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The polypill – to everyone >55 years

Thiazide
Beta blocker
Ace inhibitor
Statin
Aspirin
Folic acid

Wald and Law, BMJ 2003;326:1419.

CVD by 88% and stroke by 80%



Polypill-like effects: Exercise

• Manufacture stimulated by skeletal muscle

• Skeletal muscle comprises about 40 % of total body
mass. 



The exercise polypill

• Muscle derived molecules – myokines

• Molecules from other tissues

• Autocrine, paracrine or endocrine effects

• Release during or after an exercise bout

• Short- and longterm systemic effects



The exercise polypill

• Skeletal muscle is a secretory organ with several hundred 
secreted factors

– Proteins

– Growth factors

– Cytokines

– Metallopeptidases



The exercise polypill – some 
ingredients
Molecule or cell Main tissue of origin Main target tissue
BDNF (brain derived neutrotrophic
factor)

Brain Skeletal muscle

CAC (circulating angiogenic cells) Bone marrow Damaged endothelium

FGF21 /fibroblast growth factor 
21)

Liver Adipose tissue

Fst 1 (Follistatin-like 19 Myocardium & Skeletal muscle Skeletal muscle

IL-4 and IL-13 Lymphocytes & brain, liver, 
fibroblasts, muscle cells, cancer 
cells

Skeletal muscle

IL-6 Working muscle, immune cells, 
adipocytes

Skeletal muscle, adipose tissue, pituitary 
gland-liver, immune cells

IL-7 Lymphoid organs, spleen Skeletal muscle

IL-8 Monocytes and macrophages Skeletal muscle

IL-15 Working muscles, various origins Skeletal muscle, Adipose tissue

Insulin-like 6 Male germ cells Muscle regenerative factor

Fiuza-Luces et al, Physiology 2013;28:330-358.



The exercise polypill – some ingredients, 
contd

Molecule or cell Main tissue of origin Main target tissue
Iriscin Working skeletal muscle White adipose tissue

LIF (Leukemia inhibiting factor) Working muscle Skeletal muscle

MSC (mesenchymal stem cells) Bone marrow
Adipose tissue

Skeletal muscle
Myocardium?

Myonectin Skeletal muscle Liver, adipose tissue

Musclin ( or Osteocrin) Skeletal muscle Skeletal muscle

Myostatin Skeletal muscle Skeletal muscle

NO (nitric oxide) Working muscle Skeletal muscle

NSC (neural stem cells) Central nervous system Central nervous system

NT4 (neurotrophin 4) Working muscle Motoneurons

Calprotectin Neutrophils, monocytes, working 
muscle

?

SPARC (basement membrane 
protein)

Skeletal muscle ?

Visfatin Adipose tissue, skeletal muscle Adipose tissue and skeletal muscle

Fiuza-Luces et al, Physiology 2013;28:330-358.



Exercise affects balance between 
anti-inflammatory myokines and 

pro-inflammatory adipokines

BK Pedersen, Compr Physiol 2013;3:1337-1362.



Characteristics of myokines

• Produced, expressed and released by muscle fibres

• Autocrine, paracrine or endocrine effect

• May balance and counteract the effects of adipokines

• May mediate protective effects of muscular exercise



Myostatin

• The first identified myokine

• Described in 1997

• Effects muscle growth

• Both aerobic exercise and strength training attenuate 
myostatin expression

• High levels of myostatin inhibit muscle growth



Effects of the exercise polypill

• Inflammation
•
•

–
–

•
•

Fiuza-Luces et al, Physiology 2013;28:330-358.



Effects of exercise on inflammation

BK Pedersen, Compr Physiol 2013;3:1337-1362.



Interleukin-6

• Secreted into the blood stream in response to muscle 
contractions

• The amount produced is correlated to the amount of 
exercising muscle mass 

BK Pedersen, Compr Physiol 2013;3:1337-1362.



Association between resting plasma IL-6 
levels and the amount of regular physical 

activity 

• The more physically active, the lower basal plasma IL-6 
levels.

• Low physical activity and the metabolic syndrome is 
associated with high basal plasma IL-6 levels

• Basal levels of plasma IL-6 are reduced after regular 
exercise training



Effects of Interleukin-6

• Contributes to glucose production in the liver during 
exercise

• Stimulates lipolysis in skeletal muscle

• Stimulates muscle growth

• Stimulates angiogenesis

• Mediator of anti inflammatory effects, inhibits synthesis of 
TNF a and Interleukin-1

• Stimulates the production of IL-10



Effects of Interleukin-10

• Appears after an exercise bout

• Acts as an anti-inflammatory molecule

• Inhibits the synthesis of a number of pro-inflammatory 
cytokines by different cells, especially of the monocytic
lineage

• Plays an important role in orchestrating the inflammatory 
reaction involving macrophage/monocyte cells



Effects of regular exercise on 
inflammation in CKD 4 -5 

Improved systemic inflammation 

Viana et al, JASN 2014; 25:2121-2130.



Effects of regular exercise on 
inflammation in CKD 4 -5 

Down regulation of T-lymphocyte and monocyte activation

Viana et al, JASN 2014; 25:2121-2130.



Effects of the exercise polypill

•
• Oxidative stress
•

–
–

•
•



Effects of exercise on oxidative 
challenge - Hormesis theory

• Bell-shaped effect

• Low-dose stimulation and high-dose inhibition

• The stimulating “toxin” during exercise is ROS formation, 
which evokes 

– increased antioxidant/oxidative damage-repairing 
enzyme activity

– Increased resistance to oxidative stress

– Lower levels of oxidative damage



Effects of exercise on oxidative 
challenge

Radak et al, Free Radical Biology & Medicine 2008; 44:153-159.



Effects of exercise on renal superoxide 
production, in rats

.Souza et al, Life Sciences 2012, 132-136.



Effects of exercise on markers of 
oxidative damage, in rats

.Souza et al, Life Sciences 2012, 132-136.

TBARS

Protein oxidation



Effects of the exercise polypill

•
•
• Conventional cardiovascular risk factors

– Glucose metabolism
–

•
•



Regulation of glucose uptake

• Insulin and insulinlike factors

• Insulinindependent factors

– muscle contraction

– secretion of IL-6

– hypoxia

– nitric oxide



Regulation of glucose uptake

• Glucose cannot enter the cells by diffusion

• It needs the assistance of glucose transporters (GLUTS)

• GLUT4 is the main transporter and is located within the 
cell during rest. 

• It is translocated towards the cell surface, when
stimulated, in order to increase glucose transport into the 
cell via facilitated diffusion.



Regulation of glucose uptake

• Both insulin and muscle contractions activate GLUT4 by 
independent mechanisms. 

• Glucose uptake in skeletal muscle can increase 50-fold 
during dynamic physical activity. 

• Insulin sensitivity increases directly after an exercise 
training session as well as in conjunction with regular 
physical activity. 

• The expression and translocation of GLUT4 increases in 
parallel in skeletal muscle cells



Regulation of glucose uptake

• NO increase glucose uptake in skeletal muscle

• NO increases dramatically with exercise

• NO is likely to be associated with signalling GLUT4 
translocation 



Exercise vs drugs – glucose intolerance
meta-analysis 10 RCTs - prediabetes

• Both drug and non-drug (= diet and exercise) approaches 
reduced progression to overt diabetes

• Non-drug approaches were superior to drug-based 
approaches:

– Risk ratio 

0,52 (95% CI 0.46 – 0.58) vs 0.70 (CI 0.58-0.86), p<0.05

Hopper et al, Eur J Cardiovasc Prev Rehabil 2011, 18:813-823.



Exercise effects on plasma insulin in HD 
patients with DM type 2 or prediabetes, n=9

Molsted et al, Nephron Clin Practice2013;123:134-141.



Effects of the exercise polypill

•
•
• Conventional cardiovascular risk factors

–
– Blood pressure

•
•



Effects on blood pressure
The polypill compared to exercise

Elley et al, PLOS One 2012; 7:e52145.



Boyce et al, 1997 Am J of Kidney Dis

Effects of exercise on blood pressure

Miller at al, Am J Kidn Dis, 2002.

Hemodialysis patients
CKD 4-5 predialysis patients



Higher physical activity changes BP profiles

• Overall lower BP
• Higher amplitude of variation and thus greater dipping
• Restoration of acrophase in early hours of the morning
• Systolic BP and pulse pressure acrophases encompass the 

most vulnerable phase for CV events

Agarwal & Light. Am J Nephr,31:15-23,2010.



Effects of the exercise polypill

•
•
•

–
–

• Autonomic dysfunction
• Survival



Effects of exercise on the heart

• Increases the diameter of the coronary arteries and 
arterioles

• Increases capillary density concomitantly with exercise 
induced myocardial hypertrophy

• Decreases amount of circulating catecholamines

• Changed balance between the sympathetic and 
parasympathetic nervous system with increased vagal
influence

• Stabilizing effect on the sinus node with increased heart 
rate variability



Exercise training improves heart rate 
response in CKD 2-4

A. Resting heart rate 

B. Ambulatory heart rate

Headley et al, Med & Sci in Sports & Exercise, 2392-2399, 2012.



Deligiannis et al, Am J Cardiol 1999.

Heart Rate Variability Index

n Duration, mo Variable change Pvalu
e

Deligiannis
1999

60
RCT

6 HRV index
SD of R-R interv
N pat: HRV index<25

N pat: arrythmias

+31%
+18%
-40%

-30%

0.05
0.05
0.05

0.05
Deligiannis
1999

38 
RCT

6 LVM index
EF
SV index
CO index

+11%
+12%
+23%
+20%

0.05
0.01
0.05
0.05

Effects of exercise training on cardiac risk in HD patients 



Effects of the exercise polypill

•
•
•

–
–

•
• Survival



Sandvik et al, NEJM 328:8, 1993

Cumulative age-adjusted cardiovascular mortality
in relation to physical capacity in healthy subjects



Association between exercise frequency and 
mortality in DOPPS
Total n=20 912 (reference group: < 1/week)

* 
p<0.0002

**
p<0.0001

1 2-3 4-5 6-7 Per 
increase

in each ex 
fq

category

>1 

Un
adjusted

0.64**

[0.58-0.71]

0.62**

0.56-0.68]

0.59**

[0.50-0.69]

0.65**

[0.50-0-
69]

0.87**

[0.85-0.89]

0.63**

[0.59-0.67]

Max
adjustment
#

0.82*

[0.73-0.91]

0.72**

[0.66-0.79]

0.73*

[0.62-0.86]

0.69**

[0.63-0.76]

0.9**

[0.88-0.92]

0.73**

[0.69-0.78]

# age, sex, race, duration of ESRD, BMI, 
14 summary comorbid condtions, lab values, catheter use,
socio-economic indicators, ability to walk
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