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Abstract 

AIMS: Cardiovascular magnetic resonance (CMR) can accurately measure left ventricular 

(LV) mass, which is associated with morbidity and mortality. Several measures related to LV 

wall thickness exist, with uncertain relative prognostic strength. We hypothesized that 

prognosis can be used to select an optimal measure of wall thickness for characterizing LV 

hypertrophy. METHODS AND RESULTS: Subjects having undergone CMR were studied 

(cardiac patients, n=2543; healthy volunteers, n=100). A new measure, global wall thickness 

(GT, GTI if indexed to body surface area), and related measures, including mass/volume and 

mass/volume2/3, were calculated. GT was accurately calculated from LV mass and LV end-

diastolic volume. Among patients with follow-up (n=1575, median follow-up 5.4 years), the 

most predictive measure of death or hospitalization for heart failure was LV mass index 

(LVMI) (hazard ratio (HR)[95% confidence interval] 1.16[1.12–1.20], p<0.001), followed by 

GTI (HR 1.14[1.09–1.19], p<0.001). Among patients with normal mass, volume, systolic 

function and absence of scar (n=326, median follow-up 5.8 years), the most predictive 

measure was GT (HR 1.62[1.35–1.94], p<0.001). GT and LVMI could characterize patients 

as having a normal LV mass and wall thickness, or concentric remodeling, concentric 

hypertrophy, or eccentric hypertrophy, and the three abnormal groups had worse prognosis 

than the normal group (p<0.05 for all). CONCLUSIONS: LV mass is highly prognostic when 

mass is elevated (advanced disease), but global wall thickness is easily and accurately 

calculated, and adds value and discrimination amongst those with normal mass (early 

disease). The combination of these two measures can be used to characterize hypertrophy. 
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Background 

Accurate characterization of left ventricular (LV) hypertrophy (LVH) is important since an 

increased LV mass (LVM) due to various forms of hypertrophy and remodeling is both a risk 

factor for cardiovascular disease and also modifiable.1–3 Echocardiographic measurements of 

end-diastolic wall thickness and cavity size lead to the standardized terminology of normal 

wall thickness and size, concentric hypertrophy, eccentric hypertrophy, and concentric 

remodeling.4 Cardiovascular magnetic resonance (CMR) provides additional accuracy5 and 

precision,6 via direct measurement of LV myocardial volumes and mass. 

However, LVM alone does not allow for an assessment of wall thickness. There are several 

measures calculated from LVM and LV end-diastolic volume (LVEDV) that are related to 

wall thickness, such as mass:volume ratio (MVR=LVM/LVEDV) and concentricity0.67 

(=LVM/LVEDV2/3). We hypothesized that a wall thickness-related measure could be used in 

combination with LVMI to characterize patients as having concentric remodeling (normal 

LVMI but high wall thickness), or as having hypertrophy (increased LVMI) that is either 

concentric (high wall thickness) or eccentric (low wall thickness). We further hypothesized 

that a measure such as global wall thickness (GT) could be easily calculated from LVM and 

LVEDV without the need for any special software, and that GT might have prognostic utility. 

This study sought to compare GT to other measures of LV hypertrophy by using prognostic 

association to evaluate which wall thickness-related measure would have greatest clinical 

relevance. 

Therefore, the aims of the study were: (a) to use CMR to describe a new measure of global 

wall thickness (GT) that could be easily calculated, (b) to determine relative prognostic 
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performance for LV mass, GT, and several other wall thickness-related measures, and (c) to 

classify LVH based on the measures with the highest prognostic associations.  

Methods 

Cohorts (total n=2543) were selected from different cardiac disease states in order to address 

the respective aims. Figure 1 shows a schematic illustration of the composition of the cohorts 

and the intended use for each cohort. 

All subjects provided written informed consent and were included following approval of the 

local human subject research ethics review board at the respective institutions. All subjects in 

this study underwent cine steady-state free precession (SSFP) imaging in a LV short-axis 

image stack for the analysis of LVEDV and LVM, excluding papillary muscles and 

trabeculations. BSA was calculated using the Mosteller method,7 and GT index (GTI) as 

GT/BSA. 

Derivation and validation cohort. In order to obtain and validate our new measure, we used a 

cohort (n=537) including healthy volunteers, athletes, patients with heart failure, recent 

myocardial infarction, and cardiac syndrome X. See Figure 1 and the Online supplementary 

data for details regarding the calculation, derivation and validation of GT. 

Once derived, both GT and other measures related to hypertrophy such as mass:volume ratio, 

and concentricity0.67 8 were calculated for all subjects in order to compare their diagnostic and 

prognostic abilities. The remodeling index (RI) defined as (LVEDV)1/3/max wall thickness9 

was calculated as (LVEDV)1/3/GT since maximum segmental wall thickness was not 

available. 
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Survival cohort. Prognostic analysis was performed in a separate cohort (n=1575) of 

consecutive clinical patients investigated for cardiac disease. These patients underwent 

clinical CMR scans at 1.5 T (Siemens Magnetom Espree, Erlangen, Germany) between June 

2010 and March 2016 at the University of Pittsburgh Medical Center (Pittsburgh, 

Pennsylvania, USA). The scan included cine SSFP imaging and late gadolinium enhancement 

(LGE) 10 minutes after a 0.2 mmol/kg dose of intravenous contrast agent (ProHance, Bracco 

Diagnostics, Stillwater, Minnesota, USA). This cohort has been examined regarding 

prognosis in several published studies10 but has never been studied with the objective of 

classifying hypertrophy. Patients with amyloidosis were excluded as they have a distinctive 

phenotype, and have prognostic features that markedly differ from other diseases. Exams that 

had previously been found to be of a sub-standard quality were also excluded. 

All measures of LVH were examined regarding their prognostic value. A composite end-point 

was used, where the time from CMR exam to hospitalization for heart failure (HHF) or death 

from all causes was determined as previously described, and where HHF was confirmed by 

two cardiologists blinded to CMR data.11 Since both ventricular dilatation, low ejection 

fraction, and hypertrophy are important risk factors associated with heart failure,1,12 the 

analysis was performed both for the whole cohort as well as in the subgroup of patients with 

completely normal findings defined as LVEDVI, LVMI, and LV ejection fraction (LVEF) 

within the normal ranges, and absence of myocardial scar. The normal ranges used to select 

this subgroup were derived from the healthy volunteers described above. 

Test–retest cohort. In order to evaluate the repeatability of the old and new measures, a 

separate multicenter cohort (n=101) including different pathologies as well as healthy 

volunteers was used. The subjects were scanned at different magnetic field strengths at 

several locations in the United Kingdom between September 2010 and May 2019. These 
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subjects were all scanned on two occasions, 96% were performed within one week and 79% 

on the same day. All analyses were undertaken by one expert observer. 

Mixed cohort. To obtain robust normal values, additional healthy volunteers (n=23, 39% 

female) underwent CMR at 1.5 T (Siemens Aera, Erlangen, Germany) at Karolinska 

University Hospital (Solna, Sweden) between April and August 2016 and were added to the 

healthy volunteers from the derivation/validation cohort, resulting in a total of 100 healthy 

volunteers. One of the female volunteers had an abnormal GTI four standard deviations above 

the mean GTI of the other female volunteers, in spite of having a LV mass and volume within 

the normal range. This outlier case was therefore not used for determining normal ranges. The 

resulting group of healthy volunteers (n=99, 35% female) was used to determine sex-specific 

95% normal ranges for GT, GTI, LVEDVI, LVMI, and for the other measures listed above. 

In order to illustrate the performance of the new measures for additional specific diagnoses, 

two additional groups of patients were included in the mixed cohort. Patients with prominent 

LVH (n=163, 37% female), were selected as having LVMI more than three standard 

deviations above the normal sex-specific mean calculated from the healthy volunteers, and 

underwent CMR at 1.5 T (Siemens Aera, Erlangen, Germany) at Karolinska University 

Hospital (Solna, Sweden) between October 2013 and November 2015. The second group was 

patients with genetically confirmed Fabry disease (n=144, 60% female), and were examined 

at 1.5 T (Siemens Avanto, Erlangen, Germany) at The Heart Hospital (London, United 

Kingdom) between May 2011 and July 2016. These groups were not included in any other 

cohort. Although the cohorts are inhomogeneous, they were included for different and well-

defined purposes, as per Figure 1. 
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Statistics 

Calculations were performed using IBM SPSS Statistics (version 25, IBM Corporation, 

Armonk, New York, USA). Data are reported as mean±standard deviation (SD) or median 

[interquartile range] as appropriate. Normal ranges were defined as the range between the 

mean-1.96 SD and the mean+1.96 SD. To combine comparison of both sexes, measures were 

standardized to the sex-specific normal mean and reported as SD. The Mann–Whitney U test 

was used to compare non-normal distributions. Survival analysis was performed using SAS 

9.4 (SAS Institute, Cary, North Carolina, USA). Cox regression was used, and univariable 

Cox regression χ2 values and hazard ratios (HR) were compared for different CMR 

parameters, standardized using the normal mean and SD per sex. The χ2 values were used to 

rank the different measures. The influence of different measures were also compared using 

multivariable Cox regression. Kaplan-Meier curves were plotted for the different types of 

hypertrophy and differences in prognosis were evaluated using the log-rank test. Test-retest 

variability was calculated as the relative Dahlberg error13 and the F-test was used to compare 

variances. Differences in prevalence were evaluated using the χ2-test. Statistical significance 

was defined as p<0.05. 

Results 

The derivation/validation cohort (n=537) was used to derive and validate an equation for 

calculating GT in millimeters from LVM in grams and EDV in milliliters, as GT = 0.05 + 

1.60 • LVM0.84 • LVEDV-0.49 with excellent accuracy and precision, see the Online 

supplement. This equation can be used for any CMR results where only the values for LVM 

and LVEDV are available. Consequently, no special plugin or software is needed to calculate 

GT in clinical routine.  
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Prognostic analysis 

In the survival cohort (n=1575, 42% female, follow-up 5.4 [3.9–6.4] years), univariable Cox 

regression showed that, apart from age at CMR and presence of hypertension, the parameter 

with the highest prognostic value for hospitalization for heart failure (HHF) or death was 

LVMI (χ2 66.7, p<0.001) followed by GTI (χ2 37.3, p<0.001) and GT (χ2 33.1, p<0.001). In 

multivariable analysis including LVMI and GTI, LVMI was associated with outcomes 

(p<0.001) and GTI was not (p=0.60) , see Table 1. 

In the subgroup with normal findings (no LGE, and findings within the normal range per sex 

for LVEDVI, LVMI, and LVEF, n=326, 45% female, follow-up 5.8 [5.0–6.7] years), the 

parameters with the highest prognostic value for HHF or death were GT (χ2 26.8, p<0.001), 

and concentricity0.67 (χ2 26.6, p<0.001), and these were more prognostic than both 

hypertension (χ2 23.5, p<0.001) and age at CMR (χ2 14.5, p<0.001). In multivariable analysis 

including LVMI and GT, LVMI was not associated with outcomes (p=0.70) but GT was 

(p=0.01), see Table 2.  

Test–retest 

In the test-retest cohort (n=101), the test-retest variability was lowest for GT (4.2%) and the 

highest variability was found for EDV and mass:volume ratio (6.1% and 6.2%, respectively, 

p<0.001 for both versus GT).  

Normal ranges 

In the mixed cohort, normal calculated GT (based on healthy volunteers (n=99, 35% female), 

was 5.9±0.6 mm for females and 7.2±0.7 mm for males. This corresponds to a GT normal 

range of 4.8–7.1 mm for females and 5.8–8.5 mm for males. All patient groups, as well as the 
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athletes, had a higher GT than healthy volunteers for both sexes (p<0.02 for all groups 

separately). Patient characteristics of the mixed cohort are presented in the Online 

supplement, Table S2. 

When GT was corrected for body size (GTI), mean values were 3.4±0.4 mm/m2 for females 

and 3.6±0.4 mm/m2 for males, corresponding to normal ranges of 2.7–4.1 mm/m2 for females 

and 2.9–4.3 mm/m2 for males. 

The athletes and all patient groups except for CRT candidates had higher GTI than healthy 

volunteers for both sexes (p<0.02 for all, except for CRT candidates). LVMI for the healthy 

volunteers was 50±7 g/m2 for females and 64±9 g/m2 for males and LVEDVI was 87±11 

ml/m2 for females and 98±14 ml/m2 for males. 

The mean LVM among healthy volunteers was 2.4 SD higher in males compared to females, 

whereas mean GT among healthy volunteers was 2.0 SD higher for males compared to 

females. 

Classification of left ventricular hypertrophy subtypes 

As illustrated in the flow chart in Figure 2, the combination of GT and LVMI can be used to 

characterize patients as being normal (normal GT, normal LVMI), or having concentric 

remodeling (high GT, normal LVMI), eccentric hypertrophy (high LVMI, normal GT), or 

concentric hypertrophy (high LVMI, high GT). 

In the survival cohort (n=1575), the combination of GT and LVMI classified 1133 patients 

(72%) as being normal, 189 patients (12%) as having concentric remodeling, 89 patients (6%) 

as having eccentric hypertrophy, and 164 patients (10%) as having concentric hypertrophy. 
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Patients with concentric remodeling had worse prognosis, for death or HHF, than patients 

classified as normal (p=0.004). Both the group of patients with concentric hypertrophy and 

the group with eccentric hypertrophy had worse prognosis than the normal group (p<0.0001 

for both), and since concentric and eccentric hypertrophy did not differ from one another 

regarding prognosis (p=0.66), they were also analyzed as one hypertrophy group (n=253, 

16% of all patients). These patients with hypertrophy had worse prognosis than both patients 

classified as normal (p<0.0001) and patients with concentric remodeling (p=0.003), see 

Figure 3. Patient characteristics for the survival cohort are shown in the Online supplement 

Tables S3 and S4. 

When evaluating the classification of the patient groups in the mixed cohorts, the majority of 

patients with Fabry disease were classified as having concentric remodeling, albeit with a 

large variability due to the variability in the manifestation of the disease. The majority of 

patients selected for having prominent LVH were classified as having concentric hypertrophy, 

most CRT patients were classified as having eccentric hypertrophy, and the medians for all 

other groups were in the normal range, see Figure 4.  

Discussion 

This study shows that global wall thickness (GT) can be calculated from LV mass and end 

diastolic volume using a formula without the need for any dedicated plugin or software. The 

prognostic analysis shows that LVMI was the most prognostic measure of hypertrophy 

regarding death or hospitalization for heart failure in the survival cohort as a whole, followed 

by GTI. However, among patients with normal findings, GT was the most prognostic 

measure, and it was more prognostic than both age and hypertension. The hazard ratios for 
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GT and GTI were larger than 1 in the univariable analysis for all examined groups indicating 

that a thicker wall is always a negative prognostic factor. 

These findings illustrate the prognostic difference between an increased LVMI seen in 

advanced hypertrophy, and an increase in GT which may precede overt LV hypertrophy. 

Among the patients in the survival cohort with normal findings, GT had a higher prognostic 

association than both the other hypertrophy measures, as well as hypertension and age. GT 

can therefore be used to identify concentric remodeling in patients with otherwise normal 

findings and monitor these changes over time. The findings indicate that GT has a high 

sensitivity for detecting small changes in left ventricular wall thickness and that these small 

changes carry prognostic information, although the mechanism on a cellular level for this 

remains unclear. Furthermore, it is possible to generate an accurate and precise measure of 

GT from whole heart CMR measurement of LV mass and volume. The repeatability was 

better for GT compared to other measures, and GT was found to be less sex-dependent than 

LVM. 

Thus, using GT together with LVMI enables characterization of different types of LV 

hypertrophy: normal configuration, concentric remodeling, eccentric hypertrophy, or 

concentric hypertrophy. This classification requires only two measures (GT and LVMI), and 

the results can be visualized in a two-dimensional diagram, see Figure 4. There was no 

difference in outcomes between patients with eccentric and concentric hypertrophy in the 

survival cohort, and this is in line with the finding that LVMI was the predominant risk factor 

in the whole survival cohort. The distinction between eccentric and concentric hypertrophy 

could nevertheless imply different etiologies, necessitating different treatments. 
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Hypertrophy has previously been characterized using LV mass and relative wall thickness 

measured using echocardiography4 and a previous study found that the development of an 

abnormal LV mass and/or abnormal relative wall thickness was associated with an increased 

risk for cardiovascular disease.14 Since echocardiography only measures LV wall thickness in 

one or two locations, this method is inherently more prone to errors compared to the proposed 

method. However, since GT reflects the whole LV, it will not detect areas with asymmetric 

hypertrophy, but such areas should be easy to identify in CMR images. Dedicated software 

could also be used to measure the wall thickness per slice and/or segment, but such results 

could not be obtained using a simple formula such as for GT. 

Our study illustrates how mass and volume are geometrically related and determine wall 

thickness, and how both are associated with events. A previous study found that LVMI and 

LVEDVI were both associated with heart failure events.15 While this is in agreement with our 

results, the current study clarifies how mass and volume together determine wall thickness 

and how both mass and wall thickness are different components of hypertrophy. Interestingly, 

mass and wall thickness have been shown to have distinctly different manifestations in the 

ECG16. 

LV mass measured by CMR has been used to calculate measures such as mass:volume ratio17 

and concentricity0.67,8,18 where the latter classification method requires three measures 

(concentricity0.67, LV mass, and LVEDV) for characterizing hypertrophy. By comparison, the 

proposed classification method is more simple since it only requires LVMI and GT 

(calculated from LVM and LVEDV). Concentricity0.67 performed well in the prognostic 

analysis, and the way that it is calculated is justified since an object that is twice as large in 

every direction will have a volume that is eight (23) times larger, whereas the surrounding 

shell will only be four (22) times as large. Indeed, calculating concentricity0.67 is somewhat 
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similar to calculating GT (LVM vs LVM0.84, and LVEDV-0.67 vs LVEDV-0.49). Notably, GT 

has an advantage over Concentricity0.67 since GT provides the average wall thickness in mm, 

which is an intuitive measure. 

GT was increased above the upper limit of normal in 14% of the patients with normal mass in 

the survival cohort. Previous studies using echocardiography and relative wall thickness to 

define concentric remodeling have found the prevalence of concentric remodeling to be 19%4 

and 16%19 among hypertensive patients with normal LV mass, which is effectively similar to 

our results for GT. 

Limitations 

The expression used to calculate GT uses both LVM and LVEDV derived from cine images. 

Separate data for papillary muscles and trabeculations was not available in the present study. 

These structures were not included in LVM and were included in the blood volume. 

Therefore, the derived equation for GT is only applicable to results from exams where 

delineations are performed in a similar fashion. As with all cohort studies, the prognostic 

cohort is subject to some selection bias, but nevertheless reflects clinical practice and 

therefore remains inherently worthy of study. Only measures related to hypertrophy, as well 

as age, and no measures of systolic function were included in the prognostic analysis since the 

objective was to find a measure related to hypertrophy that is complementary to LVM, and 

not to identify the most prognostic measure overall. 

It has been found that in healthy volunteers with blood pressure ≤140/90 mmHg, both mass 

and volume decrease with increasing age.20 However, calculations based on data from that 

publication show that there was negligible change in GT with age based on GT calculated 
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from different age group means in that study [data not shown]. Thus, normal values for GT 

regardless of age are appropriate. 

Only linear regression was used in the prognostic analysis. The finding that the hazard ratios 

for GT and GTI were larger than 1 for all examined groups does not, per se, indicate a 

relationship that is linear, but it indicates at least that a thicker wall implies a worse prognosis 

overall. Multiple linear regression was performed for LVMI and GT(I) where the latter is 

dependent on the first (correlated with an R2 of roughly 0.5). Nevertheless, for the patients 

with normal findings, the χ2 was much higher for GT in both the univariable and the 

multivariable analysis indicating a superior prognostic performance. The aim of the study was 

specifically to compare the relative prognostic strength of measures related to hypertrophy. 

Therefore, ejection fraction, scar burden and other measures were not included in the 

prognostic analysis. 

The present study includes exams performed at several different centers, on several different 

platforms, and analyzed by different observers, which can contribute to variation in the 

results. However, CMR measurement of LVM has a measurement precision that vastly 

exceeds LVM measurements by 2D echocardiography,21 and thus variability in measurement 

of LVM and EDV would not be expected to have a sizeable impact on our results in 

comparison to the variability of echocardiographic approaches. Also, the test-retest 

repeatability was better for GT compared to LVM and LVEDV. 

Conclusions 

LV mass (LVMI) is the most prognostic measure for death or hospitalization for heart failure 

among patients investigated with CMR for cardiac disease, whereas the global wall thickness 

(GT, calculated simply from LV mass and end-diastolic volume), is the most prognostic 
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measure in patients with normal CMR findings. This suggests that an optimal measurement of 

LV hypertrophy is a combination of LVMI (advanced disease) and GT (early disease). 

Supplementary data 

The Online supplementary data contains details regarding the calculation, derivation and 

validation of the new measure global wall thickness (GT) as well as characteristics of the 

derivation/validation cohort, the mixed cohort, and the survival cohort.  
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Figures 

Figure 1. Schematic summary of the composition of the respective cohorts and what they 

were used to evaluate. 

CRT=cardiac resynchronization therapy, GT=global wall thickness; LV=left ventricular. § 

One of the healthy volunteers was an outlier and was excluded, see Methods. 

Figure 2. Proposed flow chart for characterizing different types of LV hypertrophy and 

remodeling. 

The bottom of the image includes a schematic illustration of a typical LV short axis slice for 

each classification outcome. BSA=body surface area; GT=global wall thickness indexed to 

body surface area (BSA); LV=left ventricular; LVMI=LV mass indexed to BSA. 

Figure 3. Kaplan-Meier curves for the survival cohort. 

Kaplan-Meier curve for the consecutive clinical patients of the survival cohort (n=1575, 

follow-up 5.4 [3.9–6.4] years) classified as having either hypertrophy (increased LVMI 

regardless of GT as a combined group); concentric remodeling (normal LVMI, increased GT); 

or being classified as normal (normal LVMI, normal GT). Event-free survival was defined as 

absence of the combined endpoint of death or hospitalization for heart failure. The patients 

with hypertrophy had worse prognosis compared to both the concentric remodeling (p=0.003) 

and the normal group (p<0.0001). Patients with concentric remodeling had worse prognosis 

compared to the normal group (p=0.004). An increase in LVMI or GT was based on the 95% 

upper limit of normal calculated from the healthy volunteers for females and males 

respectively. CMR=cardiovascular magnetic resonance; GT=global wall thickness; 

LVMI=left ventricular mass indexed to body surface area. 
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Figure 4. Characterization of left ventricular hypertrophy using wall thickness and 

mass. 

Global wall thickness (GT) plotted versus left ventricular mass index (LVMI) for the mixed 

cohort, who were not used in the prognostic analysis. The solid circles show the median and 

the whiskers show the interquartile range. Both GT and LVMI have been standardized to 

standard deviations (SD) from the sex-specific mean of the healthy volunteers. The colored 

fields show the proposed classification of hypertrophy based on LVMI and GT. The gray 

dashed lines indicate the upper limit of normal (+1.96 SD) for both GT and LVMI. The mixed 

cohort consist of healthy volunteers, endurance athletes, cardiac resynchronization therapy 

(CRT) candidates, patients with recent acute ST-elevation myocardial infarction (Infarction), 

patients with Fabry disease (Fabry), and patients with at least moderate left ventricular 

hypertrophy (LVH). Four examples of the proposed classification of hypertrophy are shown 

in the four corners. CMR=cardiovascular magnetic resonance; CRT=cardiac 

resynchronization therapy; LVH=left ventricular hypertrophy; LVMI=left ventricular mass 

index; SD=standard deviations; GT=global wall thickness.  
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Tables 

Table 1. Prognostic results, all patients. 

Patients (events) 1575 (351)  

Follow-up, years 5.4 (3.9–6.4)  

  Univariable    Multivariable   

 χ
2 HR [95% CI]     p  χ

2 HR [95% CI]    p  

Age at CMR, years 97.9 1.04 [1.03–1.05] <0.001       

LVMI, g/m2 66.7 1.16 [1.12–1.20] <0.001  25.1 1.14 [1.09–1.21] <0.001  

Hypertension 52.8 2.3 [1.8–2.9] <0.001       

GTI, mm/m2 37.3 1.14 [1.09–1.19] <0.001  0.3 -  0.60  

GT, mm 33.1 1.12 [1.08–1.17] <0.001       

Conc067, g/ml2/3 26.7 1.10 [1.06–1.15] <0.001       

MVR, g/ml 7.5 1.05 [1.01–1.09] 0.006       

RI, ml1/3/mm 3.7 -  0.053       

Results from the Cox regression for risk of death or hospitalization for heart failure for all 

patients of the survival cohort. Data are presented as χ2 value, hazard ratio (HR) per standard 

deviation increase, and p value, ordered in decreasing χ2 values; follow-up time is presented 

as median (IQR). CI=confidence interval; Conc067=left ventricular concentricity0.67 (left 

ventricular mass/end-diastolic volume0.67); GT=global wall thickness; GTI=global wall 

thickness index; HR=hazard ratio; IQR=inter-quartile range; LVEDVI=left ventricular end-

diastolic volume index; LVMI=left ventricular mass index; MVR=mass:volume ratio; 

RI=remodeling index ([LVEDV](1/3)/max wall thickness). 
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Table 2. Prognostic results, patients with normal findings. 

Patients (events) 326 (29)  

Follow-up, years 5.8 (5.0–6.7)  

  Univariable    Multivariable   

 χ
2 HR [95% CI]    p  χ

2 HR [95% CI]    p  

GT, mm 26.8 1.62 [1.35–1.94] <0.001  6.2 1.53 [1.10–2.14] 0.01  

Conc067, g/ml2/3 26.6 1.58 [1.33–1.88] <0.001       

Hypertension 23.5 9.2 [3.8–22.7] <0.001       

MVR, g/ml 21.9 1.57 [1.30–1.90] <0.001       

RI, ml1/3/mm 18.7 0.54 [0.41–0.72] <0.001       

LVMI, g/m2 16.0 2.05  [1.44–2.92] <0.001  0.1 -  0.70  

Age at CMR, years 14.5 1.05 [1.02–1.08] <0.001       

GTI, mm/m2 7.2 1.46 [1.11–1.92] 0.007       

Results from the Cox regression for risk of death or hospitalization for heart failure for 

patients in the survival cohort with normal findings (LVMI, LVEDVI and LVEF within 

normal range per sex and normal LGE findings). Data are presented as χ2 value, hazard ratio 

(HR) per standard deviation increase, and p value, ordered in decreasing χ2 values; follow-up 

time is presented as median (IQR). For abbreviations, see caption for Table 1. 
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