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ABSTRACT

Background: Ethnicity affects antihypertensive drug efficacy, but it remains controversial if this factor 

should guide the choice of antihypertensive drug selection. 

Methods: In a multiracial, mildly hypertensive population two possible treatment algorithms were 

compared by means of a Monte Carlo simulation: 1) the rotation strategy (a systematic rotation of 

monotherapy with an angiotensin-converting enzyme (ACE) inhibitor, a b-blocker, a calcium antagonist, 

a diuretic and an angiotensin receptor blocker, 2) an ethnic strategy, where drug selection was based on 

ethnic background of the patient only: a diuretic for blacks and an ACE inhibitor for whites. Data were 

obtained from the ROTATE study: a crossover, open-label treatment study in an outpatient setting. 

Due to naturally occurring random fluctuations of blood pressure (BP) within individuals over time 

independent of drug effect, SBP lowering may be prone to over - or underestimation. In the simulation 

SBP fall was corrected for this natural variation in BP, thus obtaining an estimate of the true drug effect 

under chronic treatment. Target corrected SBP was <140 mm Hg.

Results: The rotation strategy resulted in statistically more patients on target than the ethnic strategy 

(39.6% vs. 36.7% on target, P < 0.05). This difference was small and not likely to be of clinical significance. 

Moreover, it was found that natural BP variation is likely to contribute to overestimation of the effect of 

SBP lowering, resulting in an improper drug choice during rotation in one out of two to four patients. 

Conclusion: From a clinical point of view, the ethnic strategy is comparably effective as a rotation 

strategy in reaching target SBP and makes it possible to reach the target in less time. Since this 

conclusion is based on simulated data, evaluation in a prospective controlled trial is mandatory.
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INTRODUCTION 

Despite the availability of effective antihypertensive drugs and the progress that has been made in the 

treatment of hypertension, the number of people in Europe whose blood pressure (BP) is controlled 

is disappointing low (< 40%).1-5 This failure to achieve BP control is associated with persistence of an 

elevated cardiovascular risk. There is a strong need to improve the efficacy of (ongoing) treatment. 

Choosing highly effective drugs early in the treatment procedure helps to achieve early adequate BP 

lowering and leads to greater adherence.

Each hypertensive patient is an individual with unique physiologic and environmental characteristics. 

Of interest are strategies to find or predict the best drug for initial treatment for each patient to achieve 

both effectiveness and tolerability in daily practice. Ideally, this should be based on a more thorough 

understanding of determinants of interindividual variability of the response to antihypertensive drugs 

such as ethnicity. 

Ethnicity has been considered an important factor in determining BP response to treatment. Several 

studies have shown ethnic variability in antihypertensive response; 6-10 in general, patients of African 

ancestry respond better to calcium antagonists and diuretics while response to b-adrenergic blockade 

and inhibition of the angiotensin-converting enzyme is attenuated.11 The National Institute for Health 

and Clinical Excellence (NICE) recommends that first line treatment for hypertension depends on 

age and ethnicity (A(B)/CD rule).12 However, conflicting evidence on the effect of ethnicity exists as 

Nguyen et al. concluded after reviewing the available literature that BP response is qualitatively similar 

in US blacks and whites under calcium channel blocker monotherapy.13 This suggests that race is not 

likely to offer any clinical utility for decisions about the effect of calcium channel blockers.

For now, it remains controversial whether an initial drug selection based on ethnicity is likely to be 

more effective in early adequate BP lowering than a trial-and-error approach in an individual patient 

with mild hypertension. Because urban populations in western countries are increasingly of mixed 

ethnic background, it is even more important to address this subject. 

In this study we address whether ethnicity is a guide for antihypertensive drug selection. In order 

to do so retrospective data were used from a crossover, open-label, single-drug treatment study we 

performed in a Dutch multiracial population in which one representative of each of five drug groups 

were compared in a randomized order (the ROTATE study): diuretics, b-blockers, angiotensin-

converting enzyme (ACE) inhibitors, calcium antagonists, and angiotensin receptor blockers. In the 

ROTATE study, the efficacy and adverse events of the five antihypertensive drugs were compared. 

Based on these data, we compare in our multi-ethnic hypertensive patients two possible treatment 

algorithms by means of a Monte Carlo simulation: the rotation strategy (a systematic rotation of 

monotherapy with the five antihypertensive drugs) with an ‘ethnic’ strategy, where drug selection was 

based on ethnic background of the patient only.
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METHODS 

Patients and data collection

Data were used from the SUNSET study (Surinamese in the Netherlands: a Study on health and 

Ethnicity), a cross-sectional study aimed to assess the cardiovascular risk profile of three ethnic groups 

in Southeast Amsterdam in the Netherlands.14 

Ethnic background in this study was assessed according to the self-reported ethnic origin and the 

ethnic origin of the mother and father. Grandparents’ ancestry was used if this information was 

missing or unclear.14,15 Suriname is a former Dutch colony in South America. During the process of de-

colonization in 1975, approximately half of the Surinam population migrated to The Netherlands. Our 

study population contains two groups of these first generation immigrants. ‘Creole’ refers to people 

with a mixed African ancestral origin. In Suriname admixture occurred to a very limited extent with 

Indians and Caucasians. ‘Hindustani-Surinamese’ refers to people with South Asian ancestral origin. 

In this paper, Creole and Hindustani are named as black and South Asian, respectively. The Dutch are 

people with Dutch ancestral origin (Dutch Caucasians). Theoretically, the Dutch and Creoles may share 

distant ancestors, but based on the migration history it is unlikely that relevant population admixture 

between the three ethnic groups occurred. 

Participants were approached for a medical examination in the morning including BP measurement. If 

the screening was SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg (independent of treatment status), patients 

were invited to the outpatient hypertension clinic of the Academic Medical Center (AMC) where they 

were screened for inclusion in the ROTATE study. The methods of the SUNSET study and ROTATE 

study are described elsewhere.14,16 The institutional review committee approved both studies and the 

participants gave written informed consent.

In brief, in the outpatient clinic 283 patients were examined (Figure 1). Each patient underwent 

routine laboratory testing and a 24-hour ambulatory BP measurement (Spacelabs nr 90207, Spacelabs 

Medical, Washington, DC) after stopping all antihypertensive drugs for at least three weeks. A total of 

102 patients with essential hypertension were enrolled in the ROTATE study. The inclusion criterion for 

hypertension was met when 24-hour ambulatory BP recording showed an average daytime SBP above 

135 mm Hg and/or an average daytime DBP above 85 mm Hg. Participants went through five 6-week 

single-drug treatment episodes in a randomized order. Five drugs of the major antihypertensive drug 

classes were used once daily in the morning in the lowest recommended starting dose; in week 3, the 

dose was increased if BP was not below 140/90 mm Hg. The drugs were: the angiotensin-converting 

enzyme inhibitor lisinopril dosed 10 or 20 mg/day, the b-blocker nebivolol dosed 2.5 or 5 mg/day, the 

calcium antagonist barnidipine dosed 10 or 20 mg/day, the diuretic hydrochlorothiazide dosed 12.5 or 

25 mg/day and the angiotensin receptor blocker eprosartan dosed 600 or 800 mg/day; these drugs are 
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Figure 1 Flowchart ROTATE study.  A: angiotensin-converting enzyme inhibitor, B: b-blocker, C: calcium 
antagonist, D: diuretic, E: angiotensin receptor blocker. W: white, BL: black, SA: South Asian; non-C: noncompliance 
SUNSET: Surinamese in the Netherlands: Study on health and Ethnicity. ROTATE: crossover, open-label, single-drug 
treatment study in a Dutch multiracial population with representative drugs from 5 drug classes.

referred to as A, B, C, D and E, respectively, in this paper. Efficacy and tolerability was assessed after 

3 and 6 weeks treatment, 24 hours after the last drug intake; in between each 6-week drug episode a 

3-week wash-out period was scheduled. The primary outcome in the ROTATE study was the D SBP 

after 6 weeks of treatment. During each visit a standardised questionnaire was filled out regarding side 

effects.17,18 Non-compliance, defined as missing doses more than 3 times during a 3-week episode, was 

determined by a count of pills. 

During every visit BP was measured for 15 minutes at 2.5-minute intervals at rest in the seated position 

with the arm supported at the level of the heart using an appropriately sized cuff and an automatic 

device (Datascope Accutorr Plus; Datascope Europe, Hoevelaken, the Netherlands). The office BP was 

calculated as the average of the measurements obtained in the period 5-15 minutes separated by 2.5 

minutes (measurements of the first 5 minutes were rejected). Visits were arranged at approximately 

24 hours after the last drug dose and after three weeks wash-out. The patients were invited for follow-

up visits at the same time of the day. 

 

n=97 

 

 

- 
:  
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Statistical analysis

Patient characteristics were summarized using means and SDs or counts and percentages as 

appropriate. Baseline characteristics of the three ethnic groups were compared using analysis of 

variance (ANOVA) for continuous variables and c2-tests of homogeneity for categorical variables. 

For this analysis the SPSS statistical software program (version 14.0; SPSS, Chicago, IL) was used. 

Correlation between BP measurement values was analyzed with Pearson’s correlation. 

Monte Carlo simulation

A Monte Carlo simulation was performed to compare two treatment algorithms: ‘rotation’ and ‘ethnic’. 

The rotation strategy is based on a systematic rotation of monotherapy with the five antihypertensive 

drugs where the best drug (largest BP reduction) is selected for therapy. For the ethnic strategy the 

drug was chosen based on the ethnic background of the subject: a diuretic for blacks and an ACE-

inhibitor for whites. BP data of the South Asian group were not used because of the small number of 

patients, and differences in drug response were mainly observed between white and black patients. 

Because measured BP is intrinsically variable, the clinically measured SBP is the sum of the true SBP 

and a random error term (i.e. analytic measurement error and biologic variability within individuals). 

The true BP is the blood pressure free of all random fluctuations, from now on referred to as SBPcorrected. 

The random error could be approximated, in theory, by the variance of a large number of BP readings 

taken over several months (without the presence of BP lowering drugs). Equation 1 then gives the 

composition of measured SBP values. 

SBP measured = SBP corrected + random error      (1)

Because the effects of hypertension treatment on hard end points do not depend on random 

intraindividual variations in measured SBP, we aimed to simulate estimates of the corrected  

SBP reduction. 

Uncorrected SBP fall

First an uncorrected SBP fall was simulated for each individual:

uncorrected SBP fall = SBP measured baseline – SBP measured treatment     (2)

Baseline SBP (SBP measured baseline ) is defined as the mean SBP during daytime without treatment assessed 

with a 24-hour ambulatory BP measurement. Each simulated individual’s baseline SBP was randomly 

selected from the normal distribution of the untreated daytime SBP values assessed with 24-hour 

ABPM as observed at study inclusion in the ROTATE study (Table 1). 
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SBP during treatment (SBP measured treatment ) is defined as the mean SBP after 6 weeks of treatment for 

an individual with one of the five antihypertensive drugs. This resulted in five BP falls per patient 

(one for each drug). Simulations were based on the mean observed SBP effect of each drug in the 

ROTATE study and the observed variance of the SBP effect of each drug (Table 2). Because different 

samples drawn from the same population would in general have different values of the sample mean, 

an standard error of the mean (for black patients sd/ √45 and for white patients sd/√35) was added on 

the observed drug effect. 

Corrected SBP fall

The simulated uncorrected SBP falls are prone to over- or underestimation due to spontaneous 

fluctuations of BP in an individual (see Equation 1), that are independent from drug effect; these drug-

independent effects are present in the observed variance of the BP effect. Because the largest of the 

five uncorrected SBP falls is selected as ‘the best’ during the rotation strategy (and then compared 

with the ethnic strategy), this SBP fall is likely to be overestimated by random, drug-independent, 

fluctuations in blood pressure. To correct for this potential overestimation we calculated a corrected 

SBP fall: the variance of SBP observed during wash out in-between treatment episodes of the 

ROTATE study (from now on referred to as natural BP variation) was subtracted from the observed 

variance of the SBP fall of each drug (Table 2). This narrows the variance of the SBP fall after drugs 

and consequently prevents an overestimation of drug effect by random variation. It also makes the 

thus corrected SBP fall representative for the SBP fall during chronic treatment assuming that during 

repeated measurements on chronic treatment the mean value is only minimally influenced by random 

variation. As we described elsewhere, the estimated natural variation was 78 mm Hg2 corresponding 

to a standard deviation of 8.8 mm Hg.16 The corrected SBP fall was calculated with the same simulation 

strategy as the uncorrected SBP fall, but then using the corrected observed variances of the BP effect 

of each drug. For example: in the ROTATE study we found for blacks -10.3 ± 11.6 mm Hg SBP lowering 

on hydrochlorothiazide. The corrected SBP fall was simulated with -10.3 ± 7.5 mm Hg (√ (11,62 – 8.82)= 

7.5 mm Hg). The corresponding corrected SBP fall for the drug with the largest uncorrected SBP 

fall was selected for comparison with the corrected SBP fall from the ethnic strategy (calculated as 

described above). This was done since the uncorrected SBP fall would be used in clinical practice for 

drug selection from a rotation strategy. Both strategies were run 100 times for 45 blacks and 35 whites, 

using an Excel spreadsheet.
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Table 1 Baseline characteristics 

Whites Blacks South Asians P value

Characteristics (n=33) (n=48) (n=16)

Women, no (%) 9 (27) 26 (54) 7 (44) 0.06

Age (years) 50.5 (7.9) 46.0 (6.6) 45.6 (7.8) 0.02

Body Mass Index (kg/m2) 29.1 (6.4) 30.0 (4.6) 29.0 (3.3) 0.68

Creatinine (mmol/L) 75 (14) 84 (20) 75 (16) 0.05

Microalbumin/creatinine ratio ( ratio>3), no (%) 2 (7) 3 (7) 4 (25) 0.06

Total cholesterol mmol/L 5.6 (1.1) 5.1 (0.9) 5.0 (1.2) 0.06

Hypertension de novo, no (%) 12 (36) 15 (32) 4 (25) 0.73

Diabetes mellitus, no (%) 1 (3) 4 (8) 4 (25) 0.04

Left ventricular hypertrophy#, no (%) 4 (12) 9 (19) 1 (6) 0.42

Low sodium intake at study entry, no (%) 7 (21) 6 (13) 7 (44) 0.03

Current smoking, no (%) 19 (58) 14 (30) 3 (19) 0.01

Blood Pressure

24 h Systolic BP (mm Hg) daytime 153 (11) 156 (15) 153 (9) 0.58

24 h Diastolic BP (mm Hg) daytime 95 (8) 99 (9) 98 (6) 0.06

24 h Heart rate (beats/min) daytime 80 (10) 78 (11) 85 (8) 0.10

Office Systolic BP (mm Hg) & 148 (9) 151 (16) 147 (11) 0.43

Office Diastolic BP (mm Hg) & 91 (7) 97 (9) 96 (8) 0.02

Office Heart Rate (beats/min) & 79 (10) 76 (8) 85 (9) 0.01

values are expressed as mean (SD) unless otherwise indicated 
#Sokolov criteria
&Mean of 5 wash-out periods
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The primary outcome parameter was the percentage of patients with normalization of SBP (<140 mm 

Hg) after 6 weeks of treatment. Secondary outcome was the chance of not selecting the most effective 

SBP lowering drug during the rotation strategy as a result of the overestimated (uncorrected) SBP fall. 

Drug selection was based on the uncorrected SBP fall as described above. The corrected SBP fall of the 

selected drug was compared with the drug that showed the greatest corrected SBP fall after simulation 

(which would not necessarily be the same drug). If there was a drug which resulted in a corrected SBP 

fall that was 5 mm Hg or more greater than the corrected SBP fall of the drug selected, drug selection 

was scored as improper. The analysis was repeated for a difference in corrected SBP fall of 1, 2 and 3 

mm Hg.

Furthermore, for both strategies we also considered what would happen if the ROTATE study had 

resulted in quantitatively different drug effects than actually observed (as would have been the case, 

for instance, by using higher doses of the study drugs, or by measuring the drug effects at earlier time-

points after dosage). Therefore, we simulated mean corrected SBP falls for the whole population in 

steps of 5 mm Hg (5, 10, 15, 20 and 25 mm Hg). The following assumptions were made: white patients 

as a group respond twice as good to ACE-inhibitors, b-blockers and angiotensin receptor blockers than 

to calcium blockers and diuretics (where response is defined as SBP lowering in mm Hg). Black patients 

respond twice as good to calcium blockers and diuretics compared to ACE-inhibitors, b-blockers and 

angiotensin receptor blockers.16,19,20 We furthermore assumed that the corrected variances of the BP 

effect are half of the average SBP fall. For example: to simulate a corrected SBP fall of on average 15 

mm Hg (population mean) for a calcium blocker, a white patient will have a SBP fall of 10 mm Hg (2 x 

15 mm Hg)/3 x 1 = 10 mm Hg) with a standard deviation of 10/2 = 5 mm Hg; for a black patient these 

values are an average SBP fall of 20 mm Hg (2 x 15 mm Hg)/3 x 2 = 20 mm Hg) with a standard deviation 

of 20/2 = 10 mm Hg. This corresponds with an uncorrected variance of 178 mm Hg2 ( 102 + 8.82 =178 i.e. 

a standard deviation of 13.3 mm Hg). The corrected variances used in this simulation correspond to 

standard deviations in the range of 10-20 mm Hg. This is in accordance with the variances seen in the 

studies that are summarized in the meta-analysis of Brewster et al.9

RESULTS

The SUNSET study is based on a random sample of 2975 individuals aged 35-60 years drawn from 

the Amsterdam population registry. The overall response to the interview was 60% and of these 

participants 1444 persons underwent physical examination including BP measurement. Two hundred 

eighty-three patients with SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg agreed to visit the outpatient clinic to 

undergo a hypertension screening, which was necessary for inclusion in the ROTATE-study. Of these, 

a total of 181 patients were excluded from this study because hypertension was not confirmed by 

ambulatory BP measured (38%), loss to follow-up or not giving informed consent (22%), well-treated 
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hypertension (15%), organ damage (11%), and miscellaneous (14%). Therefore, the ROTATE cohort 

consisted of 102 patients; 33 whites, 48 blacks, and 16 South Asians; the 5 patients of undetermined 

ethnicity were excluded from the analysis (Figure 1).

The ROTATE participants (n=97) started 438 and completed 407 treatment episodes. Mean number of 

completed treatment episodes did not differ between the three ethnic groups (4.6; 4.1; 3.7 treatment 

episodes for whites, blacks, and South Asians respectively). A total of 53 treatment episodes was 

excluded from the primary analysis because of noncompliance, including 34 treatment episodes of 

patients who decided to stop drug therapy due to adverse drug effects. Another 8 treatment episodes 

were excluded for other reasons such as pregnancy, occurrence of dramatic life-events (Figure 1). 

Characteristics at study enrollment are presented in Table 1. The three ethnic groups differed in 

terms of age, creatinine, diabetes mellitus, low sodium intake and current smoking. Blacks showed 

significantly higher creatinine levels in comparison to whites, which is most likely due to differences in 

muscle mass and not due to differences in kidney function.21 The subjects enrolled were moderately 

hypertensive (Table 1). No differences were seen between the ambulatory BP values of the three 

groups. The ambulatory BP values were highly correlated with office measurements without drugs: 

the mean of the 5 measurements at the end of the 3-week wash-out episodes showed a significant 

correlation with a Pearson’s coefficient of 0.78 with the ambulatory BP values. 

The BP responses between the 5 study drugs showed no differences when the 3 ethnic groups were 

combined (ANOVA, P = 0.40/0.13 (SBP/DBP)). However, there were significant differences between 

the three ethnic groups in their responses to the 5 study drugs (Table 2). Black patients as a group 

respond better to barnidipine (C) ( -9.7 ± 13.0 / -8.3 ± 9.4 mm Hg) and hydrochlorothiazide (D) (-10.3 

± 11.6 / -7.1 ± 8.5 mm Hg) as compared to white patients (respectively -3.8 ± 10.4/ -1.4 ± 10.3 and -3.0 ± 

8.9 / -2.1 ± 6.8 mm Hg). Figure 2 compares the mean BP values of the five drugs with baseline (which 

was calculated as the mean of the five BP measurements for each individual after the 3-week washout 

periods), for blacks and whites; it also shows BP values for the best drug during rotation. 53% of whites 

best responded to the ACE-inhibitor and b-blocker. In blacks, 60% best responded to the calcium-

antagonist and diuretic. 

No life threatening adverse events were recorded during the study. Analysis of 15 complaints of the 

Bulpitt questionnaire showed significant differences between the five different drugs for swollen 

ankles (1.2, 2.4, 8.0, 2.2 and 0% respectively for drug A, B, C, D, and E); dry cough (27, 5.9, 14.6, 3.4, and 

7.2%) and white fingers in cold weather (7.0, 4.8, 1.1, 0, and 5.7%). No differences in these complaints 

were seen for the three ethnic groups.
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Figure 2 SBP/DBP for whites and blacks after 6 weeks treatment

A to E: mean values for SBP/DBP (mm Hg) after 6 weeks on treatment during rotation. Best: mean values for SBP/
DBP (mm Hg) for the best drug during rotation.

Number of patients for the white and black population, respectively: n=28 and 35 (drug A), n=31 and 38 (drug B), 
n=28 and 31 (drug C), n=27 and 39 (drug D), n=31 and 35 (drug E), n= 32 and 41 (best).

SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; A: angiotensin-converting enzyme (ACE) inhibitor, B: 
b-blocker, C: calcium antagonist, D: diuretic, E: angiotensin receptor blocker
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Figure 3 Different strategies to choose the optimal antihypertensive drug (100 simulations) 

(A) Simulation of corrected SBP fall during chronic treatment (rotation vs. ethnic strategy): % of patients on target 
(<140 mm Hg, left hand panel) and obtained SBP in mm Hg (right hand panel) (B) Simulation of the rotation strategy 
during chronic treatment (corrected for natural BP variation) compared with simulation of the rotation strategy not 
corrected for natural variation: % of patients on target (<140 mm Hg, left hand panel) and obtained SBP in mm Hg (right  
hand panel). 
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The results of the Monte Carlo simulation are summarized in Figure 3. If the best drug was chosen 

based on simulation of the corrected SBP fall in the rotation strategy, 39.6 ± 5.0% of the patients were 

on target during chronic treatment (mean population SBP: 143.5 ± 1.6 mm Hg), while this was 36.7 ± 

5.3% of the patients for the ethnic strategy (mean population SBP: 145.3 ± 1.8 mm Hg) (Figure 3A). This 

difference was statistically significant (P < 0.05). Figure 3B shows that rotation leads to overestimation if 

SBP fall is not corrected for natural BP variation ( 61.2 ± 5.7% of the patients on target; mean population 

SBP: 135.5 ± 1.8 mm Hg). These percentages were not affected by increasing the number of simulations. 

Results of improper drug selection are shown in Table 3. Drug selection based on the uncorrected 

SBP fall resulted in one out of two to four patients in an improper drug choice. For example, the 

corrected SBP fall, representative for chronic therapy, of the drug selected based on the uncorrected 

SBP fall was at least 5 mm Hg smaller than the corrected SBP fall of one of the other drugs in 27% of the  

population (Table 3). 

Table 3 Improper drug selection during rotation strategy as a result of the overestimated (uncorrected) SBP fall

Difference ∆SBPcorrected* 0 mm Hg 1 mm Hg 2 mm Hg 3 mm Hg 5 mm Hg

total group (n=80) 50% 45% 41% 36% 27%

white (n=35) 57% 51% 45% 40% 28%

black (n=45) 45% 41% 37% 34% 26%

*Difference ∆SBPcorrected that means difference in corrected SBP fall when drug selection is based on the uncorrected 
SBP fall (thus including natural variation) and drug selection based on the corrected SBP fall.

Figure 4 shows the simulated mean corrected SBP fall and % on target (SBP <140 mm Hg) for both 

strategies when SBP effects are assumed in the range of 5-25 mm Hg. As expected, an increase in the 

mean fall of SBP also shows an increase in the percentage of patients on target for the rotation strategy 

in comparison with the ethnic strategy. A simulated corrected SBP fall of on average 10 mm Hg showed 

for the rotation strategy 51.5% of the patients on target and for the ethnic strategy 47.2%. Almost 75% 

of the patients were on target at a corrected SBP fall of 15 mm Hg for the rotation strategy, while a cor-

rected SBP fall of 20 mm Hg would be necessary to reach target SBP in the same percentage of patients 

treated according to the ethnic strategy.
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Figure 4 Simulated mean corrected SBP fall in steps of 5 mm Hg in the total population

rotation strategy: a systematic rotation of monotherapy with an angiotensin-converting enzyme inhibitor, a 
b-blocker, a calcium antagonist, a diuretic and an angiotensin receptor blocker

ethnic strategy: drug selection based on ethnic background of the patient only: a diuretic for blacks and an  
angiotensin-converting enzyme inhibitor for whites. 

DISCUSSION

The present study indicates that in a mildly hypertensive population consisting of relatively young 

subjects of African descent and Dutch Caucasians, a strategy of rotating patients through each of 

the major drug classes results in statistically more patients on target (corrected SBP <140 mm Hg) 

than choosing the first anti-hypertensive drug by considering self-reported ethnicity. If the best drug 

was chosen based on the corrected SBP fall (being a representative estimate of the SBP fall during 

chronic treatment) in the rotation strategy, 39.6 % of the patients were on target, while this was 36.7% 

of the patients for the ethnic strategy. Although statistically significant, this difference is small and 

not likely to be of clinical relevance. Second, we found that natural BP variation, mostly neglected as a 

background noise, is likely to overestimate the effect of SBP lowering in a rotation strategy, frequently 

resulting in an improper drug selection. These results are relevant to the practical question of whether 

or not one should consider patients ethnicity when making clinical decisions about the choice of 

antihypertensive therapy.



Chapter 2

40

Marked variability in hypertensive patients’ response to different antihypertensive drugs was shown 

in previous rotation studies.19,20,22 These systematic crossover comparisons of different classes of drugs 

support the A(B)/CD scheme for choosing antihypertensive therapy, maintaining that the first drug 

should be selected from one of these pairs and poorly responding patients should be switched to 

the other pair. However, they have studied exclusively Caucasian populations. In the ROTATE study 

participants were of different ethnic background. We found significant differences between the 

ethnic groups in their responses to the five study drugs. Black patients as a group respond better to 

barnidipine (C) and hydrochlorothiazide (D) as compared to white patients. This is in agreement with 

previous findings with regard to ethnicity as a determinant of antihypertensive therapy response. 9,10

Although rotation studies are a simple and successful way to optimise antihypertensive drug therapy 

in an individual patient, they are time-consuming. Early control of hypertension may have favourable 

impact on long-term outcome.23 Therefore, it is of importance to minimize the time taken for rotation 

in daily routine practice. Based on the ROTATE-data we simulated a comparison between the rotation 

strategy and an ethnic strategy and found, as mentioned, that from a clinical point of view the ethnic 

strategy was almost as effective as the rather laborious rotation strategy. However, figure 4 shows 

that at greater SBP lowering effects (e.g. obtained with higher doses) a relevant larger proportion of 

patients is expected to obtain the target SBP with the rotation strategy in comparison to the ethnic 

strategy. 

Ethnic differences and notably their impact on clinical decision making are controversial. In a number 

of studies it is described that the mean response of a population of black and white patients does not 

hold much predictive value for the response of an individual patient.13,24,25 Indeed, there is considerable 

interindividual variation in antihypertensive response, but as long as there is no better predictor our 

simulation showed that self-identified ethnicity can be used to achieve earlier adequate BP lowering, 

thus bypassing time-consuming drug rotation. This may also lead to greater adherence.

Another important finding in comparison to previous rotation studies is that our study suggests 

that rotation leads to overestimation of the percentage of patients who will obtain target SBP during 

chronic treatment. This was not evident from the data of GENRES and the first study of Brown et 

al.19,20 Probably this is due to the fact that BP during rotation is both determined by the intrinsic 

drug effect, and the natural variation of BP within each individual. Since there were five drugs in the 

rotation strategy, there were also five chances that the SBP would be overestimated after a drug cycle. 

Because the drug with the largest SBP fall is selected after rotation, the effect will almost always be 

overestimated. In our simulation we corrected for the natural BP variation, thus obtaining an estimate 

of the true drug effect under chronic treatment. The potential overestimation of the SBP fall led to 

improper drug selection in the rotation strategy in one out of two to four patients. It is therefore 

difficult for a clinician in routine practice to know whether he is changing a drug or dose in response to 
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natural variation in BP or to a truly insufficient drug effect. This underlines that a good perception on 

the concept of variation is important for clinical decision making.

The strength of our study lies in the population-based setting and the a priori ethnic stratification. We 

studied mildly hypertensive patients without much comorbidity. They were enrolled after community 

screening, and studied in a representative out-patient setting. The effect was measured in a state-of-

the-art way. Ethnicity was self-reported. In our opinion, all of these factors allow extrapolation of our 

findings to the majority of patients presenting with mild hypertension de novo.

The design of our study also contains some weaknesses. First, our comparison of the two strategies, 

rotation and ethnic, depends on a simulation rather than direct observations. Thus, our results need 

prospective confirmation. Nevertheless, our assumptions were based on data which were actually 

observed in clinical practice during the ROTATE study. Second, we observed relatively mild drug 

effects due to measurement of BP at 24 hours after dosage intake and a ‘start low, go slow’ titration 

strategy. Third, in this simulation we used the observed variability in BP from the ROTATE-study, in 

which BP was measured in a thorough way. In routine clinical practice BP measurement is likely to be 

less rigorous than under trial conditions. Therefore it is possible that the natural BP variation is even 

larger in clinical practice.26 

Furthermore, our results relate only to monotherapy. The ESC-ESH guidelines27 underlined that 

monotherapy can effectively reduce BP only in patients with mild BP elevation and low to moderate 

cardiovascular risk and that most patients require the combination of at least two drugs to achieve 

BP control. A simulated comparison of algorithms based on combination therapy needs appropriate 

data from a multiracial hypertensive population where patients were treated with two or more drugs. 

These data were not available in the ROTATE dataset.

In summary, from a clinical point of view, the ethnic strategy is comparably effective as a rotation 

strategy in reaching target SBP and makes it possible to reach the target in less time. Since this 

conclusion is based on simulated data, evaluation in a prospective controlled trial is mandatory.
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