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Chronic noncommunicable diseases
(NCDs) in Europe
5 major NCDs
1. Cardiovascular diseases (CVD)
2. Diabetes
3. Cancer
4. Chronic respiratory diseases
5. Mental disorders

Ø 86% of deaths
Ø 77% of disease burden

Noncommunicable Diseases

SDG target 3.4: by 2030, reduce by one third premature 
mortality from noncommunicable diseases through prevention and 
treatment, and promote mental health and well-being.

Premature death from or living long term with a noncommunicable disease (NCD) and its related disability has 
put an increasing strain on health systems, economic development and the well-being of large parts of the 
population. Consequently, NCDs are one of the major challenges for sustainable development in the 21st century 
(1). NCDs are the leading cause of death globally (2). Although there has been a clear decline in premature NCD 
deaths since the mid 2000s in the WHO European Region (3), the situation is still alarming in that it is the WHO 
region with the highest burden of NCDs (2). Action is necessary across all sectors and settings to mitigate, 
prevent and control NCDs.

Overview
The four major NCDs are cardiovascular diseases, diabetes mellitus, cancers and chronic respiratory disease. 
They are associated with a cluster of common risk factors, such as tobacco and alcohol use, unhealthy diets, 
physical inactivity, hypertension, obesity and environmental factors. It has been estimated that at least 80% of all 
heart disease, stroke and diabetes and 40% of cancer could be prevented by tackling these major risk factors 
(4).

Within the European Region for practically all countries where robust data are available, there is a clear decline 
in premature NCD deaths since the mid 2000s. The Sustainable Development Goal (SDG) target is well on the 
way of being achieved and even exceeded (3).

Fact sheets on sustainable development goals: health targets



Costs of NCDs in Europe

Healthcare costs for EU health care systems: 
• CVD: €111 billion (2015)
• Cancer: €97 billion (2018)
• Diabetes: €181 billion (2017)

Non-healthcare costs (lost productivity due to mortality and morbidity + informal care) 
• CVD: €99 billion (€54 + €45; 2015)
• Cancer: €91 billion (€66 + €25; 2018)



Common risk factors for NCDs



Risk factors on the rise
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Systemic chronic inflammation (SCI)PERSPECTIVE NATURE MEDICINE

associated with older age, whereas no effects were found for IL-1β, 
IFN-α or TNF-α50. Therefore, evidence exists that greater inflam-
matory activity is associated with older age, but this is not true of 
all inflammatory markers, and it is possible that these associations 
are due at least in part to increases in chronic ailments and frailty  
that are frequently associated with age rather than to biological 
aging itself.

To address limitations associated with assessing only a few 
select inflammatory biomarkers, some researchers have employed 
a multi-dimensional approach that involves assaying large numbers 
of inflammatory markers and then combining these markers into 
more robust indices representing heightened inflammatory activity. 
In one such study, researchers used principal component analysis to 
identify pro- and anti-inflammatory markers and an innate immune 
response that significantly predicted risk for multiple chronic dis-
eases (CVD, kidney disease and diabetes), in addition to mortality51.

More recently, a multi-omics approach has been applied to 
examine links between SCI and disease risk. The researchers fol-
lowed 135 adults longitudinally and conducted deep molecular 
profiling of participants’ whole-blood gene expression, termed the 
transcriptome; immune proteins—for example, cytokines and che-
mokines—termed the immunome; and cell subset frequencies, such 
as CD8+ T cell subsets, monocytes, natural killer (NK) cells, B cells 
and CD4+ T cell subsets. This enabled the researchers to construct 
a high-dimensional trajectory of immune aging (IMM-AGE) that 
described individuals’ immune functioning better than their chron-
ological age. This new metric in turn accurately predicted all-cause 
mortality, establishing its potential future use for identifying at-risk 
patients in clinical settings52. These types of integrative, multi-level 
approaches to characterizing SCI are promising, but this work is 
still in its infancy and much more research is needed to identify 
best practices for selecting and analyzing SCI-related biomarkers in 

order to yield the most useful and predictive information for quan-
tifying age-related disease risk.

Sources of systemic chronic inflammation
The SCI state in older individuals is thought to be caused in part 
by a complex process called cellular senescence, which is charac-
terized by an arrest of cell proliferation and the development of a 
multifaceted senescence-associated secretory phenotype (SASP)53. 
A prominent feature of this phenotype is increased secretion of pro-
inflammatory cytokines, chemokines and other pro-inflammatory 
molecules from cells53. Senescent cells expressing this phenotype 
can in turn promote a multitude of chronic health conditions and 
diseases, including insulin resistance, CVD, pulmonary arterial 
hypertension, chronic obstructive pulmonary disorder, emphy-
sema, Alzheimer’s and Parkinson’s diseases, macular degeneration, 
osteoarthritis and cancer54,55.

How senescent cells acquire the SASP is not fully understood, but 
existing research points to a combination of both endogenous and 
non-endogenous social, environmental and lifestyle risk factors. 
Among the known endogenous causes of this phenotype are DNA 
damage, dysfunctional telomeres, epigenomic disruption, mitogenic 
signals and oxidative stress56. The non-endogenous contributors are 
thought to include chronic infections57, lifestyle-induced obesity58, 
microbiome dysbiosis59, diet60, social and cultural changes61,62 and 
environmental and industrial toxicants63. The fact that differences 
exist in the extent to which older adults exhibit SCI52,64 is thought 
to be indicative of inter-individual differences in exposure to these 
and other related pro-inflammatory factors, although studies docu-
menting within-person associations between these risk factors and 
SCI are limited.

Nevertheless, differences in non-communicable diseases asso-
ciated with SCI are evident across cultures and countries. Most  
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Fig. 1 | Causes and consequences of low-grade systemic chronic inflammation. Several causes of low-grade systemic chronic inflammation (SCI) 
and their consequences have been identified. As shown on the left, the most common triggers of SCI (in counter-clockwise direction) include chronic 
infections, physical inactivity, (visceral) obesity, intestinal dysbiosis, diet, social isolation, psychological stress, disturbed sleep and disrupted circadian 
rhythm, and exposure to xenobiotics such as air pollutants, hazardous waste products, industrial chemicals and tobacco smoking. As shown on the right, 
the consequences of SCI (in clockwise direction) include metabolic syndrome, type 2 diabetes, non-alcoholic fatty liver disease (NAFLD), cardiovascular 
disease, cancer, depression, autoimmune diseases, neurodegenerative diseases, sarcopenia, osteoporosis and immunosenescence.

NATURE MEDICINE | VOL 25 | DECEMBER 2019 | 1822–1832 | www.nature.com/naturemedicine1824

Furman D, Nature Medicine 2019



But the good news is….

NCDs are largely preventable!

80% of CVD & diabetes type 2
40% of cancer

could be avoided if major risk factors were eliminated





SEFAC project

Table 4. Baseline outcome measures of participants of the SEFAC program for the 
total sample (n=325) and according to pilot site

Pilot site

Total HR IT NL
n=325 n=147 n=93 n=85

Healthy eating
Fruit, ≥1 portion/d

170 (52.6) 70 (47.6) 59 (64.1) 41 (48.8)

Vegetables, ≥1 portion/d
138 (42.9) 45 (30.6) 58 (63.0) 35 (42.2)



Food is medicine



SEFAC project
Table 3. Baseline characteristics of participants of the SEFAC program for the total 
sample (n=325) and according to pilot site

Pilot site

Total HR IT NL
n=325 n=147 n=93 n=85

Age, y 66.9 (7.9) 68.5 (7.5) 67.2 (8.4) 63.8 (7.1)

Sex, female 259 (79.7%) 132 (89.8%) 71 (76.3%) 65 (65.9%)

BMI (kg/m2) 27.1 (4.5) 27.0 (3.8) 25.5 (3.9) 29.2 (5.3)

Type of participant

With CVD and/or T2DM 109 (33.5%) 36 (24.5%) 25 (26.9%) 48 (56.5%)

At risk of CVD and/or T2DM 216 (66.5%) 111 (75.5%) 68 (73.1%) 37 (43.5%)



BMI & all-cause mortality
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meta-analyses (an extension of the DerSimonian and Laird 
procedure) and plotted against the mean BMI value within 
each category. Sensitivity analyses used other statistical 
methods (eg, fi xed-eff ect models). To enable comparisons 
across BMI groups irrespective of the choice of a reference 
group, a fl oating variance estimate (refl ecting independent 
variability within each group, including the reference 
group) was attributed to each category using Plummer’s 

method and used to calculate group-specifi c confi dence 
intervals.21

To estimate the BMI levels at which mortality risk was 
lowest (ie, the nadir), weighted linear regression yielded 
the best-fi tting second-degree fractional polynomial 
model relating pooled log HRs to pooled mean BMI 
levels (weighted by the inverse of the fl oating variance of 
the log HR), and the minimum of this polynomial was 

Figure 1: Association of body-mass index with all-cause mortality, by geographical region
Boxes are plotted against the mean BMI in each group. The HR per 5 kg/m² higher body-mass index (BMI) and its 95% CI are calculated only for BMI more than 25·0 kg/m². Analyses restricted to never-
smokers without pre-existing chronic disease, excluding the fi rst 5 years of follow-up. The reference category is shown with the arrow and is 22·5–<25·0 kg/m². CIs are from fl oating variance estimates 
(refl ecting independent variability within each category, including reference). Areas of squares are proportional to the information content (ie, inverse of the fl oating variance). HR=hazard ratio.

0·5

1·0

2·0

4·0

8·0

Ha
za

rd
 ra

tio

Overall

Studies
189

Participants
3 951 455

Deaths
385 879

HR per 5 kg/m2 

1·31 (1·29–1·33)

European cohorts

Studies
89

Participants
1 135 600

Deaths
56 477

HR per 5 kg/m2 

1·39 (1·34–1·43)

North American cohorts

Studies
40

Participants
1 415 087

Deaths
219 922

HR per 5 kg/m2 

1·29 (1·26–1·32)

15 20 25 30 35 40 45
0·5

1·0

2·0

4·0

8·0

Ha
za

rd
 ra

tio

Mean body-mass index (kg/m2) Mean body-mass index (kg/m2)Mean body-mass index (kg/m2)

Australia and New Zealand cohorts

Studies
11

Participants
149 602

Deaths
4656

HR per 5 kg/m2 

1·31 (1·27–1·35)

15 20 25 30 35 40 45

East Asian cohorts

Studies
46

Participants
1 074 385

Deaths
100 784

HR per 5 kg/m2 

1·39 (1·34–1·44)

15 20 25 30 35 40 45

South Asian cohorts

Studies
3

Participants
176 781

Deaths
4040

HR per 5 kg/m2 

1·13 (0·97–1·30)

 

 

Articles

www.thelancet.com   Vol 388   August 20, 2016 779

meta-analyses (an extension of the DerSimonian and Laird 
procedure) and plotted against the mean BMI value within 
each category. Sensitivity analyses used other statistical 
methods (eg, fi xed-eff ect models). To enable comparisons 
across BMI groups irrespective of the choice of a reference 
group, a fl oating variance estimate (refl ecting independent 
variability within each group, including the reference 
group) was attributed to each category using Plummer’s 

method and used to calculate group-specifi c confi dence 
intervals.21

To estimate the BMI levels at which mortality risk was 
lowest (ie, the nadir), weighted linear regression yielded 
the best-fi tting second-degree fractional polynomial 
model relating pooled log HRs to pooled mean BMI 
levels (weighted by the inverse of the fl oating variance of 
the log HR), and the minimum of this polynomial was 

Figure 1: Association of body-mass index with all-cause mortality, by geographical region
Boxes are plotted against the mean BMI in each group. The HR per 5 kg/m² higher body-mass index (BMI) and its 95% CI are calculated only for BMI more than 25·0 kg/m². Analyses restricted to never-
smokers without pre-existing chronic disease, excluding the fi rst 5 years of follow-up. The reference category is shown with the arrow and is 22·5–<25·0 kg/m². CIs are from fl oating variance estimates 
(refl ecting independent variability within each category, including reference). Areas of squares are proportional to the information content (ie, inverse of the fl oating variance). HR=hazard ratio.

0·5

1·0

2·0

4·0

8·0

Ha
za

rd
 ra

tio

Overall

Studies
189

Participants
3 951 455

Deaths
385 879

HR per 5 kg/m2 

1·31 (1·29–1·33)

European cohorts

Studies
89

Participants
1 135 600

Deaths
56 477

HR per 5 kg/m2 

1·39 (1·34–1·43)

North American cohorts

Studies
40

Participants
1 415 087

Deaths
219 922

HR per 5 kg/m2 

1·29 (1·26–1·32)

15 20 25 30 35 40 45
0·5

1·0

2·0

4·0

8·0

Ha
za

rd
 ra

tio

Mean body-mass index (kg/m2) Mean body-mass index (kg/m2)Mean body-mass index (kg/m2)

Australia and New Zealand cohorts

Studies
11

Participants
149 602

Deaths
4656

HR per 5 kg/m2 

1·31 (1·27–1·35)

15 20 25 30 35 40 45

East Asian cohorts

Studies
46

Participants
1 074 385

Deaths
100 784

HR per 5 kg/m2 

1·39 (1·34–1·44)

15 20 25 30 35 40 45

South Asian cohorts

Studies
3

Participants
176 781

Deaths
4040

HR per 5 kg/m2 

1·13 (0·97–1·30)

 

 

Articles

www.thelancet.com   Vol 388   August 20, 2016 779

meta-analyses (an extension of the DerSimonian and Laird 
procedure) and plotted against the mean BMI value within 
each category. Sensitivity analyses used other statistical 
methods (eg, fi xed-eff ect models). To enable comparisons 
across BMI groups irrespective of the choice of a reference 
group, a fl oating variance estimate (refl ecting independent 
variability within each group, including the reference 
group) was attributed to each category using Plummer’s 

method and used to calculate group-specifi c confi dence 
intervals.21

To estimate the BMI levels at which mortality risk was 
lowest (ie, the nadir), weighted linear regression yielded 
the best-fi tting second-degree fractional polynomial 
model relating pooled log HRs to pooled mean BMI 
levels (weighted by the inverse of the fl oating variance of 
the log HR), and the minimum of this polynomial was 

Figure 1: Association of body-mass index with all-cause mortality, by geographical region
Boxes are plotted against the mean BMI in each group. The HR per 5 kg/m² higher body-mass index (BMI) and its 95% CI are calculated only for BMI more than 25·0 kg/m². Analyses restricted to never-
smokers without pre-existing chronic disease, excluding the fi rst 5 years of follow-up. The reference category is shown with the arrow and is 22·5–<25·0 kg/m². CIs are from fl oating variance estimates 
(refl ecting independent variability within each category, including reference). Areas of squares are proportional to the information content (ie, inverse of the fl oating variance). HR=hazard ratio.

0·5

1·0

2·0

4·0

8·0

Ha
za

rd
 ra

tio

Overall

Studies
189

Participants
3 951 455

Deaths
385 879

HR per 5 kg/m2 

1·31 (1·29–1·33)

European cohorts

Studies
89

Participants
1 135 600

Deaths
56 477

HR per 5 kg/m2 

1·39 (1·34–1·43)

North American cohorts

Studies
40

Participants
1 415 087

Deaths
219 922

HR per 5 kg/m2 

1·29 (1·26–1·32)

15 20 25 30 35 40 45
0·5

1·0

2·0

4·0

8·0

Ha
za

rd
 ra

tio

Mean body-mass index (kg/m2) Mean body-mass index (kg/m2)Mean body-mass index (kg/m2)

Australia and New Zealand cohorts

Studies
11

Participants
149 602

Deaths
4656

HR per 5 kg/m2 

1·31 (1·27–1·35)

15 20 25 30 35 40 45

East Asian cohorts

Studies
46

Participants
1 074 385

Deaths
100 784

HR per 5 kg/m2 

1·39 (1·34–1·44)

15 20 25 30 35 40 45

South Asian cohorts

Studies
3

Participants
176 781

Deaths
4040

HR per 5 kg/m2 

1·13 (0·97–1·30)

 

 

The Global BMI Mortality Collaboration, Lancet 2016



Exercise is medicine808  Circulation Research  March 1, 2019

accelerometers.1,2,206,207 However, recent evidence indicates 
substantial benefits even with ET doses much lower than what 
recommended in these guidelines.

In a large study of 416 175 individuals from Taiwan, Wen et 
al59 noted a dose-response relationship between aerobic PA and 
subsequent mortality, with some mortality reductions noted 
with just 15 minutes per day of moderate PA (Figure 4). In fact, 

progressive reductions in mortality were noted up to ≤90 daily 
minutes of moderate PA and ≤30 to 40 minutes of vigorous PA, 
which was defined as only 6.5 to 8.5 METs. In a recent large 
running study from 55 000 people from the Aerobics Center 
Longitudinal Study, including 13 000 runners and 42 000 non-
runners, who were followed on average for nearly 15 years, 
runners had impressive reductions in mortality and CVD mor-
tality by 30% and 45%, respectively, compared with nonrun-
ners, with an average increase in life expectantly and CVD life 
expectancy of 3 and 4.1 years, respectively.27 Persistent run-
ners had the full benefits, while those who had stopped run-
ning or started running during the study had nearly half the 
benefits compared with never runners. These results are not 
unexpected, and many would believe that there are benefits of 
running but also there may be selection bias, in that those able 
to run may be healthier than nonrunners.

However, interesting findings emerge when assessing run-
ning dosing, by dividing runners into quintiles (Q) of exer-
cise volumes, such as miles per week, times per week and 
minutes per week. In fact, Q1 runners (<6 miles per week, 
1–2 times per week, and <51 minutes per week) had simi-
lar all-cause and CVD-mortality risks compared with Q2–Q4 
runners, with a slight trend to lower mortality to Q5 runners 
(Figure 5).27 These results suggest that weekly running, which 
is often considered to be a relatively high intensity form of 

Figure 4. Daily physical activity duration and all-cause mortality 
reduction. Reprinted from Wen et al59 with permission. Copyright ©2011, 
Elsevier.

Figure 5. Hazard ratios (HRs) of all-cause and cardiovascular mortality by running characteristic (weekly running time, distance, frequency, total 
amount, and speed). Participants were classi!ed into 6 groups: nonrunners (reference group) and 5 quintiles of each running characteristic. All HRs were 
adjusted for baseline age (y), sex, examination year, smoking status (never, former, or current), alcohol consumption (heavy drinker or not), other physical 
activities except running (0, 1–499, or ≥500 metabolic equivalent [MET] minutes/wk), and parental history of cardiovascular disease (yes or no). All P values 
for HRs across running characteristics were <0.05 for all-cause and cardiovascular mortality except for running frequency of ≥6 times/wk (P=0.11) and speed 
of <6.0 miles per hour (P=0.10) for cardiovascular mortality. Reprinted from Lee et al27 with permission. Copyright ©2014, Elsevier.
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PREDIMED trial

• 7500 persons at high risk for cardiovascular events
• type 2 diabetes mellitus 
• or at least 3 of the following risk factors: smoking, hypertension, elevated LDL-C, 

low HDL-C, BMI >25, family history of premature IHD
• Mean age 67 years, BMI 30, 59% women
• 80% hypertension, 50% diabetes, 72% dyslipidemia
• Energy-unrestricted Mediterranean diet supplemented with extra-virgin olive oil or nuts
• Median follow-up 4.8 years

Ø 30% relative reduction in CVD (stroke, myocardial infarction or cardiovascular
death)

Estruch R, New Engl J Med 2018



Quality of diet is quality of life

participants had been exposed to the intervention and we did not compare the intervention
versus the control group in this assessment. Third, although we adjusted for many potential
confounders, residual confounding might have affected the results. Fourth, information on
diet was self-reported. Nevertheless, it was collected in a face-to-face interview with trained
dietitians, which increases the accuracy of the information. In any case, the resulting misclassi-
fication would have biased our results towards the null. Finally, we had no information on
socioeconomic status which is also related to health and self-reported health [22]. However,
we adjusted for educational level, which is a proxy of socioeconomic status and is also in itself
a determinant of adherence to a healthy diet and of HRQL [37].

Conclusions

Our results suggest a positive association between higher adherence to a MedDiet and better
quality of life and each of its dimensions. Since there are some differences in the results com-
pared to previous reports, we believe that further studies, preferentially with a longitudinal

Fig 3. Mean differences in the health-related quality of life dimensions according to baseline adherence to the traditional Mediterranean diet in the
PREDIMED-Plus trial. PR-Physical role BP-Bodily pain GH-General health PF-Physical functioning VT-Vitality SF- Social function RE-Emotional Role MH-Mental
Health Aggr Physical Physical aggregated Aggr Mental- Mental Aggregated.

https://doi.org/10.1371/journal.pone.0198974.g003

Mediterranean diet and quality of life

PLOS ONE | https://doi.org/10.1371/journal.pone.0198974 June 18, 2018 11 / 18

Galilea-Zabalza I, PLoS ONE 2018



Lifestyle Medicine defined

Lifestyle Medicine is the use of evidence-based therapeutic lifestyle 

interventions as a primary modality, delivered by clinicians trained and 

certified in this specialty, to prevent, treat, and often reverse chronic disease
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LIFESTYLE MEDICINE FOCUSES ON 6 AREAS TO IMPROVE HEALTH

Lifestyle medicine is an evidence-based approach to preventing, treating and  
even reversing diseases by replacing unhealthy behaviors with positive ones —  

such as eating healthfully, being physically active, managing stress, avoiding  
risky substance abuse, adequate sleep and having a strong support system.

LIFESTYLE MEDICINE



Evidence-based
Guideline-directed

Lifestyle Medicine is the foundation
of conventional medicine

Lifestyle Medicine addresses the root 
causes of diseases



How to change a habit?



arising from gastrointestinal enteroendocrine cells in relation to protein and carbohydrate meta-
bolic status, serves to stimulate hunger and a wide range of other energy homeostatic processes
via hypothalamic neuronal receptors in the arcuate nucleus and elsewhere. In addition to central
humoral signaling, gut–brain interactions can be mediated by more local hormonal routes at local
receptor sites ([18] and the section on Ascending Systems).

Other examples of humoral receptor processes include adrenal hormones (epinephrine,
adrenomedullin, and cortisol) that have multiple and diverse actions on both central and periph-
eral receptor sites, and yield a variety of excitatory/sympathetic effects (adrenaline) and vasocon-
strictor and other cardiovascular actions (adrenomedullin [20]). In addition, a wide range of
hormonal receptors mediate the actions of central endocrine secretions such as gonadotropin-
releasing hormone, luteinizing hormone, growth hormone, vasopressin, oxytocin, among others
(section on Descending Systems). Of considerable significance is the presence of a variety of
autonomic nervous system (ANS) and endocrine receptors on immune cells which now
appear to exert powerful influences on immune function and inflammatory reactions, such as
those associated with asthma and the vagal anti-inflammatory pathway [21].
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The Neural Basis

TrendsTrends inin NeurosciencesNeurosciences

Figure 1. The Continuum of Interoception. Interoception is a neural process that traverses sensors (e.g., mechanoreceptors, thermoreceptors, chemoreceptors,
osmoreceptors, humoral receptors, glucoreceptors, and free nerve endings), pathways (e.g., vagal, cranial, sacral, spinothalamic, and somatosensory), networks
(e.g., central and peripheral autonomic, enteric, thalamocortical, hypothalamic, limbic, sensorimotor, salience, and default), circuits (e.g., appetitive, affective, arousal,
thermal, nociceptive, cognitive, social, and threat), and awareness (e.g., detection, attention, insight, magnitude, discrimination, accuracy, and sensibility). Each compo-
nent contributes to the next, althoughmost processing of interoceptive signals occurs beyond the conscious awareness of the organism. Further, interoceptive awareness
relies on circuit-based representations of the internal bodily self (e.g., 'my body': manikin at top right) and differs substantially from other circuit-based representations of
other living objects (e.g., 'dog', 'plant' etc.)

Trends in Neurosciences

Trends in Neurosciences, January 2021, Vol. 44, No. 1 19



Impact of LM on health determinants
Impact of LM on Health Determinants

• Income and social status

• Employment and working conditions

• Education and literacy

• Childhood experiences

• Physical environments

• Social supports and coping skills

• Healthy behaviors

• Genetic expression

• Culture

• Medical Care

Surgery

Pharmacology

Physiology

Lifestyle Medicine

D
et

er
m

in
an

ts
 o

f H
ea

lth



Team effort
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Executives

• Self-Insured 

Employers

• Researchers

• Government Agencies
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LM creates sustainable transformation
in health care

#RealHealthcareReform
Lifestyle Medicine creates sustainable transformation in care delivery
• Team-Based Care

• Group Visits & Support Groups

• Value-Based Care
• Proven Outcomes

• Improved Patient Satisfaction

• Renewed Physician Passion 
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