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ABSTRACT

Background Obesity causes cardiovascular disturbances. The
incidence of cardiovascular disease is higher even in mildly obese
patients than in lean subjects.
Objectives The purpose of this study was to compare left ven-
tricular (LV) mass, LV internal dimensions, and LV systolic func-
tion between obese and normal children; and to determine the as-
sociation of the degree of obesity with LV mass and LV systolic
function.
Methods This cross-sectional study was conducted on elemen-
tary school students in Jakarta from February to April 2003. We
measured the subjects’ body weight and height, and performed
lipid profile and echocardiography examinations. Measurements
of LV mass, LV internal dimensions with regard to septum thick-
ness, LV internal diameter, and LV posterior wall thickness; and
LV systolic function as indicated by shortening fraction and ejec-
tion fraction, were performed echocardiographically. The differ-
ences in measurements between obese and normal children as
well as between obese children with and without lipid abnormality
were analyzed. The correlation between the degree of obesity with
LV size and systolic function was determined.
Results Twenty-eight normal children and 62 obese children were
enrolled in the study. Mean LV mass was 35.7 (SD 5.16) g/cm3 in
obese children versus 24.0 (SD 3.80) g/cm3 in normal children
(P<0.0001). Mean septum thickness was 0.8 (SD 0.14) mm in
obese children versus 0.6 (SD 7.90) mm in normal children (P<
0.0001). Mean posterior wall thickness was 0.9 (SD 0.14) mm in
obese children versus 0.6 (SD 9.97) mm in normal children
(P<0.0001). Mean LV internal diameter was 4.0 (SD 0.34) mm in
obese children versus 3.9 (SD 0.29) mm in normal children
(P=0.300). There was strong correlation between the degree of
obesity and LV mass (r=0.838, P<0.0001). LV systolic function
(shortening fraction) was 37.1 (SD 4.20) percent in obese children
versus  35.8 (SD 4.99) percent in normal children (P=0.19). Ejec-
tion fraction was 67.4 (SD 5.32) percent in obese children versus
65.5 (SD 6.29) percent in normal children (P=0.13). There was
weak correlation between LV systolic function and the degree of
obesity (shortening fraction r=0.219, P=0.038; ejection fraction
r=0.239, P=0.023).
Conclusions Obese children had significantly greater LV mass,
septum thickness, and posterior wall thickness than normal chil-

C
hildhood obesity is a major public health

problem and evidence shows that this will

continue onto adulthood. Obesity results

in systemic abnormalities which may cause

morbidity and mortality. The incidence of

cardiovascular disturbance is higher in even mildly

obese patients than in normal subjects. Cardiovascular

complications of obesity include hypertension,

dyslipidemia, insulin resistance, glucose intolerance,

and type II diabetes mellitus, which may accelerate

the development of vascular diseases, left ventricular

hypertrophy, and pulmonary hypertension due to

obstructive sleep apnea.1-3

dren. Such significant difference was absent for LV internal diam-
eter and measures of LV systolic function. There was no signifi-
cant difference in LV mass and LV systolic function between obese
children with or without abnormality of lipid profile. A strong corre-
lation exists between the degree of obesity and  LV mass, but the
correlation between degree of obesity and LV systolic function was
weak [Paediatr Indones 2005;45:171-176].
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It is well-known that long-standing obesity is

associated with left ventricular dilatation and impaired

systolic function in adults.4-8 However, there is little

information concerning its impact on left ventricular

mass and left ventricular systolic function in obese

children. As of yet, there is no report of this in Indo-

nesia. This study aimed to compare left ventricular

(LV) mass, LV internal dimensions, and LV systolic

function between obese and normal children; and to

determine the association of the degree of obesity with

LV mass and LV systolic function.

Methods

This cross-sectional study was conducted at Al Azhar

Elementary School, Rawamangun, East Jakarta from

January to March 2003. The subjects of the study were

fourth- through sixth-grade obese and normal-weight

primary school students. The subjects were selected

by simple random sampling.

Subjects’ personal data were collected by filling

questionnaires. Measurements of body weight and

height were performed by using two scales (Detecto

Medic). Serum levels of total cholesterol, high-den-

sity lipoprotein (HDL) cholesterol, low-density lipo-

protein (LDL) cholesterol, triglyceride (TG), and

apoprotein-B (Apo-B) were determined. Measure-

ment of LV internal dimensions, LV mass and LV sys-

tolic function were performed by echocardiography

using Agilent Sonos 4500.

The obesity criteria used was based on body mass

index (BMI) for age. BMI for age above the 95th per-

centile on the Centers for Disease Control (CDC)

growth charts was classified as obesity. LV mass and

LV systolic function were assessed using M-mode

echocardiography. We compared data of obese and

normal children as well as of obese children with and

without lipid profile abnormality. We also analyzed the

correlation of the degree of obesity with LV mass and

LV systolic function. LV internal dimensions measured

were septum thickness, LV internal diameter, and LV

posterior wall thickness. The indicators used to assess

LV systolic function were shortening fraction (SF) and

ejection fraction (EF).

Data were tabulated and analyzed using SPSS

11 version. The difference between quantitative data

was analyzed using the t-test. Statistical significance

was set at P <0.05. Correlation of the degree of obe-

sity with LV mass and LV systolic function were as-

sessed using Pearson’s correlation analysis.

Ethical approval for this study was given by the

Medical Research Ethics Committee of the Medical

School, University of Indonesia.

Results

Three hundred and sixty students, consisting of 177

boys (49%) and 183 girls (51%), underwent body

TABLE 1. CHARACTERISTICS OF STUDY SUBJECTS

Characteristic n %

Sex
Male 177 49
Female 183 51
Nutritional status
Underweight   86 24
Normal   54 15
Overweight 109 30
Obese 111 31

TABLE 2. COMPARISON OF LV MASS, LV INTERNAL DIMENSIONS, AND LV SYSTOLIC FUNCTION

BETWEEN OBESE AND NORMAL SUBJECTS

Variable                Mean value P*

Obese Normal-weight

LV internal dimensions
Septum thickness (mm) 0.8 (SD 0.14) 0.6 (SD 7.9) P <0.0001
LV diameter (mm) 4.0 (SD 0.34) 3.9 (SD 0.29) P=0.300
LV posterior wall thickness (mm) 0.9 (SD 0.18) 0.6 ( SD 9.97) P<0.0001

LV mass (g/cm3) 35.7 (SD 5.16) 24.0 (SD 3.80) P <0.0001
LV systolic function

EF (%) 67.4 (SD 5.32) 65.5 (SD6.29) P=0.13
FS (%) 37.1 (SD 4.20) 35.8 (SD 4.99) P=0.19

* t-test for 2 independent groups
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TABLE 3. COMPARISON OF LV MASS BETWEEN OBESE CHILDREN WITH

NORMAL AND ABNORMAL LIPID PROFILE

Lipid profile n LV mass (g/cm3) P

LDL (mg/dl)
<130 44 35.5 (SD 5.51) P=0.640
>130 18 36.2 (SD 5.07)

Triglyceride (mg/dl)
<200 56 35.8 (SD 5.05) P=0.866
>200 6 35.4 (SD 6.72)

Apo-B (mg/dl)
<109 57 35.7 (SD 4.98) P=0.942
>109 5 35.9 (SD 7.73)

weight and height measurements. Eighty-six children

(24%) were underweight, 54 (15%) had normal

weight; 109 (30%) were overweight, and 111 (31%)

were obese (Table 1). Out of 111 children with obesity

and 54 children with normal weight, 90 consented to

full check-up, consisting of 62 with obesity and 28

with normal weight.

LV mass was compared between obese and nor-

mal-weight children. The average LV mass was 35.7

(SD 5.16) g/cm3 in obese children and 24.0 (SD 3.80)

g/cm3 in normal children (P<0.0001). The difference

in mean LV mass between obese and normal-weight

children was statistically significant. Septum thickness

and LV posterior wall thickness were also significantly

greater in obese children than in normal ones. How-

FIGURE 1. CORRELATION BETWEEN LV MASS AND BODY WEIGHT PER BODY HEIGHT

ever, LV internal diameter and LV systolic function

was not significantly difference between obese and

normal-weight children (Table 2). Shortening frac-

tion (SF) was 35.8% (SD 4.99%) in obese children

and 37.1% (SD 4.20%) in normal children (P=0.19).

Ejection fraction (EF) was 65.5% (SD 6.29%) in obese

children and 67.4% (SD 5.32%) in normal children

(P=0.13).

Half of the obese children had abnormal lipid

profile, but it did not seem to influence LV mass. LV

mass was not significantly different between obese

children with and without abnormal lipid profile

(Table 3).

Figure 1 shows the correlation between the de-

gree of obesity and LV mass. There was a strong, sta-
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tistically significant correlation between the degree

of obesity as denoted by body weight per body height

and greater LV mass (r=0.838, p<0.0001).

Figures 2 and 3 show the correlation of the de-

gree of obesity with LV systolic function as indicated

by shortening fraction and ejection fraction, respec-

tively. There was weak correlation between the de-

gree of obesity and lower LV systolic function

(r=0.219, P=0.038 for SF and r=0.239, P=0.023 for

EF).

Discussion

The aberration in LV mass and structure are of great

importance. Left ventricular hypertrophy is one of the

strongest risk factors for cardiovascular morbidity and

mortality. Moreover, an increase in relative wall

thickness has been shown to enhance cardiovascular

risks. The changes in LV mass and structure with

increasing body weight can be partially explained by

the hemodynamic changes that accompany obesity. As

FIGURE 2. CORRELATION BETWEEN SHORTENING FRACTION AND BODY WEIGHT PER BODY HEIGHT

FIGURE 3. CORRELATION BETWEEN EJECTION FRACTION AND BODY WEIGHT PER BODY HEIGHT
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body weight increases, total blood volume and cardiac

output rise, thus leading to a volume overload which

causes left ventricular dilatation and a parallel

thickening of the ventricular wall (eccentric left

ventricular hypertrophy). Karason et al5 reported that

LV mass of obese adults (37-61 years old) was greater

than that of normal adults. There was a significant

decrease in LV mass, septum thickness, and LV posterior

wall thickness after one year of intervention. Kano et

al9 reported that obesity has influence towards LV

structure at an age as early as six years. According to

Mitchell et al,6 the increase in LV mass can be detected

in an earlier stadium of obesity. In our study we

compared LV mass, interventricular septum thickness,

LV posterior wall thickness, LV internal diameter, and

LV systolic function (shortening fraction and ejection

fraction) between 62 obese children and 28 normal-

weight children. In accordance with results of previous

studies, our data showed that LV mass in obese children

was greater than that of normal children, and that

interventricular septum and LV posterior wall thickness

in obese children was also greater than those of normal

children. In this study the youngest subject was 9 years

old. This study showed that there was strong correlation

between the degree of obesity and LV mass (r=0.838,

P<0.0001). Similarly, studies by Alpert et al8 and

DeSimone et al10 reported strong correlation between

LV mass and abnormal lipid profile in obese children

and adults. Marricone et al4 reported that in obese

adults, LV internal diameter was significantly larger than

in normal subjects (P=0.001). Alpert et al7 found strong

correlation between the length of obesity period and

the increase in LV internal diameter (r=0.71). On the

contrary, in this study there was no difference in LV

internal diameter between obese and normal children.

There was no significant difference in LV sys-

tolic function between obese and normal children. In

obese children, only LV hypertrophy was found; dila-

tation has not yet occured, which might explain why

the LV systolic function was within normal limits. Our

study showed that there was weak correlation between

the degree of obesity and decreased LV systolic func-

tion, as did that of Nakajima et al.11 Contrastingly,

Alpert et al7 reported that decreased LV systolic func-

tion and obesity were correlated.

We conclude that LV mass in obese children was

greater than that in normal-weight children. How-

ever, LV systolic function in obese children was still

within normal limits. There was strong correlation

between the degree of obesity with LV mass. LV mass

in obese children increased even with normal lipid

profile was still normal. Therefore, it is important to

evaluate cardiac morphology and function in obese

children even if they have no cardiac symptoms. Fur-

ther study is needed to understand the influence of

the duration of obesity towards left ventricle func-

tion, particularly with regard to systolic time interval

and diastolic function.

References

1. Jousilahti P, Tuomilehto J, Vartiainen E, Pekkanen J,

Puska P. Body weight, cardiovascular risk factors and

coronary mortality. Fifteen year follow up of middle

aged men and women in eastern Finland. Circulation

1996;93:1372-9.

2. Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath

CW. Body mass index and mortality in a prospective

cohort of U.S adults. N Engl J Med 1999;341:1097-

105.

3. Sheehan MT, Jensen MD. Metabolic complication of

obesity. Pathophysiologic considerations. Med Clin

North Am 2000; 84:363-79.

4. Morricone L, Malavazos AE, Coman C, Donati C,

Hassan J, Caviezel F. Echocardiographic abnormalities

in normotensive obese patients: relationship with vis-

ceral fat. Obesity Research 2002;10:489-98.

5. Karason K, Wallentin I, Larsson B, Sjostrom L. Effects

of obesity and weight: loss on left ventricular mass and

relative wall thickness: survey and intervention study.

BMJ 1997; 315:912-6.

6. Mitchell BM, Gutin B, Kapuku G, Barbeau P,

Humphries MC, Owen S, et al. Left ventricular struc-

ture and function in obese adolescent: relations to car-

diovascular fitness, percent body fat and visceral adi-

posity and effects of physical training. Pediatrics 2002;

109:1-11.

7.  Alpert MA, Lambert CR, Panayiotou H, Terry BE,

Cohen MV, Massey CV, et al. Relation of duration of

morbid obesity to left ventricular mass, systolic func-

tion and diastolic filling and effect of weight loss. Am

J Cardiol 1995; 76:1194-7.

8. Alpert MA, Terry BE, Lambert CR, Kelly DL,

Panayiotou H, Mukerji V, et al. Factors influencing left

ventricular systolic function in nonhypertensive mor-



Paediatrica Indonesiana

176 • Paediatrica Indonesiana, Vol. 45, No. 7-8 • July - August 2005

bidly obese patients and effect of weight loss induced

by gastroplasty. Am J Cardiol 1993; 71:733-7.

9. Kono Y, Yoshinaga M, Oku S, Nomura Y, Nakamura

M, Aihoshi S. Effect of obesity on echocardiographic

parameters in children. Int J Cardiol 1994; 46:7-13.

10. DeSimone G, Daniles SR, Devereux RB, meyer RA,

Roman MJ, Divitiis O, et al. Left ventricular mass and

body size in normotensive children and adults: assess-

ment of allometric relations and impact of overweight.

J Am Coll Cardiol 1992; 20:1251-60.

11. Nakajima T, Fujioka S, Tokunaga K, Hirobe K,

Matsuzawa Y, Tarui S. Noninvasive study of left ven-

tricular performance in obese patients: influence of

duration of obesity. Circulation 1985; 71:481-6.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.51000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 75
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 100
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


