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Abstract 
CKD is a problem of epidemic dimension. The risk of death and cardiovascular complications in this 

condition is of the same order of that by myocardial infarction, which qualifies CKD as “risk equi-

valent”. Calculations made on the basis of the epidemiological data of the MONICA-Augsburg study 

and analyses of the costs of myocardial infarction in a large health insurance company in Germany 

show that the economic burden of cardiovascular comorbidities with CKD in this country is sub-

stantial. These estimates, which may be valid also for other large member states of the European 

Community, represent a call for studies looking at the cost-effectiveness of preventive interventions 

aimed at reducing the risk for CKD and at lowering the concerning incidence rate of death and 

disability due to CKD-triggered cardiovascular complications in CKD patients.  
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The concept of epidemic is intimately 

connected to the spread of infectious diseases. 

However, the third millennium wave of epide-

mics, rather than to infectious disease, is attri-

butable to a variety of chronic diseases inclu-

ding cancer, obesity and obesity-related disea-

ses like type-2 diabetes, hypertension and the 

resulting cardiovascular complications, myo-
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cardial infarction, heart failure, cerebrovascular 

and peripheral artery disease. The contribution 

of chronic kidney disease (CKD) to this third 

millennium epidemic has long been overlo-

oked. Until 2002 there was no accepted defini-

tion of CKD and renal insufficiency was defi-

ned by a variety of thresholds based on serum 

creatinine rather than on estimates of glomeru-

lar function (the GFR) or renal damage (albu-

minuria, alterations of urine sediment, altera-

tions in renal structure as defined by histology 

or imaging techniques). In 2002 Andrew Levey 

proposed a novel definition of CKD based on a 

staging system adopting GFR estimates and 

laboratory or imaging evidence of renal da-

mage [1]. This staging was independent of the 

cause of CKD but the KDOQI guidelines adop-

ting the same staging system emphasized the 

importance of establishing causality of CKD in 

all patients with chronic nephropaties [2]. Re-

markably, this novel definition was coupled to 

a well-conceived action plan encompassing 

screening in individuals at risk, early treatment 

in subjects with evidence of reduced GFR 

and/or signs of renal damage, careful follow-up 

and treatment of patients with established CKD, 

timely referral and initiation of therapies sub-

stitutive of renal function (dialysis and trans-

plantation) in patients who progress to final 

stage of kidney failure [2]. This new definition 

was gradually accepted worldwide and led to 

the discovery that CKD is much more frequent 

than previously realized. CKD is at least as 

common as diabetes and in a systematic review 

published in 2008 the worldwide prevalence of 

this disease ranged from 2.5% to 11.2% [3] 

being exceedingly prevalent in the old age [4]. 

Even more important, CKD is now per se re-

cognized as a strong cardiovascular (CV) risk 

factor [5]. Of note, recent epidemiological stu-

dies suggest that the epidemic may still be in 

an expanding phase, at least in the USA [6]. 

 

CKD as risk equivalent 
The strong link between CKD and car-

diovascular risk emerged in studies in the nine-
ties and in the early years of the new millen-
nium [7]. Subsequently, analyses performed in 
very large clinical databases provided large 
scale, strong evidence of the CV burden attri-
butable to CKD [5]. The USA National Cho-

lesterol Education Program Adult Treatment 
Panel III (ATP III) considered diabetes as a 
coronary heart disease risk equivalent [8]. This 
concept is based on the fact that the 10-year 
risk of coronary death or myocardial infarction 
(MI) in diabetic patients is equivalent to the 
risk associated with previous myocardial infar-
ction, a risk exceeding the 20%. More recently 
Tonelli et al., specifically looked at the risk for 
myocardial infarction and death attributable to 
CKD in a large clinical database including 
about 1.250.000 individuals in the Alberta re-
gion in Canada [9]. During a 4-year follow-up 
about 1% of subjects in this data base were 
hospitalized for MI. As expected, the incidence 
of MI was highest in individuals with previous 
MI (18·5 per 1000 person-years). Patients with 
CKD (defined as a GFR < 60 ml.min-1.1.73 
m2) and without diabetes and without previous 
MI had a lower risk (6·9 per 1000 person 
years) than those with previous MI but higher 
than those with diabetes and without CKD and 
without previous MI (5·4 per 1000 person-
years) (Fig. 1). Furthermore, CKD patients 
with GFR < 45 ml.min-1.1.73 m2 and 
proteinuria > 0.3 g/day had an incident rate of 
MI (12·4 per 1000 person-years) approaching 
that of patients with previous MI (Fig. 1). Even 
more concerning, the all-cause mortality risk in 
CKD patients (as defined by a GFR < 60 
ml.min-1.1.73 m2) was 

 

 

Fig. 1 –Incident risk for myocardial infarction (MI) 

(upper panel) and death (lower panel) in patients who 

had a MI and in CKD patients without previous MI and 

diabetes and in diabetic patients without CKD and 
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previous MI. The graphs are drawn on the basis of data 

abstracted from Ref. 9 

even higher than that of patients with previous 

MI. Overall these data support the concept peo-

ple with CKD are at very high risk of coronary 

heart disease events and death and that such 

risk is of the same order of that registered in 

patients with previous MI. 

 
Life-time risk of CKD and  

screening policies 

Risk estimates in individual patients are 

important in clinical practice because allow 

profiling patients follow up according to the se-

verity of disease (the predicted probability of 

adverse outcomes) as well as resources plan-

ning and communication with patients and he-

ath care providers and funding institutions. 

Such estimates are increasingly adopted by cli-

nical guidelines (e.g. hypertension guidelines) 

and constitute a fundamental element to inform 

screening programs, including CKD screening. 

In general, absolute estimates of the risk of di-

sease are calculated for relatively short periods 

(e.g. 1 year risk or 5 or 10 years risk). The Ame-

rican College of Cardiology, American Heart 

Association risk calculator issued in 2013 [10] 

produces individual estimates of the 10 years 

and the lifetime risk of atherosclerotic cardio-

vascular disease events. Although the 10 years 

absolute risk for cardiovascular disease in an 

individual with just marginally altered CV risk 

factors may be small, if we reframe the calcula-

tion in a lifetime scale (i.e. from birth to death) 

the corresponding risk may be quite high. In a 

40 years white male, non-diabetic, smoker, 

with a systolic BP of 140 mmHg, cholesterol 

200 mg/dl and HDL cholesterol 30 mg/dl the 

10 years risk of cardiovascular complications is 

8.9% while the lifetime risk for the same 

events is 50%. 
As alluded to before, CKD is now consi-

dered as a true public priority because reduced 
GFR, particularly so when associated with pro-
teinuria/albuminuria, entails a high risk for car-
diovascular events and progression to end stage 
kidney disease. The burden of disease in terms 
of quality of life and health expenditures in pa-
tients who progress to the most advanced stage 
of CKD, stage 5 (the stage where dialysis and 
transplantation should be initiated) is substan-
tial. Thus, estimates of the lifetime risk for 

stage 5 CKD are of paramount relevance both 
for clinical management as well as for renal 
care planning. In 2013 investigators at the De-
partment of Medicine, Johns Hopkins Univer-
sity provided estimates of the life time risk of 
CKD [11]. According to these estimates, in the 
general population at birth the overall lifetime 
risks of CKD stages 3a, 3b, 4, and 5 were 
59.1%, 33.6%, 11.5%, and 3.6%, respectively. 
Thus about 1 individual out 9 ends his or her 
life with severe CKD (stage 4) and about 1 in-
dividual out of 28 ends his/her life on dialysis 
or with a kidney transplant. These concerning 
figures emphasize the need of prevention stra-
tegies. Prevention demands either screening, 
i.e. systematic, pro-active testing of all indivi-
duals at risk of disease, or early detection, i.e. 
testing all individuals at risk in occasion of 
contacts with the health system, independently 
of the reason why the same contact is establi-
shed (for example, all individuals > 50 years 
who are seen by an urologist may be tested for 
prostate cancer). However, screening and early 
detection are costly undertakings and underlie 
not only benefits but also risks. Indeed some 
individuals may develop important psycholo-
gical distress including anxiety and depression 
because of false positive findings. Therefore, 
screening and early detection programs need to 
be tested in appropriate clinical trials before 
being adopted on a large scale. Screening poli-
cies for prostate cancer have already been tes-
ted in clinical trials and the same is true for 
breast cancer. However, until now we have no 
such trial for CKD and it remains much deba-
ted whether or not screening for CKD is a cost 
effective approach. A study modelling the use-
fulness of screening based on microalbuminu-
ria [12] found that mass screening at yearly in-
tervals starting at age 50 years has a cost-effec-
tiveness ratio of $73,000 per quality adjusted 
life year (QALY) relative to no screening and 
$145,000 per QALY relative to usual care (in 
usual care some individuals undergo some 
screening and treatment of CKD). Cost-effecti-
veness of screening improves with longer scre-
ening intervals and bi-annual screening targe-
ting diabetic patients and hypertensive patients 
had a cost < $50.000 per QALY, i.e. the thre-
shold which is considered as cost-effective in 
the USA. Overall, this modelling study empha-
sized that targeted screening for CKD every 
two years may be useful. However, on the basis 
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of a thorough meta-analysis of available clini-
cal studies [13], the panel of investigators who 
developed the American College of Physicians 
(ACP) Guidelines made quite restrictive re-
commendations for screening [14]. Indeed, 
ACP recommends against screening for CKD 
not only in asymptomatic adults without risk 
factors for CKD but also in asymptomatic 
adults with risk factors like diabetes, Hyperten-
sion and CV disease. 

 
The cost of comorbidities in CKD 
In the lack of proper clinical trials testing 

the usefulness of CKD screening, it remains 
still uncertain whether screening programs are 
useful to prevent CKD and to reduce the health 
costs of this disease. However, detecting CKD 
in patients with comorbid conditions – from  
cardiovascular disease to infectious diseases 
and cancer – is important because CKD increa-
ses the risk of death and frailty in patients who 
are already affected other chronic conditions. 
The relevance of the problem in epidemiologi-
cal and clinical terms is well known. Below, 
we will focus on the cost of comorbidities in 
patients with CKD. A longitudinal study aimed 
at evaluating the cost-effectiveness of scree-
ning in elderly people is underway in the Ox-
ford area [15]. Herein, we will give tentative 
estimates of the cost of comorbidities in CKD 
patients derived from analyses based on the 
MONICA Augsburg study data [16] and on the 
cost of myocardial infarction in the German 
health system [17].  

The MONICA -Augsburg study is a co-
hort study which is part of a multinational 
WHO project (Multinational MONItoring of 
trends and determinants in CArdiovascular di-
sease) established worldwide in the early 1980s 
to monitor trends in cardiovascular diseases 
and to relate these trends to risk factor changes 
in the population over a follow up of ten years. 
In this study enrolling individuals in the 25–74 
years range, CKD (defined as an eGFR bet-
ween 59 and 15 ml.min-1.1.73 m2) had a 16% 
prevalence. In analyses adjusting for classical 
risk factors, the HR for women with CKD com-
pared to women without CKD was significan-
tly higher for incident Myocardial Infarction 
(MI) [HR 1.67; 95% confidence interval (CI) 
1.07–2.61] and for cardiovascular mortality 
(HR 1.60; 95% CI 1.17–2.18) and the same 

was true for men [incident MI (HR 1.51; 95% 
CI 1.09–2.10; cardiovascular mortality HR : 
1.48; 95% CI 1.15–1.92) ] while in neither gen-
der CKD did increase the risk of all-cause 
mortality. By direct comparison of MI events 
in patients with and without CKD in this cohort 
(194.7 vs 107 MI person.year-1, crude HR = 
1.82), it can be calculated that CKD entails an 
excess number of Myocardial Infarctions equal 
to 8770 MI events per million population per 
year. Assuming that in Germany the prevalence 
of CKD3-5 in individuals > 24 years is equal to 
that registered in Monica-Augsburg (16%), in 
this country (total population 80.781.000, about 
70% of whom aged > 24 years) the number of 
patients with stage 3–5 CKD in the age strata > 
24 years is about 9 million. By multiplying the 
excess of MI events in CKD patients (8770. 
million-1.year-1) for the whole population of 
CKD patients (> 24 year old) in Germany we 
can estimate that 78930 MI per year can be 
attributed to CKD. In a longitudinal study in a 
large German health insurance company 17 the 
actual cost of MI during the first year after this 
event was about 13,000 EU. Thus, the total 
yearly costs of a single main CV comorbidity 
(MI) to the German health system is as high as 
1,026,090,000 EU. A calculation considering 
the possibility that part of the cost is attri bu 
table to classical risk factors rather than to 
CKD per se, reduced the estimate to a modest 
extent (about 148 million EU). No suitable po-
pulation data are available in the same country 
to make calculations of the costs of heart fai-
lure or cerebrovascular or peripheral vascular 
disease complications attributable to CKD. In a 
conservative estimate, the additional cost is 
likely to be at least the double of that of MI. 
Thus, the overall cost of cardiovascular disease 
events attributable to CKD in Germany may 
attain 3 billion/year, a very high cost which is 
of the same order of the total yearly average 
cost of the dialysis procedure in Germany 
(which in 2010 was about 27.000 EU per year 
per patient [18] in a population of about 75.000 
dialysis patients). Even though these estimates 
pertain to one of the richest European coun-
tries, they may be grossly valid also in the large 
member states of the European community 
(also including, France, England, Italy and 
Spain) [19]. 
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In conclusion, CKD is a problem of epi-
demic dimension. The risk of death and cardio-
vascular disease in this condition is of the same 
order of that by myocardial infarction, which 
qualifies CKD as a risk equivalent. The econo-
mic burden of cardiovascular comorbidities se-
condary to CKD in a rich European country like 
Germany is substantial. Estimates based on 
publicly available data in this country represent a 
call for studies looking at the cost-effectiveness 
of preventive interventions aimed at reducing the 
risk for CKD and at limiting the risk of death and 
disability attributable to CKD-triggered cardio-
vascular complications in CKD patients.  
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Хроничната бубрежна болест (ХББ) е проб-

лем од епидемиски размери. Ризикот од смрт и 

кардиоваскуларни компликации на оваа сос-

тојба е од ист степен како и кај миокардниот ин-

фаркт, што ја квалификува ХББ како „еквива-

лент на ризик“. Пресметките направени врз ос-

нова на епидемиолошките податоци на студи-

јата MONICA-Аугсбург и анализата на трошо-

ците на миокардниот инфаркт во голема компа-

нија за здравствено осигурување во Германија 

покажуваат дека економскиот товар на кардио-

васкуларните коморбидитети со ХББ е значите-

лен во оваа земја. Овие процени, што можат да  

важат и за други големи земји-членки на Ев-

ропската заедница, претставуваат повик за сту-

дии за исплатливоста на превентивните интер-

венции во насока на намалување на ризикот од 

ХББ и за намалување на степенот на инцидент-

носта за смрт и инвалидитет поради кардиовас-

куларни компликации поттикнати од ХББ кај 

пациенти со ХББ. 

 
Клучни зборови: хронична бубрежна болест (ХББ), 

кардиоваскуларни коморбидитети, целоживотен ризик. 
 

 


