Adolescent health and future cardiovascular disability: it’s
never too early to think about prevention
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Major improvements in medical treatments over the past half century have resulted in more people than
ever surviving with cardiovascular disease (CVD). Despite these successes, however, CVD remains not only
the world’s largest cause of premature mortality, but also a major cause of chronic disability affect many
living with the disease®. With estimated costs for this disability burden predicted to account for over
€190million a year in the EU alone, it is clear that a focus on population-level prevention strategies —
rather than attempts to simply cure end-stage disease — are essential if the increases in longevity and
quality-of-life achieved in recent decades are to be maintained.

It has been estimated that over 90% of the population attributable risk for myocardial infarction alone
can be attributed to a number of well-established modifiable risk factors such as high BMI, low physical
activity levels, poor diet, and smoking?. Arguably one of the greatest risks to population health in the
coming years is that of the emerging obesity crisis, the prevalence of which has doubled since 19803. More
alarmingly still, evidence suggests that children and adolescents are not only at the greatest risk for
developing obesity, but are also highly likely to remain obese adults**, resulting in a lifetime of cumulative
exposure to the negative health consequences caused by increased fat mass and its accompanying
metabolic complications. While developed countries have taken major steps to address this phenomenon
in recent years, a burgeoning crisis in developing countries threatens to undermine the improvements in
life expectancy made in recent times®. Childhood and adolescence may represent a crucial window of
opportunity for prevention strategies aimed at changing health behaviours. However, the extent to which
differences in modifiable risk factors such as BMI and cardiorespiratory fitness at this early age affect risk
of disability in later-life are still poorly understood.

In the paper published today in the European Heart Journal, Henriksson et al report findings relating
cardiorespiratory fitness, muscular strength, and obesity in adolescence with later chronic disability
caused by cardiovascular disease. Using a registry of over one million Swedish men conscripted to the
military between 1972 and 1994, the authors were able to investigate associations between measures of
body mass and fitness carried out during their initial conscription examination and the granting of
disability pension over a maximum forty years of follow-up. Furthermore, through the use of distinct ICD
codes, information could also be acquired as to whether the cause of disability arose due to underlying
cerebrovascular disease, ischaemic heart disease, or development of heart failure. Their findings mirror
previous studies in which obesity and cardiorespiratory fitness have been related to CVD mortality”%,



demonstrating that increasing levels of BMI associate with a greater risk for disability from numerous
types of CVD, and increasing levels of fitness with a lower risk. Also similar to previous studies, the greatest
benefits from increasing fitness levels appeared to occur at the lower end of the fitness spectrum (i.e.
moving from no activity to low activity), with progressive but more incremental gains then evident as
fitness increased further. Some evidence of benefit was demonstrated for increased muscular strength,
but this was likely confounded by overall fitness. Finally, in order to address the possibility of the
controversial “fat-but-fit” phenotype, comparisons were also drawn between normal-weight and obese
participants of differing fitness levels, with the authors noting that high levels of cardiorespiratory fitness
in obese adolescents appeared to ameliorate much of the future risk of disability arising from
cardiovascular disease.

This study has a number of major strengths. Firstly, the inclusion of over one million individuals with up
to 40 years of follow-up highlights the power of ‘big data’ to permit large-scale and long-term studies in a
real-world (albeit exclusively male in this case) population, and the use of ICD codes allowed a range of
disability outcomes to be studied. Secondly, the availability of standardised exercise tests at baseline
(rather than physical activity questionnaires which are often used as a proxy measure in cohort studies)
removes the risk of recall bias for this exposure, and greatly strengthens the link reported between aerobic
fitness and future disease. A noticeable weakness of the study, however, is the lack of data available
during follow-up, and it is therefore not possible to ascertain what proportion of the observed adult risk
is a result of early cardiovascular damage sustained in adolescence, and what proportion simply reflects
the fact that those who were obese/unfit in childhood were more likely to remain so in later-life. Despite
this, however, it is clear from the current findings that — regardless of the mechanisms involved —
individuals with a high BMI and a low level of fitness during adolescence are significantly more likely to
suffer from CVD disability in later life, and that prevention strategies addressing these factors in childhood
are likely to provide significant lifetime benefits at a population level.

Obesity is a complex condition, and the relative contribution of genetic vs. lifestyle factors in its
development (and therefore the extent to which it can be prevented) remains contentious. On the one
hand, it is unarguable that genetics have a considerable role to play in the emergence of an obese
phenotype, and that this phenotype is most commonly established in early life>. However, it is also
important to note that the obesity epidemic is a relatively recent phenomenon which has emerged in an
essentially unchanged genetic landscape, strongly suggesting that the presence of a modern-day
‘obesogenic environment’ is acting to expose a previously rarely-observed genetic susceptibility to
disease. Although it has long been accepted that steps must be taken to tackle this obesogenic
environment, the best way to do this has so far remained elusive. While clinicians clearly have a role to
play, previous efforts at tackling lifestyle behaviors at the individual level have been largely ineffective,
and can be complicated further by difficulties in addressing the topic due to the social stigma which is
often attached to conditions such as obesity. In order for real gains to be made, major policy changes at
a national/international level are almost certainly required in order to change the overall environment in
which we live, and thereby nudge people’s behavior over time towards healthier choices. The ability of
this approach to produce long-term benefits has already been clearly demonstrated with respect to
smoking, with the prevalence of smoking steadily declining in recent years®. Encouragingly, similar trends



are already emerging for other health behaviours such as alcohol intake and physical activity, with recent
evidence suggesting that young people are less likely to drink and more likely to partake in structured
exercise compared to previous generations™®.

It is important that future government policies maintain this welcome shift in attitudes in the young by
emphasising that — when it comes to prevention — it is never too early to start. The reasons for this are
numerous and compelling. Firstly, as previously mentioned, genetic susceptibility to an obese phenotype
emerges in adolescence and tracks into later life, resulting in life-long exposure to the negative effects of
adiposity®. With cumulative exposure to risk factors suggested to be the predominant driving force behind
CVD risk!!, early intervention would therefore be expected to offer the greatest gains. Secondly, and as
shown in the current study, increased physical fitness (and likely other health behaviours) in adolescence
may attenuate much of the risk associated with obesity, and are more likely to be maintained if
established in early life. Finally, significant evidence from both longitudinal and genetic studies suggests
that individuals who normalize their weight status between childhood and adulthood have equivalent
CVD risk to those who have never been obese, suggesting that it is the tracking of obesity across the life-
course which poses the greatest risk to health, rather than early CV damage per se*'?"'4, As a caveat to
this final point, however, it should be noted that weight loss at any point in the lifespan has also been
shown to have beneficial effects on CVD risk!, so while it’s never too early to start, it’s also never too late!

In summary, findings from this long-term follow-up of over one million men clearly demonstrate an
increased risk of mid-life CVD disability from multiple causes in individuals who have high levels of obesity
and/or low levels of fitness in adolescence. These findings further strengthen claims that prevention
strategies targeted in childhood are likely to provide the greatest benefits for lifetime cardiovascular
health.

1. World Health Organization. Global status report on noncommunicable diseases 2014. 2014.

2. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M, Budaj A, Pais P, Varigos J,
Lisheng L. Effect of potentially modifiable risk factors associated with myocardial infarction in 52
countries (the INTERHEART study): case-control study. Lancet 364:937-952.

3. The GBD 2015 Obesity Collaborators. Health effects of overweight and obesity in 195 countries
over 25 years. N Engl J Med Massachussetts Medical Society; 2017;377:13-27.

4, Buscot M-J, Thomson RJ, Juonala M, Sabin MA, Burgner DP, Lehtimaki T, Hutri-Kdhonen N, Viikari
JSA, Raitakari OT, Magnussen CG. Distinct child-to-adult body mass index trajectories are
associated with different levels of adult cardiometabolic risk. Eur Heart J 2018;39:2263-2270.

5. Khera AV, Chaffin M, Wade KH, Timpson NJ, Kaplan LM, Kathiresan S, Zahid S, Brancale J, Xia R,
Haas ME, Bick A, Aragam KG, Lander ES. Polygenic Prediction of Weight and Obesity Trajectories
from Birth to Adulthood In Brief Article Polygenic Prediction of Weight and Obesity Trajectories
from Birth to Adulthood. Cell 2019;177:587-596.€9.

6. Gaziano TA, Bitton A, Anand S, Abrahams-Gessel S, Murphy A. Growing Epidemic of Coronary



10.

11.

12.

13.

14.

15.

Heart Disease in Low- and Middle-Income Countries. Curr Probl Cardiol 2010;35:72—-115.

Berrington de Gonzalez A, Hartge P, Cerhan JR, Flint AJ, Hannan L, Maclnnis RJ, Moore SC, Tobias
GS, Anton-Culver H, Freeman LB, Beeson WL, Clipp SL, English DR, Folsom AR, Freedman DM,
Giles G, Hakansson N, Henderson KD, Hoffman-Bolton J, Hoppin JA, Koenig KL, Lee I-M, Linet MS,
Park Y, Pocobelli G, Schatzkin A, Sesso HD, Weiderpass E, Willcox BJ, Wolk A, et al. Body-mass
index and mortality among 1.46 million white adults. N Engl J Med 2010;363:2211-2219.

Blair SN. Physical inactivity: the biggest public health problem of the 21st century. BrJ Sports
Med 2009;43:1-2.

GBD 2015 Tobacco Collaborators. Smoking prevalence and attributable disease burden in 195
countries and territories, 1990-2015: A systematic analysis from the global burden of disease
study 2015. Lancet Lancet Publishing Group; 2017;389:1885-1906.

Ng Fat L, Shelton N, Cable N. Investigating the growing trend of non-drinking among young
people; Analysis of repeated cross-sectional surveys in England 2005-2015. BMC Public Health.
BioMed Central Ltd.; 2018. p. 1090.

Kivimaki M, Smith GD, Timpson NJ, Lawlor DA, Batty GD, Kahonen M, Juonala M, Ronnemaa T,
Viikari JSA, Lehtimaki T, Raitakari OT. Lifetime body mass index and later atherosclerosis risk in
young adults: examining causal links using Mendelian randomization in the Cardiovascular Risk in
Young Finns study. Eur Heart J 2008;29:2552—-2560.

Juonala M, Magnussen CG, Berenson GS, Venn A, Burns TL, Sabin MA, Srinivasan SR, Daniels SR,
Davis PH, Chen W, Sun C, Cheung M, Viikari JSA, Dwyer T, Raitakari OT. Childhood Adiposity,
Adult Adiposity, and Cardiovascular Risk Factors. N Engl J Med 2011;365:1876—1885.

Dangardt F, Charakida M, Georgiopoulos G, Chiesa ST, Rapala A, Wade KH, Hughes AD, Timpson
NJ, Pateras K, Finer N, Sattar N, Davey Smith G, Lawlor DA, Deanfield JE. Association between fat
mass through adolescence and arterial stiffness: a population-based study from The Avon
Longitudinal Study of Parents and Children. Lancet Child Adolesc Heal Elsevier B.V.; 2019;3:474—
481.

Lawlor DA, Benfield L, Logue J, Tilling K, Howe LD, Fraser A, Cherry L, Watt P, Ness AR, Smith GD,
Sattar N. Association between general and central adiposity in childhood, and change in these,
with cardiovascular risk factors in adolescence: Prospective cohort study. BMJ 2010;341:1205.

Charakida M, Khan T, Johnson W, Finer N, Woodside J, Whincup PH, Sattar N, Kuh D, Hardy R,
Deanfield J. Lifelong patterns of BMI and cardiovascular phenotype in individuals aged 60-64
years in the 1946 British birth cohort study: an epidemiological study. Lancet Diabetes Endocrinol
2014;2.



Figure Legend:

Proposed lifetime trajectories to CVD disability and their modification by weight status and physical fitness
levels. A combination of obesity and low physical fitness in adolescence are associated with the highest
risk of progression to CVD disability in mid-to-late life (red line), whereas a combination of normal weight
and high physical fitness are associated with the lowest risk. However, the negative effects of obesity may
be at least partially offset by improved physical fitness (yellow line) or weight loss (dashed black lines
representing findings from previous studies). Prevention strategies targeted at the young are therefore
likely to provide the greatest benefits for lifetime cardiovascular health.



