OPUI'NMHAJIbHbIE UCCITIEQOBAHUA

INFLUENCE OF CHRONOTHERAPY WITH DIFFERENT
ANTIHYPERTENSIVE DRUGS ON CIRCADIAN BLOOD
PRESSURE PATTERN

V.M. Gorbunov*, E.Yu. Fedorova, A.D. Deey, O.Yu. Isaikina, V.G. Belolipetskaya, E.A. Zhabina
State Research Center for Preventive Medicine. Petroverigsky per. 10, Moscow, 101990 Russia

Influence of chronotherapy with different antihypertensive drugs on circadian blood pressure pattern
V.M. Gorbunov*, E.Yu. Fedorova, A.D. Deey, O.Yu. Isaikina, V.G. Belolipetskaya, E.A. Zhabina
State Research Center for Preventive Medicine. Petroverigsky per. 10, Moscow, 101990 Russia

Aim. To determine the value of different blood pressure (BP) measurement methods for arterial hypertension (HT) chronotherapy efficacy assessment.

Material and methods. Two similar open, randomized, cross-over studies (morning vs evening intake) were carried out. Duration of the initial wash-out period was 2 weeks; duration of both treatment
courses — 3 weeks; the interval between courses — 1 week. Only patients with stable HT (mean day-time BP>135/85 mm Hg) were included. Ambulatory BP monitoring (ABPM) was carried out prior to
treatment and at the end of both treatment courses. The patients performed home BP monitoring (HBPM) throughout the study. Pharmacokinetics of verapamil (n=14, mean daily dose — 240.0+£16.3
mg) was studied to assess compliance with verapamil therapy. In ramipril trial (n=30) its mean daily dose was 8.9+0.7 mg. The following main ABPM variables were analyzed: ABPM means and variabil-
ity, maximal and minimal values, nocturnal BP fall, parameters of Fourier transformation and smoothness index. The morning and evening BP means and morning BP surge (morning — evening BP) were
assessed by HBPM. Student's t-value and Mahalanobis distance were used to evaluate individual value of each variable (“morning” vs “evening" effect). This analysis was first done separately for each trial.
After that, combined data were analyzed.

Results. Overall antihypertensive effect was more intense with morning ramipril (p<0.05) intake and evening verapamil intake. The t-values ranged 2.2-2.3 for nocturnal BP fall; 2.0-2.1 for night-time BP
variability; 3.8-4.3 for morning BP surge. The t-values of office and 24-hour BP were low (0.2-1.7).

Conclusion. Morning BP surge based on HBPM is a good instrument for chronotherapy effect assessment. Evening administration of antihypertensive drugs causes nocturnal BP fall shift towards “dipper”
status.

Key words: arterial hypertension, chronotherapy, ambulatory blood pressure monitoring, home blood pressure monitoring, Fourier transformation.
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BnmnsiHne XpoHoTepanum pasnuyHbIM1 aHTUTMMNEPTEH3NBHBIMU NpenapaTaMm Ha CyTO4HbIN NPOoGUNb apTepruanbHOro faBneHns
B.M. TopbyHos*, E.I0. ®epnoposa, A. L. [lees, O.10. UcaitkvHa, B.I. benonuneukas, E.A. XabuHa
TOCYAaPCTBEHHBIN HAay4YHO-NCCNEA0BATeNbCKUM LEHTP NpodunakTieckon MeanumnHsl. 101990 Mocksa, MeTposepurckuii nepeynok, 10

Llenb. Onpenienuts MHGOPMATMBHOCTb Pa3NkiHbIX METOLLOB M3MepeHUs apTepuarnsHOro AasreHis (ALl) B oLeHKe SPGEKTUBHOCTU XPOHOTEPaNiiv apTepuanbHom runepToHnm (AT).

Marepuan u meToApbl. bbinvi NPoBeLeHb! 183 OAHOTUMHbIX OTKPbITHIX PAHAOMM3MPOBAHHBIX NEPEKPECTHBIX MCCNea0BaHNs (CpaBHEHIE 3PHEKTOB YTPEHHETO U BEYEPHEro Ha3HayeHws ). NpoJomKuTEnb-
HOCTb Ha4aslbHOro NEPVOfa OTMEHbI NPENapaToB COCTaBAsNa 2 Hefl; 000MX KypCOB NeHeHNst — 3 Hefl; KOHTPOMBHOTO Neprofia Mexay Kypcamu — 1 Hefl. Bkiiodanyi Tonbko 6onbHbIx cTabunbHoi AT (cpen-
Hee fHeBHOe A[l>135/85 MM pr.cT.). CyTO4YHOE MOHWTOpKpOBaHYe ALl (CMA[L) BBINOMHANM 10 NIEYEHNS 1 B KOHLIE KaXKAO0TO M3 KyPCOB NeveHst. B TedeHiie BCero cpoka HabmiofeHUs NaLmeHTbl BbINos-
Hsnu camokoHTponb ALl (CKALL). B viccnenosaHmm Bepanamuna (n=11, cpearsst fo3a — 240,0£16,3 Mr) NpoOBOAMAYM OLEHKY NPHMBEPXEHHOCTY NIEYEHNIO C MOMOLLBIO M3yHeHWs (hapMaKoKMHETVKY Npe-
napara. B viccnenosaHmv pamunpuna (n=24) cpegHss fo3a cocrasuna 8,9+0,7 Mr. AHanM3vpoBanu cnegyiolLye ocHOBHble nokasateny CMAJL: cpefHue 3HaYeHNs 1 BapruabenbHOCTb, MakcUMyMbl, MU1-
HUMYMBbI, CTeneHb HoYHOro cHxerns (CHC) ALl, napameTpsl aHanusa Oypbe, MHAEKC CrnaxmBaHns. CpeaHe YTPEHHIE 11 BeYepHME YPOBHM 1 BENW4MHY yTpeHHero nogbema (BYIM) ALl oueHmBanm Ha
ocHoBaHwy CKALL. VHAVBMAYanbHYI0 UHOOPMATUBHOCTb («yTPO» Vs «BeYep») KaXA0ro NOKa3aTens OLEHMBANM C MOMOLLbIO paccTosiHWs MaxanaHobwca u t-kpuTepus CTbloeHTa. AHanu3 BHavane Gbin
NpOBELEH OTAENBbHO ANA KAXKAOIO MCCeoBaHws. 3aTeM Obin NpoBeaeH 00beANHEHHBIN aHaNM3.

Pesynbrarbl. OBLMA aHTUMNEPTEH3MBHBIV SHEKT Gbi NPeANoYTUTeNbHEE MPU YTPEHHEM Ha3HauYeHW pamunpuna (p<0,05) v BedepHeM Ha3HaueHUM Bepanamina. 3HaueHs t-kpuTepus CocTasunm
2,2-2,3 i CHC AL, 2,0-2,1 ans HouHow BapuabensHoctv ALL, 3,8-4,3 ans BYMN ALl OTMeueHbl HI3KMe BENW4mMHbI t-kputepus ans 24-4acosoro v odpucHoro ALl (0,2-1,7).

3akntoyeHue. Pacyet BYI Ha ocHosaHU CKALL ABAAETCA BbICOKOVH(MOPMATVBHBIM METOAOM OLEHKM 3PDEKTVBHOCTM XpOHOTepanin Al XapakTepHbIM pe3ysTaToM BEHepHEro HasHaueHys aHTrnep-

TeH31BHbIX Npenapatos asnfetca casur CHC AJl B CTOPOHY COCTOAHMA «aunnep».

KntoueBble cnoBa: aptepyanbHas rMnepToHns, XpoHoTepanus, CyToHHOE MOHUTOPUPOBaHME apTepuanbHOro AaBeHUs, CAMOKOHTPOSb apTepranbHOro AaBeHuns, aHanm3 @ypbe.
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Today chronotherapy of arterial hypertension (HT), i.e.
search of optimal time-schemes for antihypertensive
drugs (AHD) administration considering circadian rhythms,
becomes more popular. Some facts prove that nontraditional
therapy (especially night AHD intake) increases efficacy of
drugs compared with traditional therapy (morning intake)
[1]. The ongoing study MAPEC [2] discloses direct relation
between cardivascular mortality and a type of the circadi-
an blood pressure (BP) pattern during treatment.
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B HacTosilee Bpems Bce Oorbllee BHUMaHME Mpu-
B/IEKAET METO[, XPOHOTEPan K apTep1anbHON MMNepToHUM
(AT') — NOWCK ONTMMasbHbIX BPEMEHHbIX CXEeM MpUemMa aH-
TUMMNEPTEH3UBHbIX NpenapaTtos (A1) C y4eTOM CyTOYHbIX
PUTMOB OpraHM3mMa m ero 4yBCTBUTENIbHOCTW K Tepanes-
TUYECKMM BO3AEVCTBUAM. VIMetoTca AoKka3aTenbCTBa Toro,
YTO HETPALAMLMOHHOE Ha3HayeHme AlT], 0CODEHHO Ha HOYb,
MOXET ObITb Oonee 3dhdeKTVBHBLIM MO CPAaBHEHNIO C UX TPa-
JNLMOHHBIM (yTpeHHKM) npriemom [ 1]. CornacHo AaHHbIM
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However the problem of implementation of this approach
in HT treatment is still unsolved. Data about how different
time of AHD intake (in particular, calcium channel block-
ers (CCB)) influences circadian BP pattern are contradic-
tive. Principles of data analysis of the ambulatory BP mon-
itoring (ABPM) developed in detail at present, and its abil-
ity to assess the efficacy of antihypertensive therapy is well
known. There are no systematized data about real value of
different indices of ABPM in HT chronotherapy. Home BP
monitoring (HBPM) is more available and thus perspective.
It is very difficult to control patients’ compliance with the
prescribed treatment time-schemes, which is another se-
rious problem. Pharmacokinetics study (PKS) could be rather
informative in this case, however, we are not aware of any
works where PKS and ABPM were conducted simultane-
ously.

The aim of the study to evaluate informativity of different
blood pressure (BP) measurement methods for HT
chronotherapy efficacy assessment.

Material and methods

One-type open comparative randomized crossover
studies of two AHD (prolonged form of verapamil and
ramipril) were conducted. In the first study pharmacoki-
netics curves were estimated to control patients’ compli-
ance with a prescribed mode of AHD intake. These data were
published earlier [3].

Inclusion criteria:

« age of patients — 31-80 years;

e grade 1-2 HT,

« stable form of HT verified by ABPM (average daytime
values of systolic BP (sBP) >135 mm Hg and /or of di-
astolic BP (dBP) >85 mm Hg);

« informed consent of a patient.

Exclusion criteria:

e grade 3 HT;

« contraindications to studied drugs;

* low treatment compliance; a day regime which does
not allow to analyze properly the circadian BP pattern;

« secondary HT,

* severe heart rate disorders;

* concomitant diseases which require permanent med-
ical therapy.

Study protocol

Patients included into the first study received verapamil
(Isoptin SR, Abbott), and patients included into the sec-
ond one — ramipril (Hartil, Egis). PKS was only conducted
for verapamil. AHD were canceled two weeks before in-
clusion into the study. After that baseline ABPM was car-
ried out. A patient was included into the study based on
ABPM results. The study consisted of two 3-week periods
of monotherapy and a 7-day “control” period between these
two treatment courses. Each patient was randomly assigned
to receive verapamil (120-240 mg/day) either in the morn-

NPOOOMXKAIOLLErOCa B HAaCToALLee BPeMs UCCIef0BaHA
MAPEC [2], nmeeTca HenocpefCTBEHHas CBA3b MeXAy
CMEPTHOCTbIO OT CepAe4HO-COCYQNCTbIX OCIIOXHEHUI
(CCO) 1 TMNOM CYTOHHOW KPUBOW apTepUanbHOrO JaBneHs
(ALl) Ha choHe neveHus.

OpHaKo [0 HaCTOALLEro BPEMEHM OCTAETCA MHOIO He-
PELUEHHbIX MPoOneM, CBA3aHHbLIX C MCMOIb30BAHMEM
[aHHOrO NOAXoAa B fiedeHun Al [laHHble O BIUAHUM Ha
CyTO4HbBIV NpodUnb AL Ha3HaYeHMs B Pa3fiyHOe Bpems
cyToK pspa AlTl (B 4aCcTHOCTM aHTArOHWUCTOB KanbLMS
(AK)) npotvBopeYMBbIl. B HacTosLLge BpeMs NoapoOHO pas-
paboTaHbl MPUHLMIMbBI aHaNM3a AaHHbIX CyTOYHOMO MOHM-
TOPUPOBaHMS apTepuransHoro AasneHns (CMAL), xopo-
LUO M3BECTHbI BO3MOXHOCTV METOAA B OLeHKe 3ddek-
TUBHOCTW @aHTUTNEPTEH3MBHOM Tepanum. OfHaKo OTCyT-
CTBYIOT CUCTEMATU3NPOBAHHbIE CBeeHNs 00 0OBEKTUBHOM
LeHHOCTM pa3nn4yHbIxX nokasatenen CMA/L B xpoHoTepa-
nvn AT MpuBReKaeT BHMaHMe Takke 1NCronb3oBaHue 0o-
nee O0CTyNHOro metoAa camokoHTpons ALl (CKAL).
Cepbe3Ho NpobnemMon ABASETCH TakKe KOHTPOMb Mpu-
BEP>XKEHHOCTU BOMbHbIX MPEANMCaHHBIM XPOHOTeparnes-
TUHECKMM CXeMaM fnedenuisi. BecbMa MHHOPMaTUBHO B 3TOM
OTHOLLEHMM MOTTIO Obl ObITb hapMakoKMHETUYECKOe 1C-
cnepoBaHme (OKW). OaHako Ham HeM3BECTHbI paboThl, B
KoTOpbIX Obl OAHOBPEMeHHO Nposoaunncs GKN n CMAL,

Llenb nccnenoBanma — onpenenntb MHMOPMaTUB-
HOCTb Pa3NNYHbIX METOA0B M3MepeHns ALl B oLeHke 3g-
(heKTMBHOCTU XpOoHOoTepanun Al

MaTepuan n metoapl

XapakrepucTvika Matepumarna. [MpoBeneHbl OOHOTUMHbIE
OTKpPbITble CPAaBHUTENbHbIE PAaHAOMU3MPOBaHHbIE NMepe-
KpecTHble nccnenoBaHusa AByx ATl NpONoHMMPoOBaHHOM
dopMbl BeEpanamMuna 1 pammnpuna. B nepsom 13 nccne-
[I0BaHWI1 cobnioaeHye 6omnbHbIMM NMPeanMcaHHOro pexiima
npriema AlTl KOHTPONMPOBaNOCh U3yYeHneM dpapMako-
KUHETUYECKMX KPUBbBIX. DTU AaHHbIe OnyonmnMkoBaHbl HaMM
paHee [3].

KpuTepun BKIIIOYEHNS:

* BO3pacT 6osbHbIX 31-80 ner;

* Al 1-2 ctenenu;

* CTabunbHbIN xapakTtep Al, BeprhULMPOBaHHbIN C MO-
MoLLbio CMALL (ycpeaHeHHble AHEBHbIE BENNYMHBI CA-
cronuyeckoro ALl (CALL) >135 MM pT.CT. 1 /unu fina-
cronnyeckoro AL (OA) >85 MM pT.cT.);

* Hann4me NHMDOPMMPOBAHHOIO COrNacmMs NaLMeHTa.

Kputepum nckmoveHms:

* Al 3 cteneHu;

* MPOTVBOMOKA3aHWsA K MPUEMY M3YyHaeMbIX MPEnapaTos;

* H3Kas NPUBEPKEHHOCTb NEYEHUIO; PEXMM OHS, 33-
TPYAHSAOWMN aHanm3 cyto4Horo npodunsd AL;

* cuMmnToMaTmyeckasn Ar;

* Cepbe3Hble HapYLLIEHUS CEPAEYHOrO pUTMa;

* COMyTCTBYIOLLIME 3aboneBaHus, TpebyioLe nocTo-

PauynoHansHas ®apmakotepanus B Kapgnonorun 2011,7(1)
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ing or in the evening. If antihypertensive effect was insuf-
ficient (office BP>140,/90 mm Hg) after 10 days of treat-
ment AHD dose was increased up to 240-360 mg/day. At
the end of the first treatment course 24-hour ABPM and
PKS were carried out simultaneously in hospital [3]. After
PKS prescribed treatment was abolished for 7 days; then
each patient received verapamil at different time of the day
compared with the first course (morning <> evening). Three
weeks later ABPM and PKS were repeated. Throughout the
study patients performed HBPM.

Design of ramipril study was similar, but without PKS.
The initial dose of 2.5-5.0 mg was increased up to 10 mg
if necessary.

Office BP was measured at each visit by a physician with
a standard aneroid manometer with 2 mm Hg accuracy af-
ter 15-minute rest, sitting, three times with one-minute in-
terval.

ABPM was fulfilled with portative system of BP meas-
urement (models 90207 and 90217, Spacelabs Medical,
USA) programmed to measure BP level every 15 minutes
at daytime (7:00 — 23:00) and every 30 minutes at night-
time (23:00 — 7:00). Every patient received three ABPMs,
a detailed diary was kept during each of them, and it was
used later to estimate BP circadian rhythm indices. During
in-hospital ABPM patients were recommended to keep an
activity similar to ambulatory conditions.

HBPM was carried out with automatic electronic
tonometer (AND UA-767PC, JAPAN) which complied with
international standards of accuracy and was provided with
the memory function. BP was measured after 10-minute
rest, sitting, three times with 1-2-minute interval in the
morning (before breakfast) and in the evening (before go-
ing to bed) throughout the study.

Statistic analysis

First stage included preliminary analysis of ABPM and
HBPM results. Initial ABPM and HBPM results were not ed-
ited. After that all results were put together.

Preliminary analysis. ABPM results were processed
with SAS system [4] and with special statistic software pack-
ages ABPM-FIT and CV-SORT [5], which allowed to calculate
circadian BP indices, to plot 24-hours curves and to apply
some other functions.

The following groups of ABPM indices were estimated
(about 500 characteristics):

* BP means and their analogs;

« BP circadian rhythm indices:

o Nocturnal BP fall (%) was calculated as: (BPy—
BP,)/BP4)x100%; day and night periods duration
was determined on the basis of patient’s diary;

o Amplitude and phase characteristics were analyzed
by Fourier transformation. Special characteristics
were estimated: 24- and 12-hour amplitudes and
acrophases, and “percent of rhythm"” index, which

AHHOW MeAMKaMEHTO3HOM Tepanuu.

MpoTokon nccnegoBaHma

MauVeHTbl, BKIIOYEHHbIE B MepBoe UCCefoBaHue,
nonyyanu npenapat Bepanamun (M3ontuH CP, Abbott),
YHaCTHNKM BTOPOTrO UCCIIeA0BaHMS — paMunpun (XapTur,
Egis). DKW BbINOAHANOCH TONBKO MNPW M3y4eHUM Bepana-
MUAa. 3a 2 Hef, [0 BKJIIOYEHWA NaLMeHTOB B UCCIIe[0Ba-
HWMa oTMeHanuncs AlTI, nocne 4ero NPoBoOANIIOCH NCXOL4 -
Hoe CMA/. Ha ocHOBaHMW NOMTyYeHHbIX pe3ybTaToB fe-
N1anoch 3aKIloHeHMEe O BO3MOXHOCTW BKITIOYEHUA NaLMeHTa
B ICCNef0BaHMe, KOTOPOEe COCTOANO U3 ABYX 3-HeAENbHbIX
nepmogoB MOHOTEPANK 1 7 -AHEBHOIO «KOHTPOITbHOTO»
Neproaa B MPOMEXYTKE MexXAy ABYMS KypCaMu feveHus.
CHavana KaXgomy naumeHTy HasHadasncsd sepanamMun B
no3e 120-240 mr/cyt. BpeMsi npremMa npenapara (yrpom
NN BEYEPOM) YCTaHABIMBANOCh METOAOM CITyHalHbIX Y-
cen. Mocne 10 gHen Tepanuu Npu HeJOCTAaTOYHOM aHTU-
rMnepTeHsMBHOM 3ddekte (knnHuyeckoe Al
(ALLkn)>140/90 MM pr.cT.) fo3a ATl yBenmymBanach o
240-360 ™mr/cyT. B KOHUe nepBOro Kypca feveHns B
YCIOBUAX CTaLLIOHaPa B TeYeHKe CYyTOK OL4HOBPEMEHHO Bbl-
nonHanmcs nostopHoe CMAL 1 OKW [3]. MNode okoHYaHms
OKW naumeHTamM Ha 7 CyT OTMEHSNACh paHee Ha3HaveH-
Has Tepanus, NoC/e Yero Kaxabl NaLMeHT NprHMMan Be-
panamun B Apyroe Bpems (yTpom <> Bevyepom) Mo
CPaBHEHWIO C NepBbIM KYpCcoM. Hepes 3 HefeNiv NoBTOp-
Ho nposoaunmce CMAL 1 OKW. Ha npoTsaxeHnn Bcero mnc-
cnefoBaHma naumeHTel nposoamnn CKAL.

Cxema 1ccnefoBaHns pamMmnpurna dblna aHanorMyHow,
Ho 6e3 BbinonHeHus GKU. icxoaHas no3a pamunpuna 2,5-
5 Mr Npu HeOOXOAMMOCTU yBeNMYMBanach 4o 10 mr.

Knunuuyeckoe AL (ALKN) M3Mepsnn CTaHOaPTHbIM
AHePOVIAHBIM CPUTMOMAHOMETPOM C TOYHOCTLIO A0 2 MM
PT.CT. B MONOXEHWM cnaa nocsie 15 MUH oTabiXa 3 pasa ¢
NHTepBaNamMu 1 MUH NPV KaXKLOM NMOCeLLEHMN Bpaya.

CMAL ocylecTBnsnNoCh C NOMOLLBIO NOPTaTMBHOM
cnctembl pernctpaumn AL (mogenv 90207 1 90217,
Spacelabs Medical, CLLIA), 3anporpamMMMpoBaHHON Ha 13-
MepeHye ypoBHs ALl B AHeBHOe Bpems (7:00-23:00) kax-
Ible 15 MuH, B Ho4HOe Bpems (23:00-7:00) kaxable 30
MUH. Y Bcex naumeHToB Obinu BbinonHeHsbl 3 CMAL, BO
BPEMS KOTOPbIX OONbHbIE BENW NMOAPOOHBIV AHEBHUK, UC-
MOMb30BaBLUMICS NMPY aHANM3E XapakTePUCTUK CYTOHHO-
ro putMma ALl. Bo Bpems nposefervia CMA/LL B cTaumoHa-
pe naumeHTam ObIN PeKOMeHA0BaH PEXNM aKTUBHOCTY,
MaKCMManbHO NPUBNNXKEHHBIM K aMOyNaTOpHOMY.

CKALL BbINOAHANCA C MOMOLLBIO COOTBETCTBYIOLLLETO
MEXIAYHapPOAHbIM CTaHOAPTaM TOYHOCTM aBTOMaTu4e-
CKOTO 31eKTpoHHOro ToHomeTpa (AND UA-767PC, JAPAN),
cHabxeHHoro dyHKUen namaTu. ALl namepsnocs nocne
10 MVH oTAbIXa 3 pa3a B MONOXEHMN CUASA Ha paboyen pyke
€ 1-2-MWHYTHBIMW MHTEpBanamMu yTpom nocne npobyx-
JeHuns ([0 3aBTpaka) 1 Be4epom nepes CHOM B Te4eHue
BCEro NepuoAa NccneoBaHus.
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explains how well Fourier fit describes the overall
variation of data.

* Real maximal and minimal BP values and those pre-
dicted by the Fourier analysis and time of their emergence.

* BP variability as standard deviation of mean values.

* Index of homogeneity of antihypertensive effect -

«smoothness index» (SI) — was determined as a re-
ciprocal of hourly drug effects variations coefficient [6].

HBPM indices:

* mean values in the morning and in the evening;

« relative “24-hour value” of the same indices (half-sum

of average morning and evening indices);

« relative morning BP surge — the difference between

morning and evening HBPM indices.

Compilation of the results. Standard statistic methods
were applied: calculation of mean values, and standard er-
rors (M£m). Significance of differences was determined
by Student’s t-test (two-tailed and paired). Dispersion-co-
variance analysis was performed using PROC GLM, PROC
LOGISTIC and MIXED procedures.

We also used special method “Mahalanobis distance”
[7] to evaluate possibility to distinguish two data classes by
different BP indices (in this context — effects of the morn-
ing vs evening AHD intake). Variables were ranged according
to t-values.

Results
Results of verapamil study

The mean age of 26 patients included into the study was
58.7+2.2 years. Eleven patients completed the study (4
men and 7 women; the mean age 60.0£1.9 years). Rea-
sons for exclusion (n=15) were: patients withdrawal
(n=4), side effects of the drug (n=6); insufficient anti-
hypertensive effect of monotherapy (n=4); impossibility
of PKS (n=1).

The baseline dose of verapamil was 207.3+17.0
mg/day, at the end of the study — 240.0+16.3 mg/day.
Initial ambulatory BP levels did not distinguish significant-
ly between groups of patients, who started verapamil in-
take in the morning or in the evening.

Significant antihypertensive effect was only achieved with
evening administration of the drug (Table 1). Office BP as-
sessment did not show any differences in efficacy of different
modes of verapamil administration. Only HBPM results re-
vealed significant differences in antihypertensive effect —
decrease in morning BP was more potent with evening ad-
ministration of the drug. Verapamil demonstrated signif-
icant negative chronotropic effect which was more intense
with morning administration. Both regimes of verapamile
intake did not influence significantly the circadian BP
rhythm (Table 2, Fig. 1). Significant shift of 12-hour BP
acrophases to later time with evening drug administration
was the exclusion. Antihypertensive treatment with vera-
pamil modified some additional ABPM indices (Table 2).

CTaTncTtnyeckmmn aHanms

Ha nepsom 3Tane Obif BbINOMHEH NPEABaPUTENbHbIV
aHanus pesynsratos CMAL 1 CKAL. OpurnHaneHble
OaHHble CMAL 1 CKALL He pefaktmpoBanice. Ha BTOpom
3Tane NPoBoOAMNOCL 0600LLEHNe pe3ynkLTaToB.

[penBapuTenbHbIv aHamm3 pesyssratos. Ons npeg-
BapuTenbHOro aHanmsa pesynsratos CMAL Hapagy ¢ cu-
ctemon SAS [4] ncnonb3oBannch CreumanbHble CTaTu-
cTnyeckme nakeTbl ABPM-FIT 1 CV-SORT [5], obecneym-
BaloLLMe Bbl4MCIIEHNE XapaKTEPUCTUK CYTOYHOMO NPodu -
na AL v psg opyrmx QyHKLUMIA, B TOM YMCTe NOCTPOEHe
24-4aCoBbIX KPWBbIX.

N3yyanunce cnepytowme rpynnel nokasatenen CMAL
(okono 500 xapakTepucTuk):

* yCcpefHeHHble nokasatenu ALl n 1x aHanoru;

* MoKa3aTteny cyto4Horo putma AL:

O cTeneHb HoYHOro cHUxXeHms (CHC) AL (%) Bbli-
qucnsany no opmyne: ((A0,~AL,)/AL,)x100%;
NPOAOIKNTENBHOCTL LHEBHOMO M HOYHOrO ne-
PUOLOB OMNpefenan Ha OCHOBAHVUU LOHEBHMKa
nauuveHTa;

0 aHanNM3 aMMIUTYLAHbIX 1 Pa3HbIX XapakTepUcTuK
npoBoannM ¢ nomMolubio Metoga Oypbe. OueHn-
BaNNCb CreLnasibHble Xapaktepuctnkn: 24- w
12-4acoBble aMNIUTY bl M aKpOdasbl, a Takxe Mno-
Ka3zaTenb «MPOLEHT pUTMa», MOKa3blBAIOLWMN, Ha-
CKOJbKO XOPOLLO MOAeNb aHannsa Oypbe onumcs-
BaeT BapMabenbHOCTb AaHHbIX;

* paKTMYeCcKme 1 NpeackasaHHble C MOMOLLbIO aHasu-
3a Dypbe MaKCcVMasbHble 1 MUHVIMasbHbIe 3HaYeHWS
ALl n Bpems nx BO3HWKHOBEHUS,

* BapmnabenbHocTb ALl Kak CTaHOapPTHOE OTKIIOHEHME OT
CPefHVX BENUNYUH;

* MOKa3aTeslb PaBHOMEPHOCTN aHTUTUNEPTEH3BHOIO
athdekta — uHaekc crnaxuearus (UC; «<smoothness
index») onpeaensany Kak BenuumHy, 0bpaTHyto Koad-
PULIMEHTY BapmaLn No4acoBbIX 3(heKToB npena-
paTa [6].

Mokazatenn CKA:

* CpefHMe NoKa3aTenu A1 YyTPEHHEro 1 Be4epHero ne-
p1oaoB;

* YCITIOBHOE «24—4aCoBOe 3Ha4YeHme» g Tex xe Mno-
Kasatener (nNonycyMMa yCcpeaHeHHbIX YTPEHHWX U Be-
YepHWX nokasarenen);

* YCIIOBHAs BeNMYMHa yTpeHHero nogbema ALl (BYT)
— Pa3HOCTb YCPELHEHHbIX YTPEHHWX U BEYEPHKIX MO-
kasaTtenen CKAL.

ObobLieHme pe3ybratos. NPUMEHSNIUCh CTaHAAPTHbIE
CTaTUCTYeCKMe METOAbI: BblYUCIIEHMEe CPedHMX, CTaH-
AApPTHbIX owurbok (M=m), [4OCTOBEPHOCTb Pa3nnyunin
onpenensanack C nomoLbio t—kputepus CTblofeHTa (aByx-
BbIGOPOYHOO 1 MapHOro). MPOBOAUIICA AUCNEPCNOHHO-
KOBapWaLMOHHbIN aHanm13 C UCNOb30BaHWeM NpoLeayp
PROC GLM, PROC LOGISTIC n MIXED.
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Chronotherapy with antihypertensive drugs / XpoHoTepanus aHTUrunepTeH3NBHbIMU penaparamm

Table 1./ Tabnuua 1. Influence of verapamil on office BP,
ABPM and HBPM indices after morning and evening drug
administration (M+m) / BnusHne Bepanamuna Ha rnokasa-
Tenu Allkn, CMA v CKAl npu yTpeHHEM U BeYepHEM Ha-
3HayeHuK npenapaTa (M+m)

Indices/ Baseline/  Morning/  Evening/
MNoka3arenu WcxopHo YTpo Beuep
Office BP results/To pesynstatam usmeperus Afikn

sBP, mm Hg/CAL, Mm pr.cT. 147.8£2.3 140.0£4.1  135.9%4.1*
dBP. mm Hg/LAL, MM pr.cT. 919412 849+22 85.7+2.1*
HR, beats per min/

YCC, yo/MvH 73.5+1.1 70519 70.4+2.0
ABPM results/Mo pesyntatam CMAJ,

sBP,4, mm Hg/

CALLy4, MM pr.CT. 135.5£2.4 130.2£2.6  126.1£2.6*
dBP,4, mm Hg/

DAL, MM pr.CT. 81.6£1.6  77.3£1.7  75.0£1.6**
sBPd, mm Hg/CALLn, mMpr.ar.  142.4+19 137.6£2.1  133.8+1.9*
dBPd, mm Hg/OALL, Mmpr.cr.  885+1.8  843+19  81.2+1.8%
sBPn, mm Hg/CAOH, mmpr.cr.  132.0£3.5 126.5+33  122.3£3.1*
dBPn, mm Hg/LADH, mvpr.ct.  78.1+£1.9  73.9+2.1 71.8£1.9*

HR24, beats per min/
YCC24, yo,/muH

HRn, beats per min/

73.5£1.0 67.1£1.1***  70.5£1.0f

YCCH ya/M1H 68.5+1.1 63.1£1.2%  67.1£1.11
SI'sBP/dBP / = 0.48+0.12**/ 0.670.10%**/
NCCAL/DAL 0.50£0.10*** 0.6740.09***
HBPM results /Mo pesynbratam CKAZL

sBPm, mm Hg/

CALly, MM pr.cT. 146.1£15 144.6£1.2 139.7+1.6**t
dBPm, mm Hg/

JALY, mv pr.cT. 90.0£0.9 88.3+0.8* 85.7£1.0%**t
MBP. mm Hg/

Allcp.y, MM pr.cT. 108.4+1.0 106.7£0.8* 103.4%1. 1%+t
HR24, beats per min/
4CC24, yn/muH

HRe, beats per min/
YCCB, yo,/MUH

746+1.0  73.2+0.8 76.6%1.0t

75.6£1.1  73.7£0.9%*  79.0+1.1tft

Morning sBP surge, mm Hg/

BYM CAL, MM pr.cT. 2.6£1.8 2.1£1.4* -4.5+1.9%t
Morning dBP surge, mm Hg/
BYN JAL, mm pr.cT. 2.2%1.2 3.240.9 -0.9+1.31
Morning BPm surge, mm Hg/
BYM Allcp, Mm pr.cT. 2.3%£1.3 2.8%£1.0 -2.1£1.3%

Hereinafter: 24 - 24 hours; e - evening; d - day; n - night; m - moring; MBP - mean BP/
3peck 1 fanee: 24 — cyTku, B — BEYEPHNI NEPUOL,; A — AHEBHOV NEPUOLL,; H — HOYHOM
nepviog; y — yTpeHHA neprog; Aflcp — cpeaHee ALL

*p<0.05; **p<0.01; ***p<0.001 - significance relative to the initial index / goctosep-
HOCTb OTHOCUTENBHO VICXOAHOTO MoKa3aTens

p<0.05; t1p<0.01; t+1p<0.001 - significance of differences relative to the analogical
value with morning drug administration / OCTOBEPHOCTb P3N 4MiA OTHOCATENBHO
aHaNOrMYHOTO 3Ha4eHNs NPV YTPEHHEM Npvieme npenapara

SI - smoothness index / /IC — nHpexc craxuams

Mcnonb3oBancs Takxe cneumanbHbii MeTo aHanmsa
— «paccTosHne MaxanaHobuca» [7] — oleHKa BO3MOX-
HOCTW Ha OCHOBaHWW TeX UV MHbIX NOKa3aTenen pasnu-
4aTb [Ba Knacca AaHHbIX (B AaHHOM cydae ahdekTbl yT-
peHHero 1 BevepHero npviema AlTI). MNpu3Haky Obln paH-
>KMPOBAHbI Ha OCHOBaHWK t-Kputepus.

PesynbTaThl
Pe3synbTaThl nccnegoBaHua Bepanammna

CpefHui Bo3pacT 26 NauMeHToB, BKIIOYEHHbIX B 1C-
cnepoBaHue, coctaBun 58,7x2,2 net. ViccnepoBaHue
3aKoHYMM 11 naumeHToB (4 MYyXYUH 1N 7 XKEeHLUNH;
cpenHun Bospact 60,0%1,9 net). MpUdnHbl CKIIOYEHNS
13 nccnenoBaHnsa (N=15): 0TKas OT BbINOHEHWS NPOTO-
Kona (n=4); nobo4Hble 3dhdekTbl Npenapata (N=6); He-
OOCTaTOYHbIN @HTUMUNEPTEH3VBHbIN 3 MEKT MOHOTEPaNMN
(n=4); HeBO3MOXHOCTb BbinonHeHUs GKN (n=1).

NcxooHasa no3a BepanamMuna cocrasmna 207,3+17,0
MT/CyT, B KOHLe nccrefoBaHng — 240,0+16,3 mr/cyT.
[pynnbl MaLMEHTOB, Ha4aBLLUMX NpUeM BeparnamMuna yTpom
1 BE4epOM, LOCTOBEPHO He OTNIUYANUCh MO YPOBHIO UC-
xoAHoro ambynatopHoro AL

[locToBEPHbIV aHTUMMNEePTEH3MBHbIN 3chdekT Obin Ao-
CTUTHYT TOJSIbKO MPY BEYEPHEM Ha3Ha4eHUM npenapata
(tabn. 1). Mpwu aHanm3e ALK He BbINO BbIABNEHO Pa3nu-
YU 3PPEKTVBHOCTU Pa3HbIX PEXMMOB Ha3HaYeHns Be-
panamuna. loctoepHble pasnnyma aHTUrMnepTeH3nBHO-
ro adhchexTa ObINN 33PErCTPMPOBAaHbI TOMBKO MO Pe3yrbratam
CKALL; npu BeYepHeM npuemMe CHUXeHue yTpeHHero ALl
ObINo HGonee BbipaxkeHHbIM. Bepanamumn okasbiBan 4OCTO-
BEPHbI OTPULIATENBHBIV XPOHOTPOMHBIV 3dhchekT, bonee Bbi-
Pa>XXEHHBIV MPW YTPEHHEM Ha3Ha4eHUW. [1Ba pexxma npvie-
Ma Beparammsia He 0KasblBau CyLLIeCTBEHHOMO BNSAHNSA Ha
cyTouHbI puTM ALl (Tabn. 2, puc. 1). NckniodeHne co-
CTaBASET JOCTOBEPHbIV CABUI 12-4acoBbix akpodas AL Ha
Oornee No3gHee BpeMs Npy Be4EPHEM Ha3Ha4YeHUM Npena-
pata. AHTUIMNEPTeH3BHAsA Tepanua BepanamuioM Bbi-
3bIBasia M3MeHeHs HEKOTOPbIX JOMONHUTENbHbIX MOKa3a-
Tenen CMAL (1abn. 2). Hanboree BblpaxkeHHOM OKa3anach
OMHAMMKA HOYHBIX MakcumMyMoB AlL.: Npy Be4epHeM Ha-
3HaYeHMK Npenapata KX BeNMYMHa CHKanacb Ha 13-14 mm
PT.CT. Be4epHuit Npvem Bepanammna NpyBoaMa K 4OCTO-
BEPHOMY CHUKEHMIO BapuabenbHocT ALl B HOHHOE Bpems.

Mprem BepanamMuia Npu PasHbIX BPEMEHHbIX Pexu-
Max y obcnefoBaHHbIX MaLEHTOB He Bbl3bIBasl KIMHN-
4YeckmMx MPOSIBAEHUN TUNOTOHUK. [Tpn yTPEeHHEM Ha-
3Ha4eHN NoboYHbIe 3hdekTbl OTMEYEHbI B 5 ClydasX: 3a-
nopsbl (n=3), ronosHaa 6onb (n=2). Mpun BedyepHeM
npremMe B OAHOM Crydae OTMeYeHO pa3BuTME BPOHXO-
0OCTPYKTMBHOMO CUHAPOMA.

Pe3ynbTaThbl nccnefoBaHua pamunpuna
CpefHui Bo3pacT 32 nauMeHToB, BKIOYEHHbIX B 1C-
cnepoBaHue, coctaBun 57,3%+2,0 net. ViccnegoBaHue
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Chronotherapy with antihypertensive drugs / XpoHoTepanus aHTUrnnepTeH3NBHbIMU penaparamm

Table 2./ Tabnuua 2. Influence of verapamil on the circa-
dian BP pattern indices and some other ABPM indices
(M£m) / BnusiHMe Bepanamuna Ha nokasaTtenun CyTO4HOro
putma ALl n HekoTopble apyrue nokasatenu CMA[ (Mxm)

Indices/
Mokasarenn

Baseline/  Morning/  Evening/
WcxopHo Ytpo Beuep

BP circadian rhythm indices /Mokasatenu cytoutoro putma A}
Nocturnal sBP fall, %/

CHCCALL, % 7.1+1.9 7.8%2.1 8.5+1.9
Nocturnal dBP fall, %/
CHC DAL, % 11.8£22 123£24 11.9+2.2
Nocturnal MBP fall, %/
CHCAZcp., % 9720  10.0£2.2 10.2+2.0

Nocturnal HR fall, %/

CHCYCC, % 17115  15.8%1.7 12.9£15
percent of rhythm MBP /

npoueHT putma Acp., % 51.5+2.2  47.7%4.2 50.5+6.0
AcrsBP12,h / Acr CALL12, 4 8.60.2 9.1+0.4  10.4£0.4***t
AcrdBP12, h / Acr BALT2,4 9.0£0.2 9.4+0.3  10.2£0.3**t
Acr MBP12,h / Acr Allcp. 12,4 8.7+0.2 9.1+£04  10.2£0.4**t
Acr HR24 (h)/ Acr 4CC24, 4 14.9+0.4  13.7%0.7 17906t
Other indices/ ipyrue nokasarenu:

max sBPn, mm Hg/

max CALIH, MM pr.cT. 149.3+£2.7 144.8+£29 136.4£2.7*t

max MBP, mm Hg/

max ALLcp.H, MM pr.CT. 114.7£2.2 108.4£2.4 100.2£2.2%**t

Var sBPn, mm Hg/

BAP CALH, MM pr.cT. 10.4£0.7  11.0£0.7 8.4£0.7*
Var MBP, mm Hg/
BAP AZlcp.H, MM pT.CT. 9.8+0.6  9.5£0.7**  6.7£0.611

Acr12(24) - 12 (24)-hour acrophases, max — BP maximums, Var - BP variability /
Acr12(24) — 12(24)-4acosble akpodasbl, max — hakTu4eckie MaKCMyMbl 3HadeHs AL,
BAP — BapuabensHocTs ALL

*p<0.05; **p<0.01; ***p<0.001 - significance relative to the initial index / nocrosepHocTs
OTHOCUTENBHO MCXOIHOTO MOKa3aTens

p<0.05; ttp<0.01; t1p<0.001 - significance of differences relative to the analogical value
with morning drug administration / LOCTOBEPHOCTb Pa3NM4MI OTHOCKTENBHO aHANOTMYHOTO
3HaYeHs Mpy YTpeHHeEM MpvieMe Mpenapata

Dynamics of night-time BP peaks was the most intense: their
value decreased by 13-14 mm Hg with evening adminis-
tration. BP nocturnal variability decreased significantly
with evening verapamil intake .

Different time modes of verapamil intake did not cause
hypotension in examined patients. Side effects were reg-
istered in 5 cases with morning administration - constipation
(n=3) and headache (n=2). Broncho-obstructive syndrome
was registered in one case with evening administration.

Results of ramipril study

The mean age of 32 patients included into the study was
57.3%2.0 years. Twenty four patients completed the study
(11 menand 13 women; the mean age 59.2+2.3 years).

3aKoHUMNM 24 nauyieHTa (11 My>KYnH U 13 KeHLLUWH; cpef-
HW Bo3pacT 59,2+£2,3 neT). MprimHbl UCKITIOYEHNS 13 UC-
cnepoBaHuis (N=8): 0TKa3 OT AaNbHENLLIEro y4acTus B UC-
cnepoBaHuK (N=3); HEAOCTAaTOYHbIN aHTUTUMEPTEH3MB-
HbI 3hdekT MoHOoTepanuu pamunpunoM (n=3); no-
Bo4Hble ahthekTbl (N=2).

Mpynnbl MauMeHTOB, HaYaBLUMX MNPUEM PaMUMPUNa
YTPOM WX BE4EepPOM, LOCTOBEPHO He OTIYanucb Mo
YPOBHIO MCxoaHoro ambynatopHoro AL

NcxopHas po3a pamMunpuna cocrasuna 6,0+0,4
MT /CyT, K KOHLY nccnenoBaHns — 8,9+0,7 Mr/cyT.

MpvieM pammnnpuna B yTPEHHee 1 Be4YepHee BpeMs Bbl-
3bIBas1 LOCTOBEPHBIN aHTUMINEPTEH3VBHBIN 3PhOEKT 1 HOp-
Manmsaumnio cpedHnx senuynH AL no pesynsratam AL,
CMA[L 1 CKAL (1abn. 3). Mpu aHanmze AL, He Obino Bbi-
SIBNEHO 3HAYMMBbIX PA3NIHM B aHTUMANEPTEH3MBHOM 3dhchekTe
MpW Pa3HbIX BPEMEHHbIX PEXXMMAaX Ha3HauveHs paMunpunia.
Mo pe3ynsratam CMA/L, yTpeHHUIM NpreM pamunpunia npu-
BOAMI K Doree BbIpaxkeHHOMY CHVKEHWIO CPeAHECYTOHHbIX
ypoBHen ALL (LocToBepHble pa3niyus C BE4EPHUM NPUEMOM
npenapata OblnM NoNyYeHbl TONbKO NPV yCpeaHEeHWI noka-
3aTenei Ha ocHoBe aHanm3a Pypbe (1abn. 3)).

N3mMeHeHNnd cyTodHOro pyutMa ALL npu yTpeHHeM 1 Be-
YEePHEM Ha3HAYEHN PAMUMPUIA 3HAYUTENBHO OTNINHANUCh
(Tabn. 4, puc. 2). BedepHuii nprem npenapata NprBoOANN
K nocrosepHomy ysenuyeHutio CHC 1 24-4acoBbiX am-
nnutyn AL Mpw yTpeHHeM nprieme BbISBEHO AOCTOBEPHOe
CHWMXXEHME BENUYMHbBI NPefcka3aHHbIX U PakTUYeCcKmx
MakcumymoBs All (Tabn. 4).

Mpu 0boKX pexnmax npruemMa rnpenapata He oTMeye-
HO KITMHUYECKMX NPOSABNEHNI T’MOTOHWU. [1pn HasHave-
HUW paMunpuna oTMeYeHo ABa Clydas MoboYHbIX -
(hekToB: KpanmBHMLA (Npu BEHEpHEM Npreme), CyXOn Ka-
Lwenb (Mpu YyTPEHHEM Ha3HaYeHNN).

NHdopmMaTMBHOCTb NOKa3aTenemn
amMbynaTopHbIX MeToAOB U3MepeHus A/l

[na onpeneneHns Bo3moxHocten CKAL v CMAL
npu oLLeHKe 3PdeKkTBHOCT XpoHoTepanuu Al 13ydanace
MHOPMATVBHOCTb BCEX PAaCCMATPUBABLLUNXCS B paboTe no-
KazaTenen aMOynaTopHbIX MeTO0B M3MepeHus ALl B LC-
C1eflOBaHMM KaX[0ro npenapara.

3aTeM Obi NpoBeAeH 0ObeAMHEHHbI aHaNu3 C y4e-
TOM pe3ynbTaToB nedeHus obonmm AT, Moa MHdopma-
TUBHOCTbIO MPW3HAKOB NOHVMasM BO3MOXHOCTb pPa3nu-
YUTb 2 KNAcca AaHHbIX — 3 deKTbl YTPEHHEO 1 BEYEPHErO
Ha3Ha4eHus NpenapaToB. YeM BbliLLe 3HaYeHue t-kpuTe-
puvs, TeM Oonblie MHPOPMATUBHOCTbL Npr3Haka. Jocto-
BepHble 3Ha4eHns t-Kputepmsa npesbiwaiot 1,96.

CpaBHUTENbLHO HK3Kaa MHPOPMATUBHOCTL ALl U
ycpeaHeHHbIx nokazatener CMA/ (B Tom Yncne paccim-
TaHHbIX Ha OCHOBaHWK aHanm3a Pypbe) CBUOETENLCTBY-
€T O NPUMEPHO PaBHOW aHTUIMMNEPTEH3NBHOW 3 dek-
TUBHOCTW YTPEHHEN U BEYEPHEN CXEM Ha3Ha4YeHus npe-
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Chronotherapy with antihypertensive drugs / XpoHoTepanus aHTUrunepTeH3NBHbIMU penaparamm

Fig.1 Influence of verapamil on the circadian BP pattern / Puc. 1. BiusHne Bepanamunia Ha cyTouHbIn npoduns AL
i —initially, m —morning intake, e — evening intake / ncx — ncxopHo, y — yTpeHHWUI NpueM, B — BeUEPHU Npuem
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Fig.2 Influence of ramipril on the circadian BP pattern / Puc. 2. BinsHue pamunpuna Ha cyTouHbln npodunb A
i —initially, m — morning intake, e — evening intake / ncx — ncxoaHo, y — yTPEHHWIA MpUeM, B — BeYePHUI Npuem

&

&

s 120

&

=

< 1o o SBP / CAllr

;l?’ 100 —— sBPm / CALy

= —~— sBP. / CAlls

£ 901

s —— dBPi / AAx
80 —— dBPm / OALy
70 —— dBPe / 1AL

8:00 10:00 12:40 15:20 17:40 20:00 22:20 0:40 3:00 5:20 7:40 Time / Bpemst

Reasons for exclusion (n=8) were: refusal of further par-
ticipation in the study (n=3), insufficient antihypertensive
effect of monotherapy (n=3), side effects (n=2).

Baseline ambulatory BP did not distinguish signifi-
cantly between groups of patients, who started ramipril in-
take in the morning or in the evening.

The baseline dose of ramipril was 6.0+0.4 mg/day, and
that at the end of the study — 8.940.7 mg/day. Office BP,
ABPM and HBPM results showed that administration of ramipril
both inthe morning and in the evening resulted in significant
antihypertensive effect and normalization of mean BP values
(Table 3). Office BP assessment showed that different time-
regimes of ramipril intake caused similar antihypertensive ef-
fect. ABPM results showed that average daily BP levels de-
creased more considerably with morning administration of
ramipril (only averaging of indices using Fourier transformation
allowed to reveal significant differences between morning and
evening administration of the drug) (Table 3).

The changes of circadian BP patterns distinguished sig-
nificantly with morning and evening ramipril intake

napaToB. BbICOKOM MHOPMATUBHOCTBIO XapaKTepU3yoT-
€A HEKOTOPble MoKa3aTenu cyTouHoro putma (CHC AL, 24-
YacoBble aMnInTyAbl ALl) v JoNoNHUTENbHbIE NMOoKa3aTe-
nn (BpemMs HacTynneHns hakTnieckinx MUHUMYMoB All).
OTme4eHa Bblcokas MH@opmMaTmaHocTb BYTT AL, pac-
CYMTAHHOW Ha ocHoBaHMM CKAL.

OOcyxaeHue

CyLLecTByIOT AiBa OCHOBHbIX MOAXOAA K XPOHOTepanim Al
[8]. B nepBom cJiydae, «OCHOBBIBAACh Ha KPYrnoCyTOHHOM
onpeneneHnn All, yCTaHaBNMBAIOT ero LMPKaANAHHbIN
NPOMUIb 1 ONTUMAITbHOE BPeMs MpremMa NiekapcTs. VIX Ha-
3Ha4aloT C y4eTOM BpeMeHu nNukos ALl 1 hapMakoKNHETU -
KM MCMOsb3yeMbIX CPELICTB TakM 00pa3oM, HTODbI Makcu-
MafbHbIV QHTUIMMEPTEH3MBHbIV 3MEKT MPUXOAMICA Ha Me-
POl CYTOK C HaMOObLLIMMM Liiddpamit ALL». Bo BTopoMm cry-
Yae «OnpemenatT XPOHOHYBCTBUTENBHOCTb K aHTUIMNep-
TEH3MBHOMY Mpenapary, Ha3Ha4as ero B PasHoe Bpems cy-
TOK». Peanu3saLg nepBoro 13 3TMx NoAX040B CBA3aHa C Cy-
LLLeCTBEHHBIMW TPYAHOCTAMM. [10 MHEHMIO aBTOPOB MOHO-
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Table 3./ Tabnuua 3. Influence of ramipril on office BP,
ABPM and HBPM indices after morning and evening drug
administration (M+m) / BnusiHne pamunpuna Ha
noka3satenu Adkn, CMAJ n CKA npun yTpeHHeM

1 BeYepHeM Ha3Ha4vyeHuu npenapata (M+m)

Table 4./ Tabnuua 4. Influence of ramipril on the circadian

BP pattern and some other BPDM indices (M+m) / BnusHue
pamMunpuna Ha CyTouHbIr puTM Al 1 HEKOTOpbIE Apyrue
noka3sarenu no pesynstatam CMA/ (M+m)

Indices/ Baseline/  Morning/  Evening/
Moka3arenu WcxopHo Ytpo Beuep

Office BP results / Mo pesynctatam usmepenunst ABKnN
sPB, mm Hg / CALI, MM pr.cT. 144.941.7 135.5+2.1%%*% 131.0£2.1***
dPB, mm Hg / JAL, MM pr.cT. 93.6£1.0 86.141.3*** 842417 3%

HR, beats per min /
4CC, yn,/MuH 732410  715%1.2 70.4£1.2

ABPM results (averaging based on Fourier transformation) /
Mo pesynstatam CMAJ (ycpeaHeH1e Ha 0cHOBaHWM aHann3a Qypbe)

SBP,,, mmHg / CAll,,, MM pr.ct. 139.3%1.4 129.5£1.7*** 131.8+1.7**
dBP,y, mm Hg / AL, MM pr.cr. 85.7£1.0 80.2£1.2%**  815+1.2%

MBP,,, mm Hg /
Al 24, MM pT.CT. 104.7£1.1  97.8x4*** 97841 .4%*

sBPy, mmHg / CAIL, mmpr.ar.  143.3+1.3 134.0£1.6** 138.2+1.7*
dBPy, mmHg / JAL, Mvpra.  90.1£0.9 84.3+1.1***  87.7+1.2t
MBPy, mm Hg / Allps, Mmpr.ct.  108.8+1.1 101.9£1.3***  106.0+1.4t
sBP,, mmHg / CALL, Mmpra.  130.2+1.8 120.7£2.3** 118.8+2.3***
dBP,, mmHg / OAL,, Mvpr.c.  76.9+1.4 70.8+1.0**  69.8%1.7*
MBP,, mmHg / Al MMpr.cl.  96.1£1.5  88.8+1.0%*  87.1+2.0%**

SIsBP/dBP / C CALL/IAN - 0.67+0.09%%*/ 0.54+0.10%+/
0.57+0.07 0.41+0.07**

HBPM results / Mo pesyntatam CKAZL
Morning sBP surge, mm Hg /

Indices/ Baseline/ Morning/  Evening/
Moka3atenu WcxopHo Y1po Beuep

Pattern indices / Moka3arenu putma
Nocturnal sBP fall, % /

CHCCAL % 84£1.0  86%1.0  12.6%1.1%F
Nocturnal dBP fall, % /

CHC DAL, % 126+1.2  13.5%1.2  18.6£1.3**t
Nocturnal MBP fall, % /

CHCAL,., % 10.1£1.2  10.9£1.2  15.61.2%*t1
Percent of rhythm MBP, % /

npoueHT putma Alcp., % 549+2.1  51.4£27 58.3+2.7
Amp sBP;,, mm Hg /

Amp CALL,, MM pT.CT 11.140.9  11.021.0  15.4+1.0%t
Amp dBP;,, mm Hg /

Amp [AL;,, MM pT.CT. 9.8£0.6 9.9+0.8 12.6£0.8**t
Amp MBPy,, mm Hg /

Amp Alle, 15, MM pT.cT. 10.1£0.7  10.3£1.0  13.7£0.9**ft

Acr BPmyy, h / Acr All g 12,4 7.6%0.6 8.7£0.4 7.1£0.5%
Other indices / ipyrue nokasarenu
P MBP max,4, mm Hg /

M max Al 24, MM PT.CT. 119.2£1.3 111.9£1.6*** 116.9£1.61
max MBPy, mm Hg /
max All, ;, MM pr.CT. 133.6£1.7 128.2+1.7* 133.2+1.8F
Var sBP,,, mmHg /
BAP CALLy4, MM pr.CT. 143206 149406  16.7+0.6%*f

Amp12 - 12-hour amplitude, Acr12 - 12-hour acrophase, P BP max - predicted
BP maximum, max — maximal B, Var - variability / Amp12 — 12-4acoBas avnnutyaa,
Acr12 — 12-4acoBas akpothasa, 1 max — npefickasanHbli Makcmym AL,

BYM CAJl, mm pr.cT. 16+1.4 1114 -3.441.4%1 max — (hakTvdeckui Makcvmym Afl, BAP — BapuabernbHocTs

Morning dBP surge, mm Hg / *p<0.05; ¥*p<0.01; ***p<0.001 - significance relative to the initial index / goctosepHocTb
OTHOCHTENBHO UCXOAHOTO MOKa3aTens

BYM AL, MM pr.cT. 3.640.8 3.6%0.8 0.5+0.8* p<0.05; 11p<0.01; t1tp<0.001- significance of differences relative to the analogical value

Morning MBP surge, mm Hg / with morning drug administration / LOCTOBEPHOCTb Pa3AMHMI OTHOCUTENBHO aHANOMUYHOTO

BV AL, , v pr.ct 79409 37409 -0.8+0.9%H 3HA4EHVA NpY YTPEHHEM MpvieMe Mpenapara

SI - smoothness index / C — MHpexc craxvieanms

*p<0.05; **p<0.01; ***p<0.001 - significance relative to the initial index / nocrosepHocTb
OTHOCUTENIBHO MCXOIHOTO MoKa3aTens

p<0.05; ttp<0.01; t1p<0.001 - significance of differences relative to the analogical value
with morning drug administration / LOCTOBEPHOCTb Pa3NMYMI OTHOCKTENBHO aHANOTMYHOTO
3HaueHwA NPV YTPEHHeM MpYeme rperapara

(Table 4, Fig. 2). Evening intake of the drug led to signif-
icant increase in nocturnal BP fall and in 24-hour BP am-
plitude. Morning intake of the drug led to significant de-
crease in predicted and real BP peaks (Table 4).

Neither of the modes of drug administration caused any
hypotension signs. Side effects such as urticaria (at the
evening intake) and dry cough (at the morning intake) were
registered in two cases.

Informativity of ambulatory
BP measurement methods

The value of the examined indices of the BP monitor-
ing methods was studied to estimate the value of HBPM
and ABPM in HT chronotherapy efficacy assessment for each

rpadun [8], MprHMHaMKM 3TOrO ABASIOTCA ONTENbHBIV Ne-
pvoa, nonyBbIBeAeHV s HekoTopbix AlT1, MPOoOKNTENBHbIN
nepvioA noabopa Tepanmm, HeobxoAMMOCTb HacTbix CMALL
CyLLecTBeHHbIM OrpaHHeHVieM [aHHOTO METOAMHECKOrO Mof-
X0[a ABIAETCA U HI3Kas BOCMPOV3BOAVIMOCTb MaKC/IMYyMOB
(nnkos) All, B TOM Yncre NpeackasanHbix [9], 4To He no3-
BOJIAET OfHO3HAYHO PeKOMEHO0BaTb TO WIIN VHOe BpeMs
npvema AlT1. HeyamsuTensHO, HTO Ha MPaKTKe MPUMEHSAIOTCH
B OCHOBHOM 6o0ree NpocCTble MeTofbl XpoHoTepanun Al u
npex[e Bcero HasHadeHue AlT] BedepoM (Ha Houb), H4acTo
B CPaBHEHUM C TPaAULIMOHHBIM YTPEHHUM NPUEMOM.

Hanbonee n3yyeHbl npu xpoHoTepanuu Al aurinapo-
nupuanHosble AK. OgHako JaHHble 06 3hdeKTBHOCTM
xpoHotepanun AK npoTrsope4rBbl [ 1]. MinnocrpaLwen Mo-
XKET CNYXUTb nccefoBaHuve knnHuamnmHa [10], B KoTo-
POM He yanoch BbISBUTb Pasnnymmn B 3hPeKTBHOCTA yT-
PEHHETO W BeYepHero HazHa4eHW npenapata. Oba pexuma
npvema B paBHOW CTEMEHN CHMXXanu AHeBHOe, HoYHoe ALl
a Takxke BYIT AL
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Table 5./Tabnuua 5. The value of main indices of office BP, BPDM and HBPM (joint results of the two studies) /
NHdopMaTUBHOCTb OCHOBHbIX noka3saTtenen Aflkn, CMA[L n CKAL (o6beanHeHHble pe3ynbTaTbl ABYX UCCNELOBAHNI)

Indices / Mokasatenu t-value / t-kputepun p

Office BP/ALkn 0.82-1.70 NS/HL
ABPM data /Mo paHHbIM CMA/:

sBP/ CALL 0.20-1.25 NS/HL
dBP OAL 0.26-1.28 NS/HL
Nocturnal BP fall / CHC AL 2.18-2.29 <0.05
Percent of BP rhythm /npoueHT putma AL 0.13-2.20 NS/HL - <0.05
Amp24 2.90-3.73 <0.01-0.001
Amp12 0.26-1.36 NS/HL
Acr12 0.72-1.15 NS/HL
Acr24 1.39-2.03 NS/H[ - <0.05
Var BP / BAP AL} 0.32-2.07 NS/H[ - <0.05
max BP / max ALl 0.42-2.47 NS/H[ - <0.05
Tmax BP / T max Al 0.60-2.53 NS/Hfl- <0.05
min BP / min ALl 0.08-1.49 NS/HL
TminBP / Tmin AL 0.89-4.41 NS/HI - <0.001
HBPM data/ Mo paHHbiM CKAJL:

sBP/CAL 0.34-1.79 NS/HL
dBP/OAL 0.75-2.06 NS/HL - <0.05
BPm/ALcp. 0.61-2.06 NS/HI- <0.05
Morning BP surge 3.80-4.28 <0.001

NS — non significant, Amp12 (24) — 12(24)-hour amplitudes, Acr12(24) — 12(24)-hour acrophases, Var — BP variability, max — maximal BR, min — minimal BP,

T - time of BP maximum (minimum) onset / HA — HegoctoBepHo, Amp12(24) — 12(24)-4acoBble amnanTyapl, Acr12(24) — 12(24)-4acoble akpothasbl,
BAP — BapuabenbHocTb AL, max — Makcmym ALL, min — MyuHuMyM AL, T — Bpemst HaCTymaeHns MakcumMyma (MuHrMyma) AL

drug. After that pooled analysis based on results of treat-
ment with both drugs was carried out. Informativity was
interpreted as possibility to discriminate two classes of data:
effects of morning vs evening administration of drugs. The
higher the t-value — the higher informativity of the index.
T-values exceeding 1.96 were considered significant.

Relatively low informativity of office BP and of average
ABPM indices (including those, calculated by Fourier
transformation) confirms that antihypertensive efficacy of
the morning and of the evening schemes of drugs ad-
ministration was similar. Some indices of the circadian BP
pattern (nocturnal BP fall, 24-hour BP amplitudes) and ad-
ditional indices (time of occurrence of BP minimums) were
highly valuable. Morning BP surge value based on HBPM
data was also highly informative.

Discussion

There are two main approaches to the HT chronother-
apy [8]. In the first case circadian BP pattern is determined
based on 24-hour BP monitoring, and the optimal time of
drugs intake is specified. Drugs are administered in such
a way that maximal antihypertensive effect is reached when
BP values are the highest. In the second case “chronosen-
sibility” to an antihypertensive drug is determined by ad-
ministering it at different time of the day. The first approach
is rather difficult to apply. The reasons are: long half-life of

C opyrow CTOPOHBbI, pe3ynbraTbl HeAaBHero Nccneno-
BaHWA HUdeamnmHa GITS y 180 OonbHbIX [11] oemoH-
CTPUPYIOT NOTeHUManbHble nnocsl XT Al BedepHnn npum-
eM AIT] BbI3blBan LOCTOBEPHO Horee BblpaXxeHHOe CHU-
»XeHune 48-4acosoro 1 HodHoro AJl, a Takxxe Donee yacroe
LOCTVKEHWe LieneBoro ypoBHA ALl YTpeHHee Ha3HaveHne
HUdpeannmHa GITS He oka3biBafo BANAHNA Ha LOMONHN-
TeJbHble XapaKTepUCTUKIM CyTo4HOro Npodung ALL, B TO Bpe-
M$1 Kak NMpw Be4epHeM Nnpreme LOCTOBEPHO YMEHbLLIMIOCh
41Cno BonbHbIX «HOH-AMMNepos» (c 51 10 35%), a Tak-
e ymeHbLumnace BYT AL HakoHeL, Be4epHuiA mpueM npe-
napaTa acCoLMMPOBANcs CO 3HaYUTENIbHO MEeHbLLEN Ya-
CTOTOV NOBOYHBIX 3heKToB (oTeKM).

Ocoboe MecTo B XpoHoTepanuy 3aHUMaEeT Bepanamul.
[N 3Toro co3gaHo HeCkosbKo cneumasnbHbix popm AlTI:
COER (controlled-onset extended-release), CODAS
(chronotheraupeutic oral drug absorbtion system), a Tak-
e 13y4eHHbIV B Halen pabote V3onTtmH CP. Moka3aHsl
OnaronpusTHble dhapMakogmHamMmdeckme 3pheKTbl AaH-
HbIX IEKapCTBEHHbIX (POPM MPU UX Ha3HAYEeHMI HA HOYb
[12, 13]. ByactHocTw, npuem Bepanamuna-COER Bbi3bI-
Ban 4oCToBepHOe CHKeHue Afl Kak B yTpeHHee, Tak U B
BeyepHee Bpems [13].

OfHaKo B CrelparnbHbIX NepekpecTHbIX UCCNefoBaHNAX
He NPOBOANNIOCh 0OBEKTUBHOMO CpaBHEHMS 3DMEKTNBHOCTM
HOYHOIO W TPaAULLIOHHOTO YTPEHHETO Ha3HadYeHusA aTx AlT.
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some antihypertensive drugs, long period of therapy ad-
justment, and necessity of frequent ABPM [8]. Low re-
producibility of BP peaks, including predicted ones, is an-
other serious limitation of this approach [9]. It does not al-
low to explicitly recommend the best time for drug intake.
That is why more simple methods of HT chronotherapy are
usually applied, especially evening AHD intake, frequent-
ly instead of traditional morning intake.

HT chronotherapy with dihydropyridine calcium chan-
nel blockers is the most studied. However data about its ef-
ficacy are controversial [ 1]. For example study of clinidip-
ine [10] did not reveal any differences in efficacy of morn-
ing vs evening drug intake. Both modes equally reduced day-
time BP, night-time BP, and morning BP surge.

On the other hand recent nifedipine GITS study in 180
patients demonstrated potential advantages of HT
chronotherapy [11]. Evening AHD intake caused more sig-
nificant decrease in 48-hour and nighttime BP and more
frequent achievement of the target BP level. Morning ad-
ministration of nifedipine GITS did not influence addition-
al characteristics of the circadian BP pattern, at that
evening drug intake significantly decreased amount of “non-
dippers” (from 51 to 35%) and morning BP surge. Besides,
evening drug intake was associated with significantly
lower frequency of side effects (oedema).

Verapamil has a special place in HT chronotherapy. Sever-
al special forms of the drug were developed for that: COER (con-
trolled-onset extended-release), CODAS (chronotheraupet-
icoral drug absorbtion system), and Isoptin SR, studied in our
trial. These forms of drugs demonstrated a number of favor-
able pharmacodynamic effects when administered in the
evening [12,13]. In particular, verapamil-COER significantly
decreased BP both in the morning and in the evening [13].

However no objective comparison of efficacy with
evening vs traditional morning administration was conducted
in special crossover studies. According to our data the two
schemes of verapamil administration have different effect.
Morning intake decreased heart rate while antihyperten-
sive effect was more intense with evening intake (signifi-
cant differences were registered by HBPM). Isoptin SR did
not influence BP circadian rhythm characteristics even with
evening administration. Significant decrease in BP level, es-
pecially in the night-time, is needed to increase nocturnal
BP fall. Perhaps Isoptin SR treatment does not have this ef-
fect because of hepatic flow slowdown during night hours
[14] and due to structural peculiarities of the specific drug.

On the contrary, modification of the circadian BP pattern,
in particular significant nocturnal BP fall increase, is very typ-
ical for ACE inhibitors when administered in the evening. Such
drugs as benazepril, enalapril, quinapril, trandolapril, and
spirapril revealed this effect. At that, total antihypertensive
effect can also be more intense with evening intake of ACE
inhibitors, which is explained by more significant tissue ACE
inhibition in this case [1]. In a recent rather large ramipril study

CornacHo HaLLMM JaHHbBIM, ABE CXEMbI NMPYieMa BepanaMunia
OKa3blBalOT pasfivyHoe feuncrsme. Mpu yTpeHHeM Ha-
3HaYeHVM oTMeYvanocb cHUXeHne YCC, a BevepHee Ha-
3HaYeHWe OKa3blBano JOCTOBEPHO Dosee BbIpaXkeHHbIN aH-
TUMVNEPTEH3MBHbIN 3ddekT (nprMedaTenbHO, YTo A0-
CTOBEPHbIE Pa3NU4KMs Oblnn 3aUKCPOBaAHbI C MTOMOLLbIO
metofda CKAL). 3onTnH CP gaske npv Be4epHeM npreme
He OKa3blBas BIIMAHUA Ha XapaKTePUCTUKM CYTOHHOMO PT-
Ma Al. Kak n3BectHo, ans ysenmyeHmns CHC ALL Heobxo-
OMMO BblpaxKeHHoe CHxXeHve AL, nperMyLLecTBEHHO B
Ho4Hoe BpemMsa. OTCyTCTBME 3TOro 3PdeKTa Npu neveHnm
N3ontnHoM CP 00bACHAETCS, BEPOATHO, Kak 3aMeleHn-
eM Me4eHO4YHOro KPOBOTOKA B HOYHble Yachl [14], Tak U
CTPYKTYPHBIMN OCODEHHOCTAMM KOHKPETHOTO Npenapara.

Hanpotv, Moauukaums cytosHoro putMa AL n, B HacT-
HOCTW, 3Ha4uTenbHoe yBenndeHne CHC ALl npuv BedepHeMm
Ha3HayveHun Al'Tl BecbMa xapakTtepHo ans MAMN®. JaHHbIn
ahchekT onmcaH ans GeHasenpuna, sHananpuna, KBUHanpuna,
TpaHgonanpuna v cnupanpuna. [Mpy 3Tom Be4epHU npu-
eM VATID MoxKeT BbI3bIBaTb 11 H0omee BbIpaskeHHbI 00
AHTUMNEePTEH3MBHbIV 3thheKT, YTO 0OBACHSAIOT boree Crb-
HbIM MHMMBKPOBaHKeM TkaHeBoro AN B 3Tom cryyae [1].
B HelaBHEM CPaBHUTENBHO MacLLITaOHOM UCCeAOBaHNM pa-
munpuna [15] ¢ ydactem 115 GonbHbIx XpoHoTepanis AlT]
M3y4anach C noMoLLpbio 48-4acosoro CMALL. HasHaveHre AlTI
Ha HO4b BbI3bIBaNO BblpaxkeHHbIn capur CHC AL B cTOpoHy
COCTOSHWS «ZNMEP», KOTOPbIV aCCOLMMPOBAINCS Takxke ¢ 6o-
nee YacTbIM JOCTVXKEHVIEM LIENEBOIO YPOBHS aMOynaTopHOro
ALl (65% npotue 43%, p=0,019). B To Xe Bpems, BN1S-
HVie oDenx cxeM Nprema pammnpuna Ha yposeHb Al B ne-
pviof, 60OPCTBOBaHMS ObINIO MPYMEPHO PaBHOLIEHHBIM. B Ha-
LUeM VCCIe0BaHNM Mbl HADMIOAANM aHANOMMYHOE BINSHME
PaMUNPUNA Ha CyTOYHBbIV pUTM AL, NPy 3TOM yBeNnYeHme
CHC ALl npuv BedepHeM npueme ATT] Obino noaTBepKOeHO
YCIOBHO MOMOXUTENBHOW AVHAMKOW APYTUX €PUTMAYECKIAXY
noka3atenen (MpoLeHT pyUTMa, aMnanUTyabl U Ap.). B To xe
BPeMS, CPELHNI 3DAEKT YTPEHHEr NpreMa PamMnnpusa He
yCTynan, a no HeKOTopbIM NapamMeTpam (AVHaMmKa CpeaHero
All) naxke 4OCTOBEPHO NPEBOCXOAMN 3heKT nprema npe-
napata Ha HOYb. DTV Pe3ynbTaThl, Kak 1 Pe3ysisraTbl HEKOTO-
PbIX APYrMX UCCnefoBaHum [16], CBMAETENLCTBYIOT O TOM,
YTO B HACTOSILLIEE BPEMS HEBO3MOXHO OTAATb NPeanoHTeHne
KOHKPETHOW XpOHOTepaneBTU4eckor cxemMe npuema MAMN®
npwu Al

B HacTosiLLIen paboTe aHanM3MpyoTCa ABa UCCed0oBaHMs
C CyLLLeCTBEHHO OTINHYAIOLLIMMMCA pe3ynsTaTaMu. bornee Bbi-
PaXKEHHbIN aHTUTMNEPTEH3NBHbIN ShPeKT ObiN BbISBIEH
NPV BeYEepHEM Ha3Ha4YeHW BepanamMmia U yTPEeHHEM
Ha3Ha4YeHuM pamunpuna. B cesoeit Gonee paHHer pabote
Mbl OOHO3HA4YHO OLEHUNM BeYepHee HasHa4YeHme KOH-
KpeTHOW NekapcTBeHHOM hopmbl M3onTHa CP kak bonee
LenecoobpasHoe [3]. XpoHoTepanus pamMunpunomM Mo-
oVdrumpoBana nokasarteny cytodHoro putma AL CHC,
aMnnTyLbl, akpodassbl. [Npn Be4epHeM HazHavYeHUn Be-
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[15], whichincluded 115 patients, 48-hour ABPM was used
to study HT chronotherapy. Evening intake of the drug led
to significant shift of nocturnal BP fall to the “dipper” sta-
tus, which was also associated with more frequent target
ambulatory BP level achievement (65% vs 43%, p=0.019).
At the same time both schemes of ramipril administration
had equal impact on the daytime BP level. Our study revealed
similar influence of ramipril on the circadian BP pattern, at
that nocturnal BP fall increase with evening AHD intake was
verified by nominally positive dynamics of some other “rhyth-
mical” indices (percent of rhythm, amplitude and others).
At the same time mean effect of morning ramipril intake was
not less than that of evening intake, and some parameters
(dynamics of average BP level) were significantly better with
morning administration. These results, together with results
of other studies [16], prove that none of the chronothera-
peutic schemes of ACE inhibitors administration can be prefer-
able for HT therapy.

Two substudies with significantly different results are an-
alyzed in this study. The evening administration of vera-
pamil and morning administration of ramipril led to more
significant antihypertensive effect. In our earlier work we
considered evening prescription of Isoptin SR to be most
efficient [3]. Chronotherapy with ramipril modified BP cir-
cadian rhythm indices: nocturnal BP fall, amplitudes,
acrophases. Evening administration of verapamil led to low-
er negative chronotropic effect and to significant de-
crease in variability and peak values of nighttime BP.

It is interesting to search general trends for chronother-
apy's influence on the circadian BP pattern. To do this we
carried out special statistical analysis with certain limitations.
Informativity of detailed analysis of ABPM results is sig-
nificantly limited by indices interrelation phenomenon. This
phenomenon in relation to the topic discussed by P. Pala-
tiniand G. Parati [17]. These authors rightly point out that
idea of circadian BP pattern normalization collides with sci-
entifically based requirement to achieve even antihyper-
tensive effect throughout 24 hours. Unfortunately, we did
not manage to select jointly valuable informative indices of
ambulatory BP due to relatively low number of cases.

Performed analysis revealed low value of mean BP lev-
els according to traditional measurements and ABPM
(HBPM to a lesser degree) data. On one hand this indicates
equal antihypertensive effect of morning and evening
AHD administration, and on the other hand it testifies that
all chronotherapeutic effect nuances can not be registered
with traditional office BP measurements only. Mean values
are the most important indices of ambulatory BP. That is why
we should pay attention to small in absolute value but sta-
tistically significant differences in morning and evening AHD
intake efficacy. It was shown that ischemic heart disease and
cerebral stroke risk can significantly decrease even with small
reduction in BP level [18,19]. Thus, 5 mm Hg decrease in
office BP reduces ischemic heart disease risk by 20-25% and

panamuna OTMe4anmncb MeHee BbIPaXKeHHbIM OTpuLa-
TeNbHbIN XPOHOTPOMHBIN 3PdEKT, a TakxKe [LOCTOBEPHOE
YMeHbLLIEHWE BaprabenbHOCTU 1 MakCMyMOB HOYHOMO ALl

3aMaH4MBbIM MPEACTaBNSETC NOUCK ODLLMX 3aKOHO-
MePHOCTEN BIUSHIS XPOHOTEPANMM Ha CYTOYHbIN MPOdUITb
AJl. C3T0M Lienbto Hamwu Obin NPoBeaeH CreLiarnbHbIn CTa-
TUCTUHECKI aHanN3, BE3yCTIOBHO, MMEIOLLIMIA OrPaHUYEHNS.
Kak 13BectHo, MHhOPMaTMBHOCTL NOAPOOHOTO aHanm3a pe-
3ynsratoB CMA[L cepbe3Ho orpaHmnymBaeT heHOMEH B3au-
MO3aBMCVIMOCTV NMoKa3aTenei. [MpUMEHUTENBHO K HaLLen Teme
3TOT heHoMeH obcyKaaeTcs B KoMMeHTapun P. Palatini n G.
Parati[17]. 9T aBTOpbI CNPaBeASIMBO YKa3bIBatOT, HTO Maes
HOpPManm3aLmm CyTo4Horo putma AL, OLHOM 13 OCHOBHbIX
3afa4 XpoHotepanu Al, BCTyNaeT B MpoTMBOpeYe C Hay4HO
060CHOBaHHbIM TpebOoBaHMEM AOCTUXKEHWS PABHOMEPHO-
O aHTUrMNEPTEH3NBHOMO 3pheKTa Ha NPOTAXeHUN 24 4. K
CoxaneHuio, y Hac He ObINIo BO3MOXHOCTM MPOBeCT 0TOop
HE3aBMCMIMO MHOPMATUBHBIX NMOKa3aTenen aMoynaTopHoro
Al BBMIY CPaBHUTENbHO HEOOJLLIOTO YCTa HADMIOAEHUI.

[MpoBeOeHHbI aHanV3 Nokasan H3KYo MHPOPMATUBHOCTb
cpenHux yposHer ALl No AaHHbIM TPAAMLMOHHbIX M3Mepe-
H 1 CMAL (B MeHbLLen cTeneHn 31o oTHocuTca K CKALL).
C 0HOW CTOPOHBI, 3TO CBUAETENBCTBYET O PABHOLLEHHOM aH-
TUMMNEPTEH3UBHOM 3(PeKTe NPY YTPEHHEM U Be4epHEM Ha-
3Ha4eHn AT, a C Apyron — O HEBO3MOXXHOCTY 3a(PmKCK-
POBaTb BCE TOHKOCTM XPOHOTepaneBTMYeckoro 3ddekra
TOJIbKO C MOMOLLbIO TPAANLMOHHOIO M3mepeHus ALl ;.
YcpeaHeHHble BeNNYMHbI ABMSIOTCA BaXKHEMLLVIMIA MOKa3a-
Tenamm ambynatopHoro AL Mo3ToMy NPUCTanbHOTO BHAMAHIS
3aC1y>KMBatoT HebonbLLMe No abCOMIOTHOW BenuYMHe O0-
CTOBEpPHbIe pa3nu4st 3PhEKTVBHOCTM YTPEHHETO 1 Bevep-
Hero HasHa4eHus AlT1. MNoka3zaHo, 4to puck MBC 1 Mo3roBoro
WNHCYNBTa MOXET CYLLIECTBEHHO CHMXATbCA Jaxe Mnpu He-
OonbLuoM cHykeHu AL [18,19]. Tak, CHUXEHME KIMHKYe-
ckoro AL Ha 5 MM PT.CT. aCCOLIUMPYETCA CO CHUKEHWEM PUC-
ka VIBCHa 20-25%, a Hcynsra — Ha 35-40%. 1o MHeHWio
M.H. Smolensky 1 coaBT. [1], 3T1 pe3ynbraTbl MOXHO 3KC-
TPaNonMpoBaTh 1 Ha aMOynaTopHoe n3mMepeHme AL B Hallem
NCCIEAOBaHUM OOCTOBEPHbIE Pasnuymsa B 3pdekTe OBYX
CXeM fledeHNs Dbl NOMyYeHb ML NPV UCMONB30BaHMN Crie-
LmanbHbIX METOLOB. B cryyae npvMeHeHns paMmunpuna 3to
ObI10 YTOHHEHHOE BbIHVICIIEHWE CPeiHMUX BenudH Al ¢ no-
MOLLblO aHanv3a Dypbe, YTO MO3BOMMIIO HUBENMPOBATb
BAVISIHWE CyHalHbIX «BbICKaKMBAIOLLMX» U3MEPEHWI; B CJTy-
Yae Bepanamuna — mncnosbsosaHne CKALL

CKALl xapakTepu3yeTcs nNpoCToTon, AOCTYMHOCTLIO,
HageXHocTblo. [Npu rpamoTHoM nposefeHnn CKAL no-
NyyeHHble pe3ynbTaTbl UMEeIOT psf, NpenMyLecTB aMoy-
nartopHoro n3mMepeHus AL, TmnndHbIX ona CMALL 1 oH Mo-
XeT ObITb MeTOAOM BbIOOpPa A5 OLEHKM 3MDEKTUBHOCTY
anutensHou Tepanuu Al [20]. CKALL oaeT BO3MOXHOCTb
NoNy4YUTb HadeXHble BOCMPOU3BOAMMbIE [aHHble 00
ypoBHe Al B YTPEHHUIM 1N BEYEPHUI Nepuofbl. DTy WUH-
dopmMaumio yooOHO 1NCnonb30oBaTh AJ18 CPaBHEHNUS -
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stroke risk — by 35-40%. M.H. Smolensky et al. [1] assume
that these results can also be extrapolated to ambulatory BP
measurements. Only special methods revealed significant
differences in two treatment schemes efficacy in our study.
In case of ramipril we calculated mean BP values by Fouri-
er transformation which offset casual “jumping out” meas-
urements, and in case of verapamil we used HBPM.

HBPM is simple, affordable, and reliable. If fulfilled cor-
rectly, HBPM has some advantages typical for ABPM, and
it may be chosen for long HT therapy efficacy estimation
[20]. HBPM allows receiving reliable and reproducible data
about morning and evening BP levels. This information is
useful for comparing the efficacy of HT therapy after their
morning and evening use. In the first case morning meas-
urements will describe the most “vulnerable” point of AHD
trough effect, and in the second case evening measurements
will do that. Some indices of the circadian BP pattern, in par-
ticular, morning BP surge [21], which demonstrates high
informativity in HT chronotherapy results assessment, can
be calculated on the basis of HBPM. No co-linearity with
nocturnal BP fall can be another advantage of such mode
of morning BP surge calculation.

BP variability is one of the basic ABPM indices. The ques-
tion about independence of this index as a risk factor of car-
dio vascular complications and prognostic value of BP vari-
ability changes during HT treatment is still not settled by
now. However, BP variability increase, for instance with short-
acting CCB, is an adverse effect. On the contrary, decrease
in this index can be considered as an additional positive re-
sult of treatment. Traditional morning administration of AHD
does not usually cause BP variability lowering unlike
evening drug intake, and this can be another argument for
evening AHD administration.

Influence of chronotherapy on the circadian BP pattern
is a special interest. Evening AHD intake, unlike morning one,
increases nocturnal BP fall significantly, and leads to some
other changes which can be considered as relative positive
dynamics (increase in 24-hour amplitudes, in “percent of
rhythm” index). According to preliminary MAPEC study data
(2600 patients, mean follow-up duration 3.2 years), car-
dio vascular complication mortality correlates directly with
BP circadian curve pattern, achieved in treatment [2]. This
rate was 1.23 to 100 patient-years in “over-dippers”
(nocturnal BPfall >20%) and 1.14 — in “dippers”. Mortality
was significantly higher in the “non-dippers” group (2.81
cases) and extremely higher in the “risers” group (nighttime
BP level is higher than daytime BP level) — 8.7 cases.

In rather small substudy HOPE [22] evening ramipril ad-
ministration increased nocturnal BP fall by 8% and trans-
ferred a number of patients from the “non-dippers” group
to the group of “dippers”. “Big” HOPE study testifies that de-
crease in cardio vascular complication risk, achieved with
ramipril, is connected to these BP circadian rhythm changes.
Unfortunately, comparison with traditional morning AHD

ektnsHocT AlTI NPU X Ha3HA4EHUM YTPOM U Ha HOMb.
B nepBoM crydae Hambornee «ys3BUMON» TOHKE «KOHEY-
Horo» acbchekTa Al ByayT COOTBETCTBOBATL Pe3ybTaThl yT-
PEHHVX M3MEPEHWI, BO BTOPOM — BeYepHUX. Ha ocHo-
BaHWK CKAJ] MOryT ObITb pacCH1TaHbl HEKOTOPbIE Xapak-
TEePUCTUKK cyTo4HOro npodung AL, B yactHocTn BYTT AL
[21], obnafdaloLwmii BeCbMa BbICOKOM MHPOPMATUBHOCTBIO
B OLLeHKe pe3ynbratoB xpoHoTepanun Al loCTOMHCTBOM
Takoro crnocoba pacyeta BYI MoxeT ObITb Takoke OTCyTCTBME
B3anmo3asucumocTt ¢ CHC AL

BaprabenbHocTb ALL IBNSIETCS OAHMM M3 OCHOBHbIX MO-
ka3atenen CMA/L. [lo HacTosLLEro BPEMEHW OKOHYaTENb-
HO He peLleH BOMpPOC O HE3aBMCMMOCTM 3TOMO MoKa3aTtens
Kak chakTopa prcka CCO M MPOrHOCTUHECKOM 3HaYeHNN 13-
MeHeHW BapuabenbHocT AL npy nedermin Al OgHako no-
BbiLLeHWe BapWabensHocT AL, HanpyMep Npuv Npreme Ko-
potkoaencTayioLmx AK, aBnsetcs HebnaronpusTHbIM 3d-
hekToM. HanpotuBe, CHYXeHMe 3TOro NokasaTesia MOXeT
TPaKTOBATLCA KaK LOMOMHUTENbHBIV MO3UTUBHBIN Pe3yrb-
TaT Tepanun. CHUXEHWe HoYHOW BapuabenbHocTy Al ko-
TOpOe HabNIOAAETCA NMPY BEYEPHEM MPUEME U He XapaKTepHO
LN TpaamMUMoHHoro npmema ATl MOXeT ObITb OAHWM 13
APryMeHTOB B MoJb3y Ha3zHaveHusa ATl Ha HOYb.

OcobbIV HTepec NpeACTaBseT BAMSHMUE XPOHOTEPaA-
MUK Ha CyToYHbIM prTM AL, BedepHim npriem AlT] B OT-
NVYMe OT YTPEHHEro BbI3bIBAET 3HAYMMOE YBeNVYeHne
CHC Al, a Takxe gpyrve M3MeHeHus, KOTopble MOXHO
YCIIOBHO PaCcLEHWTb Kak MOMOXMTENbHYIO0 ANHAMUKY (yBe-
NV4eHne 24-4acoBbIX aMMANTYS, NOKa3aTens «npoueHT
puTMa»). CornacHo npeaBapuTenbHbIM AaHHbIM MCCe-
nosaHus MAPEC (2600 60nbHbIX, CpeaHSs MPOOONXM-
TeNbHOCTL HabMoaeHNs 3,2 ropa), cMepTHOCTb oT CCO Ha-
NPSMYIO CBSi3aHa C XapakTepoM CyTo4YHOM Kpreown AL, fo-
CTUIHYTBIM B pe3ysisTaTe neveHns [2]. Y «oBep-amnnepos»
(CHC ALI>20%) 310T NokasaTenb coctaBun 1,23 cnyyas
Ha 100 naumneHto-ner; y «gunnepos» — 1,14. CMepTHOCTb
Oblna OOCTOBEPHO BbilIe B FPyMnne «HOH-AUMNNepoB»
(2,81 cnyyas) 1 ocobeHHo «paiizepoB» (ypoBeHb HOYHOTO
Al Bbille, YeM OHeBHoro) — 8,70 cnyyaes.

B HebonbLloM cydbunccnenoaHum HOPE [22] BedepHee
Ha3Ha4yeHve pamunpuna nNpMBOLUIO K yBENNYEHUIO
CHC ALl Ha 8% 1 nepexony YacTy BOMbHbIX U3 KaTeropum
«HOH-AMMMNEPOB» B KAaTEropuio «AMnnepoB». bnaronpu-
ATHOe BNMAHWe pamunpuna Ha puck CCO B «OonbLIOM»
nccnenoBaHn HOPE cBA3bIBAETCS C 3TVIMU V3MEHEHUSA -
MU cyTodHoro putMa ALL. K coxaneHuio, B 000KX BblLLe-
OMUMCAHHBIX C/Ty4asx He MPOBOAMIIOCH CPaBHEHME C Tpa-
OVILMOHHBIM YTPEHHUM Ha3HadveHnem AlTI [1]. 310 xe
orpaHuyeHne nmeetcst 1 B Syst-Eur Trial [23], ecnu pac-
CMaTpMBaTh 3TO NCCTIEN0BaHME C «XPOHOTEPANEBTUHECKIX»
no3uum. Jpyrm BaxkHbIM aCNeKTOM ABMAETCS N3y4HeHe
MPOrHOCTUYECKOTO 3HaYeHNA HOPMaJIU3aLLMmM CYTOHHOTO
putMa ALy «HOH-aMNNepoB». OOLLEM3BECTHO, YTO PUCK
CCO y Takmx bonbHbIX AT Bbile, 4eM y aAmnnepos. Ecnm
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administration was not made in any of these two cases [1].
The same is true for Syst-Eur Trial [23]. Another important
issue is estimation of prognostic value of the circadian BP
pattern normalization in “non-dippers”. It is known that the
risk of cardiovascular complications in such hypertensive pa-
tients is higher than in dippers. Normalization of nocturnal
BP can have no significant value, if it is caused by any neu-
ro-humoral abnormalities [17].

Comprehensive conclusions on this problem can be made
in research that studies prognosis of HT patients, receiving
chronotherapy, in combinaton with detailed assessment of
potentially informative circadian BP pattern characteristics

Conclusion

Traditional office BP measurement is insufficiently in-
formative for BP chronotherapy efficacy estimation. Am-
bulatory BP measurement, primarily HBPM, can be useful.
Chronotherapy with different AHD has some common prin-
ciples. Evening AHD prescription leads to nocturnal BP fall
shift towards “dipper” status and to decrease in spontaneous
BP variability. Prognostic value of these changes arouses big
interest and requires further research.

Evening administration of prolonged verapamil (Isoptin
SR) is more preferable as compared with traditional morn-
ing administration.
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MNPUYMHOW 3TOrO ABNAIOTCA Te WM WHble HEMPOryMo-
pasfibHble HapyLUEHWNs, TO BOCCTAHOBIEHME HOPManbHOM
CHC Al MOXeT He nMeTb 0cob0oro 3HaueHus [17].

McyepnblBatoLLme BbIBOAbI MO M3y4aeMon npobneme
MOTYT OblITb CAleNaHbl Ha OCHOBaHUW UCCNeA0BaHUM, CO-
YeTaloLMX N3y4eHre NporHo3a naureHTos ¢ Al, B OCHO-
BE JleYeHUA KOTOPbIX JIEXMUT METOL XPOHOTepanuu, C
NoAPOOHbBIM aHaIM30M MOTEHLMANBHO NHOPMATUBHBIX
XapaKTepucTK CyToqHoro npodunsg AL.

3akno4vyeHue

Takim 06pa3oM, TPAOMLMOHHOE KIMHMYEeCKoe 3Mepe-
Hve ALl HeLoCTaTO4HO UHPOPMATUBHO 418 OLeHKU (-
heKTMBHOCTM XpoHoTepanum Al LienecoobpasHo 1cnornb-
30BaTb ambynaTopHoe h3mepeHvie ALl npexxae Bcero CKAL.

XpoHoTtepanusa pasnundHbiMy ATl xapakTepusyertcd
HeKOTOpbIMU OOLLMMK 3aKOHOMEPHOCTAMU. BeyepHee
HasHaveHue AlTI npueoauT K casmry CHC ALl K cocTosHMo
«OAMNNepP» 1 yMEHbLUEHWIO CMTOHTAHHOM, He CBA3AHHOW C
CYTOYHbIM pUTMOM BapuabenbHocTy ALl MporHocTyeckoe
3HaYeHe 3TNX N3IMEHEHN BbI3bIBaeT BOMbLLION NHTepec
N HY>XXOAETCA B AanbHeNLeM N3yYeHuK.
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