2 4 8 16

More likely in young adults with childhood or 

adolescent obesity

Fig. 2 Hazard ratios of young-adulthood morbidity in relation to
childhood or adolescent obesity. Studies presented in this figure were
longitudinal cohort studies with a baseline BMI measurement in
childhood or adolescence and a calculated hazard ratio for relevant

outcomes. Reference groups (HR = 1) had BMI within the normal
range as defined in each study unless stated otherwise. * HR per
increase in z-score of BMI in childhood. † reference group BMI <
18.50 kg/m2. ‡ HR shown for BMI 30–35 kg/m2
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European cohorts; in an analysis [18] that included over 6000
children with over 20 years of follow-up from Bogalusa,
Muscatine, Childhood Determinants of Adult Health, and
Young Finns Study cohorts, the risk of normal weight adults
who had obesity as children was comparable to those with no
history of obesity. A population-based study from Denmark
reported that remission of overweight and obesity before age
13 normalized diabetes risk [19], while those who remained in
the overweight category after this age retained an increased
risk of type 2 diabetes. On the contrary, a US longitudinal
study demonstrated that women who developed obesity be-
fore age 16 were more likely to have type 2 diabetes before
age 30 compared with those who developed obesity at or after
age 18 (OR 2.77, 95% CI: 1.39–5.52) [20]. Another Chinese
longitudinal study reported an odds ratio of 2.8 (95% CI: 1.2–
6.3) for children with obesity who did not have obesity as
adults to develop early-onset diabetes, while the odds ratio
for those with persistent obesity was 4.3 (95% CI: 2.2–8.1)
[21]. Notably, over 95% of persons with incident early-onset
diabetes had overweight or obesity at time of diagnosis [8•].

Mendelian randomization (MR) studies have become an
important tool to establish causal relations between environ-
mental risk factors and diseases. However, MR studies fo-
cused specifically on early-onset type 2 diabetes are limited.
MR analysis supported causality between childhood BMI and
incident lifetime type 2 diabetes. It was reported that one stan-
dard deviation increase in childhood BMI was associated with
an 83% increase in risk of type 2 diabetes (odds ratio (OR)
1.83 (95% CI: 1.46–2.30)) [22•]. However, another MR study
reported no evidence for causal association between child-
hood adiposity and fasting glucose or insulin levels [23].
Another large MR study did not demonstrate excess risk of
type 2 diabetes among those with obesity as children when an
adjustment was made for adult BMI [24]. Causality between
childhood BMI and early-onset diabetes was demonstrated
through a mediation analysis model that was implemented
on the Bogalusa Heart Study cohort [25]. It provided evidence
of a one-directional temporal relationship between higher
childhood BMI and higher insulin levels, which was more
significant among those who developed metabolic syndrome
and type 2 diabetes in adulthood.

There is mounting evidence that the pathophysiology of
early-onset type 2 diabetes is more aggressive compared to
the adult-onset type. A rapid course that is difficult to control
[4, 26] as well as reduced adherence to medical treatment [27]
contribute to greater glucose dysregulation. Among adoles-
cents with diabetes and obesity who were followed for 20
months, beta cell failure was rapid with a 20% decline annu-
ally [28]. In comparison, a 7% yearly reduction in beta cell
function was reported in adults with diabetes and obesity [29].
Severe impairment in insulin secretion was also reported in
young adolescents after a relatively short duration of diabetes
[30]. In concordance, glycemic control was worse among

those with an earlier diagnosis of type 2 diabetes (before age
45) compared to those of later diagnosis [26]; the former also
had a greater rate of renal complications. In patients with type
1 and early-onset type 2 diabetes (between ages 22 and 25),
there was significant excess of mortality among the type 2
diabetes group that occurred after a shorter disease duration
and at a younger age [31]. Adolescent obesity was a major
predictor of type 2 diabetes-related mortality in midlife, with a
20-fold increased hazard ratio compared to adolescents with
normal BMI (HR 20.38, 95% CI: 14.20–29.23) [32] (Fig. 3).

The complete list of studies used for the review on diabetes
is available in Online Resources 1, 2, 3.

Cancer

The tumor microenvironment is important in the development
and growth of cancer, and the obesogenic environment has
been suggested to facilitate pro-carcinogenic processes [33].
Adult obesity has been established as an independent causal
factor for 12 types of cancer — pharynx, esophageal adeno-
carcinoma, stomach, pancreas, gallbladder, liver, colorectal,
postmenopausal breast, ovarian, endometrial, advanced pros-
tate, and renal cancer [34] and is predicted to replace smoking
as the leading modifiable cause of cancer [35].

While there is a strong body of evidence supporting the link
between adult obesity and cancer, only a limited portion of
studies examined the exposure to an elevated adolescent or
childhood BMI. A nationwide Israeli study [36•] analyzed the
incidence of approximately 55,000 cases of cancer in a cohort
of 2.3 million adolescents with a maximal follow-up length of
45 years. This study provided a comprehensive assessment of
the association between adolescent BMI and incident cancer,
although lacked smoking data. Baseline BMI was measured at
mean age of 17 years and participants were followed for can-
cer incidence, with a mean age at cancer diagnosis of 43.2
years for men and 40 years for women. Adolescent over-
weight and obesity conferred HRs of 1.11 (95% CI: 1.02–
1.21) and 1.26 (95% CI: 1.18–1.35) for any cancer among
men, respectively, and HRs of 1.21 (95% CI: 1.14–1.28)
and 1.27 (95% CI: 1.13–1.18) for any cancer among women
(apart from cervix and premenopausal breast cancer, with obe-
sity having been postulated as a protective factor for the latter
[37, 38]), respectively (Fig. 2). Importantly, these point esti-
mates were almost unaffected by socioeconomic status and
were well apparent among adolescents with overweight of
both sexes by age 27 years (men, HR = 1.14 (95% CI: 1.01–
1.29); women, HR = 1.22 (95% CI: 1.08–1.39)). The
projected population attributable risk for cancer for adolescent
overweight and obesity was 5.1% (4.2–6.1) for men and 5.7%
(4.2–7.3) for women. Cancer-relatedmortality was also higher
in those who had obesity as adolescents (Fig. 3). Strikingly,
data in this report demonstrated a significant period effect in
the association between adolescent obesity and cancer
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incidence, thereby raising the possibility that the aforemen-
tioned point estimates may be an underestimation of the true
risk in today’s population.

Other studies based on the same cohort that analyzed the
association between adolescent obesity and specific cancer
types reported higher adjusted point estimates for the follow-
ing cancers: gastroesophageal and esophageal carcinoma, HR
7.60 (95% CI: 2.68–21.5) [39]; male breast cancer, HR 5.08
(95% CI: 2.62–9.86) [40]; renal cell carcinoma, HR 2.43
(95% CI: 1.54–3.83) [41]; pancreatic cancer, HR 3.75 (95%
CI: 2.66–5.28) [42]; non-cardia gastric cancer, HR 1.78 (95%
CI: 1.12–2.83) [43]; rectal cancer, HR 1.78 (95% CI: 1.21–
2.62) [44]; colon cancer, HR 1.53 (95% CI: 1.18–1.98) [44],
and non-Hodgkin lymphoma, HR 1.28 (95% CI: 1.04–1.56)
[45]. A population-based study in Sweden reported a HR of
1.15 (95% CI: 1.00–1.34) for every one-unit increase in stan-
dard deviation scores for adolescent BMI for the development
of thyroid malignancy in early adulthood [46]. The combina-
tion of these findings suggests a link between early-life obe-
sity and carcinogenesis, an effect that may be more profound
in certain cancer types.

The complete list of studies used for the review on cancer is
available in Online Resource 4.

Cardiovascular Risk Factors

There is solid evidence that childhood and adolescent obesity
are causally linked with early onset of hypertension, coronary
artery disease, stroke, and other types of cardiovascular mor-
bidity and mortality in early adulthood [47]. MR studies also
support a causal relationship between childhood obesity and
dyslipidemia [23]. Wurtz et al. [48] demonstrated a strong

association of BMI with multiple cardiometabolic risk factors
in young adulthood even below the threshold for obesity, em-
phasizing the causality of BMI in the progression of disease.

In several cohorts, adolescent BMI was suggested as a
principal risk factor for dysmetabolism in young adulthood
[49, 50]. Childhood obesity between 3 and 9 years of age
was associated with an OR of 3.0 (95% CI: 2.0–4.7) to devel-
op metabolic syndrome in early adulthood, while adolescent
obesity between 12 and 18 years of age yielded an OR of 2.1
(95% CI: 1.4–3.1) [49]. In other cohorts addressing childhood
obesity, elevated BMI was associated with an increased adult
BMI, waist-to-hip circumference, ankle-brachial index, total
cholesterol, LDL cholesterol, insulin and insulin resistance, as
well as blood pressure measurements in adulthood compared
with children of normal weight [51, 52].

Hypertension

Hypertension is the most common comorbidity associated
with adolescent overweight and obesity [53]. Juonala et al.
[18] demonstrated, in a study that included four cohorts, that
children with overweight and obesity had a relative risk of 1.8
(95% CI: 1.5–1.2) to develop hypertension before age 46. The
correlation between BMI and blood pressure is strongest
among those in the overweight and obesity BMI ranges [54].
In a cross-sectional study, Skinner et al. [15] demonstrated a
dose-dependent relationship between the degree of obesity
and prevalence of hypertension, reaching a prevalence of
11.1% among children with class III obesity aged 3 to 19
years. The latter was confirmed for the adolescent population
elsewhere [55], with the prevalence of blood pressure in the
hypertensive ranges increasing from 22.1 among overweight

Article Sex Cause of death # of Cases Hazard ratio (95% Confidence Interval)

Baker JL, 2007*[72] 7-13 Range Males Coronary artery disease 10,235 1.2 (1.2-1.3)

Baker JL, 2007*[72] 7-13 Range Females Coronary artery disease 4,318 1.2 (1.2-1.3)

Twig G, 2016[73] 17.3 (0.4) Range 60% males Coronary artery disease 1,497 4.9 (3.9-6.1)

Twig G, 2016[73] 17.3 (0.4) Mean (SD) 60% males Cardiovascular disease 2,918 3.5 (2.9-4.1)

Furer A, 2018[74] 17.3 (0.4) Mean (SD) Males Cardiovascular disease 3,208 5.4 (4.6-6.3)

Furer A, 2018[74] 17.3 (0.4) Mean (SD) Females Cardiovascular disease 451 3.9 (2.5-6.1)

Twig G, 2017[81] 17.4 (0.3) Mean (SD) Males Infectious disease 557 2.5 (1.5-4.2)

Twig G, 2017[81] 17.4 (0.3) Mean (SD) Females Infectious disease 132 6.6 (3.3-13.1)

Twig G, 2018[80] 17.3 (0.4) Mean (SD) 60% males Kidney disease 226 8.4 (5.1-13.8)

Twig G, 2016b[32] 17.4 (0.3) Mean (SD) 60% males Diabetes 481 17.2 (11.9-24.8)

Furer A, 2020[36] 17.4 (0.5) Mean (SD) Males Cancer 8,351 1.3 (1.2-1.5)

Furer A, 2020[36] 17.3 (0.5) Mean (SD) Females Cancer 5,218 1.9 (1.6-2.3)

Age at Baseline (years)

1 2 4 8 16

More likely in young adults with childhood or 

adolescent obesity

Fig. 3 Hazard ratios of young-adulthood mortality in relation to
childhood or adolescent obesity. Studies presented in this figure were
longitudinal cohort studies with a baseline BMI measurement in
childhood or adolescence and a calculated hazard ratio for relevant

outcomes in early adulthood. Reference groups (HR = 1) had BMI in
the normal range as defined in each study. * HR per increase in z-score
of BMI in childhood
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males to 42.4% in males with class III obesity, and from 19.2
to 43.9% among females. The correlation coefficient between
childhood BMI and systolic blood pressure is estimated to be
0.34 [56].

Increasing BMI deciles were significantly associated with
increasing values of both systolic and diastolic blood pressure
in both men and women in longitudinal and cross-sectional
studies [57, 58], with an OR of 1.108 (95% CI: 1.107–1.110)
to develop systolic hypertension (systolic blood pressure >
130 mmHg) in males and 1.114 (95% CI: 1.139–1.146) in
females for every 1-unit increase in BMI [58].

Of note, the risk for hypertension attributed to adolescent
obesity may depend on adult BMI. A pooled analysis of three
British cohorts [59] used childhood and adult BMI data and
showed that the odds ratio for hypertension in early adulthood
(age 34–53 years) was comparable among those who were
persistently in the overweight category (OR 2.56; 95% CI:
1.40–4.68) and those with overweight only in adulthood
(OR 2.28; 95% CI: 1.76–2.95). Overweight confined to child-
hood or adolescence was not associated with increased odds
of hypertension in adulthood after considering adult BMI. A
Taiwanese study that followed children with baseline BMI
measurements up to early adulthood found an OR of 6.51
(95% CI: 3.36–12.36) for children and young adults with per-
sistent obesity for early onset of hypertension, while the OR
for hypertension among children with obesity who had normal
adulthood BMI was reduced to 2.23 (95% CI: 0.89–5.58)
[60]. Similarly, Israeli men and women who had obesity as
children had a HR of 3.65 (95%CI: 2.87–4.63) and 7.23 (95%
CI: 2.68–19.51), respectively, which were reduced to 2.59
(95% CI: 2.02–3.33) and 4.81 (1.13–20.53) respectively after
adjustment for adulthood BMI was made [61] (Fig. 2). MR
studies are scarce but report no causality between elevated
childhood BMI and early-onset adult hypertension [23].

In a cohort of 2.3 million adolescents with a mean age of
17.3 years and a mean follow-up of 18 years, hazard ratios for
hypertensive heart disease mortality were 1.9, 4.1, and 8.0 for
high normal, overweight, and obesity BMI categories, respec-
tively [62].

Coronary Artery Disease

The excess risk for coronary artery disease that is imposed by
obesity is independent of metabolic abnormalities; Twig et al.
[63] demonstrated that among metabolically healthy young
men with obesity, there was a threefold risk of incident coro-
nary artery disease compared to normal weight metabolically
healthy individuals in their late 20s to early 30s.

There is evidence supporting the notion that childhood and
adolescent BMI may be predictive of coronary and cardiovas-
cular morbidity regardless of adult BMI. A study from New
Zealand with periodic weight and height measurements from
age 3 to 38 years assessed endothelial dysfunction at end of

follow-up using peripheral arterial tonometry [64]. Individuals
with overweight had a higher degree of endothelial dysfunc-
tion than those with normal weight, and individuals with obe-
sity had even worse values. BMI at age 3 years was already
predictive of endothelial dysfunction at age 38, with children
with one standard deviation elevation in BMI having a greater
extent of disease. This effect was only partly attenuated after
adjustment for BMI and cardiovascular factors at age 38 years.
Another 23-year longitudinal study showed significant asso-
ciation between childhood BMI and BMI trajectory with
intima-media thickness, indicating that subclinical cardiovas-
cular disease might be rooted in childhood [65].

Notably, data from four major longitudinal cohorts was
somewhat contradictive; the predictability of early adulthood
intima-media thickness was significant only after the age of 9
[66]. In another Chinese longitudinal study, the adjustment to
adulthood BMI attenuated the positive association between
childhood BMI and intima-media thickness in young adult-
hood, rendering it insignificant [67].

A study on Danish and Finnish cohorts found an indepen-
dent, strongly positive association between BMI at age 7 and
coronary artery disease in adulthood [68]. In a cohort study of
37,000 career army personnel, Tirosh et al. showed that ado-
lescent obesity was associated with incident angiography-
proven coronary heart disease later in life independently of
adult BMI [17] (Fig. 2). They reported a hazard ratio of 7.0
for incident coronary disease among adolescents who were in
the upper BMI decile versus those at the lower decile and
suggested that early exposure to obesity early in life may
gradually promote coronary atherosclerosis. Juonala et al.
[18] reported a relative risk of 1.7 (95% CI: 1.4–2.2) for indi-
viduals with consistent obesity throughout childhood and
adulthood, but this risk was diminished in the assessment of
individuals who had obesity at childhood, but a normal BMI
at adulthood. Among middle-aged Swedish men, those with
BMI ≥ 30kg/m2 in adolescence had an adjusted HR of 3.1
(95% CI: 2.2–4.4) for coronary artery disease [69].

An MR study reported a 28% increase in risk of coronary
artery disease with every increase in one standard deviation in
childhoodBMI (kg/m2), essentially proving causality between
the two variables [22•]. Another MR analysis found a 7%
increase in OR for CAD with every 1-unit increase in the
log-odds of having childhood obesity [70].

Coronary heart disease-related mortality has also been de-
scribed in relation to childhood BMI (Fig. 3). Must et al. [71]
reported a relative risk of 2.3 (95% CI: 1.4–4.1) in male ado-
lescents with overweight for coronary-relatedmortality by late
adulthood (usually after 7th decade of life). These findings
were confirmed by a Danish study [72] that showed BMI at
age 7 predicted coronary-related mortality, with increasing
HRs until age 13 years. The hazard ratio among girls, for
example, showed a graded increase from 1.10 to 1.23 for
every unit increment in BMI z-score, with similar estimates
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among boys. Applying the same analytical approach, a nation-
wide Israeli study reported an adjusted HR of 1.54 (95% CI:
1.46–1.62), consistent with a stronger association with BMI in
later adolescence than in earlier childhood [73•]. The latter
study showed that adolescent obesity conferred a HR of 4.9
for coronary artery disease (95% CI: 3.9–6.1; low normal
BMI was the reference group). Adolescents with obesity had
a HR of 3.5 (95% CI: 2.9–4.1) for cardiovascular mortality (a
composite outcome including coronary, stroke, and sudden
death) and there was a twofold risk for cardiovascular mortal-
ity before age 30 years. The population attributable risk for
coronary-related and for total cardiovascular mortality among
those who had overweight and obesity as adolescents was
27.4% and 20.4%, respectively. Longitudinal studies per-
formed on a similar cohort described a hazard ratio for cardio-
vascular mortality ranging from 5.4 (95% CI: 4.60–6.33) in
men to 3.9 (95% CI: 2.47–6.14) in women with adolescent
BMI in the obese range [62, 74].

Heart Failure

The rising global rates of obesity are paralleled by a concom-
itant increase in incidence of heart failure among young adults
under 45 years of age [1, 75, 76].

In a study that followed 2.3 million adolescents, there were
94 deaths due to heart failure after a mean follow-up of 18.4
years, with a hazard ratio of 5.43 for death due to heart failure
among individuals with obesity at baseline [62]. In another
study [77], individuals with a BMI of 30–35 kg/m2 at age 18
had a HR of 6.47 (5.39–7.77) for heart failure development at
an average age of 44.5 years (Fig. 2). Those with a BMI over
35 kg/m2 had a HR of 9.21 (6.57–12.92) and developed the
disease at a slightly younger age of 42.8 years. The PAR% for
obesity in heart failure was 24%.

Cardiomyopathy

The prevalence of cardiomyopathy among young adults
doubled over the end of the previous century and the
beginning of this one [75], affecting 20% of heart fail-
ure patients under the age of 45 years. Individuals with
a baseline BMI in the obesity range had a 2.26 (95%
CI: 1.22–4.17) and 6.86 (95% CI: 2.93–16.02) HR for
BMI group 30–35 and > 35 kg/m2, respectively, to de-
velop heart failure with concomitant cardiomyopathy in
early adulthood [77]. Another study performed on the
same cohort affirmed the strong association between in-
creasing BMI and cardiomyopathy, especially the dilated
form, with an 8-fold increased risk among those with
BMI > 35 kg/m2 versus teenagers with BMI in the
normal range [78] (Fig. 2). Changes in myocardial func-
tion and geometry are already evident among children
with obesity, indicating that the unfavorable effects on

cardiac remodeling are early and may be independent of
ischemic heart disease [79].

The complete list of studies used for the review on cardio-
metabolic disease is available in Online Resources 5, 6, 7.

Other Outcomes

Apparently healthy adolescents with obesity are more prone to
early-adulthood mortality related to kidney disease [80], with
an estimated hazard ratio of 8.4 (95% CI: 5.1–13.8) compared
to adolescents with normal weight. Adolescent BMI has also
been linked to excess mortality in relation to infectious dis-
eases, especially among men [81].

The complete list of studies used for the review on other
outcomes is available in Online Resource 8.

Conclusion

Obesity during childhood and adolescence is linked to major
cardiometabolic morbidity and mortality emerging in early
young adulthood. Excess morbidity related to diabetes, certain
types of cancers, and a spectrum of cardiovascular diseases
before the age of 45 in both men and women has been asso-
ciated with childhood or adolescent obesity in severalWestern
cohorts. Notably, these studies usually treated adolescent obe-
sity as a single group without considering the severity of obe-
sity. Given the dramatic increase in the prevalence of severe
obesity in the recent decade, it is likely that the reported point
estimates in this review may be an underestimation of the risk
conferred by adolescents with an advanced degree of obesity.
The substantial risk of cancer, diabetes, and cardiovascular
mortality attributed to excessive BMI in the first two decades
of life underscores the importance of obesity as a primary
target for intervention aimed to reduce the burden of chronic
morbidity.
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