
ORIGINAL ARTICLE

The ratio of observed to predicted left ventricular
mass is independently associated with increased
cardiovascular events in patients with chronic
kidney disease

Szu-Chia Chen1,2, Jer-Ming Chang1,2,3, Wan-Chun Liu1,2, Yi-Yu Chen2, Ling-I Chen1, Jiun-Chi Huang1,
Tsung-Kun Yang1, Ho-Ming Su2,4,5 and Hung-Chun Chen1,3

A condition involving the growth of the myocardium that exceeds hemodynamic needs has been reported and called as

inappropriate left ventricular mass (LVM). The appropriateness of LVM can be estimated by the ratio of observed LVM to predicted

LVM. The excessive growth of LVM is frequently noted in patients with chronic kidney disease (CKD). This study is designed to

assess whether the ratio of observed to predicted LVM is a useful prognostic indicator of cardiovascular events in patients with

moderate to advanced CKD. We consecutively enrolled 485 patients with CKD stages 3–5 from our Outpatient Department of

Internal Medicine. Inappropriate LVM was defined as observed LVM more than 28% greater than the predicted value. The relative

risk of cardiovascular events was analyzed by Cox-regression methods. There was a significant trend for a stepwise increase in the

observed/predicted LVM ratio (Po0.001) and the prevalence of inappropriate LVM (P¼0.003) corresponding to advances in CKD

stages. In the multivariate analysis, old age, a history of coronary artery disease, congestive heart failure, atrial fibrillation, wide

pulse pressure, decreased serum albumin and hemoglobin levels, left atrial diameter 44.7cm and increased observed/predicted

LVM were independently associated with increased cardiovascular events. Our findings show that increased observed/predicted

LVM is independently associated with adverse cardiovascular outcomes in patients with CKD stages 3–5.
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INTRODUCTION

Cardiovascular disease is the leading cause of morbidity and mortality
in patients with chronic kidney disease (CKD).1 This excess
cardiovascular risk in CKD can be attributed to several risk factors,
such as proteinuria, fluid retention, anemia, oxidative stress and
structural and functional abnormalities of the heart.1–4

A number of hemodynamic and metabolic disturbances affect the
structure and function of the heart in patients with CKD.5 To
compensate for the hemodynamic and metabolic alterations, an
excessive increase in the left ventricular mass (LVM), a condition
that has been termed ‘inappropriate LVM’, is frequently found in
patients with CKD.6 The predicted LVM based on sex, height2,7 and
hemodynamic load can be used as an appropriate reference for the
observed LVM.7,8 The appropriateness of the LVM can be estimated
by the ratio of the observed LVM to the predicted LVM. Recently, the
presence of inappropriate LVM has been found in a significant

proportion of patients with arterial hypertension or aortic stenosis
and has been reported to have a negative impact on cardiovascular
prognosis.9–12 In addition, inappropriate LVM is also strongly
correlated with the presence and magnitude of CKD.7,13 However, a
limited number of studies have evaluated the association between
observed/predicted LVM and cardiovascular events in patients with
moderate to advanced CKD stages. Accordingly, the aims of this study
were to assess the determinants of observed/predicted LVM and
whether observed/predicted LVM is a useful prognostic indicator of
cardiovascular events in patients with CKD stages 3–5.

METHODS

Study patients and design
The study was conducted in a regional hospital in southern Taiwan. In total,

485 patients with CKD stages 3–5 were enrolled consecutively from our

Outpatient Department of Internal Medicine from January 2007 to May 2010.
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Patients with evidence of kidney damage lasting for more than 3 months were

classified as CKD stage 3, 4, or 5 based on an estimated glomerular filtration

rate (eGFR) (mlmin�1 per 1.73m2) of 30–59, 15–29, or o15, respectively, as

recommended in the National Kidney Foundation-Kidney Disease Outcomes

Quality Initiative (K/DOQI) guidelines.14 Patients with significant mitral valve

disease and inadequate image visualization were excluded. Patients on dialysis

treatment were also excluded. The protocol for this study was approved by our

Institutional Review Board, and all of the enrolled patients gave written

informed consent.

Evaluation of cardiac structure and function
The echocardiographic examination was performed by two experienced

cardiologists with a VIVID 7 ultrasound machine (General Electric Medical

Systems, Horten, Norway), with the participant respiring quietly in the left

decubitus position. The cardiologists were blind to the data for the patients.

Two-dimensional and two-dimensionally guided M-mode images were

recorded from the standardized views. The echocardiographic measurements

included the left atrial (LA) diameter, left ventricular internal diameter in

diastole (LVIDd), LVPWTd (left ventricular posterior wall thickness in

diastole), IVSTd (interventricular septal wall thickness in diastole), E-wave

deceleration time, peak early transmitral filling wave velocity (E), peak late

transmitral filling wave velocity (A) and E/A ratio. Left ventricular systolic

function was assessed by the left ventricular ejection fraction (LVEF) and

midwall fractional shortening (mwFS).15 The observed LVM was calculated

using the Devereux-modified method, that is, LVM¼ 1.04� [(IVSTdþ
LVIDdþ LVPWTd)3�LVIDd3]�13.6 g.16 The left ventricular mass index

(LVMI) was calculated by dividing the LVM by the body surface area. Left

ventricular hypertrophy (LVH) was defined as suggested by the 2007 European

Society of Hypertension/European Society of Cardiology guidelines.17 The

LVRWT (left ventricular relative wall thickness) was calculated as the ratio of

2� LVPWTd/LVIDd. Concentric LVH was defined as an LVMI of more than

125 gm�2 in men and more than 110 gm�2 in women, with an LVRWT of

more than 0.45; eccentric LVH was defined as an LVMI of more than

125 gm�2 in men and more than 110 gm�2 in women, with an LVRWTof less

than 0.45. Inappropriate LVM was also assessed as the ratio between the

observed and predicted LVM (observed/predicted LVM). The predicted LVM

was estimated using the following equation: predicted LVM¼ 55.37þ 6.64�
height (m2.7)þ 0.64� stroke work�18.07� sex (in which sex was coded as

male¼ 1 and female¼ 2).8 Stroke work was estimated as the product of the

systolic blood pressure and the stroke volume and converted into gram meters

by multiplying with 0.0144. The LVM was defined as ‘inappropriate’ when the

observed LVM was more than 28% greater than the predicted value (that is,

observed/predicted LVM 4128%).7,8

Collection of demographic, medical and laboratory data
Demographic and medical data, including age, gender, smoking history (ever

vs. never) and comorbid conditions were garnered from medical records or

interviews with patients. The BMI (body mass index) was calculated as the

ratio of weight in kg to the square of height in meters. Blood and urine

samples were obtained within 1 month of enrollment. Laboratory data were

measured from fasting blood samples using an autoanalyzer (Roche Diag-

nostics GmbH (Mannheim, Germany), D-68298 Mannheim COBAS Integra

400). The serum creatinine was measured by the compensated Jaffé (kinetic

alkaline picrate) method in a Roche/Integra 400 chemistry analyzer (Roche

Diagnostics) using a calibrator traceable to isotope-dilution mass spectro-

metry.18 The value of eGFR was calculated using the 4-variable equation in the

Modification of Diet in Renal Disease (MDRD) study.19 A test result of 1þ or

more was defined as positive. In addition, information regarding patient

medications, including angiotensin-converting enzyme inhibitors, angiotensin

II-receptor blockers, b-blockers, calcium-channel blockers and diuretics during

the study period, was obtained from medical records.

Definition of cardiovascular events
Cardiovascular events were defined as cardiovascular death, hospitalization for

unstable angina, nonfatal myocardial infarction, sustained ventricular arrhyth-

mia, hospitalization for congestive heart failure, transient ischemia attack and

stroke. The cardiovascular events were ascertained and adjudicated by

cardiologists from the hospital course and medical record. Patients who

experienced cardiovascular events were followed until the first episode of

cardiovascular events. The other patients were followed until February 2011.

Statistical analysis
The data are expressed as percentages or the mean± s.d. or median

(25th–75th percentile) for triglyceride. The differences between two groups

were checked by a chi-square test for categorical variables or by an

independent t-test for continuous variables. The relationship between two

Table 1 Baseline and echocardiographic characteristics of study

patients

Characteristics All patients (n¼485)

Age (years) 66.0±12.3

Male gender (%) 62.5

Smoking history (%) 31.1

Diabetes mellitus (%) 56.3

Hypertension (%) 82.9

Coronary artery disease (%) 11.8

Cerebrovascular disease (%) 15.3

Congestive heart failure (%) 12.4

Atrial fibrillation (%) 4.1

Stage of CKD

Stage 3 (%) 39.2

Stage 4 (%) 30.7

Stage 5 (%) 30.1

Systolic blood pressure (mm Hg) 141.4±21.2

Diastolic blood pressure (mm Hg) 79.3±12.9

Pulse pressure (mm Hg) 62.1±17.6

Body mass index (kgm�2) 25.4±4.0

Laboratory parameters

Albumin (g dl�1) 4.01±0.41

Fasting glucose (mg dl�1) 126.0±58.6

Triglyceride (mg dl�1) 138.5 (96.8-201)

Total cholesterol (mg dl�1) 194.5±47.6

Hemoglobin (g dl�1) 11.6 ±2.4

Baseline eGFR (ml min�1 per 1.73 m2) 26.1±14.3

Uric acid (mgdl�1) 8.3±2.3

Proteinuria (%) 66.1

Medications

ACEI and/or ARB use (%) 72.9

b-blocker use (%) 31.7

Calcium-channel blocker use (%) 55.7

Diuretics use (%) 44.5

Echocardiographic data

LA diameter 44.7cm (%) 6.6

Left ventricular geometry

non-LVH 35.7

concentric LVH 27.2

eccentric LVH 37.1

Observed/predicted LVM (%) 156.6±54.1

Inappropriate LVM (%) 68.5

LVEFo50% (%) 6.0

mwFSo14% (%) 20.8

E-wave deceleration time (ms) 224.3±66.2

E/Ao1 (%) 75.9

Abbreviations: A, peak late transmitral filling wave velocity; ACEI, angiotensin-converting
enzyme inhibitor; ARB, angiotensin II receptor blocker; CKD, chronic kidney disease; E, peak
early transmitral filling wave velocity; eGFR, estimated glomerular filtration rate; LVEF, left
ventricular ejection fraction; LA, left atrial; LVH, left ventricular hypertrophy; LVM, left
ventricular mass; mwFS, midwall fractional shortening.
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continuous variables was assessed using a bivariate correlation method

(Pearson’s correlation). Linear regression analysis was used to identify the

factors associated with observed/predicted LVM. The time to cardiovascular

events and the covariates of the risk factors were modeled using a Cox

proportional hazards model. Significant variables in the univariate analysis

were selected for a multivariate analysis. A P-value of less than 0.05 was

considered to be significant. All of the statistical operations were performed

using SPSS (Statistical Package for the Social Sciences) 12.0 for Windows

(SPSS, Chicago, IL, USA).

RESULTS

As can be seen in Table 1, a summary of baseline and echocardio-
graphic characteristics, we studied 485 non-dialyzed patients with
CKD (303 men and 182 women, mean age 66.0±12.3 years). The
value of observed/predicted LVM was 156.6±54.1%, and the
prevalence of inappropriate LVM was 68.5%. There was a significant
trend for a stepwise increase in observed/predicted LVM (Po0.001
for trend) (Figure 1a) and the prevalence of inappropriate LVM
(60.0%, 71.1% and 76.7%, respectively; P¼ 0.003 for trend)
(Figure 1b) corresponding to the advancement in chronic kidney
disease from stage 3 to stage 5. In addition, Figure 2 shows the
significant trend for a stepwise increase in LVMI (A) and in the
prevalence of LVH (B) corresponding to the advancement in CKD
from stage 3 to stage 5.

Risk of inappropriate LVM and increased observed/predicted LVM
The comparison of baseline and echocardiographic characteristics
between patients with appropriate and inappropriate LVMs is shown

in Table 2. Compared with patients with appropriate LVM, patients
with inappropriate LVM were significantly associated with a higher
prevalence of diabetes, more advanced CKD stages, lower systolic
blood pressure, lower pulse pressure, higher BMI, lower albumin,
higher fasting glucose, lower hemoglobin, lower baseline eGFR, higher
uric acid, greater use of diuretics and use of a higher number of
antihypertensive drugs. In addition, patients with inappropriate LVM
exhibited a higher prevalence of LA diameter 44.7 cm, higher
prevalence of concentric LVH and eccentric LVH, higher observed/
predicted LVM value, and higher prevalence of LVEFo50% and
mwFSo14%.
As shown in Table 3, which summarizes our findings on the

possible determinants of observed/predicted LVM in our study
patients, the univariate analysis revealed a significant positive correla-
tion between observed/predicted LVM and a history of coronary
artery disease and congestive heart failure, advanced CKD stages,
BMI, proteinuria, diuretics use, LA diameter44.7 cm, concentric and
eccentric LVH, LVEFo50% and mwFSo14% and a negative correla-
tion between observed/predicted LVM and albumin and hemoglobin.
Furthermore, the multivariate analysis revealed a significant correla-
tion between increase in observed/predicted LVM and advanced CKD
stages (P¼ 0.01), high BMI (Po0.001), concentric LVH (Po0.001),
eccentric LVH (Po0.001), LVEFo50% (P¼ 0.002) and mwFSo14%
(Po0.001).

Risk of increased cardiovascular events
The follow-up period was 25.9±12.6 months in all patients and
28.6±11.1 months in patients without cardiovascular events. In all,
86 cardiovascular events were documented during the follow-up
period, including cardiovascular death (n¼ 11), hospitalization for

Figure 1 There was a significant trend for a stepwise increase in observed/

predicted left ventricular mass (LVM) (Po0.001 for trend) (a) and the

prevalence of inappropriate LVM (60.0%, 71.1% and 86.7%, respectively;

P¼0.003 for trend) (b) corresponding to the advancement in chronic

kidney disease from stage 3 to stage 5.

Figure 2 There was a significant trend for a stepwise increase in left

ventricular mass index (LVMI) (Po0.001 for trend) (a) and in the

prevalence of left ventricular hypertrophy (LVH) (50.5%, 65.8% and

80.8%, respectively; Po0.001 for trend) (b) corresponding to the

advancement in chronic kidney disease from stage 3 to stage 5.
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unstable angina and nonfatal myocardial infarction (n¼ 16), sus-
tained ventricular arrhythmia (n¼ 9), hospitalization for congestive
heart failure (n¼ 29) and transient ischemia attack and stroke
(n¼ 21). A Cox proportional hazards regression analysis for cardio-
vascular events is shown in Table 4. In the univariate regression
analysis, old age, a history of diabetes, coronary artery disease,

cerebrovascular disease, congestive heart failure, atrial fibrillation, high
systolic blood pressure, wide pulse pressure, low albumin, low
hemoglobin, low baseline eGFR, proteinuria, diuretic use, LA diameter
44.7 cm, concentric and eccentric LVH, increased observed/predicted
LVM, decreased LVEF and decreased mwFS were significantly asso-
ciated with an increase in cardiovascular events. In the multivariate

Table 2 Comparison of baseline and echocardiographic

characteristics between patients with appropriate and inappropriate

left ventricular mass

Characteristics

Appropriate LVM

(n¼153)

Inappropriate LVM

(n¼332)

Age (years) 66.3±12.2 65.9±12.3

Male gender (%) 60.8 64.2

Smoking history (%) 29.4 31.9

Diabetes mellitus (%) 47.7 60.2*

Hypertension (%) 79.1 84.6

Coronary artery disease (%) 7.8 13.6

Cerebrovascular disease (%) 11.8 16.9

Congestive heart failure (%) 9.8 13.6

Atrial fibrillation (%) 2.6 4.8

Stage of CKD

Stage 3 (%) 49.7 34.3**

Stage 4 (%) 28.1 31.9

Stage 5 (%) 22.2 33.7

Systolic blood pressure (mm Hg) 144.7±20.4 139.9±21.4*

Diastolic blood pressure (mmHg) 80.0±11.0 79.0±13.7

Pulse pressure (mm Hg) 64.7±17.3 60.9±17.6*

Body mass index (kg m�2) 24.2±3.4 25.9±4.1**

Laboratory parameters

Albumin (gdl�1) 4.11±0.32 3.96±0.43**

Fasting glucose (mg dl�1) 117.0±52.8 130.0±60.7*

Triglyceride (mg dl�1) 131.5 (94–183.5) 144 (97.3–204.8)

Total cholesterol (mg dl�1) 190.7±47.6 196.2±47.6

Hemoglobin (g dl�1) 12.0±2.2 11.4±2.4*

Baseline eGFR (ml min�1 per 1.73 m2) 28.5±14.0 25.0±14.3*

Uric acid (mg dl�1) 7.9±2.0 8.4±2.3*

Proteinuria (%) 64.1 67.1

Medications

ACEI and/or ARB use (%) 72.0 73.3

b-blocker use (%) 28.7 33.1

Calcium channel blocker use (%) 52.0 57.4

Diuretics use (%) 36.7 48.2*

Number of antihypertensive drug use 1.9±1.1 2.1±1.1*

Echocardiographic data

LA diameter 44.7cm (%) 2.6 8.4*

Left ventricular geometry

non-LVH 70.6 19.6**

concentric LVH 0 39.8

eccentric LVH 29.4 40.7

Observed/predicted LVM (%) 105.8±15.4 180.0±49.3**

LVEFo50% (%) 0.7 8.4**

mwFSo14% (%) 1.3 29.8**

E-wave deceleration time (ms) 220.1±63.8 226.3±67.3

E/Ao1 (%) 71.3 78.0

Abbreviations: A, peak late transmitral filling wave velocity; ACEI, angiotensin converting
enzyme inhibitor; ARB, angiotensin II receptor blocker; CKD, chronic kidney disease; E, peak
early transmitral filling wave velocity; eGFR, estimated glomerular filtration rate; LVEF, left
ventricular ejection fraction; LA, left atrial; LVH, left ventricular hypertrophy; LVM, left
ventricular mass; mwFS, midwall fractional shortening.
*Po0.05, **Po0.001 compared with patients with appropriate LVM.

Table 3 Determinants of observed/predicted left ventricular mass in

study patients

Univariate Multivariate (forward)

Characteristics

Standardized

coefficient b P

Standardized

coefficient b P

Age (years) 0.004 0.928 — —

Male vs. female �0.008 0.853 — —

Smoking (ever vs. never) 0.048 0.288 — —

Diabetes mellitus 0.080 0.078 — —

Hypertension 0.083 0.066 — —

Coronary artery disease 0.121 0.008 — —

Cerebrovascular disease 0.073 0.109 — —

Congestive heart failure 0.166 o0.001 — —

Atrial fibrillation 0.083 0.068 — —

CKD stage 0.220 o0.001 0.076 0.010

Systolic blood pressure

(mm Hg)

�0.061 0.183 — —

Diastolic blood pressure

(mm Hg)

�0.037 0.422 — —

Pulse pressure (mm Hg) �0.046 0.312 — —

Body mass index (kgm�2) 0.138 0.002 0.117 o0.001

Laboratory parameters

Albumin (g dl�1) �0.249 o0.001 — —

Fasting glucose (mg dl�1) 0.082 0.074 — —

Triglyceride (Log mgdl�1) 0.050 0.276 — —

Cholesterol (mg dl�1) 0.088 0.054 — —

Hemoglobin (g dl�1) �0.170 o0.001 — —

Uric acid (mgdl�1) 0.069 0.136 — —

Proteinuria 0.123 0.007 — —

Medications

ACEI and/or ARB use (%) �0.069 0.134 — —

b-blocker use (%) 0.032 0.481 — —

Calcium channel

blocker use (%)

0.067 0.146 — —

Diuretics use (%) 0.168 o0.001 — —

Echocardiographic data

LA diameter 44.7cm (%) 0.177 o0.001 — —

Left ventricular geometry

non-LVH Reference Reference

concentric LVH 0.752 o0.001 0.570 o0.001

eccentric LVH 0.305 o0.001 0.259 o0.001

LVEFo50% (%) 0.329 o0.001 0.097 0.002

mwFSo14% (%) 0.614 o0.001 0.409 o0.001

E-wave deceleration time (ms) �0.036 0.435 — —

E/Ao1 (%) �0.014 0.758 — —

Abbreviations: A, peak late transmitral filling wave velocity; ACEI, angiotensin converting
enzyme inhibitor; ARB, angiotensin II receptor blocker; CKD, chronic kidney disease; E, peak
early transmitral filling wave velocity; eGFR, estimated glomerular filtration rate; LVEF, left
ventricular ejection fraction; LA, left atrial; LVH, left ventricular hypertrophy; mwFS, midwall
fractional shortening.
Values expressed as standardized coefficient b.
Adjusted R square¼0.649.
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forward analysis, old age, a history of coronary artery disease,
congestive heart failure and atrial fibrillation, wide pulse pressure,
decreased albumin, decreased hemoglobin, LA diameter 44.7 cm, and
increased observed/predicted LVM (HR (hazard ratio), 1.004; 95% CI
(confidence interval), 1.001–1.008, P¼ 0.015) were independently
associated with increased cardiovascular events. Figure 3 illustrates
the Kaplan–Meier curves for cardiovascular event-free survival in
patients subdivided according to inappropriate or appropriate LVM
(log-rank P¼ 0.036).
Because low LVEF could influence the calculation of inappropriate

LVM, we performed a subgroup analysis after excluding 14 cases with
LVEFo40% and found similar results, that is, increased observed/

predicted LVM (HR, 1.004; 95% CI, 1.001–1.007, P¼ 0.024) was
independently associated with increased cardiovascular events.

DISCUSSION

In this study, we evaluated the determinants of observed/predicted
LVM and the impact of observed/predicted LVM on cardiovascular
outcomes in patients with CKD stages 3–5. We found a significant
trend for a stepwise increase in observed/predicted LVM and the
prevalence of inappropriate LVM corresponding to advancement in
CKD stages; we also noted that increased observed/predicted LVM
was independently associated with an increase in cardiovascular
events.

Table 4 Predictors of cardiovascular events using Cox proportional hazards model

Univariate Multivariate (Forward)

Parameter HR (95% CI) P HR (95% CI) P

Age (per 1 year) 1.042 (1.022–1.063) o0.001 1.027 (1.006–1.048) 0.011

Male vs. female 1.103 (0.710–1.714) 0.662 — —

Smoking (ever vs. never) 1.317 (0.848–2.047) 0.220 — —

Diabetes mellitus 2.080 (1.305–3.317) 0.002 — —

Hypertension 1.577 (0.815–3.049) 0.176 — —

Coronary artery disease 2.753 (1.683–4.505) o0.001 2.823 (1.656–4.814) o0.001

Cerebrovascular disease 2.097 (1.279–3.440) 0.003 — —

Congestive heart failure 3.367 (2.086–5.435) o0.001 1.922 (1.153–3.205) 0.012

Atrial fibrillation 2.333 (1.076–5.058) 0.032 2.571 (1.096–6.029) 0.030

Systolic blood pressure (per 1 mm Hg) 1.013 (1.003–1.022) 0.010 — —

Diastolic blood pressure (per 1 mm Hg) 0.986 (0.969–1.003) 0.108 — —

Pulse pressure (per 1 mmHg) 1.025 (1.013–1.037) o0.001 1.015 (1.002–1.028) 0.024

Body mass index (per 1 kgm�2) 0.976 (0.925–1.030) 0.377 — —

Laboratory parameters

Albumin (per 1 g dl�1) 0.276 (0.181–0.422) o0.001 0.401 (0.229–0.704) 0.001

Fasting glucose (per 1 mgdl�1) 1.002 (0.999–1.005) 0.105 — —

Triglyceride (per log 1 mg dl�1) 0.848 (0.356–2.019) 0.710 — —

Cholesterol (per 1 mgdl�1) 1.000 (0.995–1.005) 0.996 — —

Hemoglobin (per 1gdl�1) 0.793 (0.721–0.871) o0.001 0.871 (0.781–0.970) 0.012

Baseline eGFR (per 1 mlmin�1 per 1.73 m2) 0.971 (0.956–0.987) o0.001 — —

Uric acid (per 1 mg dl�1) 1.083 (0.988–1.187) 0.088 — —

Proteinuria 1.743 (1.056–2.875) 0.030 — —

Antihypertensive medications

ACEI and/or ARB use 0.847 (0.527–1.360) 0.491 — —

b-blocker use 1.003 (0.631–1.595) 0.989 — —

Calcium channel blocker use 1.229 (0.793–1.905) 0.357 — —

Diuretics use 2.886 (1.832–4.545) o0.001 — —

Echocardiographic data

LA diameter 44.7cm 3.651 (2.055–6.487) o0.001 2.022 (1.101–3.714) 0.023

Left ventricular geometry

non-LVH Reference

concentric LVH 3.125 (1.675–5.830) o0.001 — —

eccentric LVH 2.843 (1.540–5.248) 0.001 — —

Observed/predicted LVM (per 1 %) 1.743 (1.036–2.933) o0.001 1.004 (1.001–1.008) 0.015

LVEF (per 1%) 0.967 (0.950–0.983) o0.001 — —

mwFS (per 1%) 0.914 (0.871–0.959) o0.001 — —

E-wave deceleration time (per 1 ms) 1.001 (0.997–1.004) 0.743 — —

E/Ao1 0.960 (0.573–1.608) 0.877 — —

Abbreviations: A, peak late transmitral filling wave velocity; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CI, confidence interval; E, peak early transmitral
filling wave velocity; eGFR, estimated glomerular filtration rate; HR, hazard ratio; LVEF, left ventricular ejection fraction; LA, left atrial; LVH, left ventricular hypertrophy; mwFS, midwall fractional
shortening.
Values express as HR and 95%l CI.
�2 Log likelihood¼871.9; Chi-square¼112.6; Po0.001.
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The hemodynamic and metabolic disturbances in patients with
CKD may synergistically activate a variety of pathophysiological
alterations, including hemodynamic abnormalities (that is, increased
preload and afterload) and non-hemodynamic abnormalities (that is,
neurohormonal stressors and factors promoting myocardial fibrosis
and atherosclerosis), and thus result in the excessive growth of the
LVM.1–4,20 Nardi et al.7 evaluated the prevalence of inappropriate
LVM in CKD stage 2–5 patients with a mean eGFR of 39mlmin�1

per 1.73m2 and found that patients with CKD had a higher
prevalence of inappropriate LVM than hypertensive patients with
normal renal function (52.6% vs. 30.5%, Po0.001). Cioffi et al.12 also
studied the relationship between inappropriate LVM and renal
function in patients with a mean eGFR of 67mlmin�1 per 1.73m2

and found that there was an inverse relation between observed/
predicted LVM and eGFR. In our study, we consistently demonstrated
a significant trend for a stepwise increase in the observed/predicted
LVM and in the prevalence of inappropriate LVM corresponding
to advancement in CKD stages in patients with a mean eGFR
of 26.1mlmin�1 per 1.73m2. Additionally, CKD stage was still a
major determinant of observed/predicted LVM after the multivariate
analysis.
Previous studies have shown that inappropriate LVM is associated

with several unfavorable cardiac characteristics, including concentric
left ventricular geometry and decreased left ventricular systolic and
diastolic function.21,22 Chinali et al.9 have demonstrated that
inappropriate LVM is associated with low LVEF, long isovolumic
relaxation time and prolonged E-deceleration time in 359
hypertensive patients. Our study also demonstrated that concentric
and eccentric LVH, LVEFo50% and mwFSo14% were significantly
associated with increased observed/predicted LVM, consistent with
previous findings.21,22

Inappropriate LVM is associated with clusters of markers of
cardiovascular risk.21,22 Recently, an adverse impact of inappropriate
LVM on cardiovascular outcomes has been observed in hypertensive
patients.10,11 For instance, de Simone et al.10 studied the impact of

inappropriate LVM on cardiovascular prognosis in 294 hypertensive
patients and found that inappropriate LVM predicted poor
cardiovascular prognosis independently of age and systolic blood
pressure. They also found that inappropriate LVM remained a
significant predictor of cardiovascular events in a more complete
model with a larger number of covariates in 1019 white hypertensive
patients.11 Our study also demonstrated that increased observed/
predicted LVM was significantly associated with increased
cardiovascular events. Hence, observed/predicted LVM was a useful
indicator of poor cardiovascular outcomes in patients with moderate
to advanced CKD stages.
In this study, compared with patients with appropriate LVM,

patients with inappropriate LVM had a narrower pulse pressure. This
correlation has also been noted in previous studies,9,23 in which
patients with inappropriate LVM exhibited lower systolic blood
pressure but comparable diastolic blood pressure relative to patients
with appropriate LVM. The reasons for the negative association
between pulse pressure and inappropriate LVM might be related to a
higher number of antihypertensive drugs used and an early
asymptomatic deterioration in cardiac pump function in patients
with inappropriate LVM. Similarly, our patients with inappropriate
LVM had used a higher number of antihypertensive drugs and had a
higher prevalence of LVEFo50% and mwFSo14%, which might
explain the negative correlation between pulse pressure and
inappropriate LVM in the present study.
The calculation of predicted LVM is based on age, gender, height

and stroke work. Thus, a single blood pressure measurement may
have a great impact on the calculation of predicted LVM. An average
ambulatory blood pressure over 24h may be more closely related to
LVM than a single clinical blood pressure measurement. In addition,
low LVEF and low systolic blood pressure can also influence the
calculation of predicted LVM. Therefore, we performed a subgroup
analysis after excluding cases with LVEFo40% and still found that
increased observed/predicted LVM was independently associated with
increased cardiovascular events. Finally, treatment with antihyperten-
sive drugs can potentially influence LV geometry and functional
parameters. In particular, the use of diuretics may reduce LV diameter
and thus cause a greater prevalence of inappropriate LVM. For ethical
reasons, we did not withhold any drugs at the time of the
echocardiography evaluation. However, to elucidate the influence of
drugs, we had added different classes of antihypertensive drugs in the
analysis and found that there was no association between antihyper-
tensive drugs used and cardiovascular events in the multivariate
analysis.
In conclusion, our study in patients with CKD stages 3–5

demonstrated that there was a significant trend for a stepwise increase
in observed/predicted LVM and the prevalence of inappropriate LVM.
Increased observed/predicted LVM was closely associated with
advanced CKD stages and adverse cardiovascular outcomes. The ratio
of observed LVM to predicted LVM may help identify a high-risk
group for adverse cardiovascular outcomes in patients with CKD
stages 3–5.
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