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Abstract: 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 (CHD,st), and 75 remain free of CHD (CHDyps—).
The median FA index was 7.1% for CHD,,s— patients and 10.3% for CHD,s+ 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
CREF 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 overa 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
(Cer) of 2070 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
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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 — Tabena 1

Patients’ characteristics at inclusion
Kapakreprucraka Ha MAHEHTHTE IIPH BKAYIVBAEE BO CTYAHATA

A: Patients’ clinical and laboratory data characteristics at inclusion
A: Kmmnamakn u 1a00paTopucKd MOJaTONH 34 TAJHEHTHTE
IIPH BKAYIYBAaHE BO CTYJHJATa

-
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CDHy,. | 75 | 61 | 645 | 150 | 6.21 | 138 | 440 | 245 | 4.65 | 395
CDHy. | 21 | 81 | 68.1 | 156|624 | 123 | 524 | 253 | 567 | 373
All 9 | 66 | 653 | 151 | 622|135 | 458 | 247 | 488 | 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
B. OcHoBHO 0yOpesxHO 3a00/yBambe Kaj nagueHTare co XbC
1IpH BKIIYYYBAK€E BO CTYAH]aTa

N Diagnosis (%)
CGN NAS CIN PKD other
CHD s~ 75 16 29 39 15 1
CHD s+ 21 10 43 29 14
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 CHD,st+ group, and those without CHD during the study period
were classified as CHD,,s— 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 CHD4n4t, or otherwise
they were allocated to the CHD4,¢—group. Considering CHDy,s— and CHD st
groups, sensitivity, specificity and % correctly classified cases were calculated
for CHDan. 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 CHDg,st+ (16 CHDap— and 5
CHDnat). 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
CHDps— group and 10.3% for the CHD,,st, 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.

100

80

60 —

40

Index (%)

20

CHDoabs- CHDobs*

Figure 1 — Distribution of probabilities according to Framingham—Anderson’s
formula for patients who suffered (CHD ,ps+) and not (CHD,»—) from fatal and
non-fatal myocardial infarction during the follow-up

Cnuxka | — Jucrpubynunja Ha BEpOjaTHOCTH BO CKA4J] CO (pOpMy1aTa
Ha PpamuaTram 0 AHFepcon 3a nagueHTH kon nmane (KAD, ;.+)
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amu ocrarane 6e3 (KAB, ;—), 3a pa3Boj Ha paTa/leH HITH He-QpaTaacH
MHOKapJieH HQPAPKT BO TEK HA CEJEHETO

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°®). 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/1). On the other hand, we found no relationship
between the creatinine clearance and the CHD outcome (p = 0.057).

1.
Patients . Low Fib
W|th0ut IIIIIIIIIIIII
coronary
heart 0.7
disease _ _
0. - Hiah Fib
0. 1
0] . T .
4 6 8 1 1

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)

Cnuxka 2 — I[Inoruparme Ha IpOgyKT-THMAT BpeJHOCTHTE criopeq Kamnan-

Maep 3a HecryuyBame Ha (haTaaeH Hild He-(haTaJleH MHOKAaPHCH HHQPAaPKT

Kaj mafHeHTH cO MJ1a3Ma (puopuHoreH (Puo) Ha BpEJHOCTH TOBHCOKH (B)
i noruckd (H) o 4.5 r/r (cpegniiiaa Bpegaoct)

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”]. 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 — Tabena 2
Weibull Model including the covariates of the Framingham—Anderson’s model

and 2 additional variables: plasma fibrinogen and creatinine clearance

Monesr na BenOyir koj ru BKAyIyBa BapHjaOJIHTE HA MOJEJIOT
Ha PpamuHram 0 AHJEPCOH H JJBe JOMOJTHATETHH BapHjaOJlH:
171a3Ma (PHOPHHOTEH W KPEATHHHUH KIHPEHC

Covariable D
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 CHD,,s category. The difference of the median values for the CHDy,— (7%)
and CHD,st (19.1%) groups was 12% (Figure 3). When considering CHD iyt
and CHD,;,— 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
CHD,s categories (Table 3). Sensitivity was 48% and specificity 80%.

Table 3 — Tabena 3

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

TlaquenrHre co BHCOK DH3HK CIHIOPE] MOAETIOT Ha BenOy1 nogeieHn
npeMa KaTeporapHjaTa Ha KOpoHapHa aprepucka ooect (KAB)

| CHD i1 CHD,an+_
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CHD, | 60 15
CHDyy.+ | 11 10

Figure 3 — Distributions of probability for CHD s+ and CHD ,,— 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

Cmuka 3 — Huctpubynmja na Bepojaraocta 32 KAB .+ 1 KAB ,;—
naguenTHre (BAAH ¢urypa 1 3a gepurnnmja) ceTeKTAPAHH CITOPE]] MOJEJI0T
Ha Ben0Oyi1 xkoj ri BKIyIyBa miecte Kopapajaoaa Ha @paMaHraM
H AHJEPCOH H JOMOJTHATE/THATE BapHJAOTH: CEPYM (OHOPHHOTEH
A KDeaTHHHAH KIHPEHC

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 CHDyps— group and 12.3% for CHD,st, 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 CHD s+ and CHD ,5— patients
(see figure 1 for definition) selected by the Weibull model including the six
Framingham—Anderson’s covariates

Cinka 4 — JuctpruOynmja Ha Bepojatrocta 32 KA D .+ n KAD 5~
nanueHTHTe (BAAH urypa 1 3a gepuannnja) ceJIeKTHPAHH CIOPE] MOJETIOT
Ha Bewno6yi1 Koj ru BKAyIyBa IIECTE KOBAPH]aOTH
Ha @pamuHTaM 1 AHIEPCOH

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 ef 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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Pe3zume

MOJEN 3A ITIPEAUKIINIA HA KOPOHAPHATA APTEPUCKA
BOJIECT KAJ ITAIIMEHTU CO XPOHUYHA BYBPEXHA CIIABOCT:
YIJIOT'A HA IINTASMA ®EPMHOI'EHOT KAKO HOBA
ITPOTHOCTHUYKA BAPUJABJIA

Ziad A. Massy”, Pierre Taupinz, Paul Jungers ¥ Paul Landais®

'Opnen 3a kmuamaka papmakosornja n Heghpoaornja,
Yuupepsurer Ha [lukapgn, AmucH, PpaHinja
’Opnpes 3a MEAUIHHCKA HHOPMATHKA 1 OHOCTATHCTHKA,
Yunsepsnrer Ha Ilapn3, @pannnja
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’Ongen 3a weghponornja, Yuusepsnrer na [lapns, Ppangnja

dopmynara Ha Ppamunram u Augepcor (PA) Moxke fja ro mpen-
BUJM PU3UKOT 3a KopoHapHa aptepucka Oonect (KAB) kaj ommrara
nomynanuja. Ho, BanugHOCTa Ha OBaa popMmysia BO HpeABUAYBambE Ha
pm3ukor 3a KADB kaj mammentute co XpoHmuHa OyOpeskHa crabocT
(XBC) He e cooBETHO pOyUEHa.

Hue ro kankynupasme @A nHAEKCOT Kaj rpyna of 96 nanueHTu co
XBC on 2 g0 4 craguym, 6e3 Haom Ha KADB Ha modeToKOT Ha ciefiemheTo,
Kou 6ea MPOCINEKTUBHO CIE[ieHN BO TeKOT Ha 4—12 roguam (7.4 + 2.2
ropuHH, cpegHa BpegHocT + CI).

Bo Texot Ha crnefgewmeTo, 21 nanueHT umaiie garaneH uiau Hede-
taneH muokapaeH nHGapkT (KAB 1), a 75 ocranaa 6e3 KAB (KAB ;).
CpenpumanoT nHaeke Ha DA Oeme 7.1% kaj KAB o+ manuentn u 10.3%
kaj KAB .~ manmuentu. Mopenor wmamie npudaTianBa CrequpuIHOCT
(89%), HO censmTmBHOCTa Oecmie HUCKA (24%). AHanu3aTa Ha CEH3UTUB-
HOCTa CO JloflaBalk-¢ Ha BapujabnaTa (pMOpUHOTEH IOBefE N0 MON00pyBame
Ha uHAEKcOoT Ha pu3uk 3a KADB, a ucro taka u Ha CEH3UTUBHOCTA HA MO-
nenot (48%). Ho, u mokpaj nmomaBameTOo Ha (PUOPHMHOTEHOT BO PH3WK
dakropure og ®A, nenocanot pu3uk 3a KADB kaj nanmenture co XbU
OCTaHa MOTLEHET.

Hammre pesynraru nokaxysaar feka ®A mHAEKCOT € cinad Mmoka-
3aten 3a KADB kaj mammentute co XbC craguym 2 1o 4 v ja moTeHnupaar
yJorara Ha nH(IIaManyjaTa Bo MpeBuyBame Ha pu3nkoT 3a KAB.
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