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ing systolic pressure was 140 mm Hg or more; and (4) if they con- 
sented to be enrolled. The BP criteria for entry rested on the averages 
of six sitting and six standing readings, ie, two in each position at 
hree baseline visits I month apart. 

Eligible subjects were stratified by sex ancl the presence versus 
absence of cardiovascular complications and randotnized to dou- 
ble-blind treatment with active medication or placebo. Active 
treatment consisted of nitrendipine (10 to 40 ~ngld),  if necessary 
combined wiih ennlapril (5 to 20 mglcl),and/or hydrochlorothia- 
zide (12.5 to 25 mgld). Control subjects received matching pla- 
cebos. Tlle study nledicatio~ls were stepwise titrated and com- 
bined in an atternpt to reduce the sitting systolic pressure by 20 
rnm Hg or more to a level of less than 150 tntn Hg.) 

Ambulatory 1lP Measurement 
SYST-EUR centers choosing to take part in tlie ambulatory 

monitoring project were asked to perfor111 recordings at baseline, 
at 6 and 12 months, and thereafter an11ual1y.a Validated9.10 mon- 
itors were programmed to obtain nleasuremerlts at intervals no 
longer than 30 minutes. The convention;il BP corresponding to 
each a~nbulatory recording was the average of the two readings 
taken with subjects in the sitting position obtained at tlle nearest 
clinic visit. 

On May 15, 1996, 445 sul~jects had their a~nbulatory BP re- 
corded during the run-in phase of the trial and at least once during 
double-blind treatment. Of the recordings taken during double- 
blind treatment, only the first was considered for analysis. AAer 
subjects with incomplete recordings (n=74) and subjects not on 
a twice-daily treatrnent regimen (n= 127) were excluded, 244 
were left for analysis. The dernograpllic cllaracteristics of the 
SYST-EUR subjects enrolled i l l  the project on ambulatory BP 
~ilonitoring have been described iu detail e lsewliere .~~~~2 

Analysis of the Diurnal BP Profile 
Database nlanagement and statistical analyses were performed 

wit11 SAS software (SAS Institute Inc). If the ambulatory record- 
ings were longer than 24 hours, only the first 24 hours was ana- 
lyzed. Recordings were excluded whenever the available read- 
ings constituted less than 80% of those prograriimed or covered 
less than 22 consecutive hours. The editing criteria" that were 
considered, but actually not applied, removed only 1.5% of the 
readings without ally effect oniile f i  ndings.Il within subjects, the 
ambulatory measurelnents were overaged with weights according 
to the time interval between successive readi11gs.1~ Daytime and 
~ligllttime were defined on the basis of short fixed-clocktitne in- 
tervals.l5.16 which ranged from 10 AM to 8 PM and from ~nid~ligllt 
to 6 AM, respectively. 

Nitrendipine, tlle first-line calciu~n entry blocker in tlle SYST- 
EUR trial, is characterized by a terminal plasma half-life of 12 
hours.17-1s The trough-to-peak ratios were therefore calculated 
from BP curves consisting of 12 consecutive hours and synchro- 
nized by the hour of intake of the ~iiorning and evening medi- 
cations. Information on dosage was retrieved from the diaries 
kept by the subjects on recording days. The trough was the blood 
change during the last period of the dosage interval, ie, the period 
immediately preceding the next intake of study ~nedication. The 
term peak refers to tlle maximal blood fall observed during any 
other interval considered in a particular analysis. In keeping with 
the predominaut trend in the current literature,l9 the trougll and 
peak effects and their ratios were first determined in all subjects 
combined (global estimates). In addition, to evaluate tlie effects 
of interindividual variability, we also derived these parameters 
from BP profiles in each subject separately. 

Initially, the trough-to-peak ratios were determined from BP 
profiles with I-hour resolutio~l.,Tlie effects of smootlling were 
then investigated by substituting the I-hour means by moving 
(I-hour steps) or fixed 2-hour averages or by Fourier niodeling.14 
Whole-day Fourier curves were fitted in individual subjects by 
weighted least-squares regression and included four harnlonics 
with periods of 24, 12, 8, and 6 hours, respectively.14 The peak 

and trough responses were determined from 12-hour stretches of 
the whole-day Fourier curves, wllich had a resolution of I minute. 

Otller Statistical Metllods 
Because the distributions of tile trough-to-peak ratios and the 

t i~nes to peak deviated from normality on the Shapiro-Wilk test.20 
the central tendency and spread of these data were represented 
by the median and the 5th to 95th percentile interval. In addition, 
for the trough-to-peak ratios, box plots were constructed.2~ 
Within each treatment group, the 95% confidence interval (Cl) 
about the median was obtained by calculating the quantities 
L=(IL/~)-(  1 .96~dn/2)  and H=(1112)+( 1.96xdn12) and rounding 
these values to tlle nearest integer.22 Tlie Lth and Hth observation 
of tlie ranked trough-to-peak ratios then determined the 95% C1.22 

Within each treatment group, measurements at baseline were 
subtracted from the correspotldi~lg values at follow-up for all in- 
tervals considered in a particular analysis.' Net treatment effects 
were calculated by subtracting the mean change from baseline 
during placebo fro111 the corresponding change during active 
treatlnent.2' The 95'70 Cls about the net treatment effects showed 
when during the dosage interval active treatment produced sig- 
nificant BP changes. For normally distributed variables, such as 
the Ilourly BP means and the troughs and peaks, the calculation 
of the point estirnates and 95% Cls of the net treatment effects 
involved the usual tecllniques of statistical inference, as described 
by Armitage and Berry.24 For nonnormally distributed variables, 
such as t l~etimes to peak and the trough-to-peak ratios, the point 
estimates and 95% Cls of the net treatment effects werecomputed 
according to the method of Campbell and Gardtler.22 Briefly, sup- 
pose that "a" and "p" are the numbers of sr~hjects in tlle active 
treatnient and placebo groups, respectively, that AI,  A,. . . ..A. 
are tlle trough-to-peak ratios in "a" actively treated subjects, and 
that PI,  P2, . . ..Pp are the corresporiding ratios in "p" subjects on 
placebo. Then in an array with a x p  elements, all possible differ- 
ences (A,, A>, . . .,A.-PI. PI, . . .,P,,) were calculated. Tlie median 
of these differences provided the point estinlate of the net trougll- 
to-peak ratio. The 95% Cl was given by the ranks K and 
(axp)-K+ I, where K=[(aXp)R]-(l.Y6x[aXpX(a+p+ 1)112]1'2, 
rounded to the next integer. 

For pairwise co~nparisons, Wilcoxon's signed rank test was 
used if the variables were nonnormally distributed and Student's 
r test otherwise. Proportions were compared using the standard- 
ized nornial deviate. BP profiles wit11 I-hour precision were con- 
trasted by repeated measures ANOVA,25 considering as main ef- 
fects treatnlent allocation (active versus placebo) and time after 
intake of the study rnedicatio~l. To establisll wlletller tlie arltihy- 
pertensive action was steady througllout tlle dosage interval, we 
also tested the nlodel for a treatment-tinie interaction. 

Results 
Sul~ject Cllaracteristics at Randoolization 

T h e  subjects allocated to  placebo (n=  133) o r  active 
treatment (n= 11 I )  had the same characteristics at  random- 
ization (Table I). 'They comprised 107 men and 137 
women.  Cardiovascular con~p l i ca t io~ i s  were  present in 7 1 
subjects. Of the 244  subjects, 128 had been treated for 
hypertension within 6 months before they were considered 
for enrollment into the run-in phase of  the trial. Age  av- 
eraged (-+SD) 70?6 years (range, 6 0  to 100). Body mass 
index was  26.223.4 kg/m2 in men and 26.8-+4.1 in 
wonien. B P  at  the clinic averaged 1 7 6 2  13 m m  Hg (range, 
L60 to  217)  systolic and 8 6 5 6  (49 to  94 )  diastolic. T h e  
24-hour BPs  were 1 4 9 2  1 5  m m  H g  ( l  17 to  202)  and 8 0 2 9  
(58  to  107). respectively (Table l) .  

Effects of Treatment on BP 
Follow-up of double-blind treatment lasted a median of 

7 months (range, 2 to  34). T h e  l l l actively treated subjects 
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TABLE 1. Conventional and  Ambulatory Blood Pressures a t  Baseline and  Follow-up 

Basellne Follow-up 

Characteristic Placebo Actlve Placebo Actlve Net Difference (Actlve-Placebo) 
n 133 11 1 133 111 . 244 
Baseline characteristics 

Men. % 
CV complicaHons, %' 

Age. Y 
Body mass Index, kglm' 

Syslolic pressure, mm Hg 
Clinic 
24-Hour 
Daytlme 
Nlghttime 
12 Hours aAer medication 

Mornlng dose 
Evening dose 

Diastollc pressure, mm Hg 
Clinic 
24-Hour 
Daytime 
Nighttime 
12 Hours after medication 

Mornlng dose 84213 84213 84213 80211 -4.3 (-8.0. -0.5) 
Evenlng dose 79214 79217 81214 74215 -6.4 (-10.7, -2.2) 

CV Indicates cardiovascular. Daytime was defined as 10 AM to 8 PM and nighttlme as mldnlght to 6 AM. Values are 
percentages. mean+SD, or mean differences with 95% confidence interval in parentheses. All net blood pressure differences 
were significant at 0.1 %. 

'Cardiovascular complications at entry included Sokolow-Lyon index =35 mm, coronary heart disease, anglna pectorls, 
or history of myocardial lnfarction or minor stroke more than 1 year before enrollmanl In the run-In phase. 

took their medications at 8:30 A M  (median) (range, 7 A M  A t  follow-up, active treatment shifted (P<.OOI) the sys- 
10 2 FM) and 9 FM (3:30 PM to 2 AM). Nitrendipine in tlie tolic and diastolic BP profiles downward (Fig I). The sig- 
~norn ing  and evening was combined wi th  erialapril adrnin- l l i f icant treatment-time interactions (P=.003 and .002) 
istered i n  the nlortl ir lg i n  2 sut)jects, i n  the evening ill 25, c o n f  rnled the visual impression that on  average, the BP 
and twice daily i n  10. Twelve subjects also received 11y- differences between the two  treatment groups went 
tlroclllorotliiazide i n  the morning. 'The dai ly doses o f  tlle tl lrougll a maxi lnunl o f  2 to 4 hours after intake o f  the 
first-, second-, and third-line study ~ned ica~ ions  averaged 

b 3 2 2  10, 14+7, and 20+6 mg, respectively. The  133 pla- 
cello-treated subjects took their medicalions at 9 AM (7 AM 
to 2 FM) and 9 PM (3:30 PM to 12: 15 AM). The  nitrendipine 
placebo tablets were conibined w i th  placebos ~natch ing 
enalal)ril and Iiydrocl~lorothiazide i n  71 and 26  sul~jects, 
respectively. 

After co r rec t io~~  for I)i~scline antl p l i lce l )~,  the nel 131' 
retluc~ions during active treilttnent (P<.001) averaged 

b 16.6 li lr l l  I l g  systoiic and 7.3 diastolic for the cl inic pres- 
stlres and 9.8 and 4.7 for the 24-llour pressures (Table I ). 
l ' l ie  baseline and follow-up I3P curves were synchronized 
by  the hours o r  intake o r  the study ~nedicat ions i n  l l le 
~ ~ l o r n i n g  antl evening. The calculations o f  the n i o r ~ i i n g  
trougll-to-peak ratios w i l l  be illustrilted ill detail, whereas 
those o f  the eve~l ing ratios w i l l  be sumniarized. 

lnonl ing medication (Fig I). 

Morrlirlg Troriglr-to-Peak Ratios irr the 
Global Approaclr 

T o  correct for baseline, we subtracted tlle l -hour  BP 
means (luring placebo run-in medication f rom the corre- 
sl)oiiding values at fol low-up (Fig 2, left). F rom these 
curves, [lie trougli-to-peak ratios were deter~nined i n  the 
two treatnient groups separately. I n  the sul~jects on  double- 
I ~ l i n d  placebo, the niorning ratios were 0.17 systolic (Table 
2) and 0.12 diastolic (Table 3). I n  the actively treated sub- 
jects. these values were 0.43 and 0.46, respectively. 

I n  the next step o f  the analysis. tlie I-hour net treatment 
effects were obtained by  subtracting the systolic and dia- 
stolic pressure changes i n  [lie placebo group fro111 those 
observed i n  tlie active treatment group (Fig 2, right). V i -  
sual analysis o f  the resultant curve enabled global deter- 

D 'rroogll-to-I 'eak R a l i o  A f t e r  h l o r n i n g  Dose of ~n ina t ion  o f  net troughs and peaks. Their ratios were 0.46 
S111cly Med ica t ion  systolic ('Table 2) and 0.40 diastolic (Table 3). 
UP l'rojiles at Uaselirle arld Follo~v-lrp 

A t  h t l l  baseline and follow-up, l l le tinie elapsed fro111 Mo"irlg 7'r01ig11-to-Peak Ratios ' l  'lte 
tlie tnornine dose was a sienificant source (P<.OOI) o f  BI' Illdividua1 Al)proacll 

" " 
variation. A t  baseline, treatnient'allocation (systolic pres- T l ie  first step i n  the individual approach was the sub- 
sure, 1'=.54; diastolic pressure, P=.97) as we l l  as the treat- t r a c t i o ~ ~  i n  e a c l ~  subject o f  the B P  curve at baseline from 
nlent-time i~i teract ion terlns (P=.90 and .8 l, res1)ectively) the correspo~ltl ing profile during rando~nized treatment 

D were not signilicant. 'Tl~us, during the run-in phase, the (Fig 3). This niade possible calculation o f  the trough-to- 
synchronizetl HI' ~)rol i les were st~peri~nposable i n  the two peak ratios in individual subjects allocated to eil l ler pla- 
treatment arnls (Fig I). cebo o r  active treatnient. I n  the two  treatment arms o f  the 
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FIG 1. Syslolic (1011) and diaslolic (bollorn) blood pressure pro- 
liles up to 12 hours alter the rnornlng dose o l  tlie study rnedi- 
caliolr a l  I~nse l i~ ie  (Icfl) arirl follow-r111 (riglil) in 211  older inclivid- 
1.181s will1 syslolic: Iryl)etle~isiorr. I Ivurly Irlotrd pressure Itleans ate 
exrrlessed will1 9536 co~ifidelice irilervnls. 

11i:tI, l i t i s  i l i s l ~ i l r ~ ~ l i o ~ t s  01. t i ic i ~ ~ i i i v i d ~ ~ : t i  I I O I I ~ ~ I - ~ ~ I - ~ ~ C ~ I ~  l i t -  
lies d e v i i ~ l c i l  (/'<.OOi) 1'10111 11o1111:iIily (liig 4, 1011). 111 

soli ic snl),jccls, UI' (11 Llle c l i d  o r  l l l c  dus;~pc i l ~ l c r v i l l  w:ls 
I l ig l ier  at fo l low-up t l la l l  at  baseliae, exp la i l l i sg  w h y  l l le i r  
basel ine-odjus~ei l  ratios were  negat ive (pusi l ive dc l lon l i -  
nnlor d iv ided by ~ l cg i l t i ve  ~ l o ~ ~ l i l l a t o r ) .  

' I ' l~c  g l o b i ~ l  i111i1 i t ~ i l i v i i l u i i l  ; ~ p l ~ r o i s l l e s  r c s u l ~ c d  ill s i l l l i l i l r  

c s l i ~ i i i ~ l c s  o r  l l i c  ~ r o u g l l s  ( ' l ' i~blcs 2 i111d 3) ~~C;IIISC l l ley  
~ v c ~ c  nlwi lys i l e ~ c ~ ~ ~ l i l ~ e d  at ~ l l e  last i l l~cl.v:l l  ~ j l e c e d i l ~ p  h e  

l l cx t  dosage. 111 colltl.ast, bcc:iuse o f  t l le large i l l l ra i l ld iv id -  

[ 1 I l l ~ t l l  

0 2 4 8 8 l O t 2  0 2 4 8 8 1 0 1 2  
fll€ MfEA WXHlHg DOSE bows) 

FIG 2. Charlges lrorn basellne to  follow-up in  hourly blood pres- 
sure rrinatis u p  to  12 l~ou rs  nfter the niornlng dose of the sludy 
trietlicnlion (Iefl) In sui)lecls allocaled l o  placebo or aclive Ireal- 
t i r ~ t i l .  Nel  Ireallnenl effects were obtained (rlghl) by sublracllng 
Innan clrariges lrom baselirie d u ~ l n g  plncebo l rom cotrespondlng 
cfianqes during active I~ealtnenl. Slallsllcs are means wllfi 95% 
confide~lce itilervals. In llre global approacl~, lrouglls and peaks 
were delermined from the graplls in l l le rlgl i l  panel of Ihe figure 
(see Tables 2 and 3). 

uo l  var iabi l i ty  ill l l le  ~nag l l i t ude  and t i ~ n i n g  of the peaks, 

tile i ~ l d i v i d u a l i t e d  co~ l l pa red  wit11 the globill c a l c u l a t i u ~ ~ s  

yielded w i i l e l y  clirrel.ellt est i l l~ates o f  the t i ~ l l e s  t u  peak 

;l1111 the peaks and l i e ~ l c e  l l ~ e  trougll-to-peak ratios ('Tables 

2 a l ld  3). 

TABLE 2. E f fec t s  o f  M o r n i n g  D o s e  o f  S tudy  Med ica t i on  o n  Systo l ic  
Pressure  Pro f i les  W i t h  l-Hour Reso lu l l on  

Global Esll~nales' lndlvldual Esllmalest 

Blood Pressure PE 95% Cl PE 95% Cl 

Placebo (n= 133) 
Peak, rnln Hg -3.3 -7.2, 0.0 -29.9518.2 -33.0. -26.8 

530  
Time 10 peak, h:min 4 3 0  N A 030. 1030 430. 6 9 0  
Trough, mln Hg -0.5 -4.0. 2.9 -0.5220.5 -4.0. 2.9 

-0.03 
Trough-10-peak ralio 0.17 N A -1.64. 1.00 -0.16, 0.08 

Active Irealmenl (n=l l l) 
Peak, mm Hg -19.0 -23.2, -14.8 -40.7219.6 -44.3. -37.0 

3 3 0  
Titne lo peak, 1i:mIn 2 3 0  N A 030. 1 1 :30 230, 4 3 0  
Trough, mm Hg -8.3 -12.7. -3.9 -8.3t23.6 -12.7. -3.8 

0.22 
Trough-10-peak rallo 0.43 N A -0.68, 1.00 0.13, 0.33 

Nel effecls (n=244) 
Peak, mm Hg -16.9 -23.0, -10.8 -10.8?2.4* -15.6, -0.0 
Time to peak, h:min 1 :30 N A - 1 :OO§ -2:OO. 0:OO 
Trough, mm Hg -7.7 -13.3. -2.1 -7.8t2.9t -13.3. -2.1 

Trouyli-to-peak rallo 0.16 N A 0.255 0.09, 0.41 

PE l~rdicales polnl eslilnale; Cl, confidence Inlerval; and NA, no1 available. 
. 'PE and Cl derlved from Irealrnenl effecl curve in all sublecls combined (see Flg 2, rlglrl). 

1PE and Cl derived lroln data 111 slligle sub/ecls. The slalislics are arillltnelic rnean.cSD 
for peaks and Irouglls and medians wilh 5111 lo 95th percenllle Inlervals for lltnes 10 peak 
and Irough-10-peak rallos. 

tDillerences In group meantSE as described by kmilage and Berry.?' 
§Dlllerences In medians accordhig to Campbell and Gardl!er.= 
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According to the nonparametric technique used in the 
present article, the medians of all possible differences be- 
tween the subjects on placebo and active treatment re- 
flected the baseline- and placebo-corrected net treatment 
effects (Fig 4, bottom). For the morning trough-to-peak 
ratios, these parameters were 0.25 Ibr systolic (Table 2) 
and 0.15 for diastolic (Table 3) BP. The CIs indicated that 
the two ratios were significantly larger during active than 
placebo treatment. 

Srrloothirrg of tire Morrrirrg RP Projiles irt !lie 
Irrdividrral Approach 

We increasingly s~noothed the treatment effect curves 
by substituting the l-hour BP averages by moving or fixed 
2-hour averages or by Fourier modeling. Within each treat- 
ment group. s~llootliing did not affect the estimates of the 
trough effect (Fig 5). 111 contrast, in both the placebo aritl 
active treatmelit groups, the apparent peak efrects became 
s~naller (P<.001) with sniootliing. However, smoothing 
did not materially alter the resultant within-group ratios 
(Fig 5) and the overall net ratios (Table 4). 

Trougb-to-Peak Ratio After Evening Dose 
of Stl~dy Medication 

The trough-to-peak ratios were also computed from 12- 
hour BP profiles with I-hour resolution recorded after the 
evening dose of the study ~nedication. As for the net morn- 
ing ratios, the baseline- and placebo-i~djusted evening ra- 
tios were substantially larger in the global than in the in- 
dividualized approach. The net ratios were 0.77 systolic 
and 0.99 diastolic and 0.19 (95% Cl, 0.00 to 0.38) and 
0.36 (95% CI, 0.14 to 0.56), respectively. 

The baseline- and placebo-adjusted trough-to-peak ra- 
tios increased systolic to 0.32 (95% CI, 0.10 to 0.54). 0.28 
(95% Cl, 0.00 to 0.52), and 0.48 (95% CI, 0.25 to 0.70) 
and diastolic to 0.38 (95% CI, 0.14 to 0.57). 0.40 (95% 
Cl, 0.16 to 0.61), and 0.49 (95% Cl, 0.27 to 0.71). respec- 
tively, for smoothed profiles co~isisti~lg of moving or fixed 

B 2-hour averages or of values derived by Fourier modeling. 

100 - 

FOLLOW-UP 
lm - 

I , , , , , ,  

0  2  4 6 B 1 0 1 2  

TIME AFTEA 

-60 PEAK 
I , , , , ,  

0  2  4 6 8 1 0 1 2  

MJG INTIXE (hwrll 

FIG 3. Baseline and follow-up recordings of systolic blood pres- 
sure (BP) in a single subject. Subtracting the baseline from the 
follow-up data resulted in the individual treatment effect curve 
(right) from which the peak, trough, and trough-to-peak ratios 
were determined. The median of all individual trough-to-peak 
ratios was subsequently calculated (see Fig 4). 

Discussion 
We analyzed the SYST-EUR7.8 database to test how ill  

randomized clinical trials with a parallel-group design in- 
terindividual variability, correction for baseline and pla- 
cebo, and s~nootliing of the BP prof les call be handled in 
the determination of trough-to-peak ratio. The SYST-EUR 
trial, an outconie trial in isolated systolic hypertension, 
was not designed to evaluate the duration of action of anti- 
hypertensive agents. Although tlie treatment regimens 
were based on nitrendipine or matching placebo, some 
sub,jects also received second- and/or third-line medica- 
tions in the morning or evening. The BP curves were syn- 
chronized by the hour of intake of the study medication. 
However, these times ranged from 7 AM to 2 PM for the 
morning profiles and from 3:30 PM to 2 A M  for the BP 
curves registered in the evening. These particular charac- 
teristics of tlie SYST-EUR trial may explain the somewhat 
diverging results for the morning and evening profiles. ln- 
suflicie~lt sta~idardizatio~~ may also have inllated the intra- 

TABLE 3. Effects of Morning Dose of Study Medication on Diastolic 
Pressure Profiles With l-Hour Resolution 

Global Estimates* Individual Estlmatest 

Blood Pressure 

Placebo (n= 133) 
Peak, mm Hg 

Time to peak, h:min 
Trough, mm Hg 

Trough-to-peak ratio 
Active treatment (n= 133) 

Peak, mm Hg 

Time to peak, h:min 
Trough, mm Hg 

0.12 
Trough-to-peak ratio 0.46 NA -1.07. 1 .OO -0.03, 0.23 - .  

Net effects (n=304) 
Peak, mm Hg -10.6 -14.7. -6.4 -8.252.lt -12.3, -4.2 
Time to peak, h:min 1 :30 NA -1:OOs -l:OO, 0:OO 
Trough, mm Hg -4.3 -8.0, -0.5 -4.3?1.9* -8.0. -0.5 
Trough-to-peak ratio 0.40 N A 0.156 0.00, 0.31 

Abbreviations and footnotes as in Table 2. 
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Fm 4. Box plots (top) reporting medians, 25th to 75th percen- 
tiles, inner fences (quartiles plus 1.5 times the interquartile 
range).Zl and outlying values for trough-to-peak ratios in subjects 
allocated to placebo (PLAC) (n=133) or active treatment (ACT) 
(n=l l l). Systolic (left) and diastolic (right) ratios, corrected for 
baseline, were derived in individual subjects from blood pressure 
profiles with l-hour resolution recorded up to 12 hours after the 
morning dose of the study medication. Net effects of treatment 
(bottom) were obtained by subtracting the observations during 
placebo from those during active treatment according to the 
method of Campbell and Gardner.22 

individual and interindividual variabilities in the trough- 
to-peak ratio. 

From a pharmacodynamic point of view, the interpre- 
tation of the present findings is limited. The results cannot 
be generalized to describe the pharmacological properties 
of nitrendipine or the other antihypertensive agents used. 
Nevertheless, the statistical approach presented in this ar- 
ticle is applicable to any pharmacological study with a 
parallel-group design, which would focus specifically on 
the duration of action of an antihypertensive agent. The 
first step in a parallel-group analysis involves computation 
of the summary statistics for the experimental groups. For 
variables with a normal distribution, such as BP change 
from baseline to follow-up, these parameters include the 
mean and SD. For nonnormally distributed variables, such 
as the time to peak or trough-to-peak ratio, the median wit11 
its 5th to 95th percentile interval constitutes a reasonable 
alternative. 

From a mechanistic point of view, the statistical anal- 
yses follow a similar path in crossover studies6 and within 
the groups of a parallel-group trial. However, the former 

design is a special case of a randomized controlled study,26 
whereas within the arms of a parallel-group experiment, 
baseline invariably precedes intervention. Formal random- 
ization is required for construction of unbiased statistical 
tests and drawing of valid conclusions. As shown by 
a review on calcium entry blockers,lg several parallel- 
group trials reported only within-group contrasts between 
baseline and follow-up and did not produce the between- 
group comparisons to be expected on the basis of random- 
ization. Such analyses cannot produce valid conclu- 
sions.26.27 AS the present study illustrates, the technique 
proposed by Ca~npbell and Gardner22 makes possible the 
development of the between-group analysis of nonnor- 
mally distributed variables in a way analogous to the usual 
approach for BP changes, thereby fully respecting the prin- 
ciples of randomization. 

The trough-to-peak ratio is a signed variable, because 
the BP at follow-up is subtracted from the corresponding 
baseline BP. This difference is likely to be negative in 
most individuals allocated to active treatment, especially 
at peak when the BP response is maximal. However, the 
BP at baseline may also be lower than at follow-up. This 
situation may occur in the placebo group as well as in the 
actively treated group, for instance at trough when the dos- 
age interval has been stretched beyond reasonable limits 

MORNING DOSE 

. . . . 
Ih  2h, 2h F l h  Zh.. 2h F 

TIME INTERVAL 

FIG 5. Mean trough and peak reductions in systolic (left) and 
diastolic (right) pressures and corresponding median trough-to- 
peak ratios during placebo (n=133, 0) or active treatment 
(n=l l l ,  e). The statistics, presented with 95% confidence in- 
tervals, were derived from 12-hour blood pressure profiles re- 
corded in individual subjects after Intake of the morning dose of 
the study medication. Smoothed profiles consisted of fixed (2h) 
or moving.(2hmJ 2-hour blood pressure averages or were derived 
by Fourier modeling (F).l4 'P<.001 v s  profiles with l-hour res- 
olution (l h). 
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TABLE 4. Net Effects of Morning Dose of Study Medication a s  Determined in the 
Individual Approach From Smoothed Blood Pressure Profiles 

2-Hour Movlng 
Averages' 2-Hour Averages Fourler Modellng 

Blood Pressure PEt 95% Cl PE 95% Cl PE 95% Cl 

Systolic pressure 
Peak, mm Hg -11.722.1 -15.8. -7.5 -12.022.1 -16.2. -7.9 -12.122.1 -16.3. -7.8 
Tlme to peak, h:min -1:OO -2:00, 0:00 -2:OO -2:00, 0:00 4 5 8  -1:55, 0:00 
Trough. mm Hg -7.422.5 -12.3. -2.5 -7.422.5 -12.3. -2.5 -8.822.4 -13.4. -4.1 
Trough-to-peak ratio* 0.20 0.03, 0.38 0.20 0.01, 0.40 0.16 0.00, 0.35 

Diastolic pressure 
Peak, mm Hg -6.421.6 -9.5. -3.3 -6.421.5 -9.3. -3.4 -6.721.5 -9.8. -3.7 
Time to peak. h:min -1:OO -2:00, 0:00 -2:OO -2:OO. 0:00 -1:OO -2:05. 0:00 
Trough, mm Hg -4.521.6 -7.6, -1.3 -4.521.6 -7.6, -1.3 -5.621.5 -8.5, -2.8 
Trough-to-peak ratio 0.13 -0.02, 0.30 0.14 0.03, 0.34 0.21 0.03, 0.40 

Abbreviations as in Table 2. 
'2-hour averages moving 1 hour at a time. 
tPE and 95% Cl rest on data obtained in Individual subjects. Values are mean between-group differ- 

ences+SEZ4 for troughs and peaks and median between-group  difference^^^ for times to peak and trough-to- 
peak ratios. 

or in unco~npliant subjects after a drug holiday. In all these 

D 
cases, the denominator of the trough-to-peak ratio be- 
comes positive, the nominator becomes negative, and 
hence, the ratio itself is negative."2"2Y 

In many articles,30-36 the trough-to-peak ratio was cal- 
culated by the global approach, ie, by dividing the average 
trough by the average peak. Some investigators found tliis 
method appropriate in analyses restricted to responders.29 
However, BP is characterized by high intraindividual and 

D interindividual variabilities, of which the diurnal rhythm 
is an important component. There are also large circadian37 
and between-subject variations in the pharmacokinetics of 
drugs and in the pathophysiological mechanisms that sustain 
the elevated BP through the day. Against this background, 
trough-to-peak ratios must account for intraindividual and 
interindividual variabilities. Global estiniates force all sub- 
jects onto the same time scale and flatten the overall peak 

D because the common time to peak and the individual times 
to peak are not the same. ~ h u s ,  by definition, peaks must be 
smaller and trough-to-peak ratios larger in the global that1 in 
the individual approach. The fonner thereby makes it  easier 
for one to reach the arbitrary thresllolds recommended by the 
Food and Drug Administration. 1.4 

In general, trough-to-peak ratios also increase as the in- 
tervals making up the BP profiles are extended. Indeed, 

B s~nootlling reduces the apparent peaks, because each per- 

metabolic profile and plasma half-life of the antihyperten- 
sive agent under study. For clinical studies in which drug 
intake cannot be supervised or fully standardized, such as 
the SYST-EUR trial, defining the peak as the maximal BP 
fall during any interval other than the trough may be better, 
because under these conditions the use of a time window 
may introduce bias. However, the latter approach may also 
emphasize the peaks and decrease the apparent trough-to- 
peak ratios by including in the calculations not only tlie 
drug-induced maximal BP changes but also a number of 
randomly or behaviorally induced peaks. 

In some articles, subjects were subdivided into respond- 
ers and nonresponders3Y.40 or only responders were in- 
c1uded.J' The exclusion of nonresponders may be attrac- 
tive from a pharmacodynamic point of view? however, 
rando~nized clinical trials have a prospective dimension, 
and the primary and subsidiary research questions must be 
stated in advance.2"ccordingly, if nonresponders are to 
be excluded, tliis requirement should be part of the re- 
search question and addressed by tlie screening procedures 
before enrollment of eligible subjects. Further~nore, cli- 
nicians have to deal with unselected subjects. They are not 
helped by knowing the trough-to-peak ratio in responders 
only, because in their day-to-day practice, they cannot se- 
lect such individuals in advance. Moreover, the scale of 
BP responses is continuous rather than dichotomous. 

son's maximal BP response is averaged over a longer time The present observations reinforce previously made rec- 
period, which is more likely to encompass submaximal BP omniendations.h.28.42 The trough-to-peak ratio, adjusted for 
responses. This concept638 was corroborated in the within- placebo effects,!-3.43 should be calculated from Bk profiles 
group analyses of the present study (Fig 5). However, in in individual subjects, and its distributio~i must be pre- 
the between-group analyses, smoothing did not affect the sented. This approach explores the fill1 range of values of 
trough-to-peak ratios in a consistent manner. Some ex- the trough-to-peak ratio. Intraindividual and interindivi- 

D 
 pert^^^ have suggested that troughs and peaks should be 
computed over 2-hour windows in order to strike the best 
balance between a correct estimate of the peaks and re- 
producibility. However, the calculations in the latter 
study29 forced peaks to occur within l ,  2, 4, or 6 hours 
after dosage. No information was provided on how often 
tlie peaks actually fell outside these windows or occurred 
later than 6 hours after dosage.29 In pliannacological stud- 

dual variabilities in the ratio are a major problem facing 
decision makers, with the technique of ambulatory BP 
monitoring highlighting rather than resolving this prob- 
lem. The ~rocedures used for the determination of the 
trough-to-peak ratio must be thoroughly regulated so that 
diverse studies and agents can be easily compared and 
experiments and analyses cannot be adapted to suit the 
needs of a particular antihypertensive agent. If properly 

ies with supervised d n ~ g  intake, forcing the peak to occur determined and reported with a CI, the trough-to-peak ra- 
m within a certain time window after dosage has the advan- tio is a useful clinical index. Together with the absolute 

tage of excluding artifacts that are not compatible with tlie trough and peak, it informs clinicians on the range of re- 
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