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Abstract
Vascular calcification (VC) is a prominent feature that affects up to 40 to 80% of Chronic Kidney 
Disease (CKD) patients depending on the degree of renal impairment.  Though etiology and 
pathogenesis of the different types of VC are far from being elucidated, it is conceivable that 
an imbalance between promoters and inhibitors represents the condition that triggers VC 
deposition and progression. In addition to traditional cardiovascular risk factors, several lines 
of evidence suggest that specific factors may affect the arterial system and prognosis in CKD. 
Over the last decade, a few pharmacological strategies aimed at controlling different selected 
risk factors for VC have been investigated yielding conflicting results. In light of the complicated 
interplay between inhibitors and promoters as well as the fact that VC represents the result 
of cumulative and prolonged exposure to multiple risk factors, a more comprehensive risk 
modification approach such as lifestyle modification or physical activity (PA) may represent a 
valid strategy to attenuate VC deposition and progression. 
We herein aim at reviewing the rationale and current evidence on the potential for lifestyle 
modification with a specific focus on PA as a cost-effective strategy for VC treatment.

 Introduction

The cardiovascular (CV) risk of patients suffering from Chronic Kidney Disease (CKD) 
is few folds higher than that of the general population and it progressively increases with 
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the degree of renal function impairment [1]. Of note, traditional risk factors only partially 
account for such extreme risk and numerous epidemiological and observational studies 
have identified other CKD specific factors that may contribute to the disproportionate CV 
risk observed as renal function declines.

Among other factors, cardiovascular calcifications (CCV) represent a valid marker and 
a potential promoter of vascular damage [2-4]. Indeed, longitudinal studies have repeatedly 
documented that presence and extension of CCV are both associated with adverse outcome 
in the general population as well as CKD patients [5-7].

A convincing body of evidence suggests that CCV is a prominent feature of vascular 
disease in CKD patients with up to 80% of patients receiving chronic dialysis exhibiting 
a certain degree of vascular calcification (VC) [8]. In the last decades, the natural history 
of VC received a large degree of attention and even though the pathogenesis of different 
types of vascular and valvular calcification are far from being conclusively established, it is 
conceivable that a prolonged imbalance between promoters and inhibitors of VC represents 
the condition that triggers VC deposition and progression [9]. Indeed, contrary to a circulating 
factor that fluctuates according to the instantaneous risk at which an individual is exposed in 
a specific timeframe, a tissue marker of CV damage such as CCV likely reflects the end result 
of the cumulative exposure to numerous factors during a prolonged exposure [4]. 

We herein aim at summarizing the rationale and current evidence on the potential 
for lifestyle modification with a specific focus on physical activity (PA) as a cost-effective 
strategy for VC treatment. Details on how the medical literature search was performed are 
provided in Table 1. A list of abbreviations used in the text is provided in Table 2.

Table 1. Literature search methodology adopted for this review article
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wall and is likely related to the atherosclerotic burden and traditional risk factors such as 
diabetes, smoking, dyslipidemia [11]. To the contrary, the second type of VC is located within 
the medial layer of arterial wall and is linked to factors such as mineral metabolism and 
uremia-related toxins [11]. Though the majority of available studies [12-16] suggest that the 
medial calcification may be the predominant type of VC in CKD patients, not all records seem 
to corroborate this notion. A recent cross-sectional, case-control study of 232 patients on 
chronic dialysis and 208 age- and sex- matched controls concluded that VC in large conduit 
arteries is predominantly located in the intima of the arteries and likely connected with 
atherosclerosis, traditional CV risk factors and inflammation [17]. 

Regardless of the pathogenetic pathways and location of VC, a strong and graded 
association of VC and decline in renal function [18], microalbuminuria [19] as well as 
increased risk of CV and all-cause mortality is documented [5, 11, 20-22]. Of importance, 
whether these associations are causative or merely reflect an accelerated senescence of the 
CV system, remains to be established. In a large cohort of 1,703 subjects with history of 
coronary artery disease but not renal impairment, the association between the estimated 
glomerular filtration rate (eGFR) was attenuated in younger individuals suggesting that 
age may be a key factor that modulates these associations [22]. Nevertheless, a convincing 
body of evidence suggests that end-stage renal disease (ESRD) and dialysis are two potent 
promoters of cardiovascular disease (CVD) and VC deposition and progression [23, 24]. 

Though further work is needed to elucidate the mechanisms that trigger VC, a few 
attempts at reducing the risk of VC and CVD through lifestyle interventions have been tested. 
Numerous observations support the notion that PA may protect against CVD [25, 26]. A 
lower mortality and a better CV risk profile (i.e. better control of dyslipidemia, hypertension, 
diabetes and obesity, inflammation) have been shown in physically active individuals [25-
27]. However, the impact of PA on markers of subclinical CV disease such as VC remains 
controversial [26, 28-31] and it is unclear whether these conflicting results are due to the 
observed heterogeneity of different methodologies and study designs adopted or due to the 
level of PA investigated. Furthermore, PA is usually part of a lifestyle modification program 
enforced for CVD prevention and is often coupled with the use of drugs with anti-atherogenic 
properties. All these factors complicate the interpretation of available data. 

PA and markers of subclinical atherosclerosis in the general population

The large majority of available data is cross-sectional or observational in nature and has 
investigated the relationship between PA and different markers of subclinical atherosclerosis 
[usually coronary artery calcification (CAC) or carotid intima media thickness (cIMT)] over 

Table 2. List of abbreviations used in the text Localization and risk factors of VC 

In spite of a profuse effort on understanding 
VC pathogenesis, only a few studies with limited 
samples have attempted to characterize where VC 
are localized within the arterial wall and whether 
different types of VC localization are due to specific 
risk factors or portend different risk of CV event. 
Furthermore, a lack of a reliable diagnostic tool 
that allows for an accurate discrimination among 
different forms of CCV further complicates the 
scenario [10]. In a relatively large series of 202 
hemodialysis patients on maintenance dialysis, 
London and coworkers described two types of VC 
within the arterial wall [11]. The first type of VC 
is located within the intimal layer of the arterial 
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a relatively short period of time making comparisons among studies complicated, thus 
preventing from definitive conclusions on the causal effect of PA on VC. 

In a large cohort of 779 asymptomatic high-risk (with at least 2 traditional CV risk 
factors) individuals of both genders referred for electron beam computed tomography and 
CAC evaluation, Desai and coworkers [32] documented a graded cross-sectional association 
between PA intensity and CAC extension. The observed median CAC scores according to 
level of PA were 24, 18, and 11 (p-trend < 0.002) among individuals reporting a sedentary 
lifestyle (no PA), or being engaged in moderate-duration (< 30 minutes 1 to 2 times/week) 
or long-duration (≥ 30 minutes ≥ 3 times/week) PA, respectively [32]. Notably, the inverse 
and independent association between PA and CAC was confirmed after multivariable 
adjustments. 

A similar conclusion was reached when male participants from the Prospective Army 
Coronary Calcium Project (n  = 1637, mean age 42.8 years; no history of coronary heart 
disease) were studied. Men with CAC were more likely to be dyslipidemic and sedentary. 
Progressive adjustment for confounders showed that only non-HDL cholesterol (odds ratio 
[OR] 1.012 per mg/dL; 95% Confidence Interval [CI] 1.002 - 1.023; P = .019), age (OR 1.119 
per year; 95% CI 1.063 - 1.178; P < .001) and PA (OR 0.808; 95% CI 0.703 - 0.928; P = 0.003) 
were associated with the presence of CAC [33].

Some albeit not all longitudinal studies also suggest that PA and cardio-respiratory 
fitness portend a lower risk of developing VC. Among the 2,373 African-American and white 
young adults enrolled in the Coronary Artery Risk Development in Young Adults Study, 
baseline cardio-respiratory fitness was inversely related with the development of CAC 
during the subsequent 15 years of follow-up. Nonetheless, whether the main determinant 
of CAC deposition is the genetic background or PA of study subjects could not be addressed 
in the study [34].

Conversely, a recent study that investigated the association between CAC and PA 
longitudinally over a prolonged follow-up (i.e. 25-year observation) [31], failed to document a 
linear association between PA level and CAC [30]. However, among the 101 middle-aged men 
recruited in the survey, those who maintained a low-to-moderate PA [exercise-related energy 
expenditure (EE) in kcal/week at baseline < 2050] exhibited the largest CAC burden when 
compared to individuals who regularly maintained a higher degree of PA (EE in kcal/week 
at baseline > 2050) [31]. A similar pattern was noticed when other measures of subclinical 
atherosclerosis were considered [namely: cIMT and reactive hyperemia index], suggesting 
that a regular PA with EE above 2050 Kcal/week may attenuate CV senescence [31]. Notably, 
in this specific cohort of individuals the lowest risk of atherosclerosis was observed in the 
group with stable intermediate PA level (2050 – 3840 kcal/week) and further increase in PA 
did not provide additional protection against atherosclerosis development [31].

What is the optimal level of PA to prevent CVD and CCV is still matter of debate. In a 
small series of 13 highly active endurance-trained athletes and 12 sedentary men and 
women of 60 to 78 years of age, authors could not detect any difference in CAC according 
to level of PA [35]. However, when men (7 athletes and 6 sedentary males) were examined 
separately, a significant correlation between PA, CAC and maximal oxygen consumption was 
noted, suggesting that chronic vigorous exercise may protect against CAC at least in men 
[35]. In a larger and more powered study of 8,565 middle-aged men, Sung and coworkers 
[36] detected a significant increase in CAC prevalence and extension among those individuals 
who exercised more frequently (more than three times per week) [36]. Whether these 
unexpected findings are due to a potential harm of intense PA or due to a confounding by 
indication is unclear at the current time. Indeed, subjects at higher CV risk (i.e. diabetic or 
hypertensive patients) with higher degree of CAC are advised to exercise more frequently 
than peers at low CV risk. However, some concern regarding extreme PA exists. Goel and 
coworkers [37] reported on a case of a marathon runner with accelerated CAC progression 
possibly due to the oxidative stress promoted by this arduous aerobic activity [37]. In line 
with this hypothesis, the investigators of the Heinz Nixdorf Recall Study [38, 39] showed 
that 108 apparently healthy marathon runners (older than 50 years) presented a similar 
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CAC distribution of age-matched controls (median CAC: 36 vs 38 Agatston Units, p = 0.36, 
respectively) but greater CAC burden than peers matched by the Framingham risk score 
(median CAC: 36 vs 12 Agatston Units, p = 0.02, respectively) [38]. Of importance, the event-
free survival was inversely related to CAC burden during a mean follow-up of 21.3 + 2.8 
months [38], suggesting that CAC portends a poor prognosis and is an early indicator for 
subclinical cardiac alteration even in this apparently super-healthy population [39-41]. 

In spite of a strong rationale, not all cross-sectional and observational studies document 
a significant association between PA and CAC or VC. Whether these findings are due to a 
certain degree of population, age or gender heterogeneity, difference in study samples and 
designs, or due to the relative inaccuracy of self-reported PA, or whether there is a PA threshold 
above which PA may be harmful, remains to be investigated in future ad hoc studies. Among 
6,814 male and female participants of the Multi-Ethnic Study of Atherosclerosis [42], neither 
cIMT nor CAC were associated with any level of intensity of self-reported PA in either gender 
after adjustment for age, race/ethnicity, clinic site, education, income, and smoking [42]. 
Only walking pace was favorably associated with CAC and other markers of subclinical CVD 
[namely, cIMT, Ankle-Brachial index] with some differences between men and women [42]. 
Further adjustments for traditional CV risk factors such as dyslipidemia, blood pressure, 
diabetes, body mass index attenuated the statistical significance of these associations 
suggesting that the link between PA and CAC is modulated by traditional CV risk factors [42]. 
Similarly, Taylor and coworkers failed to confirm the association of PA and CAC at any level 
of physical exercise in a cohort of 630 consecutive asymptomatic 39 to 45 year old men and 
women. Notably, these findings were independent of a healthier CV risk profile, including 
lower body mass index and insulin resistance [30]. In another series of 443 healthy men 
and women (mean age = 66 ± 6 years), enrolled in the Whitehall II epidemiological cohort, 
authors did not observe any association between CAC and PA after adjustment for age, sex 
and traditional CV risk factors [43], suggesting that VC may not mediate the CV benefits 
associated with regular physical exercise.

Age may be a strong effect-modifier of the relationship between PA and CAC. von Bonsdorff 
et al [44] observed in a longitudinal cohort of 4,074 participants of the AGES-Reykjavik Study 
(mean age 76 years) that the extent of CAC and decreased physical performance are related 
and both independently predict mortality [44]. In contrast, in a cohort of  1,824 subjects 
older than 70 years enrolled in the Multi-Ethnic Study of Atherosclerosis no independent 
association between PA and cIMT or CAC was detected [45]. If a reduced PA is the cause or 
the effect of increased CAC or if the link between PA and CAC is confounded by the increased 
prevalence of sedentary lifestyle and CAC in the elderly remains to be elucidated. 

PA assessment is another factor that may account for the conflicting results yielded 
by different studies. Measured and objectively assessed rather than self-reported PA was 
independently associated with a lower risk of a CAC greater than 100 Agatston Units (OR 
0.62, 95% CI 0.40 - 0.96) and lower IMT (beta coefficient = -0.04, 95% CI -0.01 to -0.07 mm) 
in a cross-sectional study of 530 middle-aged (mean age 63 years) adults of both genders 
(50% males) [46].

Finally, the role of sex hormones as a potential effect-modifier of the relationship between 
PA and VC is also controversial. In a large cross-sectional study of 544 postmenopausal 
women aged 50 to 80 years [47], the use of hormone replacement therapy (HRT) as well as 
PA were associated with a significant and independent lower prevalence and CAC burden. 
However, the high co-linearity of PA and HRT (women on HRT were 4-fold more likely to 
exercise, p = 0.03) [47] complicates the interpretation of these results. Furthermore, age 
or years of menopause may also modify the link between PA and VC in postmenopausal 
women, as suggested by a pooled analysis by Storti et al [48]. Indeed, the inverse association 
between PA and CAC was apparent in old (mean age 73.9 years) but not young (mean age 
56 years) postmenopausal women though, as speculated by authors, these findings are 
likely due to the lower prevalence of any detectable CAC in the younger age group [48]. A 
similar conclusion was reached by Inzitari et al  who investigated the association between 
CAC and PA in 387 old community-dwellers (mean age 78 years) from the Cardiovascular 
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Health Study [49]. Among old women a linear association between CAC and PA could be 
demonstrated independent of multivariable adjustment [49]. Finally, Straub and coworkers 
[50] described in a cohort of 276 healthy women aged 60 - 85 years that PA was associated 
with an increase in the androgen to cortisol ratio as well low interleukin 6 and less severe 
abdominal aorta calcification postulating that the anti-atherogenic properties of  PA may be 
mediated by the inhibition of inflammation operated by androgens [50].

In summary, evidence on the link between PA and VC is far from being conclusive. It 
seems that regular PA may protect against CVD and VC occurrence in healthy individuals 
though some concern about extremely vigorous exercise may apply. Future interventional 
studies should clarify whether the beneficial effect of PA is modulated by age or other CV risk 
factors and whether the effect of PA is relevant in both men and women. 

PA and markers of subclinical atherosclerosis in CKD 

Data on PA and vascular function or markers of subclinical CV disease in CKD patients 
are scanty, mainly derived from dialysis cohorts and suffer from similar limitations that affect 
studies in the general population. Of note, to the best of our knowledge, no study has ever 
investigated the impact of PA on VC. Nevertheless, a few considerations about the potential 
for PA as a way for VC attenuation can be made.

As eGFR declines, pulmonary and exercise tolerance progressively decrease [51]. In a 
cohort of 38 adult volunteers, the degree of renal impairment was associated to a graded 
decrease in peak oxygen consumption percentage and submaximal exercise tolerance [52]. 
In larger study of 1,111 CKD patients recruited in the Chronic Renal Insufficiency Cohort 
both low PA and frailty (estimated via the Short Physical Performance Battery - a summary 
test of gait speed, chair raises and balance -) were connected to chronic renal dysfunction 
[53]. In light of the impact of PA on blood pressure, dyslipidemia, hypertension, diabetes 
and obesity as well as the strong association between all these factors and VC, CKD patients 
may be one of the most suitable populations for implementing PA [25, 26]. However, future 
studies should test if the relationship between PA and better CV risk profile is not confounded 
by the frailty status.

Though conducted on 50 patients only, a recent randomized controlled trial showed 
that aerobic exercise (15 minutes low-intensity exercise during the first 2 hours of dialysis 
for 2 months) improves dialysis efficacy [54]. Considering that the uremic milieu is a potent 
promoter of VC and CVD in CKD [55], increasing dialysis efficacy may protect against VC 
deposition. Preliminary data support this hypothesis. A first case report in 2006 documented 
a significant walking distance improvement in a 59 year old men on maintenance dialysis 
with a peripheral arterial disease of lower extremities enrolled in a home-based exercise 
training program [56]. In a recent prospective study of 35 patients (19 active group vs 16 
control group) on chronic hemodialysis, the intervention of 40 min exercise training during 
each hemodialysis session for 3 months was associated with a significant improvement in the 
skeletal muscle mass, physical performance as well as indexes of arterial stiffness and blood 
pressure control [57]. A similar trend toward reduced arterial stiffness was also reported in 
another small study aimed at comparing a home-based vs an intradialytic exercise training 
program [58].

In summary, no study has ever tested the impact of regular exercise on VC in CKD or 
dialysis patients, though the few available data suggest a potential for this intervention in 
patients with impaired renal function.

Conclusion

A growing number of study supports the concept that VC is a marker of arterial damage 
and is associated with an adverse prognosis in the general population as well as CKD patients. 
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Similarly, a few lines of evidence suggest that regular PA is associated with an improvement 
of traditional CV risk factors such as blood pressure, dyslipidemia and insulin resistance. In 
light of the link of these factors with VC in the general population as well as in CKD patients, 
it is plausible that PA may attenuate VC deposition and progression. 

However, the impact of PA on VC still needs to be elucidated before advising PA in CKD 
patients. PA is usually part of a lifestyle modification program, and future studies should 
determine the real effect of each recommendation (i.e. PA, nutrition etc) on VC and prognosis 
on both genders.  Similarly, it is currently unclear whether the association between PA and 
CAC is confounded by factors such as age or other traditional CV risk factors and ad hoc 
randomized controlled trials are needed to prove the causal relationship between PA and 
CVD and the advisable “dose” of PA in CKD patients. Future efforts are then required to shed 
light on efficacy and safety of this potentially cost-effective therapeutic strategy for VC and 
CVD in CKD patients.
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