J Korean Med Sci 2000; 15: 641-6
ISSN 1011-8934

Copyright @ The Korean Academy
of Medical Sciences

Relationship between Normal Heart Size and Body Indices in Korean

We provided a curve-fit equation to predict the normal heart weight (g) in
Koreans by examining 422 autopsies (215 males and 207 females, from new-
born to age 77 yr) who were relatively in good general condition. Heart weight
was well correlated with body surface area (m?), body weight (kg), and body
height (cm) but poorly with age in both sex. Heart weight progressively increased
from birth to the earlier 3rd and 4th decades in male and female, respectively,
and then gradually decreased; mean heart weight of all age group was greater
in male than in female and significantly different from birth to 4th decade. In
both sex, heart weight exponentially increased in accordance with the increase
of body height, body weight, and body surface (in male, heart weight=0.00312 X
body height"*®, r°=0.750, p<0.0001; in female, heart weight=0.00443 x body
height*', P=0.781, p<0.0001; in male, heart weight=9.22 xbody weight®*®,
=0.770, p<0.0001; in female, heart weight=9.00 x body weight’®®, *=0.820,
p<0.0001; in male, heart weight=155.18 xbody surface area'®, r*=0.808,
p<0.0001; in female, heart weight=124.13 xbody surface area'®”, r*=0.834,
p<0.0001). These results indicate that heart weight is better correlated with body
surface area than with body weight;, however, body weight should be a better
determinant of a predicted heart weight, since body surface area is entirely
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INTRODUCTION

Until the mid-1970s, the main causes of death in
South Korea wete infectious diseases such as tuberculosis,
but in recent days population affected by infectious dis-
eases decreased and the average life-span increased in our
society. Catrdiovascular disease is now known as the most
common cause of death: WHO (1) reported that 156.4
Kotean people per 100 thousands of population died
from cardiovascular diseases in South Korea in the early
1990s. Howevet, information on normal values for var-
ious cardiovascular structures in Korean as well as in
other Mongolians is sparse; to our knowledge, no large-
scale autopsy study of quantitative cardiac anatomy has
included the apptreciable numbers of age groups from
birth to septuagenarians. Sagall (2) emphasized that the
exact diagnoses of cardiovascular diseases are clinically
impottant for cardiac surgeons, pathologists, and also for
catdiologists. In this respect, this quantitative anatomic
study was undertaken to establish age- or body index-
related changes of Korean hearts from the actual spec-
imens and to compate our data with those from Cau-
casians.
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MATERIALS AND METHODS

Materials and Measurement

The study protocol was conformed by the Institutes.
Actual specimens of normal hearts from autopsies per-
formed between 1994 and 1998 were examined. The fol-
lowing cases were excluded: 1) deficiencies in nutrition
ot growth, 2) obvious gross lesion or defect in the heart
ot peticardium, 3) cardiac malformation ot past histoty
of heart disease, 4) past history of hypertension or ather-
osclesosis, 5) abnormal curvature of vertebral column, 6)
accompaniment of putrefaction, 7) dehydration, ascites,
edema, utinaty distention, large cyst and tumor, preg-
nancy, ot defect in a part of the body, and 8) functional
thyroid disease. Body weight and body height (from
occiput to heel in supine position) wete measured. The
emerging points of great vessels of the heart were intet-
rupted and the heart was excised; each heart was cleaned
in a tap watet to remove intracatdiac blood clots and was
weighed to the nearest gram on a precision electronic
balance. Histopathologic examination was accompanied
to exclude the specimens with myocatrdial hypertrophy,
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Table 1. Age-related body indices (mean+SD)
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Age (yr) Number of specimen Body height (cm) Body weight (kg) Body surface area (m?)
Male

0-4 4 875x124 14.0+34 0.57x0.11
59 5 116.6+9.7 21.2+6.3 0.83+0.15
10-14 7 151.3£26 432+25 1.3520.11
15-19 24 169.5£6.9* 56.9+8.6" 1.65£0.13
20-29 47 169.9£6.5% 62.6+69" 1.72+0.11
30-39 61 167.9£5.8* 62.2+9.2" 1.60£0.13
40-49 40 167.2£6.2* 56.7+9.4 1.63x0.14
50-59 17 163.1£5.6* 55.6+9.5 1.59=x0.15
60< 10 163.0£6.4* 52.2+91 1.54+0.15
Female

0-4 7 821x215 10.5£4.9 0.58+0.23
59 6 125.7+11.1 27.9+8.9 1.19+0.23*
10-14 6 149.8+12.8 40.0=1.1 1.58+0.18"
15-19 21 160.5£55 49.0£6.0 1.81+0.13°%
20-29 59 159.0£5.5 51.3£55 1.83+0.11%
30-39 50 150.0£54 545+8.6 1.87+0.14%
40-49 29 156.7£4.2 54.6+6.8 1.86+0.13°%
50-59 12 156.3£5.3 54.7£8.0 1.85+0.15°%
60< 17 150.4+4.1 46.3+81 1.68+0.14%

*p<0.01, 'p<0.01, Tp<0.05, $p<0.01, statistically compared by t-test

atrophy, and cardiomyopathies. Finally, a total of 422
specimens (215 in male; 207 in female) were included
for examination; their age was between 1 and 76 yr in
male, and between 0 and 77 yt in female (Table 1).

Statistics

Data wete exptessed as mean “standard deviation. All
of the data were re-classified by sex, body weight, body
height, and age, and body sutface atea was calculated by
pteviously published formulas (3, 4), ie., in male, body
height (cm)*™ xbody weight (kg)***°x71.84, and in
female, body height (cm)””® xbody weight (kg)”***' x
71.84. SAS program (version 6.0) was used for statistical
analyses: Pearson’s correlation coefficients less than 0.05,
among age, body height, body weight, body surface atea,

and heatt weight, were considered to be significant, and
cutve-fit equations between body indices and heart
weight wete made.

RESULTS

Relationship between heart weight and age, body height,
body weight and body surface

As shown in Table 2 and 3, age, body height, body
weight, body surface area, and heart weight were cot-
related with each other in either sex. Peatson’s correla-
tion coefficients among age, body indices (body height,
body weight, and body surface area), and heart weight
wete slightly higher in female except that between body

Table 2. Pearson correlation coefficients among parameters in the male

Body weight Body height Body surface area Heart weight
Age 0.205 0.300 0.258 0.324
p<0.003 p<0.0001 p<0.0001 p<0.0001
Body weight 0.765 0.959 0.744
p<0.0001 p<0.0001 p<0.0001
Body height 0.916 0.721
p<0.0001 p<0.0001
Body surface 0.781

area

p<0.0001
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Table 3. Pearson correlation coefficients among parameters in the female

Body weight Body height Body surface area Heart weight
Age 0.370 0.200 0.350 0.535
p<0.0001 p<0.0001 p<0.0001 p<0.0001
Body weight 0.793 0.955 0.793
p<0.0001 p<0.0001 p<0.0001
Body height 0.937 0.721
p<0.0001 p<0.0001
Body surface 0.801
area p<0.0001

sutface area and heart weight. In male, body weight was
well correlated with body sutface atea, and age was
pootly cotrelated with body weight; heart weight was
well correlated with body sutface area, body weight, and
body height, and pootly cotrelated with age. In female,
body weight was well cotrelated with body sutface atea,
but age was pootly correlated with body height; the
heart weight was well correlated with body sutface atea,
body weight, and body height, but pootly cotrelated with
age.

Age-related changes in body height, body weight, and
body surface area

As summatized in Table 1, body height in male pro-
gtessively increased by age of 20 yr, after which it re-
mained constant regatrdless of increasing age; body weight
progtessively increased by age of 30 yr and after that,
it gradually decreased. In female, body height progres-
sively increased by age of 20 yr, after which it gradually
decreased; body weight progressively increased by age of
40 yt and after that, it gradually decreased. Body height
in male was not different from that in female, from birth
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Fig. 1. Age-related heart weight in male. Heart weight in-

creases from birth to near age of 40 yr before decreasing (Y=
120.6+9.87X-0.12X°, *=0.417, p<0.001).

to age of 20 yt, but after that body height in male is
greater than in female; body weight in male was greater
than in female, from birth to age of 39 yr, but after that
sex difference in body weight was not significant.

In general, body sutface area was greater in female
than in male. Body sutface area in male was increased
after birth, reached its maximum value at age of 20-39
yt, and afterwards it gradually decreased; in female, it
was not significantly changed between age 20 and 59 yr,
and afterwards it gradually decreased.

Age-related change in heart weight

In male, heart weight progtessively increased from
birth to the eatlier fourth decade, after which it gradually
decreased (Fig. 1, heart weight=120.6 +9.87 Xage - 0.12
Xage®, '=0.417, p<0.001); in female, heart weight pro-
gtessively increased from birth to the earlier fifth decade,
after which it gradually decreased (Fig. 2, heart weight=
91.69 +8.65 Xage - 0.09 Xage®, ©=0.565, p<0.001). In
general, heart weight was greater in male than in female;
particulatly it was significantly different after birth to age

39 yr.
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Fig. 2. Age-related heart weight in female. Heart weight in-

creases from birth to middle age and then decreases (Y=
91.72+8.65X-0.09X, *=0.565, p<0.001).
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Fig. 3. Body height-related heart weight in male. Heart weight
increases exponentially in accordance with the increase of body
height (Y=0.00312X**°, *=0.750, p<0.0001).
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Fig. 5. Body weight-related heart weight in male. Heart weight
increases exponentially in accordance with the increase of body
weight (Y=9.22X"%* *=0.770, p<0.0001).
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Fig. 7. Body surface area-related heart weight in male. Heart
weight increases exponentially in accordance with the increase
of body surface area (Y=155.18X"*°, *=0.808, p<0.0001).

J.S. Seo, S.Y. Lee, KJ. Won, et al.

500 1

400

300 1

200 1

Heart weight (g)

100 1

40 60 80 100 120 140 160 180
Body height (cm)

Fig. 4. Body height-related heart weight in female. Heart
weight increases exponentially in accordance with the increase
of body height (Y=0.00443X>"", 1*=0.781, p<0.0001).
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Fig. 6. Body weight-related heart weight in female. Heart
weight increases exponentially in accordance with the increase
of body weight (Y=8.00X"**, *=0.820, p<0.0001).
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Fig. 8. Body surface area-related heart weight in female.
Heart weight increases exponentially in accordance with the
increase of body surface area (Y=124.13X'**, ’=0.834, p<
0.0001).
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Body indices-related change in heart weight

In either sex, heart weight exponentially increased in
accordance with the increase of body height, body
weight, and body surface area (Fig. 3, in male, heart
weight=0.00312 xbody height**”, *=0.750, p<0.0001;
Fig. 4, in female, heart weight=0.00443 Xbody height™"",
=0.781, p<0.0001; Fig. 5, in male, heart weight=9.22
Xbody weight”®”, *=0.770, p<0.0001; Fig. 6, in
female, heart weight=9.00 xbody weight**”, *=0.820,
$<0.0001; Fig. 7, in male, heart weight=155.18 Xbody
sutface area' ™, =0.808, $<0.0001; Fig. 8, in female,
heart weight=124.13 Xbody sutface area'”, r'=0.834,
£<0.0001).

DISCUSSION

Results from the previous studies (5-10) are less relia-
ble in predicting the normal heart size, since age distribu-
tion and number of specimens were limited in most cases;
even in studies with large number of specimen, soutce
of measurements was from autopsy tecords, and not from
investigators. In this regard, Edwards’ group (11, 12)
from Mayo Clinic, Rochester, examined relatively a large
number of specimens and their results were highly reli-
able and useful; however, it may not be adequate to
apply their results to Koreans (as well as to other Mon-
golians) because body indices and body proportion ate
different from races. Despite these facts, no large-scale
quantitative study of the normal heart from autopsies of
Kotean, evenly distributed by sex and age, has been pet-
formed. For these reasons, we selected actual specimens
to get more reliable and clinically applicable data, and
histopathological examination was petformed to exclude
specimens with lesions such as cardiomyopathies; all of
the finally selected specimens wete normal and their age
disttibution was from birth to 8th decade.

As a result from this study, in male, body height
progtessively incteased from birth to age of 20 yr, and
after which it remained constant; body weight also pro-
gtessively increased up to age of 30 yr and afterwards
it gradually decteased. In female, body height and body
weight progressively increased up to age of 20 and 40
yt, respectively, and afterwards they gradually decteased.
Body height between both sexes is not different up to
age of 20 yt; it becomes greater in male after age of
20 yt. Body weight is also greater in the male up to
age of 39 yt, but after that it is not different between
sexes. Body sutface area in male increased after birth,
reached its maximum value between age of 20 and 39
yt, and afterwatds it gradually declined; in female, it was
not different between age 20 and 59 yt, and after it
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gradually declined; howevet, mean body sutface atea was
greater in female. Heart weight progressively increased
from birth to the eatlier 20s in male and to the eatlier
30s in female, and it gradually decteased. Heart weight
was greater in male than in female, patticulatly from
birth to age of 39 yr, as seen in the studies of Gray (13)
or Kitzman et al. (11).

In this study, mean heart weights of Korean adults
over age of 20 yr were 305 g in men and 265 g in
wornen; it was approximately 15% greater in men than
in women (p<0.01), particularly different between the
age of 20 and 39 yr. In Caucasian adults, the heart
weight varies: 280-340 g in men and 230-280 g in
wornen (13); however, our data are significantly different
from the previous studies on Caucasians (14) in whom
heart weight was 7-10% gteater in both sex. Heart
weight-to-body weight ratio in all age group ot adults
over age of 20 yr, is 0.51 (%) in both sexes, respectively;
this means the propottion of heart to the whole body
remains constant throughout life regardless of age and
sex. The heart weight-to-body weight ratios in this study
ate different from those of Ludwig (14); he repotted that
the ratios in men and women are 0.45 and 0.4, respec-
tively. The ratio is 13% greater in Caucasians than in
Koreans. The reason that our data are different from the
ptevious study on Caucasian hearts is not clear. Racial
difference of statue, body propottion, or method of spec-
imen collection (it is not clear whether cardiomyopathic
hearts were included ot not for analysis, in the study of
Ludwig) may affect the results. Random sampling with-
out discriminating cause of death or without petforming
histopathological examination should bring unpredictable
etrors since diseased hearts could be included for analysis.
In this respect, only normal specimens (selected by
macro- and microscopic examinations) were included in
this study.

Heart weight tended to exponendally increase in
accordance with the increase of body indices, i.e., body
height, body weight, and body sutface atea, and there
ate close relations among them. In male, heart weight
progtessively increased from birth to the earlier 20s and
afterwards it gradually decreased; in female it progres-
sively increased from birth to the earlier 30s and aftet-
wards it gradually decreased. In either sex, the relation
coefficient between heart weight and body indices is
greatet than 0.7, and that between heart weight and age
is less than 0.5. Our results indicate that body weight,
body height, and body sutface area are better univariate
predictors of normal heart weight than age. In general,
it is simpler to measure body height which remains rela-
tively constant and is not changed by disease in adul,
while body weight could be affected by certain diseases.
However, in either sex, heart weight is better correlated
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with body surface area and body weight than with body
height, and much better with body sutface area. Al-
though body sutface area is a much better univariate
predictor of normal heart weight, we choose body weight
as the most reliable predictor since body surface is cal-
culated from body weight and body height and its prac-
tical use is lower (11). However, relatively large number
of specimens between the 3rd and 4th decades and small
numbers in the 7th decade in either sex remain as lim-
itations in this study.
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