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Prediction of treatment-induced changes in
target-organ damage using changes in clinic,
home and ambulatory blood pressure

Nikos Karpettas1, Antonis Destounis1, Anastasios Kollias1, Efthimia Nasothimiou1, Ioannis Moyssakis2

and George S Stergiou1

Cross-sectional studies have shown that ambulatory and home blood pressure (ABP and HBP, respectively) measurements are

more closely associated with preclinical organ damage than are office measurements. This study investigated the association

between treatment-induced changes in BP assessed by the three methods and the corresponding changes in organ damage.

Untreated hypertensives were evaluated with office, ABP and HBP measurements and indices of organ damage

(echocardiographic left-ventricular mass index (LVMI), pulse wave velocity (PWV), albuminuria) before and after 12 months

of treatment. A total of 116 subjects completed the study (mean age 50.7±10.5 years, 69 men (59%), mean follow-up

13.4±1.4 months). The treatment-induced change in the LVMI was correlated with changes in BP and pulse pressure (PP)

assessed by all methods. The change in PWV was correlated with changes in home systolic and ABP and PP and with the

change in home diastolic BP. Albuminuria showed no correlations. In linear regression models, changes in home BP and PP

had the strongest predictive ability for the change in the LVMI, whereas the change in ABP was the strongest predictor of the

change in PWV. The change in office BP had no predictive value. HBP and ABP measurements appear to be superior to office

BP measurements and should be considered complementary rather than interchangeable methods for monitoring the effects of

antihypertensive treatment on target-organ damage.
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INTRODUCTION

Blood pressure (BP) measurement by a doctor in the office or clinic
has been regarded for decades as the cornerstone of hypertension
diagnosis and monitoring treatment-induced BP reductions. However,
these measurements often do not accurately reflect the ‘true’ BP level
and target-organ status1 because of the white coat and masked
hypertension phenomena, the poor reproducibility of office
measurements and observer prejudice and bias.1 Several studies have
shown that out-of-office measurements of BP either at home (HBP)
or with 24-h ambulatory monitoring (ABP) are more reproducible
than office measurements and more accurately reflect preclinical
target-organ damage2 and the risk of cardiovascular events.3,4

Both ABP and HBP monitoring are widely used in clinical practice
and are endorsed by the current hypertension guidelines.5,6 Several
studies have shown that the two methods have similar abilities to
detect the white coat and masked hypertension phenomena in both
untreated and treated subjects.7,8 Moreover, several comparative
cross-sectional studies have shown similar associations of ABP and
HBP measurements with indices of preclinical organ damage.2

However, limited evidence exists on the association between
treatment-induced changes in ABP versus HBP and treatment-
induced changes in target-organ damage.9

This study investigated the associations between the treatment-
induced changes in BP assessed by office, home and ambulatory
measurements and the corresponding treatment-induced changes in
indices of preclinical target-organ damage.

METHODS

Participants
Adults aged430 years who were referred to a hospital outpatient hypertension

clinic for elevated BP and were either previously untreated or treated for

o2 weeks were invited to participate. The exclusion criteria were clinic systolic

BPX180mmHg and/or diastolic X110mmHg, evidence of secondary

hypertension, sustained arrhythmia, pregnancy, history of coronary heart

disease, heart failure or stroke, serum creatinine 42mgdl�1, proteinuria,

uncontrolled diabetes (hemoglobin A1c48%), use of any drugs known to

affect BP (excluding aspirin up to 300mgday�1), any acute severe chronic

disease and inability to self-monitor BP at home. The study protocol was
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approved by the hospital scientific committee, and all participants signed

informed consent (trial registration at ClinicalTrials.gov NCT00841308).

Design
Subjects who fulfilled the study entry criteria were enrolled and participated in

a 2-week run-in period during which they were evaluated with the following:

(i) measurements of BP in the clinic, at home and with ambulatory

monitoring; (ii) laboratory investigations (full blood count and routine blood

biochemistry, including glucose, urea, electrolytes, liver function tests, lipid

profile, urine microscopy and dipstick); and (iii) assessment of preclinical

target-organ damage (electrocardiogram, echocardiography, carotid–femoral

pulse wave velocity (PWV) and urinary albumin excretion (UAE)). Partici-

pants who were previously treated entered the run-in period if their clinic BP

was above target (see below) after a 4-week washout period or if their clinic BP

was X160/100mmHg after the 2-week washout.

According to the European Society of Hypertension recommendations at the

time the study began,10 the participants were classified as having low–moderate

or high cardiovascular risk (diabetes mellitus, established cardiovascular

disease, preclinical target-organ damage or the presence of X3 cardiovascular

risk factors).10 Consequently, the BP targets for low–moderate risk patients

were defined as o140/90mmHg for clinic BP and o135/85mmHg for HBP

and awake ABP, whereas for high-risk patients the BP targets were o130/80

and o125/80mmHg, respectively.

In subjects who fulfilled the study selection criteria and had a BP above

target by one or more of the measurement methods (clinic, home, ambula-

tory), antihypertensive treatment was administered using a stepwise add-on

treatment strategy (see below) until the above-mentioned BP goals were

reached. Treatment initiation and titration were based on either clinic BP and

ABP measurement or HBP measurement alone, with participants randomized

to the two treatment strategy arms (the comparison between the two groups

has been reported elsewhere11).

Controlled patients were followed at 6-month intervals if they were at low–

moderate cardiovascular risk and at 3-month intervals if they were at high risk.

After 12 months of treatment, the participants underwent the same evaluation

as at baseline, including clinic BP, HBP and ABP measurements, laboratory

investigations and target-organ damage evaluation.

BP measurements
Duplicate clinic BP measurements were taken in a single study visit after 5min

of sitting at rest with 1min between measurements using a validated

professional oscillometric device (Microlife WatchBP Office, Microlife AG,

Widnau, Switzerland).12 HBP monitoring was performed for 7 routine

workdays within 2 weeks, with duplicate self-measurements in the morning

(0600–0900 hours, before drug intake when treated) and in the evening (1800–

2100 hours) after 5min of sitting at rest with 1min between measurements

using a validated oscillometric device with automated memory and PC link

capacity (Microlife WatchBP Home, Microlife AG).13 HBP monitoring was

repeated if o8 valid HBP readings were obtained. All HBP readings were

averaged after the first-day measurements were discarded. Patients were asked

to fill in a form with their self-HBP measurements, and these were verified

after being downloaded from the device’s memory. ABP was monitored on a

routine workday at 20-min intervals for 24h using validated oscillometric

devices: SpaceLabs 90207 or 90217 (Healthcare, Issaquah, WA, USA)14 or

Microlife WatchBP O3 (Microlife AG).15 Each individual used the same type of

ABP monitor throughout the study. ABP recordings witho20 valid awake and

7 asleep readings were repeated. Awake and asleep ABP was calculated using

each individual’s report for in-bed and out-of-bed periods. HBP and ABP

monitoring were performed in random order according to device availability

and patient’s preference.

Target-organ damage
As mentioned above, assessment of preclinical target-organ damage was

performed during the run-in period and at the end of follow-up. An M-mode

echocardiogram was performed by a single observer (IM) who was unaware of

the participant’s medical history, BP measurements and treatment status. The

observer was blinded to the baseline assessment when performing the final

echocardiogram. Left-ventricular mass was calculated from the average of three

cardiac cycles using the Devereux formula16 and was divided by body-surface

area17 to provide the left-ventricular mass index (LVMI). Arterial distensibility

was assessed by measuring the carotid–femoral PWV using a Complior device

(Colson, Garges-les-Gonesse, Paris, France). The device calculates PWVusing a

transducer positioned at the base of the neck for the common carotid artery

and another over the femoral artery to record pulse waves.18 The PWV for each

individual was regarded as the average of two measurements taken on a single

occasion. UAE was assessed by two morning urine samples (within 7 days), and

the two values were averaged for each individual for each assessment.

Treatment strategy
A stepwise add-on treatment protocol was used, intensifying treatment at

4–6-week intervals until the previously specified BP goals were reached: step 1:

full-dose angiotensin receptor blocker (300mg o.d. irbesartan, 80mg o.d.

telmisartan, 320mg o.d. valsartan); step 2: add-on 5mg o.d amlodipine; step 3:

titration to 10mg o.d. amlodipine; step 4: add-on 12.5mg o.d. hydrochlor-

othiazide; step 5: titration of hydrochlorothiazide to 25mg o.d. (in case of side

effects e.g. edema, hypokalemia, any of steps 2 to 5 was omitted accordingly);

step 6: add-on 12.5mg b.i.d. carvedilol; step 7: carvedilol titrated to 25mg

b.i.d.; and step 8: add-on spironolactone or other drugs according to the

doctor’s discretion. Treatment of other cardiovascular risk factors with

hypolipidemic, antidiabetic or antiplatelet drugs was administered according

to the established guidelines.

Analysis
Participants with complete BP and target-organ damage evaluations both at

baseline and at the end of follow-up were analyzed. The Kolmogorov–Smirnov

test was used to check the normality of the distribution of the study samples as

well as the standardized and unstandardized residuals of linear regression

models. Student’s paired t-test was used to compare BP at baseline and at the

end of the study, and the Wilcoxon’s test was used for paired comparisons of

non-parametric data. Pearson correlations were used to assess correlations

between treatment-induced changes in BP assessed by different measurement

methods and the corresponding changes in indices of target-organ damage.

Stepwise linear regression models were used to investigate independent

predictors of the change in each of the studied indices of target-organ damage,

including age, sex, body mass index and changes in clinic BP, HBP, ABP and

pulse pressure (PP), correcting for clinic BP at baseline. Statistical analysis was

performed using the SPSS 17.0 statistical software (SPSS, Chicago, IL, USA).

A P-value o0.05 was considered statistically significant.

RESULTS

A total of 172 consecutive subjects were recruited; 22 were treated for
up to 2 weeks and invited to enter the study after a 2–4-week washout
period. Twenty-seven subjects were excluded (13 were normotensive;
8 failed or refused to complete the run-in assessment; 4 treated
subjects failed to complete the washout period; 1 had obstructive
sleep apnea; and 1 had stage 3 hypertension). Therefore, 145 subjects
were enrolled in the study, and antihypertensive drug treatment was
initiated. Twenty-nine subjects (20%) were withdrawn due to
incomplete follow-up, and 116 subjects completed the study and
were included in the analysis. There was no difference between
subjects who dropped out versus those analyzed regarding age,
gender, body mass index, clinic BP, HBP, systolic ABP, LVMI or
PWV. However, dropouts had lower awake diastolic ABP (Po0.05)
and higher UAE (Po0.05).
The mean age of the 116 subjects included in the analysis was

50.7±10.5 years, the mean body mass index was 28.9±4.2 kgm�2

and the mean waist circumference was 101.6±13.2 cm. Sixty-nine of
the subjects were men (59%), and 34 were smokers (29%). Three
patients had diabetes mellitus (2.6%), 100 had dyslipidemia (86%)
and 55 were at high cardiovascular risk (47%). The mean follow-up
period was 13.4±1.4 months. The BP levels assessed by each
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measurement method and the indices of target-organ damage at
baseline are presented in Table 1. Eleven subjects (9.5%) had left
ventricular hypertrophy at baseline according to the accepted cutoff
values at the time the study was designed (125 gm�2 for men and
110 gm�2 for women),10 whereas according to the 2013 guidelines of
the European Society of Hypertension19 (cutoff values of 115 gm�2

and 95 gm�2, respectively), 34 (29.3%) participants had left
ventricular hypertrophy. Furthermore, 8 (7%) had elevated PWV
(410m s�1).20 At the end of follow-up, there were significant
reductions in BP, as assessed by all three measurement methods, as
well as in LVMI and PWV; no reduction was observed in UAE
(Table 1). The decline in clinic BP was only slightly greater than that
in ABP and HBP, which is most likely because the study participants
were referred to a hypertension center and had previous office visits,
which reduced their office BP, and because the office measurements
were performed in a research setting and were therefore strictly
standardized.
The associations of treatment-induced changes in BP and PP

assessed by the three measurement methods with the corresponding
treatment-induced changes in indices of target-organ damage are
presented in Table 2. The treatment-induced change in LVMI was
significantly correlated with the changes in BP (systolic and diastolic)
and PP assessed by clinic, home and ambulatory monitoring, with the
exception of nighttime diastolic ABP. Similar correlations were found
for changes in left ventricular mass and intraventricular septum
thickness with changes in BP and PP (data not shown). The
treatment-induced change in PWV was significantly correlated with
the changes in (a) systolic BP assessed by all methods, excluding clinic
BP, (b) diastolic BP assessed only at home and (c) PP assessed by all
methods, excluding clinic BP. The treatment-induced change in UAE
showed no significant correlations with systolic or diastolic BP or PP
assessed by any of the measurement methods (data not shown). There
was a trend toward HBP being more closely associated with the LVMI

and PWV than the clinic BP or ABP measurements, but the
differences in correlation coefficients did not reach a statistical
significance (Table 2).
Stepwise linear regression models (Table 3) were tested using age,

sex, body mass index and baseline systolic clinic BP as independent
variables and the change in systolic and diastolic BP according to all
three methods (model A), the change in PP (model B) or both
(model C) as dependent variables. In model A, the change in systolic
HBP predicted the LVMI and PWV changes, and changes in 24-h and
asleep ABP predicted the change in PWV. In model B, changes
in home and asleep PP predicted the LVMI change, and the change in
24-h PP predicted the PWV change. In model C, changes in systolic
HBP and asleep PP predicted the LVMI change, and the change in
24-h PP predicted the PWV change. The change in clinic BP or PP
was not an independent predictor of the change in either the LVMI or
the PWV. The change in UAE also did not appear to have
independent predictive value. Tolerance ranged between 0.47 and
1.0 and variance inflation factor (VIF) between 1.0 and 2.1. The
standardized and unstandardized residuals of all models showed
normal distributions according to the Kolmogorov–Smirnov test.

DISCUSSION

One of the recognized advantages of out-of-office BP measurements
compared with conventional office measurements is their closer
association with indices of preclinical organ damage. The vast
majority of the studies that have demonstrated this relationship had
cross-sectional designs for both ABP5 and HBP measurements.2,6

However, the crucial question is whether treatment-induced changes
in HBP or ABP more accurately reflect the treatment-induced changes
in organ damage than do office BP measurements.
To our knowledge, only a single study has previously investigated

this research question using office, HBP and ABP measurements
(Study on Ambulatory Monitoring of Blood Pressure and Lisinopril
Evaluation (SAMPLE)).9 The study included 206 hypertensives
followed for 12 months, and the regression of left ventricular
hypertrophy was more closely associated with treatment-induced
changes in ABP than with changes in office BP or even HBP.
However, in the SAMPLE study, the potential of HBP was not
exhausted because only two home readings were obtained. Current
guidelines recommend evaluating HBP by averaging readings taken
over 7 days (at least three) after discarding those taken on the first
day, which are known to be higher and more unstable (higher SD);6

in fact those readings investigated in the SAMPLE study.

Table 1 Blood pressure levels and target-organ damage at baseline

and at the end of follow-up (13.4±1.4 months)

Baseline Decline

Blood pressure (mmHg) systolic/diastolic

Clinic 146.6±12.6/96.3±8.1 17.0±14.4*/12.3±8.6*

Home 141.2±11.8/89.6±7.7 15.9±12.6*/9.4±7.4*

24-h 134.3±11.2/84.4±7.7 15.7±12.0*/10.3±7.6*

Awake 140.3±11.8/89.5±8.3 15.9±13.3*/10.6±8.7*

Asleep 122.9±12.8/75.0±8.7 14.2±12.2*/8.8±8.4*

Pulse pressure (mmHg)

Clinic 50.3±10.4 4.7±10.7*

Home 51.6±9.2 6.5±6.8*

24-h 49.9±8.2 5.4±6.7*

Awake 50.8±8.6 5.3±7.3*

Asleep 47.9±8.8 5.4±7.0*

Target-organ damage

IVS (mm) 10.60±0.70 0.17±0.34*

LVM (g) 199.8±26.0 3.7±10.3*

LVM index (gm�2) 100.8±10.3 2.7±5.6*

PWV (m s�1) 7.29±1.84 0.73±1.89*

UAE (mg dl�1) 10.5±19.8 0.9±11.6

Abbreviations: BP, blood pressure; IVS, intraventricular septum; LVM, left ventricular mass;
PWV, pulse wave velocity; UAE, urinary albumin excretion.
*Po0.001.

Table 2 Pearson correlation coefficients (r) between treatment-

induced changes in clinic, home and ambulatory blood pressure and

pulse pressure with the changes in left ventricular mass index and

pulse wave velocity

D Systolic BP D Diastolic BP D Pulse pressure

Measurement

method D LVMI D PWV D LVMI D PWV D LVMI D PWV

Clinic 0.38** 0.13 0.33** 0.14 0.24* 0.07

Home 0.44** 0.36** 0.42** 0.33** 0.36** 0.32**

24-h 0.37** 0.28* 0.26* 0.10 0.34** 0.38**

Awake 0.36** 0.26* 0.29** 0.13 0.29** 0.30**

Asleep 0.29** 0.36** 0.12 0.13 0.32** 0.36**

Abbreviations: D, treatment-induced change; BP, blood pressure; LVMI, left ventricular mass
index; PWV, pulse wave velocity.
*Po0.05; **Po0.01.
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The present study examined the association between treatment-
induced changes in BP and treatment-induced changes in target-
organ damage after an average follow-up of 13.4 months. The main
advantages of the study are that a direct comparison of the three BP
measurement methods (clinic, home, ambulatory) was performed in
the same subjects, the measurement methods were applied according
to current guidelines5,6 and three indices of preclinical organ damage
were evaluated.
The main findings of the study are that (i) both HBP and ABP are

superior to the conventional clinic measurements in predicting
treatment-induced target-organ damage, (ii) HBP appears to be at
least as good as ABP in this respect, and (iii) treatment-induced
changes in different indices of target-organ damage might differ in
their association with the changes in BP evaluated by different
measurement methods (HBP or ABP).
As demonstrated by the linear regression models (Table 3), the

treatment-induced changes in home BP and PP appear to be the most
reliable predictors of treatment-induced changes in LVMI. However,
treatment-induced changes in ambulatory BP and PP appeared to be
the most efficient method for predicting treatment-induced changes
in PWV. These findings suggest that HBP and ABP might not be fully
interchangeable methods in the evaluation of out-of-office BP in
treated hypertensives and the effects of treatment on the heart and
vasculature. HBP and ABP have important similarities, because they
both provide multiple BP measurements away from the clinic in the
usual environment of each individual. Nonetheless, they also have
major differences; HBP is monitored for several days, weeks or even
months, but only at home and in a sitting position, whereas ABP is
monitored for only 24h in different conditions in terms of environ-
ment, posture and activity, including at work, at home and even
during sleep.
These data support the view that HBP and ABP are complementary

rather than competitive methods for the evaluation of out-of-office
BP. This view is supported by a recent analysis of the PAMELA
general population study, which demonstrated that among subjects
with white coat hypertension (elevated office BP and low HBP or
ABP), those with both low HBP and low ABP had lower cardiovas-
cular mortality than subjects in whom only one or the other
measurement was low.21 The authors of this paper concluded that
both HBP and ABP monitoring are required to identify accurately the
white coat hypertension phenomenon.21

This is an analysis of data obtained from a study that aimed to
compare two hypertension treatment strategies, and the participants
were recruited on the basis of elevated BP rather than the presence of

organ damage. This recruitment strategy explains the moderate organ
damage exhibited by the participants and the low prevalence of left
ventricular hypertrophy, which are limitations of the study.
In conclusion, HBP and ABP are superior to conventional office BP

in monitoring the effects of antihypertensive drug treatment on
target-organ damage. These methods appear to be complementary
rather than competitive, and their combined application appears to be
the optimal approach for the precise evaluation of the impact of
treatment on hypertension-induced target-organ damage.
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