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Původní práce

Drugs acting vi a renin-angi otensin-al-
dosterone (RAA) blockade are the 
preferred tre atment for hypertensi on 
when it is combined with other con-
diti ons [1] and are indicated in pa-
ti ents with hypertensi on and di abetes 
mellitus, metabolic syndrome, ischae-
mic he art dise ase, he art failure or pa-
roxysmal atri al fi brillati on, as well as in 
yo ung pe ople with uncomplicated hy-
pertensi on. Several clinical tri als have 
demonstrated benef ici al effects not 
only in controlling blo od pressure (BP), 
but also in reducing the onset of di abe-

tes. They compared ACEI or ARBs with 
beta blockers and/ or di uretics [2– 4] 
and calci um channel blockers [5,6]. 
Randomised controlled tri als invol-
ving approximately 150,000 pati ents 
have convincingly demonstrated that 
angi otensin-converting enzyme inhibi-
tors (ACEI) reduce mortality and rates 
of myocardi al infarcti on, stroke and 
he art failure in pati ents with he art fai-
lure, left ventricular dysfuncti on, and 
previ o us vascular dise ase alone or high 
risk di abetes [7– 12]. Direct compari-
son of ACEI and angi otensin II recep-

tor blockers (ARB) has been performed 
in pati ents with chronic he art failure, 
post-myocardi al infarcti on and stable 
coronary artery dise ase [13– 18] and 
suggests they are equ ally effi caci o us. 
We fo und a similar effect of captopril 
25 mg three times daily and losartan 
50 mg once daily on BP lowering and 
left ventricle remodelling in pati ents 
after myocardi al infarcti on [19,20].

The CORD (COmparison of Re-
commended Doses) is a multicenter, 
prospective, open label, blinded end-
po int tri al involving hypertensive pa-
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Summary: Objectives: The CORD tri als tested ramipril and losartan in pati ents with hypertensi on. Pati ents and methods: CORD IA involving 
switching from an angi otensin-converting enzyme inhibitor (ACEI) to the angi otensin II receptor blocker (ARB) losartan. 4,016 pa-
ti ents with blo od pressure (BP) < 160/ 100 mm Hg who had been tre ated with an ACEI for > 3 months were enrolled. The me an age was 
62.6 ± 11.6 ye ars and 53.1% were women. The pati ents discontinued ACEI and switched to losartan 50 mg once daily. BP, he art rate, 
bi ochemistry, blo od co unts and ECGs were me asured at day 1 and months 1, 3, 6 and 12. If the BP was ≥ 140/ 90 mm Hg after 1 month 
or more, the dose of losartan was incre ased to 100 mg. After 1 month the BP decre ased from 147.4 ± 14.8/ 87.7 ± 9.3 mm Hg to 139.7 ±
± 11.8/ 83.0 ± 9.3 mm Hg (p < 0.001) and after 1 ye ar to 133.7 ± 11.3/ 79.1 ± 7.06 mm Hg (p < 0.001). The rate of adverse events did not 
signifi cantly incre ase and no changes in plasma sodi um, potassi um, ure a or cre atinine were observed. CORD IB compared ramipril and 
losartan. 3 813 pati ents with BP ≥ 140/ 90 mm Hg who were not being tre ated with an ACEI or ARB were enrolled. The me an age was 
60.5 ± 12,2 ye ars and 50.5% were women. The pati ents were randomised to ramipril 5 mg (n = 1 926) or losartan 50 mg (n = 1 887). The 
dose was do ubled if BP after 1 month was ≥ 140/ 90 mm Hg. If the BP after 3 months still was ≥ 140/ 90 mm Hg, another antihypertensive 
drug was added, typically a thi azide di uretic. Results: After 1 ye ar the BP decre ased in the ramipril gro up from 155.9 ± 13.1/ 93.0 ± 8.9 mm Hg
to 134.1 ± 11.2/ 81.5 ± 6.8 mm Hg (p < 0.001) and in the losartan gro up from 156.5 ± 13.1/ 93.4 ± 8.8 to 134.55 ± 11.3/ 80.16 ± 6.6 mm Hg 
(p < 0.001). No signifi cant differences were fo und between the gro ups. A slight incre ase in plasma potassi um (0.2 mmol in both gro ups) 
and ure a (0.3 mmol in both gro ups) was observed, but no change in plasma cre atinine. There was a small, insignifi cant decre ase in 
plasma uric acid (in the ramipril gro up from 325.5 to 320.7 μmol/ l and in the losartan gro up from 321.6 to 318.3 μmol/ l) and a slight 
decre ase in plasma glucose and triglycerides (0.2 mmol/ l in both me asures in both gro ups). No severe adverse events were observed, but 
dry co ugh was 8 times more frequently reported in the ramipril gro up. Conclusi on: CORD IA confi rmed that switching from an ACEI to 
losartan is safe and effective. Titrating the dose upwards or adding di uretics le ads to go od BP control in the majority of pati ents (2/ 3). 
CORD IB showed no differences between ramipril and losartan in lowering BP and both drugs showed a trend to improve metabolic 
parameters such as glycaemi a, triglyceridaemi a and uric acid equ ally. Dry cough was more frequent after ACEI.
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ti ents (tre atment was allocated ac-
cording to birthdate) and testing two 
hypotheses:
1.  Switching from an ACEI to losartan 

in pati ents tre ated with an ACEI for 
hypertensi on for > 3 months is safe 
and is not accompani ed by new ad-
verse events or incre ases in blo od 
pressure (CORD IA).

2.  Adding ramipril or losartan in com-
parable doses to the tre atment of 
po orly controlled hypertensi on will 
le ad to similar blo od pressure de-
cre ases and hypertensi on control and 
similar occurrence of adverse events 
(CORD IB).

Methods
Study design
Pati ents were eligible for CORD IA if 
they had been tre ated for hypertensi on 
with an ACEI for > 3 months and had 
a BP < 160/ 100 mm Hg. Pati ents with 
any documented cardi ovascular event 
during last three months were exclu-
ded. Tre atment with additi onal anti-
hypertensive agents, other than ARB, 
was allowed.

After written informed consent was 
obtained, pati ents discontinued their 
ACEI on day 1 and started losartan 
50 mg daily on day 2. BP, he art rate, 

bi ochemistry, blo od co unts and ECGs 
were me asured at day 1 and months 1, 
3, 6 and 12. The dose of losartan co uld 
be lowered to 25 mg at the tre ating 
physici an’s discreti on. If after 1 month 
or more of tre atment with losartan BP 
was ≥ 140/ 90 mm Hg the dose of lo-
sartan was incre ased to 100 mg. If the 
BP was ≥ 140/ 90 mm Hg after at le ast 
3 months of tre atment with 100 mg 
losartan another hypertensive drug 

was recommended (typically a thi azide 
di uretic, if this was not alre ady a part 
of tre atment) (Fig.  1).

Pati ents were eligible for CORD IB 
if they had BP ≥ 140/ 90 mm Hg, had 
been stable for at le ast 3 months and 
were not being tre ated with an ACEI or 
ARB. Any other antihypertensive tre at-
ment was allowed. The exclusi on crite-
ri a were a history of ACEI intolerance, 
serum cre atinine > 250 μmol/ l or preg-

CORD: COmparsi on of Recommended Doses of ACE inhibitors and angi otensin II receptor blockers. 
Porovnání doporučených dávek ACE inhibitorů a antagonistů receptoru angi otensinu II.
So uhrn: Cíle: Studi e CORD testovaly po užití přípravků ramipril a losartan u paci entů s hypertenzí. Paci enti a metodologi e: CORD IA byla zaměřena 
na přechod z léčby inhibitorem angi otenzin konvertujícího enzymu (ACEI) na léčbu antagonisto u receptoru angi otensinu II (ARB) –  losartanem. 
Do studi e bylo zařazeno 4 016 paci entů s krevním tlakem (TK) < 160/ 100 mm Hg léčených ACEI po dobu > 3 měsíce. Průměrný věk byl 62,6 let 
a 53,1 % paci entů byly ženy. Paci enti ukončili léčbu ACEI a začali užívat losartan 50 mg jedno u denně. TK, tepová frekvence, bi ochemi e, krevní 
obraz a EKG byly měřeny v den 1 a dále měsíc 1, 3, 6 a 12. Pokud byl po 1 a více měsících léčby TK ≥ 140/ 90 mm Hg, byla dávka losartanu 
zvýšena na 100 mg. Po měsíci léčby se TK snížil ze 147,4 ± 14,8/ 87,7 ± 9,3 mm Hg na 139,7 ± 11,8/ 83,0 ± 9,3 mm Hg (p < 0,001) a po 1 roce léčby 
na 133,7 ± 11,3/ 79,1 ± 7,06 mm Hg (p < 0,001). V průběhu léčby nedošlo k nárůstu výskytu nežádo ucích účinků a nebyly zaznamenány žádné 
změny v plazmatických hladinách sodíku, hořčíku, urey ani kre atininu. Studi e CORD IB srovnávala ramipril a losartan. Do studi e bylo zařazeno 
3 813 paci entů s TK ≥ 140/ 90 mm Hg, kteří nebyli léčeni ani ACEI, ani ARB. Průměrný věk byl 60,5 ± 12,2 let a 50,5 % paci entů byly ženy. Paci enti 
byly randomizováni do skupiny užívající ramipril 5 mg (n = 1 926) nebo losartan 50 mg (n = 1 887). Pokud byl TK po 1 měsíci ≥ 140/ 90 mm Hg, 
byla dávka zdvojnásobena. Pokud byl TK po 3 měsících stále ≥ 140/ 90 mm Hg, bylo přidáno další antihypertenzivum, obvykle thi azidové di ureti-
kum. Výsledky: Ve skupině užívající ramipril došlo po 1 roce léčby ke snížení TK ze 155,9 ± 13,1/ 93,0 ± 8,9 mm Hg na 134,1 ± 11,2/ 81,5 ± 6,8 mm Hg
(p < 0,001) a ve skupině léčené losartanem ze 156,5 ± 13,1/ 93,4 ± 8,8 na 134,55 ± 11,3/ 80,16 ± 6,6 mm Hg (p < 0,001). Mezi skupinami nebyly 
zjištěny žádné významné rozdíly. Bylo zjištěno mírné zvýšení plazmatických hladin draslíku (0,2 mmol v obo u skupinách) a urey (0,3 mmol v obo u 
skupinách), nicméně žádné změny plazmatických hladin kre atininu. Bylo zjištěno mírné, statisticky nevýznamné snížení plazmatických hladin 
kyseliny močové (z 325,5 na 320,7 μmol/ l ve skupině s ramiprilem a z 321,6 na 318,3 μmol/ l ve skupině s losartanem) a mírné snížení plazmat-
ických hladin glukózy a triglyceridů (0,2 mmol/ l u obo u parametrů v obo u skupinách). Nebyly zjištěny žádné závažné nežádo ucí příhody, avšak 
suchý kašel byl 8krát častější ve skupině léčené ramiprilem. Závěr: Studi e CORD IA potvrdila, že změna z ACEI na losartan je bezpečná a účinná. 
Titrace dávky směrem nahoru nebo přidání di uretika přináší dobro u kontrolu TK u většiny paci entů (2/ 3). Studi e CORD IB prokázala, že mezi 
přípravky ramipril a losartan není rozdíl v účinnosti s ohledem na snižování TK; u obo u přípravků byl navíc zjištěn stejně silný trend směrem ke 
zlepšení metabolických parametrů, jako jso u glykemi e, triglyceridemi e a hladiny kyseliny močové. Suchý kašel byl častější po ACEI.

Klíčová slova: hypertenze –  izolovaná systolická hypertenze –  ramipril –  losartan –  metabolické parametry –  kašel

Fig. 1. Flow di agram of the study.
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nancy. Pati ents were randomised ac-
cording to their day of birth either to 
tre atment with ramipril (born on an 
odd day) or losartan (born on an even 
day) (Fig.  1). The recommended star-
ting dose was 5 mg ramipril or 50 mg 
losartan, but co uld be 2.5 mg rami-
pril and 25 mg losartan, at the phy-
sici an’s discreti on. The dose was in-
cre ased if after at le ast 1 month the 
BP was not < 140/ 90 mm Hg; an addi-
ti onal antihypertensive agent was re-
commended if the pati ents has been 
on 10mg ramipril or 100 mg losartan 
for more than 3 months and the BP 
was not < 140/ 90 mm Hg (Fig.  1).

The main primary o utcome was 
BP decre ase and normalisati on of BP 
(< 140/ 90 mm Hg); the main secon-
dary o utcome was the incidence of ad-

verse events, clinical as well as labo-
ratory (defi ned as the percentage of 
pati ents with abnormal laboratory va-
lues, including renal parameters, po-
tassi um and metabolic parameters).

Pati ents
The CORD tri als were performed 
thro ug ho ut the Czech Republic. 
585 doctors were involved. Screening 
began in Janu ary 2006 and randomisa-
tion continued until December 2006. 
The aim was to randomise > 5 000 pa-
ti ents into the losartan arm. Altoge-
ther, 11,284 pati ents were screened 
and 7,829 were randomised. Data 
from 72 pati ents with seri o us adverse 
events and permanent study disconti-
nu ati on were available only at the study 
beginning. These pati ents were inclu-

ded in the adverse events evalu ati on. 
As non-randomised pati ents were in-
cluded also pati ents with insuffi ci ent 
data on baseline, so that they co uld 
not be included into statistical analy-
sis. Complete data at 6 months was 
available for 4,016 CORD IA pati ents 
and 3,813 Cord IB pati ents (1,926 in 
the ramipril and 1,887 in the losartan 
gro up). Complete data at 12 months
was available for 3,022 CORD IA pa-
ti ents and 2,810 Cord IB pati ents 
(1,416 in the ramipril gro up and 
1,394 in the losartan gro up).

Statistical analysis
Descriptive statistics including me an 
and standard devi ati on as well as fre-
quency tables were used to describe 
pati ent characteristics. Decre ases in 

Tab. 1. Baseline characteristics of pati ents with 6 months of follow-up and who were included in the analysis.

Characteristics Gro up A  Gro up B B –  Ramipril B –  Losartan
 (N = 4 016) (N = 3 813) (N = 1 926) (N = 1 887)
General characteristic (me an ± SD)
age (ye ars) 62.6 ± 11.6 60.5 ± 12.2 60.4 ± 12.5 60.6 ± 11.8
female sex (%) 53.1 50.5 49.0 52.1
weight (kg) 84.1 ± 14.5 84.6 ± 14.9 84.5 ± 15.4 84.6 ± 14.5
height (cm) 170.0 ± 8.6 170.7 ± 8.8 170.9 ± 8.8 170.6 ± 8.9

Pati ent history (%)
positive family history 67.0 66.7 67.8 65.5
current smoker 20.3 23.3 23.0 23.5
ex- smoker 21.4 19.9 21.3 18.5
di abetes mellitus 33.0 29.3 28.6 30.1
history of IHD 30.3 25.4 26.7 24.1
previ o us MI 13.2 11.7 13.0 10.4
dilated cardi omyopathy   1.6   1.4 1.6 1.2
he art failure   7.1 5.7 6.0 5.3
known dyslipidaemi a 60.5 55.0 55.6 54.4
known co ugh 34.5 6.8 5.3 8.4

Concomitant medicati on at baseline (%)
beta blocker 43.0 41.6 39.9 43.3
Ca blocker type DHP 28.3 28.4 29.7 27.0
Ca blocker type non-DHP   5.3 5.8 5.0 6.7
di uretics 47.8 42.8 41.6 44.0
alpha blocker   4.4   4.0 4.1 3.9
aspirin 35.6 30.9 31.8 29.9
clopidogrel   0.7   1.1 1.4 0.7
warfarin   4.1   3.4 3.2 3.5
statin 43.6 38.2 39.6 36.8
nitrate 15.3 12.0 11.5 12.5
oral antidi abetic medicati on 15.3 12.0 20.0 20.8
other medicati on 46.2 42.7 43.2 42.2

IHD –  ischaemic he art dise ase, MI –  myocardi al infarcti on, SBP –  systolic blo od pressure, DBP –  di astolic blo od pressure, 
HR –  he art rate, DHP –  dihydropyridine
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the primary o utcomes were assessed 
for the different pati ent gro ups using 
paired t-tests. Differences between 
the ramipril and losartan gro ups in 
the magnitude of any decre ases were 
evalu ated with two sample t-tests. As-
sessment of difference in the propor-
ti ons of pati ents whose BP was norma-

lized between comparable gro ups was 
performed using Fisher’s exact test for 
contingency tables.

Ethics approval
The tri al was approved by a multicent-
ric ethics committee and the pati ents si-
gned an informed consent form before 

entering the study. The study was mo-
nitored by an independent monitoring 
company, the Institute for Bi ostatistics 
and Analysis of the Masaryk University 
Brno. The safety committee was repre-
sented by the members of the Academic 
Bo ard of the Medical Faculty, Masaryk 
University, Brno, Czech Republic. The 
study was not sponsored by any phar-
mace utical company; data collecti on 
was done by Institute of Bi ostatisti-
cal Analysis, Medical Faculty, Masaryk 
University. The drugs were prescribed 
on prescripti on, recommended was to 
prescribe drugs from pharmace utical 
company Zentiva, a.s.

Results
Baseline characteristics of the pati ents 
with complete 6 month data are shown 
in tab. 1. There were no differences in 
concomitant antihypertensive tre at-
ment, 47.8% in CORD IA and 42.8% in 
CORD IB were tre ated with di uretics, 
43.0%, resp. 41.6% with beta blocker 
and 33.6% vs 34.1% with calci um cha-
nel blockers (ramipril vs losartan ns). 

Tab. 2. Change in systolic and di astolic blo od pressure and he art rate in the sitting positi on during follow-up.

 Time Gro up A Gro up B B –  Ramipril B –  Losartan p- value
  me an ± SD me an ± SD me an ± SD me an ± SD ramipril vs. losartan

SBP (mm Hg) 0 147.4 ± 14.8 156.2 ± 13.1 155.9 ± 13.1 156.5 ± 13.1 
 6 134.2 ± 10.5 134.9 ± 10.5 134.9 ± 10.5 134.8 ± 10.5 0.176
 12 133.6 ± 10.3 134.3 ± 11.2 134.1 ± 11.2 134.5 ± 11.3 0.631

DBP (mm Hg) 0 87.7 ± 9.3 93.2 ± 8.8 93.0 ± 8.9 93.4 ± 8.8 
 6 79.9 ± 6.4 80.5 ± 6.5 80.3 ± 6.5 80.6 ± 6.5 0.883
 12 79.0 ± 6.5 79.7 ± 6.8 79.3 ± 6.9 80.1 ± 6.6 0.359

HR (– 1) 0 73.6 ± 9.6 74.9 ± 9.6 74.7 ± 9.3 75.1 ± 10.0 
 6 71.6 ± 7.5 71.9 ± 7.0 71.8 ± 7.0 72.1 ± 7.0 0.971
 12 71.0 ± 7.8 71.2 ± 7.4 71.3 ± 7.4 71.2 ± 7.5 0.114

Tab. 3. Change in systolic and di astolic blo od pressure and he art rate in the standing positi on during follow-up.

 Time Gro up A Gro up B B –  Ramipril B –  Losartan p- value
  me an ± SD me an ± SD me an ± SD me an ± SD ramipril vs. losartan

SBP (mm Hg) 0 146.6 ± 15.5 155.5 ± 13.4 155.3 ± 13.3 155.7 ± 13.5 
 6 134.1 ± 11.6 134.9 ± 11.5 134.8 ± 11.5 135.1 ± 11.5 0.818
 12 133.3 ± 11.3 134.1 ± 11.7 134.0 ± 12.1 134.2 ± 11.3 0.994

DBP (mm Hg) 0 87.2 ± 9.5 92.5 ± 8.9 92.5 ± 9.0 92.5 ± 8.8 
 6 79.9 ± 7.1 80.4 ± 7.2 80.3 ± 7.2 80.6 ± 7.2 0.528
 12 79.1 ± 7.0 79.7 ± 7.3 79.4 ± 7.4 80.0 ± 7.2 0.209

HR (– 1) 0 76.0 ± 8.7 77.3 ± 9.6 77.3 ± 9.8 77.3 ± 9.3 
 6 73.9 ± 7.4 74.4 ± 7.4 74.3 ± 7.5 74.5 ± 7.2 0.427
 12 73.7 ± 7.4 74.1 ± 7.7 74.3 ± 7.9 74.0 ± 7.5 0.564

Tab. 4. Changes in hypertensi on grade from month 0 to month 6.

 Gro up A Gro up B Ramipril Losartan
from ISH to normotensi on (%) 15.9 13.4 14.2 12.6
from HT to normotensi on (%) 31.7 46.1 45.6 46.6
from HT to ISH (%) 14.4 21.8 21.2 22.3
improvement ≥ 1 grade 
but not re aching normotensi on 4.0 7.0 7.2 6.9
unchanged (%) 34.0 11.7 12.8 11.6

Tab. 5. Changes in hypertensi on grade from month 0 to month 12.

 Gro up A Gro up B Ramipril Losartan
from ISH to normotensi on (%) 8.6 7.4 7.6 7.8
from HT to normotensi on (%) 39.8 53.8 54.7 53.0
from HT to ISH (%) 6.0 7.7 7.6 7.2
improvement > 1 grade but 
not re aching normotensi on 9.4 15.8 15.3 16.2
unchanged (%) 36.2 15.3 14.8 15.8
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BP decre ases are shown in tab. 2 (sit-
ting positi on) and tab. 3 (standing po-
siti on). The BP decre ases at months 
6 and 12 were highly statistically sig-
nifi cant when compared to baseline. 
There were no statistical differences 
in BP between ramipril and losartan 
in CORD IB. The BP decre ase was sig-
nifi cantly higher in CORD 1B than in 
CORD IA (p < 0.001).

Changes in the grade of hyperten-
si on are shown in tab. 4, 5. 64.2% pa-
ti ents in CORD IA and 59.5% in CORD 
IB were normotensive at month six. 
64.5% pati ents in CORD IA and 61.2% 
in CORD IB were normotensive at 
month twelve. 59.1% pati ents on lo-
sartan and 59.9% pati ents on ramipril 
were normotensive at month six (ns). 
60.5% pati ents on losartan were nor-
motensive and 62.2% pati ents on ra-
mipril were normotensive at month 
twelve (ns). Changes in laboratory pa-
rameters are shown in tab. 6, 7.

Seri o us adverse events are shown 
in tab. 8. All adverse events occurred 
at a frequency of < 1%, except co ugh 
in ramipril gro up. 72 pati ents dis-
continued the study beca use of ad-
verse events, 25 in CORD IA and 47 in 
CORD IB (14 on losartan and 34 on 
ramipril). In 21 (1%) pati ents on ra-
mipril, the re ason for discontinu ati on 
was co ugh.

The tre atment dose was classifi  ed 
as low (2.5 mg ramipril or 25 mg lo-
sartan), medi um (5.0– 7.5 mg ramipril 
or 50– 75 mg losartan), high (10 mg 
ramipril or 100 mg losartan) or high+ 
(if another antihypertensive drug was 
added during the study). For baseline 
evalu ati on, equipotent doses of va-
ri o us ACEI in CORD IA pati ents were 
classifi  ed (tab. 9).

Discussi on
ACEI have been convincingly shown to 
reduce rates of de ath, myocardi al in-
farcti on, stroke, he art failure and re-
vascularizati on among pati ents with 
previ o us cardi ovascular dise ase and 
in pati ents with di abetes mellitus who 
were at high risk of complicati ons 

[12,21,22]. Both ACEI and ARB reduce 
the risk of stroke and new onset di abe-
tes mellitus in hypertensive pati ents 
[2– 4,23,24]. Therefore, to provide cli-
nically relevant informati on, tri als eva-
lu ating ARB in hypertensive pati ents 
must include a proven dose of an ACEI 
as a comparator [18,19]. We tested 
the hypothesis of the non-inferi ority 
of losartan in two different situ ati ons. 
CORD IA involved switching from a re-

gular dose of an ACEI to lo sartan and 
incre asing the dose if necessary. We 
confi rmed o ur hypothesis and fo und 
that switching was not accompani ed 
by new adverse events, renal deteri ora-
ti on or hypotensi on.

BP control improved during CORD 
IA, probably beca use of dose titrati on. 
At baseline, ne arly 1/ 2 the pati ents 
were on a lose dose of an ACEI (e. g., 
ramipril 2.5 mg, perindopril 2.0 mg or 

Tab. 6. Laboratory changes between baseline and month 12 
(all not signifi cant).

Parameter Gro up A Gro up B
 Baseline Month 12 Baseline Month 12
cholesterol (mmol/ l) 5.44.4 ± 0.4 5.2 ± 0.8 5.5 ± 1.0 5.2 ± 0.8
glycaemi a (mmol/ l) 5.9 ± 1.6 5.7 ± 1.4 5.9 ± 1.7 5.7 ± 1.4
triglycerides (mmol/ l) 1.9 ± 0.9 1.8 ± 0.8 1.9 ± 0.9 1.8 ± 0.7
uric acid (μmol/ l) 322.8 ± 82.9 319.3 ± 74.8 323.1 ± 84.6 319.5 ± 78.2
sodi um (mmol/ l) 139.9 ± 3.7 139.6 ± 3.8 140.2 ± 3.7 139.7 ± 3.8
potassi um (mmol/ l) 4.4 ± 0.5 4.4 ± 0.4 4.4 ± 0.4 4.4 ± 0.4
cre atinine (μmol/ l) 91.5 ± 20.7 91.6 ± 19.5 90.3 ± 19.3 90.7 ± 19.7
ure a (mmol/ l) 6.3 ± 2.1 6.4 ± 2.2 6.3 ± 2.0 6.3 ± 1.9
erythrocytes (106/ l) 4.5 ± 0.5 4.5 ± 0.5 4.6 ± 0.6 4.5 ± 0.5
haemoglobin (g/ dl) 141.1 ± 12.6 140.4 ± 11.6 142.3 ± 12.6 141.7 ± 11.5
hematocrit (%) 42.0 ± 5.0 42.0 ± 4.0 42.0 ± 5.0 42.0 ± 5.0

Tab. 7. Laboratory changes between baseline and month 12 
(all not signifi cant).

Parameter Gro up B –  Ramipril Gro up B –  Losartan
 Baseline Month 12 Baseline Month 12
cholesterol (mmol/ l) 5.4 ± 1.0 5.2 ± 0.8 5.5 ± 1.0 5.3 ± 0.9
glycaemi a (mmol/ l) 5.9 ± 1.8 5.7 ± 1.3 5.8 ± 1.6 5.7 ± 1.5
triglycerides (mmol/ l) 1.9 ± 0.9 1.8 ± 0.7 1.9 ± 0.9 1.8 ± 0.7
uric acid (μmol/ l) 324.8 ± 81.4 320.0 ± 76.5 321.4 ± 87.7 318.9 ± 79.9
sodi um (mmol/ l) 140.4 ± 3.7 169.7 ± 3.9 140.1 ± 3.7 139.7 ± 3.8
potassi um (mmol/ l) 4.4 ± 0.5 4.4 ± 0.4 4.4 ± 0.4 4.4 ± 0.4
cre atinine (μmol/ l) 89.5 ± 18.5 90.2 ± 18.4 91.1 ± 20.1 91.2 ± 20.2
ure a (mmol/ l) 6.3 ± 1.9 6.4 ± 1.9 6.3 ± 2.0 6.3 ± 2.0
erythrocytes (106/ l) 4.6 ± 0.6 4.5 ± 0.5 4.6 ± 0.5 4.6 ± 0.5
haemoglobin (g/ dl) 142.6 ± 12.5 141.9 ± 11.5 142.0 ± 12.6 141.5 ± 11.5
hematocrit (%) 42.0 ± 4.0 42.0 ± 4.0 42.0 ± 5.0 42.0 ± 5.0

Tab. 8. Seri o us adverse events (number of pati ents).

 De ath Myocardi al  Stroke New di abetes Co ugh
  infarcti on  mellitus
gro up A 6 7 14 9 3
gro up B 9 7 17 11 37
B –  ramipril 4 4 8 6 33 (2%)
B –  losartan 5 3 9 5 4
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trandolapril 0.5 mg) and only 6.3% of 
all pati ents were on a high dose, but 
by the end of the study more than 
2/ 3 (65.1%) were on a high dose of lo-
sartan (100 mg). The observed BP de-
cre ase of 13.3/ 8.7 mm Hg can be ex-
plained not only by a dose effect, but 
also by an observati on effect, as pa-
ti ents in the placebo arms of clinical 
tri als are known to have small BP re-
ducti ons, probably beca use of better 
adherence to any other antihyperten-
sive medicati ons and possibly beca use 
of lifestyle modifi cati ons. For example, 
Dahlof recently presented a meta ana-
lysis of tri als comparing the novel renin 
inhibitor aliskiren with placebo in more 
than 3,500 pati ents and fo und that BP 
decre ased by 6.2/ 5.9 mm Hg in the pla-
cebo arm and that this decre ase was 
higher in pati ents over 65 ye ars, which 
was 1/ 3 of o ur study populati on [25].

CORD IB tested the antihypertensive 
effi cacy, safety and tolerability of losar-
tan and ramipril in pati ents with mild 
to moderate hypertensi on, either pre-
vi o usly untre ated or tre ated with anti-
hypertensive drugs from classes other 
than blockers of the renin angi oten-
sin system (ACEI, ARB, aldosterone 
blockers or direct renin inhibitors). 
Tre atment commenced with a low or 
middle- range dose with upwards titra-
ti on if normotensi on was not re ached. 
The antihypertensive effi cacy was si-
milar and was abo ut 15% of the ori-
ginal BP value. This is close to the BP 
decre ase in the LIFE and ASCOT tri als, 
where the decre ase was slightly higher 
at 16– 17%, probably beca use more 
combinati on therapy was used. We 
fo und no difference between losartan 
and ramipril, confi rming the fi ndings 
of the ONTARGET or VALIANT studi es 
[2– 4,17,18].

At the end of CORD 1B abo ut 
two-thirds of the pati ents were normo-
tensive (62.2% ramipril, 60.2% losar-
tan); abo ut 10% were hypertensive with 
systolic and di astolic re adings above 
140/ 90 mm Hg (10.1% ramipril, 11.9% 
losartan); and abo ut a qu arter had iso-
lated systolic hypertensi on (27.2% ra-
mipril, 27.3% losartan). The number 
of pati ents with isolated systolic hyper-
tensi on actu ally incre ased in the rami-
pril arm from 22.6% to 27.2% and in 
the losartan arm from 18.6% to 27.3%. 
This represents a change from grade 
I or II hypertensi on to isolated hyper-
tensi on. Manci a has described how dif-
fi cult it is to re ach systolic values under 
140 mm Hg (130 mm Hg in di abetics), 
even if the di astolic value is under 
90 mm Hg (80 mm Hg in di abetics) 
[26]. In many large clinical tri als, such 
as HOT, UKPDS, INSIGHT, VALUE and 
STOP 2, most pati ents achi eved the 
end po int of a di astolic under 90 mm Hg 
but failed to re ach a systolic under 
140 mm Hg, le aving them with isola-
ted systolic hypertensi on. For exam-
ple, in the LIFE tri al, 89% of pati ents in 
both arms re ached a di astolic BP under 
90 mm Hg, but only 46% achi eved a sy-
stolic below 140 mm Hg. In o ur tri al, 
21.2% in the ramipril gro up and 22.3% 
in the losartan gro up who had hyper-
tensi on developed isolated systolic hy-
pertensi on. Even in these pati ents, the 
decre ase in systolic BP was over 10%, 
which is a me asure of some success. 
No pati ents with signifi cant decre ases 
in di astolic BP had an accompanying 
incre ase in systolic BP, which wo uld 
have been a marker of po or prognosis 
[27,28]. In additi on, the pulse pressure 
decre ased by 8.2 mm Hg (from 62.8 to 
54.6 mm Hg) after 12 months in the 
ramipril arm and by 9.0 mm Hg (from 

Tab. 9. Doses of ramipril (or other ACEI at baseline) and losartan (%).

 Ramipril or other ACEI at baseline Losartan
 Low Medi um High High + Low Medi um High High +
baseline –  gro up A 43.0 53.7 6.3 –  –  –  –  – 
month 12 –  gro up A –  –  –  –  0.1 38.0 48.3 13.6
month 12 –  gro up B 1.6 33.3 37.4 27.7 2.0 36.6 40.3 21.1

63.2 to 54.2 mm Hg) in the lo sartan 
arm, which is a marker of improved 
prognosis [29]. Nevertheless, the aim 
of the future studi es of the tre atment 
hypertensi on sho uld be improved con-
trol of systolic BP [1,30].

Hypertensi on is a part of metabolic 
syndrome in all its defi niti ons [1]. An 
optimal antihypertensive drug sho uld 
have go od BP control, positive metabo-
lic effects and a low number of adverse 
events. The LIFE, ASCOT and VALUE 
tri als described a decre ased incidence 
of di abetes mellitus in pati ents tre ated 
with ACEI or ARB compared to beta 
blockers or calci um channel blockers. 
We observed an improvement in all 
me asured metabolic parameters –  gly-
caemi a, cholesterol, triglycerides and 
uric acid –  which confi rms the improve-
ment in metabolic sensitivity after RAA 
blockade note in other studi es. There 
was no incre ase in renal insuffi ci ency or 
clinically signifi cant incre ase in potas-
si um, which confi rms the data from the 
ONTARGET tri al, where monotherapy 
was accompani ed by a less than 1.0% 
reducti on in renal functi on.

A meta analysis of BP- lowering tre at-
ment described similar BP- dependent 
effects of ACEI and ARB on the risk 
of stroke, coronary he art dise ase and 
he art failure and a BP- independent ef-
fect on the risk of major coronary di-
se ase event for ACEI but not for ARB 
[31]. We cannot confi rm the BP- inde-
pendent effect on myocardi al infarc-
ti on, and this is in agreement with the 
ONTARGET results, where the myocar-
di al infarcti on rates were 4.8% for ra-
mipril and 5.2% for telmisartan. In o ur 
tri al, the incidence of myocardi al infar-
cti on, stroke or de ath was low beca use 
of o ur relatively low risk populati on 
and the short durati on of tri al.



Vnitř Lék 2009; 55(5): 481–488 487

CORD: COmparsi on of Recommended Doses of ACE inhibitors and angi otensin II receptor blockers

Co ugh was the most frequent ad-
verse event in pati ents tre ated with 
ACEI but not with ARB in several 
tri als [7,8,11,13,16,17]. Similarly, in 
o ur study the incidence of co ugh was 
8 times higher in pati ents tre ated with 
ramipril than in pati ents tre ated with 
losartan. Pati ents were not specifi cally 
asked abo ut co ugh, so the incidence of 
2% represents self- reported co ugh af-
fecting qu ality of life. 21 pati ents (1%) 
in the ramipril arm and no pati ents in 
the losartan arm discontinued tre at-
ment beca use of co ugh. ARB and ACEI 
are tho ught to be the antihypertensive 
agents with the highest compli ance 
[32]. Our study suggests this is true: 
the drop- o ut rate beca use of adverse 
events was small and the reported to-
lerability very go od.

We observed a small he art rate de-
cre ase of 2– 3 be ats per minute, which 
is consistent with previ o us fi ndings, 
such as the LIFE tri al where the he art 
rate decre ase in the losartan arm was 
1.9 be ats per minute.

Summary
The CORD tri al is the largest tri al com-
paring the antihypertensive effects of 
ACEI and ARB and confi rms that these 
tre atments are safe, effective and well 
tolerated. CORD IA confi rms that swit-
ching from ACEI to losartan is not ac-
compani ed by worsening BP control or 
new adverse events and that titrating 
the losartan dose le ads to a further BP 
fall and improvement in hypertensi on 
control. CORD IB confi rms the non-in-
feri ority of ACEI and ARB, with both 
drugs having a similar effect on BP and 
hypertensi on control. Finally, CORD 
confi rms that re aching normal di asto-
lic BP is much e asi er than controlling 
systolic BP and that tre atment shifts 
pati ents with combined systolic/ di a-
stolic hypertensi on to milder, isolated 
systolic hypertensi on accompani ed 
by a pulse pressure decre ase, which 
can be taken as a positive sign of BP 
control.

We observed a trend for positive ef-
fect of ramipril and losartan on me-

tabolic parameters; a lack of adverse 
effect on renal functi on; and a higher 
incidence of co ugh with ramipril.

In conclusi on both ramipril and 
lo sar tan are effective drugs of f irst 
cho ice for many hypertensive pati ents, 
especi ally those with metabolic syn-
drome, di abetes mellitus, micro albu-
minuri a, left ventricle hypertrophy or 
ischaemic he art dise ase. In pati ents 
with dry co ugh after ramipril tre at-
ment, losartan co uld be chosen. For 
other pati ents economic parameters 
will probably be the most important 
infl uences when cho osing between ra-
mipril and losartan.
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