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Left Ventricular Mass and Body Size in Normotensive Children ~nd 
Adults: Assessment of Allometric Relations and Impact of Overweight 

GIOVANNI DE SIMONE, MD, STEPHEN R. DANIELS, MD, PHD,* 
RICHARD B. DEVEREUX, MD, FACC, RICHARD A. MEYER, MD, FACC,* 
MARY J. ROMAN, MD, FACC, ORESTE DE DIVITIIS, MD,t MICHAEL H. ALDERMAN, MD:j: 

New York, New York; Cincinnati, Ohio, and Naples, Italy 

Objectives. This study was designed to determine the most 
appropriate method to normalize left ventricular mass for body 
size. 

Background. Left ventricular mass has been normalized for 
body weight, surface area or height in experimental and clinical 
studies, but it is uncertain which of these approaches is most 
appropriate. 

Methods. Three normotensive population samples-in New 
York City (127 adults), Naples, Italy (114 adults) and Cincinnati, 
Ohio (444 infants to young adults}-were studied byechocardiog­
raphy. Relations of left ventricular mass to body size were similar 
in all normal weight groups, as assessed by linear and nonlinear 
regression analysis, and results were pooled (n = 611). 

Results. Left ventricular mass was related to body weight to 
the first power (r = 0.88), to body surface area to the 1.5 power 
(r = 0.88) and to height to the 2.7 power (r = 0.84), consistent 
with expected allometric (growth) relations between variables with 
linear (height), second-power (body surface area) and volumetric 
(left ventricular mass and body weight) dimensions. Strong resid­
ual relations of left ventricular massibody surface area to body 
surface area (r = 0.54) and of ventricular masslheight to height 

Evidence that increased left ventricular mass predicts car­
diovascular morbidity and mortality in patients with arterial 
hypertension (1,2) among members of the general popUlation 
(3,4) and in patients with chronic renal failure (5) or coronary 
artery disease (6) has increased interest in assessing ventric­
ular anatomy by methods more precise than the 12-lead 
electrocardiogram (ECG) (7). Echocardiography is often 
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(r = 0.72) were markedly reduced by normalization ofventricular 
mass for height1

•
7 and body surface areal

•
S

• The variability ruhong 
subjects of ventricular mass was also reduced (p < 0.01 t P < 
0.002) by normalization for body weight, body surface area body 
surface areal •S or heightl·7 but not for height. In 20% 0 adults 
who were overweight, ventricular mass was 14% h' er (p < 
0.001) than ideal mass predicted from observed height and ideal 
weight; this increase was identified as 14% by left ventricular 
masslheight1•7 and 9% by ventricular masslheight, whereas index­
ation for body surface area, body surface areal

•
S and body weight 

erroneously identified left ventricular mass as reduced in over­
weight adults. 

Conclusions. Normalizations of left ventricular mass for 
height or body surface area introduce artifactual relations of 
indexed ventricular mass to body size and errors in estimating the 
impact of overweight. These problems are avoided and variability 
among normal subjects is reduced by using left ventricular 
masslheightl·7• Simple nomograms of the normal relation between 
height and left ventricular mass allow detection of ventricular 
hypertrophy in children and adults. 

(J Am Coli CardioI1992;20:1251-60) 

used for this purpose because of its noninvasive nature and 
moderate cost and because it yields reasonably stable nor­
mal limits for left ventricular dimensions in different labora­
tories (8-11). Recent evidence that high normal values of left 
ventricular mass predict subsequent blood pressure evalua­
tion in children and adults (12,13) further increases the 
appeal of measuring ventricular anatomy. 

To identify abnormalities of ventricular mass or other 
measures of heart size, the relation between heart and body 
size should be taken into account (14-16). Although ventric­
ular weight is usually normalized for body weight in exper­
imental studies, human ventricular mass has generally been 
indexed for body surface area or height (1-3,8,9,17-21). 
These methods of indexing may identify different preva­
lences of left ventricular hypertrophy in obese subjects and 
in disease states associated with obesity such as hyperten­
sion. Moreover, although the relations among body surface 
area, height and weight are not linear, the division of left 
ventricular mass by these variables implicitly assumes linear 
relations with zero intercepts. On the basis of the observa-
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Table 1. Age and Measures of Body Size in Two Groups of Normotensive Adults 

New York Naples 
(n = 127) (n = 114) p Value 

Normal-weight 
No. of subjects 100 87 
Gender (MIF) 62/38 55/32 
Age (yr) 45 ± 13 40 ± 12 

NS 
<0.01 
<0.0001 
<0.0002 
<0.0001 

Body surface area (m2
) 1.81 ± 0.21 1.69 ± 0.17 

Body weight (kg) 69 ± 12 63 ± 11 
Body height (m) 1.72 ± 0.10 1.65 ± 0.08 
Body mass index 23.3 ± 2.7 22.9 ± 2.9 NS 

NS 
NS 
NS 

Systolic blood pressure (mmlHg) 124 ± 13 122 ± 13 
Diastolic blood pressure (mmlHg) 76 ± 9 77 ± 6 
LV mass index (g/m2

) 79 ± 20 78 ± 16 

Overweight 
No. of subjects 27 27 
Gender (M/F) 9/18 9/18 
Age (yr) 46 ± 11 43 ± 13 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

Body surface area (m2
) 1.94 ± 0.23 1.85 ± 0.20 

Body weight (kg) 86 ± 16 80 ± 12 
Body height (m) 1.67 ± 0.10 1.63 ± 010 
Body mass index 30.6 ± 3.2 30.0 ± 2.2 
Systolic blood pressure (mm Hg) 127 ± to 125 ± 11 
Diastolic blood pressure (mm Hg) 78 ± 7 78 ± 6 
LV mass index (g/m2

) 76 ± 22 76 ± 19 

F = female; LV = left ventricular; M = male; NS = not significant (p < 0.05). See text for description of study 
groups. 

tions of McMahon (22) for other organs, one would expect 
that the relations of left ventricular mass to measures of 
body size would approximate the mathematic relations 
among variables with different dimensions; that is, three­
dimensional for ventricular mass and body weight, two­
dimensional for body surface area and one-dimensional for 
body height. However, few data are available on the ability 
of various methods of normalization to reduce the variability 
of left ventricular mass among normal subjects (8) or to 
detect deviations in ventricular mass in overweight patients 
(9,23). 

Thus, the present study was undertaken to compare the 
relations ofleft ventricular mass to body surface area, height 
and weight in three different population groups of normoten­
sive subjects with a wide age range and to determine the 
most appropriate method to remove the effect of normal 
variation in body size from the clinical evaluation of left 
ventricular hypertrophy. 

Methods 
Subjects. New York group (Table 1). This group, studied 

at The New York Hospital-Cornell Medical Center, con­
sisted of 127 adults (56 women and 71 men, 36% black, with 
a mean age of 45 ± 12 years) who were representative 
of a cohort of normotensive members (blood pressure 
<140/90 mm Hg on at least three separate occasions) of a 
large employed population in New York City that has been 

studied longitudinally by echocardiography and other meth­
ods since 1981 (8,13,18,20). The mean body mass index of 
the total group was 25 ± 4 kglm2

• Twenty-seven subjects (18 
women and 9 men) had a body mass index exceeding 
partition values used to recognize overweight (24) 
(27.8 kglm2 in men or 27.3 kglm2 in women) and were 
considered overweight to mildly obese (body mass index 31 
± 3 kglm2

). No subject had historical, clinical or laboratory 
evidence of cardiovascular, respiratory, endocrine, hepatic, 
renal or hematologic disorders; their M-mode echocardio­
grams met standard criteria of technical quality (25). 

Naples group (Table 1). This group consisted of 114 
white normotensive volunteers from southern Italy, 87 of 
normal weight (32 women and 55 men with a mean age of 40 
± 12 years) and 27 who were overweight to mildly obese (18 
women and 9 men with a mean age of 43 ± 13 years) who 
were studied at the Institute of Internal Medicine and 
Metabolic Diseases of Federico II University of Naples 
between 1981 and 1987. The normal weight subjects were 
part of a population sample that met more restrictive criteria, 
including the absence of a family history of hypertension, 
athletic training, alcohol consumption or plasma cholesterol 
levels ~220 mgldl. The overweight subjects were similar in 
gender and age to the New York overweight group and were 
randomly drawn from a clinical popUlation of consecutive 
normotensive obese patients studied at Naples who met 
inclusion criteria applied to the New York group. Table 1 
shows that the Naples normal weight subjects were younger 
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(p < 0.01) and smaller in body size than the New York group 
(p < 0.00(2) but had the same gender distribution, body 
mass index, blood pressure and left ventricular mass index. 
No differences existed between the two overweight groups. 

Cincinnati group. This group, studied at Children's Hos­
pital Medical Center, Cincinnati, Ohio, consisted of 444 
young normal subjects (217 female and 227 male, 27% 
black), with an age range of 4 months to 23 years, previously 
reported in part as reference subjects for left ventricular 
mass values (19). Twenty subjects were considered over­
weight on the basis of the same body mass index criterion as 
in adults (24) for subjects older than 16 years and of the 
upper 95th percentile of body weight at a given height from 
tables for younger children (26). 

Procedures. After informed consent had been obtained 
under protocols approved in 1979 or later by the Committees 
on Human Research of the respective institutions, two­
dimensionally targeted M-mode echocardiograms were per­
formed with the use of commercially available echocardio­
graphs as previously described (10,11), while subjects were 
in a partial left decubitus position. Tracings were recorded 
on strip-chart paper at 50 mmls. All echocardiograms in the 
first two groups were coded and were interpreted in blinded 
fashion by two investigators, one of whom (G.de S.) was one 
of the readers for all Naples and most New York tracings. 
Measurements of interventricular septal thickness, posterior 
wall thickness and left ventricular diastolic dimension were 
taken at or just below the mitral valve tips, according to both 
the American Society of Echocardiography and Penn Con­
ventions, and were used to calculate left ventricular mass 
(27-29). Echocardiograms in the Cincinnati group were 
measured as previously reported (19), by using American 
Society of Echocardiography measurements in an anatomi­
cally validated formula (29). 

Body weight (in kg) and body height (in m) were mea­
sured and used to calculate body surface area (in m2

) (30). 
Statistical analysis. Data are expressed as mean value ± 1 

SO. Chi-square statistics were used to compare gender 
prevalence and the unpaired Student t test, to compare the 
two adult groups (Naples and New York) and overweight 
with normal weight subjects. Relations of left ventricular 
mass to measures of body size were assessed by linear 
regression analysis. Multivariate analysis was performed by 
partial correlation and by forward stepwise multiple linear 
regression procedure. Nonlinear regression analysis was 
performed to assess the allometric (growth) relation (31) of 
left ventricular mass to measures of body size by equations 
of the following type: 

Left ventricular mass = bl x measure of body sizeb2, 

where bl is a regression coefficient reflecting the quantitative 
relation between variables and b2 is the power of the measure 
of body size that produces the best fit of the data. In such 
equations, b2 is defined as the allometric signal of the relation 
and indicates whether its slope is linear (that is, if b2 = 1) or 
curvilinear. The biologic meaning of the regression coeffi-
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cient is that it indicates the magnitude of the influence of the 
measure of body size on left ventricular mass (it can also be 
called the proportionality coefficient), whereas the power 
indicates the magnitude of the exponential change of left 
ventricular mass in relation to a measure of body size; that 
is, the relation is linear if b2 = 1 but would be steeply 
curvilinear if b2 = 3. 

Allometric equations were generated by an iterative com­
puter technique seeking to estimate the unknown variables 
(hI and b2) so that the sum of all the observations of the 
squared differences between the observed and predicted left 
ventricular mass values was minimized, producing the high­
est possible R2. Confidence intervals for the nonlinear re­
gression analysis were generated by using the final estimates 
± SEE x two-tailed test value, alpha = 0.05 t values for 609 
degrees of freedom (Systat, Inc.). 

The coefficients of variation of left ventricular mass, of 
ventricular mass normalized by each body size variable and 
of ventricular mass normalized for each measure of body 
size to the power of its allometric signal (b2) were compared 
by using the ratio between the variances of the logarithmic 
transformation of the variables (32). One-factor analysis of 
variance for randomized blocks was applied to examine the 
difference between ideal and observed values of ventricular 
mass in both normal and overweight subjects. Two-way 
hierarchical analysis of variance was used to detect the 
impact of gender and overweight on the indexes of left 
ventricular mass; with this method, the interaction between 
gender and body mass index was adjusted for both variables 
and the effect of body mass index was adjusted for gender, 
whereas that of gender was not adjusted for any other 
effects. 

Relations were initially assessed separately in the New 
York, Naples and Cincinnati study groups and, as they did 
not differ, data were pooled to generate confidence limits of 
the relations between left ventricular mass and the measures 
of body size. 

Results 
Normal weight subjects. The Penn Convention and Amer­

ican Society of Echocardiography measurements of left 
ventricular mass were virtually identical in the pooled data 
from Naples and New York groups (139 ± 40 vs. 140 ± 37 g). 
Substitution of left ventricular mass measurements by the 
Penn Convention for those from American Society of Echo­
cardiography had no substantial effect on the results of any 
analyses; hence, only measurements obtained from Ameri­
can Society of Echocardiography are reported. 

Linear regression analysis. Figure 1 shows the relations 
between left ventricular mass and each measure of body size 
(body surface area, body weight and height) in the three 
groups of normal weight subjects. All the correlations were 
significant (p < 0.00001), and the magnitude was similar in all 
groups. As a consequence of the nonlinear relations that are 
visually apparent in Figure I, normalization of left ventric-
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Figure 1. Linear relations of left ventricular mass to measures of 
body size in three different normal weight population samples from 
1) Naples, Italy (crossed squares; body surface area r = 0.69, body 
weight r = 0.67, height r = 0.59, all p < 0.00(01); 2) New York City 
(triangles; body surface area, r = 0.65, body weight r = 0.63, height 
r = 0.58, all p < 0.00(01); and 3) Cincinnati, Ohio (solid squares; 
body surface area r = 0.86, body weight r = 0.87, height r = 0.84, 
all p < 0.00(01). 
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Table 2. Allometric Equations for Predicting Left Ventricular 
Mass From Measures of Body Size in Normal Weight Subjects 

Group Equations r 

Naples (n = 87) 66 x body surface area I.S 0.69 
3.7 x body weighto.89 0.67 
41 x heightl·s 0.59 

New York (n = 1(0) 57 x body surface area 1.6 0.65 
3.4 x body weighto.88 0.62 
36 x height2.6 0.58 

Cincinnati (n = 424) 58 x body surface area 1.3 0.86 
3.2 x body weighto.87 0.87 
32 x height2.4 0.86 

Pooled 
Total (0 = 611) LV mass = 58 x body surface areal .s 0.88 

LV mass = 2.2 x body weight
99 

0.88 
LV mass = 30 x heightl·7 0.84 

Women (n = 278) LV mass = 57 x body surface areal.4 0.84 
LV mass = 3.1 x body weightO.88 0.85 
LV mass = 33 x heightl·4 0.79 

Men (n = 333) LV mass = 62 x body surface areal.s 0.90 
LV mass = 2.5 x body weightO.96 0.89 
LV mass = 33 x height2.6 0.86 

LV = left ventricular; all correlations are significant (p < 0.00(01). 

ular mass for the first power of body surface area or height 
resulted in significant positive relations of indexed ventricu­
lar mass with body surface area and height, respectively for 
ventricular masslbody surface area versus body surface 
area: (Naples, r = 0.31; New York, r = 0.30; Cincinnati, r = 
0.38; for left ventricular masslheight vs. height: Naples and 
New York, r = 0.41; Cincinnati, r = 0.71; al1 p < 0.(01). In 
contrast, the relation of left ventricular mass to body weight 
was linear with intercepts near zero (5 to 8 g) in al1 three 
groups studied. The relation of left ventricular mass to the 
measures of body size remained significant in al1 three 
groups after adjustment for gender (partial r = 0.33 to 0.87, 
0.005 < P < 0.00(01). 

Nonlinear regression analysis. The residual relations per­
sisting after normalization for body height or surface area 
indicated that left ventricular mass was related to body 
height or surface area to a power> 1. These relations were 
examined by using allometric equations. Left ventricular 
mass was related to body weight to approximately a power 
of 1 in all groups, whereas it was related to body surface area 
to a power approximating 1.5 and to height to a power 
between 2 and 3 (Table 2). Similar results were obtained 
when data from all the groups were pooled. Separate data 
analysis in normal weight men and women revealed similar 
allometric relations of ventricular mass to measures of body 
size in the two genders. 

Reduction of left ventricular mass variability. As ex­
pected from analyses in' the individual groups, significant 
positive relations were found in the pooled group between 
left ventricular masslbody surface area and body surface 
area (r = 0.54, p < 0.00(01) (Fig. 2A) and between ventric­
ular masslheight and height (r = 0.71, p < 0.00(01) (Fig. 2B), 
whereas the relation of ventricular masslbody weight to 
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Figure 2. Relations of left ventricular (LV) mass/body surface area 
to (A) body surface area (r = 0.54, p < 0.00001) and (B) of left 
ventricular masslheight to height (r = 0.71, p < 0.00001) in the 
pooled group. 

body weight was weakly negative (r = 0.15, p < 0.00(3). Use 
of body surface areal .5 and heighf·7 to normalize ventricular 
mass reduced residual relations (r = -0.21 and -0.26, 
respectively) and made these relations inverse (Fig. 3, A and 
B), consistent with the negative relation between ventricular 
masslbody weight and body weight. 

As normalization of anatomic or physiologic variables for 
body size is expected to reduce their within-group variabil­
ity, the efficacy of correcting left ventricular mass for 
measures of body size either to the first power or to their 
allometric exponents was tested by comparing their coeffi­
cients of variation. Table 3 shows that normalizations for 
body surface area 1.5 and height2•7 were as effective as those 
for body surface area and body weight in reducing variability 
of ventricular mass (all p < 0.01), whereas that for height 
was less successful. Results were identical when men and 
women were analyzed separately. 

Impact of overweight on the normal relations between left 
ventricular mass and body size. Relations between left ven­
tricular mass and measures of body size generated lower and 
less significant allometric signals in overweight than in 
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Figure 3. Residual relations are minimized by using the appropriate 
power of (A) body surface area (1.5, r = -0.21, p < 0.00(5) and 
(B) height (2.7, r = -0.26, p < 0.00001) and become similar to that 
between left ventricular mass/weight and weight (not illustrated, r = 
-0.15, p < 0.00(3). 

normal weight subjects. In the pooled overweight group (74 
subjects), left ventricular mass was related to body surface 
area to approximately a'power of 1 (b2 = 1.17, r = 0.60), to 
height to approximately a power of 2 (b2 = 2.12, r = 0.58) 
and to body weight to a power <1 (b2 = 0.71, r = 0.60). The 
relations of ventricular mass to the measures of body size 
were affected minimally by addition of the 74 overweight 
subjects to the 611 normal weight subjects (b2 = 0.88, 1.5 and 
2.7 for body weight, body surface area and height, respec­
tively). 

Identification of effects of overweight on left ventricular 
mass. Ideal body surface area was calculated in subjects 
> 17 years old by using the ideal body weight for body height 
from the 1980 tables of the Metropolitan Life Insurance 
Company (33) (Table 4). Body surface area calculated in this 
way was virtually identical to observed body surface area in 
the normal weight adults and 12% smaller than observed 
body surface area in 56 of 284 or 20% of adults who were 
overweight (Table 5). Ideal left ventricular mass (estimated 
as 58 x ideal body surface area l .5 from Table 2) in normoten-
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Table 3. Effect of Normalization of Left Ventricular Mass for 
Measures of Body Size in Reducing Variability Among Normal 
Weight Subjects Aged 4 Months to 75 Years 

Infants, children and adolescents 
(n = 383) 

LV mass 
LV mass/body surface area 
LV mass/body weight 
LV masslheight 
LV mass/body surface area I.S 

LV massiheight2.7 

Adults (n = 228) 
LV mass 
LV mass/body surface area 
LV mass/body weight 
LV massiheight 
LV mass/body surface area I.S 

LV massiheight2.7 

LV = left ventricular. 

Coefficient 
of Variability 

53 
27 
26 
36 
27 
30 

25 
20 
20 
22 
20 
20 

Significance vs. 
Unindexed 
LV Mass 

0.002 
0.002 
0.05 
0.002 
0.Ql 

0.01 
0.01 
NS 

0.01 
0.01 

sive subjects > 17 years old was similar to the observed 
values in normal weight subjects and 14% lower than ob­
served values in overweight subjects (Table 5); the differ­
ence between ideal and observed values was statistically 
significant in overweight subjects (p < O.OOl). A direction­
ally similar trend between the 18 overweight children and 
adolescents and 383 with normal weight was not statistically 
significant. 

Influence of gender and overweight on the distribution of 
left ventricular mass normalized for body size (Table 6). In 
adults, male gender and overweight were independently 
associated with higher left ventricular mass. The effect of 
gender remained striking after most indexing but was re­
duced for left ventricular masslbody surface areal.5 and did 
not achieve statistical significance for ventricular mass/ 
height2

.
7

• Compared with normal weight subject~, over­
weight subjects had lower ventricular masslbody weight but 
higher ventricular mass indexed for height or height2

.7 in 
both women and men, as expected from previous results. 
The left ventricular masslheight2.7 was 14% increased in 
overweight adults (38.6 ± 9.7 vs. 33.8 ± 7.8 g/m2

.7 in normal 
weight subjects, p < O.OOl), consistent with the 14% differ­
ence between observed values of ventricular mass and 
values predicted by using theoretical body surface areas 
obtained from Metropolitan Life Insurance ideal body 
weight. In contrast, the difference between overweight and 
normal weight adults in ventricular mass/height (9% or 90.1 
± 20.8 vs. 82.3 ± 19.8 g/m, p < 0.01) was smaller than that 
observed with indexing for height2.7. 

Confidence limits of the relation of left ventricular mass to 
body height. The confidence limits for the relations of left 
ventricular mass to height are given in Figure 4, A and B for 
nonobese female and male subjects, respectively. These 
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Table 4. Ideal Weight and Ideal Body Surface Area for Height in 
Adults Based on 1980 Metropolitan Life Insurance Tables 

Men Women 

Ideal Ideal Body Ideal Ideal Body 
Observed Body Surface Observed Body Surface 

Height Weight Area Height Weight Area 
(m) (kg) (m2) (m) (kg) (m2) 

1.54 60.78 1.59 1.43 50.35 1.39 
1.55 61.01 1.60 1.44 51.26 1.41 
1.56 61.01 1.60 1.47 52.16 1.44 
1.59 61.69 1.63 1.50 53.07 1.47 
1.60 62.60 1.65 1.51 53.07 1.47 
1.61 62.60 1.66 1.52 54.21 1.50 
1.62 63.50 1.67 1.54 55.34 1.53 
1.63 63.50 1.68 1.55 55.34 1.54 
1.65 64.64 1.71 1.56 55.34 1.54 
1.66 64.64 1.72 1.57 56.70 1.56 
1.67 65.77 1.74 1.58 56.70 1.57 
1.68 65.77 1.75 1.59 58.06 1.59 
1.69 65.77 1.75 1.60 58.06 1.60 
1.70 67.13 1.78 1.61 58.06 1.61 
1.71 67.13 1.78 1.62 59.42 1.63 
1.72 68.49 1.81 1.63 59.42 1.64 
1.73 68.49 1.82 1.64 60.78 1.66 
1.75 69.85 1.85 1.65 60.78 1.67 
1.76 69.85 1.85 1.66 60.78 1.68 
1.77 71.22 1.88 1.68 62.14 1.71 
1.78 71.22 1.88 1.69 62.14 1.71 
1.79 71.22 1.89 1.70 63.50 1.74 
1.80 72.58 1.92 1.72 64.86 1.77 
1.82 72.58 1.93 1.73 64.86 1.77 
1.83 74.16 1.96 1.75 66.23 1.81 
1.84 74.16 1.96 1.76 66.23 1.81 
1.85 75.75 1.99 1.77 67.59 1.83 
1.89 77.57 2.04 
1.91 79.15 2.07 
1.93 81.19 2.11 
1.96 83.24 2.16 
2.00 87.54 2.24 

nomograms are applicable to normotensive subjects 4 
months to 75 years old. 

In Figure 5, the proportion of subjects whose values for 
left ventricular mass/height and left ventricular mass/ 
height2

.7 were in the highest decile of the total group is 
plotted for the quartiles of height in both children and adults. 
The progressive increase in the proportion of subjects with 
relatively higher values of left ventricular m~ss/height from 
the lowest to the highest quartile of body height in both 
children and adults illustrates the systematic error intro­
duced by applying a single masslheight partition value in 
subjects of different body size. Using height to the 2.7 power 
eliminated this effect of body height in adults but revealed a 
concentration of the highest values in the shortest (and 
youngest) quartile of children. Use of the 95% confidence 
intervals for ventricular masslheight2

.
7 for the different age 

strata illustrated in Figure 6 or the nomograms in Figure 4 
allows recognition of ventricular hypertrophy without this 
age effect. 
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Table S. Observed and Theoretic Measures of Body Size and Left 
Ventricular Mass in Normal Weight and Overweight Adults* 

Normal 
Weight Overweight 

(n = 228) (n = 56) p Value 

Age (yr) 38 ± 14 44 ± 12 <0.006 
Gender (male/female) 137/91 20/36 <0.001 
Body height (m) 1.69 ± 0.10 1.66 ± 0.11 <0.01 
Observed body weight (kg) 65 ± 12 83 ± 15 <0.00001 
Ideal body weight (kg) 65 ± 7 62 ± 7 <0.005 
Body surface area (m2) 1.74 ± 0.20 1.91 ± 0.22 <0.00001 
Ideal body surface area (m2

) 1.75 ± 0.15 1.69 ± 0.16 <0.01 
LV mass (g) 140 ± 37 149 ± 36 NS 
Ideal LV mass (g) 135 ± 17 128 ± 18 <0.01 
LV masslideal body weight (glkg) 2.14 ± 0.48 2.39 ± 0.55 <0.001 
LV masslBSA (gIm2) 80 ± 18 88 ± 20 <0.002 

"Left ventricular mass calculated from American Society of Echocardiog­
raphy measurements. BSA = body surface area; LV = left ventricular. 

Discussion 
On the basis of the observation that body proportions 

differ among organisms of different body size, it has been 
found useful to use equations to describe the biologic rela­
tions between the size of different body components. The 
relations between the growth of a body part and that of the 
organism are generally curvilinear or logarithmic. These 
growth relations are best expressed mathematically by 
means of allometric equations in which: 

Size of a body part = Constant x Body sizeallometric exponent 

Because allometric equations correctly describe relations 
between organs and body growth and may reveal relations 
that otherwise remain obscure, their utility for comparisons 
between individuals or species of different size and for 
predicting the expected size of organs for a given body 
size is widely accepted (16,31). We used this approach to 
test the assumption that left ventricular mass increases 
linearly with the first power of the three mos~ frequently 
used variables of body size. The study was performed in 
three separate groups that were from different geographic 
areas (U.S. East Coast and Midwest and southern Italy) 
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and differed in ethnic, social and environmental characteris­
tics as well as in the more rigorous exclusion of subjects with 
established cardiovascular risk factors from the Naples 
normal-weight group. Despite these differences, the rela­
tions of left ventricular mass to the three measures of body 
size (height, weight and body surface area) across a wide 
range of age and body size were similar in all groups of 
normotensive subjects with normal body weight (Fig. I). 
Black subjects were well represented in the groups from 
New York (36%) and Cincinnati (27%); however, the num­
ber of black men and women in separate normal weight and 
overweight strata was too small to permit complete race­
specific analyses. 

Relation of left ventricular mass to body size. In this 
study, only the relation of left ventricular mass to body 
weight approached a power of 1, whereas relations of 
ventricular mass to both body surface area and body height 
were substantially different, approximating a power of 1.5 
for body surface area and approaching a power of 3 for 
height. The differences in power of the relations between 
ventricular mass and the three measures of body size reflect 
the mathematic relations between variables having different 
dimensions (22). Thus, left ventricular mass and body weight 
are three-dimensional measurements, yielding therefore a 
first-power relation; comparison of ventricular mass with a 
two-dimensional (body surface area) or a one-dimensional 
(height) measurement yielded relations to correspondingly 
higher powers. This result extends the previous observations 
of Gutgesell et al. (34). They found that in 145 children and 
adolescents aged 1 day to 19 years old, left ventricular 
diastolic dimension was more closely related to the cube root 
of body weight (r = 0.93) than to its absolute value (r = 0.85) 
and to the square root of body surface area (r = 0.95) than to 
its absolute value (r = 0.92), whereas the differences be­
tween relations with body height and its transformations 
were minimal (that is, r = 0.92 vs. 0.93 for absolute and 
square or cube root value, respectively). More recently, 
Gutgesell and Rembold (35) demonstrated that left ventric­
ular end-diastolic volume (a three-dimensional measure sim­
ilar to ventricular mass) was related to body surface area to 
a power of 1.5, a value identical to that found for the relation 

Table 6. Impact of Overweight on Left Ventricular Mass* Normalized by Various Measures of Body Size in Adults 

Men Women p Value 

Normal Obese Normal Obese 
(n = 137) (n = 20) (n = 91) (n = 36) Gender BMI 

Age (yr) 39 ± 14 44 ± 13 37 ± 15 44 ± 12 NS <0.004 
LV mass (g) 155 ± 34 163 ± 36 117 ± 28 142 ± 35 <0.00001 <0.0003 
LV masslBSA (glm2) 85 ± 16 79 ± 19 73 ± 16 .78 ± 19 <O.OOOOlt NS 
LV masslBW (glkg) 2.2 ± 0.4 1.8 ± 0.5 2.0 ± 0.5 1.8 ± 0.5 <0.001 <0.00001 
LV mass/height (gIm) 89 ± 19 93 ± 21 72 ± 17 88 ± 21 <O.OOOOlt <0.0001 
LV masslBSAu (gImu ) 63 ± 12 56 ± 14 58 ± 13 58 ± 15 <0.01 NS 
LV mass/height2.7 (gIm2.7) 35 ± 8 37 ± 9 32 ± 8 40 ± 10 NSt <0.00001 

'Left ventricular mass calculated from American Society of Echocardiography measurements. tp < 0.05; tp < 0.01 (gender-specificity of the difference from 
values in normal weight subjects). BMI = body mass index; BSA = body surface area; BW = body weight; LV = left ventricular. 
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Figure 4. Top, Relation between left ventricular mass and body 
height in normal weight female infants, children and adults aged 4 
months to 75 years. Allometric regression line (middle'line) and 
upper and lower 95% confidence limits of this relation are displayed. 
Bottom, Allometric regression line (middle line) and upper and lower 
95% confidence limits of the relation between left ventricular mass 
and body height in male infants, children and adults aged 4 months 
to 75 years. 

between ventricular mass and body surface area in our study 
group. 

Effect of indexing on detection of left ventricular hypertro­
phy. The use of one normalization instead of another is 
likely to affect the results when subjects of different body 
size are compared. For example, Garavaglia et al. (36) 
recently compared two groups of obese adults with a group 
of nonobese hypertensive patients. Normalization of ven­
tricular mass for body surface area yielded a significant 
difference between nonobese and both mildly obese and 
moderately obese patients (both p < 0.(01), with a 23% 
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Figure 5. Proportion of subjects with values of left .ventricular (LV) 
mass indexed by height (Ht) or heightl·7 in the upper decile of the 
population (vertical axis) in relation to quartiles of height (horizontal 
axis). p values were obtained from chi-square statistics. 

mean increase in ventricular mass index in those with mild 
obesity. Had height been used to normalize ventricular 
mass, the mean difference would have been 34%, whereas 
the mean difference in ventricular masslbody weight would 
have been only 7%. The intergroup difference would have 
been 27% with indexing for the 2.7 power of height. The 
ability to detect left ventricular hypertrophy in obese pa­
tients therefore depends on both the measure of body size 
chosen to index ventricular mass and the choice of simple 
linear correction or normalization by the power revealed by 
allometric equations. Preliminary analysis in hypertensive 
patients has shown that use of the allometric signal for height 
detects a higher prevalence of left ventricular hypertrophy in 
overweight patients than does conventional indexing by 
body surface area (37). 

More important, the positive residual relation between 
left ventricle masslheight and height indicates that larger and 
implicity prognostically more adverse values for ventricular 
mass would be found in taller subjects (Fig. 5). However, 
two large prospective studies have shown that the risk of 
myocardial infarction in men is inversely related to height 
(38,39). Normalization of left ventricular mass for heighe·7 

resulted in a weakly inverse residual relation with height that 
would avoid misleading predictions. 

Obesity as a signal for increased left ventricular mass. 
Longitudinal studies have shown that obesity is a risk factor 
for cardiovascular diseases (40,41). Cross-sectional studies 
are inconsistent in reporting higher, lower or similar left 
ventricular masslbody surface area in normotensive obese 
compared with normal weight adults, whereas ventricular 
mass index has been more consistently found to be higher 
in obese than in normal weight hypertensive adults (20,23, 
36,42). The present data further clarify the relation of obesity 
to ventricular mass; body weight was approximately 28% 
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Figure 6. Mean value and 95% confidence (Confid.) interval for left 
ventricular (LV) mass/heighe·7 (vertical axis) in female (upper panel) 
and male (lower panel) subjects in four age groups. 

higher in the overweight than in the normal weight adults, 
but left ventricular mass in the former group w<).s only 14% 
higher than predicted from ideal body weight. This caused 
ventricular masslbody weight to be approximately ll% 
lower in overweight than in normal weight subjects (p < 
0.0001, Table 6), a finding that is a pronounced deviation 
from the expected first-power relation between left ventric­
ular mass and body weight (22). The reasons for the dimin­
ished allometric signal to increase in ventricular mass pro­
vided by excess body weight in adults are uncertain but may 
include a lower ratio between lean and fat body mass and 
lower metabolic demand of adipose tissue. 

Conclusions. The relations of left ventricular mass to 
body size are affected by differences in geometric dimen­
sions. Accordingly, the normalization of ventricular mass for 
measures of body size should take into account the relations 
among body size measures with different dimensions. 
Among the indexes studied, both body height2.7 and ideal 
body surface areal.5 (generated from ideal body weight for 
height in Table 4) provide methods of normalizing ventricu-
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lar mass for body size that reduce its variability among 
normal weight subjects and correctly detect differences in 
left ventricular mass between normal and overweight sub­
jects. Nomograms depicting the confidence limits of normal 
relations between left ventricular mass and body height (Fig. 
4) may be used clinically to determine whether a given 
patient has hypertrophy, independent of the presence of 
obesity. Indexing for body surface areal.s or body weight 
reduces ventricular mass variability in normal weight sub­
jects but does not correctly detect left ventricular mass 
differences related to obesity. Indexing of ventricular mass 
for height is less successful in reducing variability of ven­
tricular mass among normal weight children or adults, un­
derestimates the increase in mass owing to overweight in 
adults and results in increases of indexed ventricular mass 
with greater height (r = 0.71 in children and 0.41 in adults in 
the present study). As more data relating left ventricular 
mass to prognosis are obtained, it will be important to 
determine whether indexing left ventricular mass by mea­
sures of body size to the allometrically correct power will 
improve the already strong ability of left ventricular mass 
indexed by body surface area (1,2) or height (3,4) to predict 
adverse events. 

We thank Daniel Levy. MD. for critical reading of this manuscript and 
Virginia Bums for assistance in its preparation. 
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