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Determinants of concentric left ventricular
hypertrophy in patients with resistant hypertension:
RESIST-POL study

Piotr Dobrowolski1,3, Aleksander Prejbisz2,3, Anna Klisiewicz1, Elżbieta Florczak2, Justyna Rybicka1,
Andrzej Januszewicz2,4 and Piotr Hoffman1,4

Left ventricular hypertrophy, especially concentric hypertrophy, has been shown to be an independent factor of cardiovascular

diseases in patients with hypertension. Obstructive sleep apnea (OSA) and/or metabolic syndrome (MS) are common in patients

with resistant hypertension (RHTN). The aim of this study was to evaluate factors associated with concentric hypertrophy in

patients with RHTN. Data from 155 patients (92M, 63F) was analyzed. All patients underwent a thorough examination

including: biochemical evaluations, ambulatory blood pressure monitoring, polysomnography and echocardiography. MS was

defined by The Adult Treatment Panel III. Clinically significant OSA was defined as apnea/hypopnea index (AHI)415 events per

hour. Left ventricular mass index (LVMI) and relative wall thickness (RWT) were calculated. Four types of LV geometry were

distinguished based on the LVMI and RWT. Patients were divided into four groups based on the LV geometric patterns: group 1

(normal geometry) (n=38, 24.4%); group 2 (concentric remodeling) (n=40, 25.8%); group 3 (eccentric hypertrophy) (n=26,

16.8%); and group 4 (concentric hypertrophy) (n=51, 33%). MS was found in 64% and OSA (AHI415) in 43.2% of patients.

Factors independently associated with concentric hypertrophy were: age (OR-1.51; 95% CI-1.00–2.27; Po0.04), OSA415

events per hour (OR-2.73; 95% CI-1.26–5.93; P=0.01) and nighttime systolic blood pressure (SBP) (OR-1.69; 95% CI-1.32–

2.17; P=0.0001). Concentric hypertrophy was the most common type of left ventricular disorder in patients with RHTN.

Nighttime SBP and clinically significant OSA were independently associated with concentric hypertrophy in patients with RHTN.
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INTRODUCTION

Left ventricular hypertrophy (LVH) is a known cardiovascular
risk factor offering independent prognostic information, which is
incremental to the clinical evaluation.1,2 The type of abnormal
left ventricular geometry (LV) has also been associated with
adverse outcomes. It has been demonstrated that patients with
concentric hypertrophy have poorer outcomes than patients
presenting normal LV geometry.3,4 Resistant hypertension (RHTN)
is of major clinical importance since it is associated with higher
cardiovascular risk5–8 which can be dependent on concentric
hypertrophy. However, RHTN often coexists with obstructive
sleep apnea (OSA)9,10 and metabolic syndrome (MS), which also
predispose to LVH. We systematically evaluated which clinical
condition might be related to concentric hypertrophy in patients
with RHTN.

METHODS

Patients
Patients were enrolled in the Resist-POL study in the Department of
Hypertension, Institute of Cardiology, Warsaw, Poland between 2009 and
2011. The population recruitment description is presented in Figure 1. The
inclusion criteria were as follows: age 20–65, RHTN confirmed with 24- h
blood pressure monitoring (ambulatory blood pressure monitoring)—mean
daytime BP 4135/85mmHg while on three antihypertensive drugs at optimal
doses (including a diuretic agent). The exclusion criteria included a history of
other cardiovascular diseases (ischemic heart disease, heart failure, transient
ischemic attacks and previous stroke), decreased estimated glomerular filtration
rate o60mlmin− 1 per 1.73m2, previous diagnosis of diabetes mellitus, and
others.11 None of the patients with RHTN enrolled in the study met the
diagnostic criteria of hypertrophic cardiomyopathy.12 For this study we
excluded 49 patients with secondary causes of hypertension which may
independently influence the LV function. Primary hyperaldosteronism was
diagnosed in 32 patients, renal artery stenosis in 11, Cushing’s syndrome in two

1Department of Congenital Heart Diseases, Institute of Cardiology, Warsaw, Poland and 2Department of Hypertension, Institute of Cardiology, Warsaw, Poland

Correspondence: Dr P Dobrowolski, Department of Congenital Heart Diseases, Institute of Cardiology, Alpejska 42, Warsaw 04-628, Poland.
E-mail p.dobrowolski@ikard.pl

3These authors contributed equally to this work.
4They are equal senior authors.

Received 19 October 2014; revised 7 February 2015; accepted 20 February 2015; published online 19 March 2015

Hypertension Research (2015) 38, 545–550
& 2015 The Japanese Society of Hypertension All rights reserved 0916-9636/15
www.nature.com/hr

http://dx.doi.org/10.1038/hr.2015.39
mailto:p.dobrowolski@ikard.pl
http://www.nature.com/hr


patients and other causes in four subjects. We emphasize that patients included
in our analysis were characterized by newly diagnosed, never treated OSA and
by being free of diabetes, severe cardiovascular disorders, chronic kidney disease
and secondary causes of hypertension thus limiting the influence of other
factors on cardiac structure and function. Written informed consent was
obtained from each patient. The study protocol conforms to the ethical
guidelines of the 1975 Declaration of Helsinki and was approved by the local
Research Ethics Committee.

Clinic and ambulatory blood pressure measurements
BP was measured by a trained nurse by using an automated device (Omron
705IT, Omron, Kyoto, Japan) after a 5-min rest with the patient seated. Based
on the upper arm circumference, an appropriately sized cuff was placed on the
arm with the lower edge of the cuff 2 cm above the antecubital fossa and three
consecutive readings were taken. In all patients the ambulatory BP measure-
ments were recorded using SpaceLabs 90207 or 90217 (Redmond, WA, USA).
Readings were obtained every 15min during the day (6:00–22:00) and every
30min during the night (22:00–6:00). The average 24-h, systolic blood
pressure, diastolic blood pressure and average 24-h heart rate were analyzed.

Polysomnography
The diagnosis of OSA was made by standard attended polysomnography by
using an Alice 5 (Respironics, Murrysville, PA, USA) device. The recordings
were scored manually in 30 s epochs following Rechtschaffen and Kales’ criteria
for sleep and wake determination and sleep staging. Abnormal respiratory
events were evaluated according to the standard criteria of the American
Academy of Sleep Medicine Task Force.13 The apnea/hypopnea index (AHI),
indicating the number of apneic and hypopneic episodes per hour of sleep, was
calculated. Clinically significant OSA was diagnosed when the AHI was above
15 events per hour.

Echocardiography
All patients underwent a complete transthoracic echocardiographic examina-
tion using a GE Medical System Vivid (GE Vingmed Ultrasound, Horten,
Norway) 7 with a 2.5MHz transducer. M-mode, 2-D imaging were used. The
values of all echocardiographic parameters were obtained from the average of

three consecutive cardiac cycles. Left ventricular end-systolic (LVESd) and end-
diastolic (LVEDd) diameters, as well as interventricular septal (IVSDd) and
posterior wall thickness (PWDd) were measured according to the American
Society of Echocardiography recommendations by using the M-mode
technique.14 Left ventricular mass (LVM) was calculated using the formula
proposed by Devereux.15 Left ventricular mass index (LVMI) was obtained by
normalizing left ventricular mass to body surface area (BSA); left ventricular
hypertrophy was defined as a LVMI⩾ 110 gm− 2 for women and⩾ 125 gm− 2

for men.16 Relative wall thickness (RWT) was calculated using (IVSDd
+PWDd)/LVEDd); concentric geometry was present when RWT40.45.17

LVMI and RWT were used to differentiate four types of left ventricular
geometry: normal geometry (RWT⩽ 0.45 and normal LVMI), concentric
remodeling (RWT40.45 and normal LVMI), concentric hypertrophy
(RWT40.45 and increased LVMI) and eccentric hypertrophy (RWT⩽ 0.45
and increased LVMI) (see Supplementary Figures 1–5).

Statistical Methods
Collected data was expressed as the mean± s.d. and frequency as a percentage.
Patients were divided into four groups based on LV geometric type. Significant
differences of the studied parameters between the four groups were determined
using ANOVA and Χ2-test. Multiple comparisons between the four groups were
performed with one-way analysis of variance using the Duncan and Bonferroni
post hoc tests. Parameters identified as statistically significant based on
univariate analysis (Po0.05) were included in the multivariate logistic
regression model in order to determine the combined effect of several variables
on the prevalence of the characteristics. All statistical analyses were performed
with commercially available computer software: PASW Statistics 18 (SPSS,
Chicago, IL, USA). Po0.05 was considered statistically significant.

RESULTS

We analyzed 155 patients (92 males, 63 females, mean age 47.5± 10.5
years) with true RHTN and without secondary causes of hypertension.
Patients were divided into four groups based on the LV geometric
patterns (Figure 2): group 1 (normal geometry) (n= 38, 24.4%),
group 2 (concentric remodeling) (n= 40, 25.8%), group 3 (eccentric
hypertrophy) (n= 26, 16.8%) and group 4 (concentric hypertrophy)

Figure 1 Protocol flowchart.
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(n= 51, 33%). The clinical characteristic of the studied groups is
presented in Table 1. MS was found in 64% and clinically significant
OSA in 43.2% of subjects. In subjects with concentric hypertrophy, the
AHI was significantly higher and clinically significant OSA was more
frequent compared with patients with normal geometry. Patients in
group 4 were older and had higher blood pressure values compared
with the other groups. There were no differences in aldosterone serum
concentration and 24-h urinary sodium excretion between the four
analyzed groups. The median number of antihypertensive drugs was
four and individual antihypertensive medication drug classes were
prescribed with the following frequencies in the whole group: thiazide/

loop diuretics 97.5%, calcium channel blockers 82.8%, ß-blockers
77.9%, ACE inhibitors 63.2%, angiotensin II receptor blockers 55.8%,
alpha-blockers 38.6%, centrally acting drugs 11.6%, spironolactone
8.6% (no patient was receiving eplerenone). There were no significant
differences in the frequency of antihypertensive drugs classes between
the analyzed groups. There was no difference in GFR between the
analyzed groups. Concentric hypertrophy was the most common type
of left ventricular geometry (Figure 1). In a multivariate logistic
regression model, factors independently associated with concentric
hypertrophy were: age10 (for ten years increase) (OR-1.51; 95%
CI-1.00–2.27; Po0.04), OSA415 events per hour (OR-2.73; 95%
CI-1.26–5.93; P= 0.01) and nighttime systolic blood pressure (OR-
-1.69; 95% CI-1.32–2.17; P= 0.0001) (Table 2).

DISCUSSION

Patients with RHTN have a significantly increased risk of a cardio-
vascular event during follow-up compared with patients without
RHTN.18 This may be related to more pronounced subclinical
cardiac damage in patients with RHTN including LV hypertrophy,
especially concentric hypertrophy. Abnormal LV geometry including
concentric remodeling, eccentric hypertrophy and concentric hyper-
trophy have been shown to independently predict adverse cardiovas-
cular outcomes in hypertensive populations. Korena et al.4 established
that patients with concentric hypertrophy had the highest risk of
cardiovascular events and death, compared with subjects with normal
geometry (31 vs 11%, P= 0.03; 21 vs 0%; Po0.001 respectively).
Patients with eccentric hypertrophy and concentric remodeling were
characterized by a higher cardiovascular risk as compared with
subjects with normal left ventricle geometry; however, the risk wasFigure 2 Prevalence of respective type of LV geometry in the study.

Table 1 Baseline characteristics of patients grouped according to type of left ventricular geometry

Variables

Normal geometry

group 1 (n=38)

Concentric remodeling

group 2 (n=40)

Eccentric hypertrophy

group 3 (n=26)

Concentric hypertrophy

group 4 (n=51) P

Age (years) 44.8±11.0 48.8±10.8 43.9±11.7 50.8±8.2a,b 0.009

Gender (M/F) 21/17 26/14 15/11 30/21 0.90

BMI (kgm−2) 28.0±4.7 30.9±4.7 30.3±5.6 30.6±4.4a 0.04

Known history of hypertension (years) 8.7±8.7 10.9±8.3 9.2±6.5 12.2±8.9 0.22

Median number of antihypertesive drugs 4 (3–5) 5 (3–5) 5 (3–6) 5 (4–5)a 0.02

GFR (mlmin−1 per 1.73m2) 90.0±13.9 90.5±22.6 92.6±18.4 91.0±21.1 0.96

AHI enents per h 12.4±17.2 25.1±25.3 17.5±23.6 26.4±22.8a 0.02

OSA 415 events per h (%) 18.4 53.7 20.5 79.5a,b o0.0001

MS (%) 39.5 75.6 69.2 71.2a 0.003

Microalbuminuria (mg per 24 h) 11.7±8.9 23.7±21.7 15.6±13.6 22.7±20.8 0.01

Aldosterone 24-h urine excretion (μg per 24 h) 16.5±9.3 21.3±10.6 20.8±9.9 20.6±10.1 0.14

24-h urinary sodium excretion (mEg per 24 h) 176.6±75.1 179.9±88.1 177.4±69.9 167.6±76.0 0.89

Office SBP (mmHg) 148.9±19.5 159.4±22.2 154.3±19.9b 170.7±20.1a o0.0001

Office DBP (mmHg) 89.5±10.6 96.8±13.0 91.9±16.5b 102.7±15.0a o0.0001

24-h SBP (mmHg) 130.4±14.4 137.9±16.3 136.0±17.2 145.7±18.2a,b o0.0001

24-h DBP (mmHg) 79.9±10.2 85.6±11.9 83.4±14.3 89.8±12.9a 0.003

Daytime SBP (mmHg) 135.9±15.0 142.5±18.3 141.7±19.3 150.1±19.2a 0.004

Daytime DBP (mmHg) 84.4±10.6 90.1±12.2 87.7±15.5 92.9±13.5a 0.02

Nighttime SBP (mmHg) 119.6±15.5 128.0±14.1 125.3±15.2 137.8±18.4a,b,c o0.0001

Nighttime DBP (mmHg) 71.3±10.6 78.2±10.9 76.4±12.6 82.5±11.9a o0.0001

24-h HR (beatsmin−1) 67.0±10.1 69.7±9.7 65.7±7.8 70.0±10.1 0.25

Abbreviations: AHI, apnea/hypopnea index; BMI, body mass index; DBP, diastolic blood pressure; GFR, glomerular filtration rate; HR, heart rate; MS, metabolic syndrome; OSA 415, clinical
important obstructive sleep apnea; SBP, systolic blood pressure.
The results are presented as mean±one s.d. or median and interquartile range in the parenthesis. Categorical variables are shown as frequencies.
The variables in bold are statistically significant.
aGroup 4 vs group 1.
bGroup 4 vs group 3.
cGroup 4 vs group 2.
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lower than in patients with concentric hypertrophy. Thus they
confirmed that concentric hypertrophy is related to the highest
mortality and morbidity compared with other types of left ventricular
geometry. Additionally Wang et al.19 found that left ventricular
concentric hypertrophy is the strongest marker related to stroke risk
in patients with hypertension. Our study confirms the very-high
prevalence of concentric hypertrophy in patients with RHTN; present
in 33% of subjects.
To our knowledge, there has been little information published

concerning factors associated with concentric hypertrophy in patients
with RHTN. Hypertension was present in all our patients. The second
most common clinical condition was MS; present in 64% of studied
subjects. Clinically significant OSA (AHI415 events per hour) was
present in 43.2% of patients. We systematically evaluated which
clinical condition might be related to concentric hypertrophy. The
important finding of our study is that the presence of clinically
significant OSA and higher nocturnal BP are independently associated
with concentric hypertrophy in patients with RHTN.
Other researchers have investigated the relationship between OSA

and LVH. Koga et al.20 evaluated 37 men with OSA and 34 age-
matched healthy men as controls. Compared with the controls, the
OSA patients had a higher prevalence of concentric hypertrophy
patterns (54 vs 0%, Po0.001). In a multivariate analysis the authors
demonstrated that the apnea–hypopnea index was a significant and
independent factor associated with the presence of concentric hyper-
trophy (OD- 1.06, P= 0.008). They also found that 3 months of CPAP
treatment resulted in significant decrease in LVMI and also resulted in
lower rate of patients with concentric hypertrophy. Cioffi et al.21

reported that moderate to severe OSA and higher BMIs are associated
with an increased prevalence of concentric hypertrophy in patients
with OSA. On the other hand, Chami22 and colleague demonstrated
that in patients with OSA the frequency of eccentric hypertrophy is
higher than that of concentric hypertrophy. The prevalence of
eccentric hypertrophy was associated with a higher AHI. In our study
the AHI was not confirmed as an independent factor of concentric
hypertrophy.
The relationship between concentric hypertrophy and ambulatory

BP levels (in particular nocturnal blood pressure levels) is still a matter
of debate. De la Sierra et al.23 in the Spanish registry demonstrated
that BP values from ambulatory blood pressure monitoring are

independently and significantly associated with cardiovascular event
risk in patients with treated hypertension and high or very-high
cardiovascular risk. The nighttime systolic BP values had the strongest
predictive value in this analysis. For the first time, Redon et al.24

evaluated the prognostic importance of ambulatory BP in RHTN.
During a mean follow-up period of 4 years, there were 2, 9 and 10
events in the lowest (BPo88mmHg), middle (BP 88–97mmHg),
and highest tertile (BP4 97mmHg), respectively. In comparison with
patients classified in the lowest tertile, the adjusted relative risk of
cardiovascular events was 6.42, 95% CI 1.39 –29.7, Po0.02, in those
classified in the highest tertile, and 3.69, 95% CI 0.79–17.33, Po0.098,
in those classified in the middle tertile. Thus, subjects with the lowest
ambulatory BP had the lowest risk of cardiovascular events. Verdec-
chia et al.25 reported that ambulatory BP monitoring is superior to BP
monitoring in the clinic for predicting cardiovascular risk in treated
hypertensive patients. In our study, nighttime systolic blood pressure
together with clinically significant OSA were significant factors
independently associated with concentric hypertrophy. Our finding
may suggest that in patients with RHTN, the nocturnal consequences
of OSA, including an increased nocturnal systolic pressure because of
respiratory effort during an apneic event, hypoxemia and increased
sympathetic neural activity, could account for the development of
concentric hypertrophy. There is no sufficient data to prove that
controlling nighttime systolic BP results in reversing remodeling of
concentric LVH.
Suggestions have been made that RHTN may be characterized as a

state of hyperaldosteronism. It was shown that higher aldosterone
levels might be related to more pronounced left ventricular hyper-
trophy. In our study we found no relationship between concentric
LVH and aldosterone concentration. This might be explained by the
fact that the patients with primary hyperaldosteronism were purposely
excluded from the study thus limiting the number of patients with
higher aldosterone levels. It should be highlighted that in a group
of patients with primary hyperaldosteronism and OSA, the presence of
OSA was associated with concentric remodeling, but the presence of
primary hyperaldosteronism was associated with higher left ventricular
mass and higher frequency of left ventricular hypertrophy.26 More-
over, studies demonstrating a relationship between aldosterone levels
and concentric LVH were based on a larger sample from the general
population and the correlation was relatively modest.

Table 2 Univariate and mutivariate analysis showing the relationship between concentric hypertrophy and clinical parameters

Univariate model Multivariate model

Variables OR 95% Cl P OR 95% Cl P

Age-10 1.61 1.12–2.32 0.01 1.51 1.00–2.27 0.04

Gender 1.05 0.54–2.07 0.87

24SBP-10 1.04 1.02–1.06 0.0001 NS

24DBP-10 1.04 1.02–1.07 0.002 NS

Daytime SBP-10 1.35 1.12–1.64 0.002 NS

Daytime DBP-10 1.38 1.06–1.79 0.02 NS

Nighttime SBP-10 1.64 1.30–2.06 0.0001 1.69 1.32–2.17 0.0001

Nighttime DBP-10 1.69 1.24–2.28 0.001 NS

MS 1.58 0.78–3.24 0.21

OSA415 2.71 1.37–5.37 0.004 2.73 1.26–5.93 0.01

Aldosterone 24-h urine excretion (μg per 24 h) 1.01 0.98–1.05 0.44

HR-24 h 1.02 0.99 1.06

24-h urinary sodium excretion 0.99 0.99–1.00 0.48

Abbreviations: CI, confidence interval; DBP,diastolic blood pressure; HR, heart rate; MS, metabolic syndrome, NS, no statistically significant; OR, odds ratio; OSA 415, clinical important
obstructive sleep apnea; SBP, systolic blood pressure.
The variables in bold are statistically significant.
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The last important finding of our study is that we have not
confirmed that MS is an independent factor of concentric hypertro-
phy. MS often coexists in patients with RHTN and can also influence
LV concentric hypertrophy. Mancia et al.27 established a higher
prevalence of LVH in patients with MS compared with groups
without MS. In this study the most important predictor of new-
onset LVH was the initial LVMI value with independent contributions
from BP, metabolic and body weight alterations. However, the MS was
not found to be an independent predictor of new-onset LVH when
included together in the multivariate analysis. The presented results
are very similar. In the univariate model, MS was significantly
associated with concentric hypertrophy, but in multivariate model
this association was not confirmed. On the other hand, Grandi et al.28

analyzed 38 patients with and 50 without MS. In the MS group, LVMI
and RWT were significantly higher than in the group without MS
(P= 0.0015, P= 0.0021 respectively). In this study, the association
between the presence of MS and concentric LV geometry was
confirmed by using a stepwise multiple regression analysis. In another
study, the same group of authors achieved similar results.29 In patients
with MS, there was a higher prevalence of LV hypertrophy compared
with patients without MS (57.7 vs 25.1%; Po0.00001). The indepen-
dent relationships between LV mass and MS was confirmed in
multivariate regression models including MS together with its
individual components. Previous studies demonstrated the relation-
ship between cardiovascular structure and some components of
the MS. Lind et al.30 found that LVH in the untreated hypertensive
group was related to decreased insulin sensitivity, but Horio et al.31

reported that HDL cholesterol was inversely associated with left
ventricular mass.
The main limitation of this study is a middle aged (or younger)

group of patients with preserved renal function and without any
history of diabetes, thus mitigating the potential confounding effects of
advanced age and comorbidities in our results. Therefore, our results
may not be applicable to a wider population of patients with
truly RHTN.

CONCLUSION

Concentric hypertrophy was the most frequent type of left ventricular
geometry in patients with RHTN. Nighttime systolic blood pressure
and clinically significant OSA levels were independently associated
with concentric hypertrophy in patients with RHTN. Our study clearly
indicated the relevant association between subclinical left ventricular
damage, nighttime BP levels and sleep disturbances.
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