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A b s t r a c t :  Background: The Framingham–Anderson (FA) risk equation can 

predict coronary heart disease (CHD) risk in the general population. However, this 
formula’s validity in predicting CHD risk in chronic kidney disease (CKD) patients is 
not extensively evaluated. 

Methods: In a group of 96 patients with CKD stage 2 to 4, free of CHD at the  
time of the start of follow-up, and prospectively followed for 4 to 12 years (7.4 ± 2.2 
years, mean ± SD), we calculated the FA index. 

Results: During the follow-up period, twenty-one patients experienced fatal 
and non-fatal myocardial infarction (CHDobs+), and 75 remain free of CHD (CHDobs–). 
The median FA index was 7.1% for CHDobs– patients and 10.3% for CHDobs+ patients. 
The specificity of the model was acceptable (89%), but the sensitivity was low (24%). 
Sensitivity analysis by adding fibrinogen led to an improvement in the CHD risk index 
and the sensitivity of the model (48%) as well. However, despite the addition of fibri-
nogen to the FA risk factors, full CHD risk in CKD patients remains underestimated.  

Conclusions: Our results show that the FA index is a weak predictor of CHD 
in CKD stage 2 to 4 patients, and emphasized the role of inflammation in predicting the 
CHD risk. 

 
Key words: Chronic kidney disease, Renal Failure, Prediction model, Coronary artery 
disease, fibrinogen, inflammation. 
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Introduction 
 

Coronary heart disease (CHD) is an important cause of morbidity and 
mortality in chronic kidney disease (CKD) [1, 3]. Predicting CHD is of primary 
importance for its prevention and treatment. Traditional risk factors, recognized 
as contributing to CHD in the general population, are present in patients with 
CRF [4]. In an effort to quantify CHD risk based on traditional risk factors 
alone, Sarnak et al. applied the Framingham risk equation to 1795 patients with 
CRF enrolled in the baseline period of Modification of Diet in Renal Disease 
study, and found that predicted CHD risk is similar to the risk in the general 
population [4]. In another study, the projected 5-year cardiovascular disease risk 
based on the Framingham risk equation among end-stage renal disease (CKD 
stage 5) patients older than 40 years without previous CVD was higher in 
CHOICE study participants (13%) than in the NHANES III participants (6%) 
[5]. However, neither of these studies was able to assess the validity of the 
Framingham–Anderson risk equation in predicting CHD risk in CKD patients 
relative to their cross-sectional nature.  

In our nephrology division, we prospectively determined clinical and 
laboratory parameters relevant to atherogenesis in a cohort of patients with 
CKD stage 2 to 4, and evaluated the incidence and risk factors of cardiovascular 
events over a 10-year period [1]. In the present paper we extend this follow-up 

period to December 31, 1999. Data from our study provide an opportunity to 
prospectively examine the validity of the Framingham risk equation in 
predicting CHD risk in CKD patients.  

 
 

Patients and methods 
 
Patients 
Between January 1985 and December 1997, 147 patients (99 male, 48 

female, all Caucasian) with progressive CKD, defined by a creatinine clearance 
(Ccr) of 20–70 ml/min, were referred and regularly followed in our nephrology 
division. Recruitment started as of January 1, 1985 and terminated as of April 
30, 1994. The date of the last follow-up was December 31, 1999. Patient fol-
low-up has been performed at our division from baseline Ccr either until the 
start of hemodialysis (HD), or until the end of the follow-up period. Nine out of 
the 147 patients were on lipid-lowering therapy and were excluded. Thus, 138 
patients were included in the current evaluation. Of these, 96 patients were free 
of cardiovascular events at the time of the start of follow-up, had a follow-up 
time of between 4–12 years, and therefore fulfilled the requirements of the 
Framingham–Anderson index [6]. All patients were ambulatory and managed as 
outpatients. Informed consent to participate in this study of the risk factors of 



 Prediction model of coronary heart disease... 65 

Prilozi, Odd. biol. med. nauki XXVI/2 (2005) 63–77 

atherosclerosis was collected. The outcome measure was the occurrence of a 
myocardial infarction with or without revascularisation, For the 96 patients 
included, the covariables required for the calculation of the Anderson’s index 
were collected, including age and gender, systolic blood pressure, tobacco 
consumption, diabetes, total and HDL cholesterol. Left ventricular hypertrophy 
(LVH) by electrocardiogram (EKG) criteria were not recorded at baseline, and 
therefore were not included in the initial calculation of the Framingham–
Anderson’ index. We also evaluate serum fibrinogen levels and estimated 
creatinine clearance for each subject by using the Gault and Cockroft formula. 
The patients’ clinical characteristics at inclusion are presented in Table 1. 
Eighty-six percent of patients were under antihypertensive therapies, and 
twenty-four percent were under angiotensin converting enzyme (ACE) 
inhibitors. The mean duration of follow-up was 7.4 ± 2.2 years. During the 
follow-up period, twenty-one patients experienced fatal or non-fatal myocardial 
infarction.  
 
Table 1 – Tabela 1 
 

Patients’ characteristics at inclusion 
Karakteristiki na pacientite pri vklu~uvawe vo studijata 

 
A: Patients’ clinical and laboratory data characteristics at inclusion 
A: Klini~ki i laboratoriski podatoci za pacientite  

pri vklu~uvawe vo studijata 
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CDHobs- 75 61 64.5 150 6.21 1.38 44.0 24.5 4.65 39.5 

CDHobs+ 21 81 68.1 156 6.24 1.23 52.4 25.3 5.67 37.3 

All 96 66 65.3 151 6.22 1.35 45.8 24.7 4.88 39.0 

 

N: number of patients, BMI: body mass index, total Chol: total serum cholesterol, HDL Chol: 
High density lipoprotein serum cholesterol, Fib: serum fibrinogen; Creat clear: creatinine 
clearance. For the numeric variable the results are expressed as mean. 
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B: Patients’ CKD etiology at inclusion 
V. Osnovno bubre`no zaboluvawe kaj pacientite so HBS  

pri vklu~uvawe vo studijata 
 

Diagnosis (%)       N 
CGN NAS CIN PKD other

CHDobs- 75 16 29 39 15 1 

CHDobs+ 21 10 43 29 14 5 
All 96 15 32 37 15 2 

 

CGN: Chronic Glomerulonephritis; NAS: Nephroangiosclerosis; CIN: Chronic interstitial 
nephritis; PKD: Polycystic Kidney Disease; other including diabetes. 
 
 

Methods 

In this cohort of CKD patients, the probability of presenting CHD was 
calculated for each patient according to his (her) own follow-up duration. The 
patients who suffered from fatal or non-fatal myocardial infarction were 
classified as CHDobs+ group, and those without CHD during the study period 
were classified as CHDobs– group. A box plot was used to show the probabilities 
of MI for each group. Because of the concern that LVH prevalence is higher in 
CKD than in the general population, we performed a sensitivity analysis 
assuming that the prevalence of LVH on EKG was 20%. This percentage 
corresponds to the average prevalence of LVH on EKG observed in dialysis 
patients [5, 7], which is probably higher than those observed in CKD stage 2–4, 
but probably lower than the prevalence rates of LVH by echocardiogram in 
these patients [3]. Simulations based upon a 20% prevalence of LVH were 
performed using n 10 000 iterations. 

The threshold retained for the patient categorization into the "high risk 
group" was 0.20. These patients were allocated to the CHDAnd+, or otherwise 
they were allocated to the CHDAnd–group. Considering CHDobs– and CHDobs+ 
groups, sensitivity, specificity and % correctly classified cases were calculated 
for CHDAnd. We also looked for the link between complementary covariables, 
not specified in Framingham–Anderson’s model, and the outcome using a 
Weibull model. This accelerated failure time model is closest to the Anderson 
model. This model was also used to identify "high risk" patients according to 
the definition given above. The hypothesis of proportional-hazards was tested 
using the Cox.zph procedure of the « R » software [8]. Survival plots were 
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drawn according to the limit-product method. Type one error was set to 0.05. 
Analyses were performed using the « R » software [9]. 

Results 

The probabilities obtained with Framingham–Anderson’s formula on 
our sample of CKD patients appear in Figure 1. In our sample, Framingham–
Anderson’s model gave very low probabilities of occurrence of the outcome; 
lower than 0.307, even for the 21 patients CHDobs+ (16 CHDAnd– and 5 
CHDAnd+). The distributions of the 2 groups of patients were very close. Fra-
mingham – Anderson’s formula thus appeared to be poorly informative in this 
sample. The difference between the two medians was 3.2%, 7.1% for the 
CHDobs– group and 10.3% for the CHDobs+, respectively (Figure 1). Three out 
of 4 patients were correctly classified and the specificity was 89%. However, 
the sensitivity was low, namely 24%: In our sample, Framingham–Anderson’s 
model did not appear to efficiently detect «high risk» patients. Sensitivity 
analysis, assuming that LVH on EKG was present in 20% of patients, led to 
improve sensitivity (31%), but it nevertheless remained low. 
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Figure 1 – Distribution of probabilities according to Framingham–Anderson’s 
formula for patients who suffered (CHDobs+) and not  (CHDobs–) from fatal and 

non-fatal myocardial infarction during the follow-up 
Slika 1 ‡ Distribucija na verojatnosti vo sklad so formulata  

na Framingam i Anderson za pacienti koi imale (KABobs+)  
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ili ostanale bez (KABobs–), za razvoj na fatalen ili ne-fatalen 
miokarden nfarkt vo tek na sledeweto 

In order to improve the model’s sensitivity, we evaluated two other 
variables (i.e. fibrinogen and creatinine clearance). Using a univariate Weibull 
model, a strong association was demonstrated between plasma fibrinogen and 
the CHD outcome variable (p = 6.10-6). The hypothesis of proportional-hazards 
was not rejected (p = 0.34). Product limit curves are shown in Figure 2 for the 
group of patients who presented with plasma fibrinogen at a level higher or 
lower than 4.5 (median value, g/l). On the other hand, we found no relationship 
between the creatinine clearance and the CHD outcome (p = 0.057). 

 
Figure 2 – Plots of Kaplan-Meier product-limit estimates of non-occurrence of 
fatal  and non-fatal myocardial infarction in patients with plasma fibrinogen 

(Fib) at a level higher (High) or lower (Low) than 4.5 g/l (median value) 

Slika 2 ‡ Plotirawe na produkt-limit vrednostite spored Kaplan-
Maer za neslu~uvawe na fatalen ili ne-fatalen miokarden infarkt 
kaj pacienti so plazma fibrinogen (Fib) na vrednosti povisoki (V) 

ili poniski (N) od 4.5 g/l (sredi{na vrednost) 
 

A multivariate Weibull model was thereafter adjusted to explore whet-
her fibrinogen produced additional prognostic information for high risk patients. 
The multivariate model included the 6 variables included in the Framingham–
Anderson model (age gender, systolic blood pressure, total serum cholesterol to 
HDL cholesterol ratio, diabetes, smoking status), associated with two additional 
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variables, plasma fibrinogen and creatinine clearance. Proportional-hazards 
hypothesis was not rejected (p = 0.41). Table 2 summarizes the results. The 
only significant covariable was plasma fibrinogen [p = 10-3]. Given a lack of 
scope, (limited number of patients and of events), our model did not detect the 6 
covariables of Framingham–Anderson’s model nor the creatinine clearance as 
predictive factors for CHD.  
 
Table 2 ‡ Tabela 2 
 
Weibull Model including the covariates of the Framingham–Anderson’s model 

and 2 additional variables: plasma fibrinogen and creatinine clearance 
Model na Veibul koj gi vklu~uva varijablite na modelot  
na Framingam i Anderson i dve dopolnitelni varijabli:  

plazma fibrinogen i kreatinin klirens 
 

Covariable   p 
Total serum cholesterol/HDL  0.61 
Age 0.49 
Systolic blood pressure  0.15 
Smoker  0.41 
Gender  0.28 
Plasma fibrinogen  0.001 
Creatinine clearance  0.12 

 
Given the model’s coefficients, we calculated the theoretical probabilities 

of CHD occurrence. Table 3 gives the distributions of probabilities according to 
the CHDobs category. The difference of the median values for the CHDobs– (7%) 
and CHDobs+ (19.1%) groups was 12% (Figure 3). When considering CHDweib+ 
and CHDweib– patients according to the threshold of 0.20 for the definition of high 
risk patients, 73% of the patients were appropriately classified according to the 
CHDobs categories (Table 3). Sensitivity was 48% and specificity 80%. 
 
Table 3 – Tabela 3 
 

High risk patients according to the Weibull (weib) model by Coronary heart 
disease (CHD) categories. 

Pacientite so visok rizik spored modelot na Veibul podeleni 
prema katerogirijata na koronarna arteriska bolest (KAB) 

 
 CHDweib– CHDweib+ 
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CHDobs– 60 15 
CHDobs+ 11 10 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 – Distributions of probability for CHDobs+ and CHDobs– patients  
(see figure 1 for definition) selected by the Weibull model including the six 

Framingha–Anderson’s covariables and 2 additional covariates: serum 
fibrinogen and creatinine clearance 

Slika 3 ‡ Distribucija na verojatnosti za KABobs+ i KABobs–
pacientite (vidi figura 1 za definicija) selektirani spored modelot 

na Veibul koj gi vklu~uva {este kovarijabli na Framingam  
i Anderson i dopolnitelnite varijabli: serum fibrinogen  

i kreatinin klirens 

 
Given that our model was run on our sample, we explored whether this 

favored its predictive performances compared to the Framingham–Anderson 
model. We therefore adjusted a Weibull model excluding fibrinogen and crea-
tinine clearance. The predicted probabilities appear in figure 4. The medians 
were 9.5% for the CHDobs– group and 12.3% for CHDobs+, respectively, atte-
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sting to the absence of improvement of the predictions in this instance. This 
result confirms that the predictive ability of our model was mainly due to the 
presence of the fibrinogen rather than to over fitting. 
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Figure 4 – Distributions of probability for CHDobs+ and CHDobs– patients  
(see figure 1 for definition) selected by the Weibull model including the six 

Framingham–Anderson’s covariates 

Slika 4 ‡ Distribucija na verojatnosti za KABobs+ i KABobs– 
pacientite (vidi figura 1 za definicija) selektirani spored modelot 

na Veibul koj gi vklu~uva {este kovarijabli  
na Framingam i Anderson 

 
 

Discussion 

Our findings show that the Framingham–Anderson index is a weak 
predictor of CHD in CKD stage 2 to 4 patients and that the CHD prediction 
could be improved by adding  fibrinogen to a predictive model. To the best of 
our knowledge, the present study is the first long-term prospective study, which 
examines the validity of the Framingham–Anderson risk equation in predicting 
CHD risk in CKD stage 2 to 4 patients. 

In the present prospective study, we are able to demonstrate that the 
Framingham–Anderson index is a poor predictor of CHD risk in CKD stage 2 to 
4 patients. Actually, the poor predictability of CHD by the Framingham–
Anderson risk equation may be even worse in our patients, since Framingham– 
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Anderson’s risk equation, adapted to the French male population by changing 
the intercept to estimate CHD risk, would lead to an even lower predictive 
performance [10]. Our data confirm and extend the results of previous cross-
sectional and short longitudinal studies. They have suggested that Framingham– 
Anderson’s risk equation was insufficient in capturing the extent of CHD risk in 
subjects with CKD, although they were not able to assess its poor ability in pre-
dicting CHD risk in these patients, given their limited time of follow-up [4, 5, 
11]. One possible explanation could be due to the fact that the Framingham–An-
derson risk equation has not been specifically designed for patients with CKD 
[6]. In diabetic patients, another high risk population, the Framingham–Ander-
son index has been shown to underestimate the prediction of CHD [12]. 

The fact that LVH by EKG criteria were not recorded at baseline, and 
therefore were not included in the initial calculation of Framingham–Ander-
son’s index did not account for the poor predictability observed in the present 
study. The inclusion of LVH in the Framingham–Anderson index did not 
substantially improve the sensitivity of the model (24% vs 31%, before and 
after the inclusion of LVH as a covariate, respectively). The diagnosis of LVH 
by EKG criteria, however, may be challenging in CKD patients in whom the 
prevalence of LVH by echography criteria is estimated at 25 to 75 % according 
to the level of kidney function [3]. Framingham–Anderson’s index, using LVH 
by echography criteria, is not available in the general population, and therefore 
cannot be used in CKD patients. 

Chronic micro-inflammation is commonly observed in patients with 
CKD [13]. Inflammation markers, such as C-reactive protein (CRP) or Fibrino-
gen, powerfully predict overall and/or cardiovascular mortality in CKD patients 
[1, 4, 15]. In the present study, we confirm our previous observation in the same 
group of patients but with an extended follow-up, which showed that fibrinogen 
is a strong independent risk factor for CHD [1]. The addition of fibrinogen to 
Framingham–Anderson’s risk factors improves the sensitivity and predictability 
of our model. Our data point out one possible explanation for the poor pre-
dictability of CHD in CKD patients by the Framingham–Anderson risk equa-
tion. Indeed, inflammation markers, that were not included in the initial Fra-
mingham–Anderson equation, might play a role in promoting CHD in CKD 
patients. It is interesting to note that high-sensitive CRP can also improve 
prognostic information on CHD risk at all levels of the Framingham–Anderson 
risk score in the general population, as recently demonstrated by Ridker et al. in 
a large cohort of healthy American women [16]. Unfortunately, CRP determi-
nations are lacking in the present study, and so it is impossible to make a direct 
comparison with the previous data observed in the general population. We are 
also aware that fibrinogen may not be only a marker of inflammation, since it is 
involved in both inflammation and thrombosis, and that its measurement is 
poorly standardized [17]. Moreover, increased levels of fibrinogen in hemo-
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dialysis patients may result in a dual stimulation of inflammation and increased 
plasma volume [18]. On the other hand, its has been shown that fibrinogen is an 
independent predictor of fatal and non-fatal cardiovascular events in a model 
including traditional risk factors and CRP in CKD stage 5 patients [14]. There-
fore, additional studies and particularly in an external cohort to the current data 
set are needed to determine the respective role of fibrinogen and CRP in the 
prognostic information on CHD risk in CKD patients, which is currently under 
investigation. 

Reduced glomerular filtration rate (GFR) is associated with a number of 
uremic, toxin-related risk factors, and therefore may be useful for improving the 
predictability observed in the present study. Estimated creatinine clearance by 
using the Gault and Cockroft formula has been used in the present study to 
determine the GFR. Our model, however, did not detect creatinine clearance as 
a predictive factor for CHD. Levin et al. could not find an impact of creatinine 
clearance on cardiovascular prevalence or incidence independent of the Framin-
gham–Anderson risk factors [2]. Moreover, the presence of reduced GFR is 
either not a risk, or at most a modest, independent risk factor for cardiovascular 
outcomes in a low-risk population without defined CKD [3]. On the other hand, 
in high risk-populations most, but not all, studies have suggested that decreased 
GFR is an independent risk factor for cardiovascular outcomes [3]. In a secon-
dary analysis, Manjunath et al. have recently demonstrated that GFR estimated 
by equation derived from MDRD study is an independent risk factor for cardio-
vascular disease over 3 years, in the elderly [19]. Potential reasons for the lack 
of predictive value of creatinine clearance for CHD in the present study include 
a limited number of patients and events, and use of estimated creatinine clear-
ance and not a true GFR measurement. However, it is of interest that fibrinogen, 
not creatinine clearance, was a marked predictor of CHD in this small cohort of 
CKD patients, underlying the key role of inflammation in these patients. 

To evaluate the role of new covariates we used a Weibull model instead 
of the Framingham–Anderson model. The latter does not rely on the hypothesis 
of proportionality of hazards, however our model did and this hypothesis was 
tested. Moreover, since the Framingham–Anderson model is not available, and 
in view of the limited size of our cohort of patients, we estimated that there was 
a limited benefit in rewriting the Framingham–Anderson model. Despite the 
addition of inflammation markers to the Framingham–Anderson risk factors, we 
were unable to estimate the full CHD risk in CKD patients underlying the role 
of additional uremic toxin-related risk factors such as p-cresol or oxidative 
stress markers [20–22]. The results of the present study may have been ham-
pered by several limitations related to small sample size (chance effects), and 
the fact that some of our variables such as systolic blood pressure and 
cholesterol may be confounded by treatment, or by disease. However, since it 
has been shown that the use of ACE inhibitors or Beta-blokers were associated 
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with a reduction of the inflammatory response [23, 24], and since the majority 
of our patients were under antihypertensive therapies, the relationship between 
inflammation and CHD in the present study may be become even stronger. 
Moreover, less than ten percent of patients had total cholesterol levels <4.7 mM 
(<180 mg/dl), which excludes a possible confounding effect related to the 
presence of malnutrition status. Of note, patients who were under lipid-lowering 
therapy were also excluded. Finally, the limited size of the present study did not 
allow us to propose a new formula to improve the prediction of CHD risk in 
CKD patients. 

In conclusion, our study demonstrated the limitations of the Framing-
ham–Anderson model in predicting CHD in CKD stage 2 to 4 patients, and 
emphasized the role of inflammation in predicting the CHD risk. However, our 
data should considered as preliminary in view of several limitations discussed 
above, and adequate powered studies are necessary to test the hypothesis that 
inflammation markers in CKD patients outweigh traditional risk factors in the 
prediction of CHD, and before developing a new reliable model to estimate 
CHD risk index in CKD patients as well. 
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 Formulata na Framingam i Anderson (FA) mo`e da go pred-
vidi rizikot za koronarna arteriska bolest (KAB) kaj op{tata 
populacija. No, validnosta na ovaa formula vo predviduvawe na 
rizikot za KAB kaj pacientite so hroni~na bubre`na slabost 
(HBS) ne e soodvetno prou~ena. 
 Nie go kalkuliravme FA indeksot kaj grupa od 96 pacienti so 
HBS od 2 do 4 stadium, bez naod na KAB na po~etokot na sledeweto, 
koi bea prospektivno sledeni vo tekot na 4‡12 godini (7.4 ± 2.2 
godini, sredna vrednost ± SD). 
 Vo tekot na sledeweto, 21 pacient ima{e fatalen ili nefe-
talen miokarden infarkt (KABobs+), a 75 ostanaa bez KAB (KABobs‡). 
Sredi{niot indeks na FA be{e 7.1% kaj KABobs+ pacienti i 10.3% 
kaj KABobs‡ pacienti. Modelot ima{e prifatliva specifi~nost 
(89%), no senzitivnosta be{e niska (24%). Analizata na senzitiv-
nosta so dodavawe na varijablata fibrinogen dovede do podobruvawe 
na indeksot na rizik za KAB, a isto taka i na senzitivnosta na mo-
delot (48%). No, i pokraj dodavaweto na fibrinogenot vo rizik 
faktorite od FA, celosniot rizik za KAB kaj pacientite so HBI 
ostana potcenet. 
 Na{ite rezultati poka`uvaat deka FA indeksot e slab poka-
zatel za KAB kaj pacientite so HBS stadium 2 do 4 i ja potenciraat 
ulogata na inflamacijata vo predviduvawe na rizikot za KAB. 
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