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Purpose - To evaluate left ventricular mass (LVM) in-
dex in hypertensive and normotensive obese individuals.

Methods - Using M mode echocardiography, 544 es-
sential hypertensive and 106 normotensive patients were
evaluated, and LVM was indexed for body surface area
(LVM/BSA) and for height’ (LVM/?). The 2 indexes were
then compared in both populations, in subgroups strati-
fied according to body mass index (BMI): <27; 27-30;
3 30kg/m’.

Results - The BSA index does not allow identification
of significant differences between BMI subgroups. Inde-
xing by height’ provides significantly increased values for
high BMI subgroups in normotensive and hypertensive po-
pulations.

Conclusion - Left ventricular hypertrophy (LVH) has
been underestimated in the obese with the use of LVM/BSA
because this index considers obesity as a physiological
variable. Indexing by height’ allows differences between
BMI subgroups to become apparent and seems to be more
appropriate for detecting LVH in obese populations.

Keywords: essential hypertension, obesity, left ventricu-
lar hypertrophy, left ventricul ar massindex

Division of Nephrology, Kidney and Hypertension Hospital, Universidade
Federal de Séo Paulo

Mailing address: Eduardo Cantoni Rosa—Rua Borges Lagoa, 960 — Vila Clementino
04038-002 — S&o Paulo, SP — E-mail: eduardocantoni @uol.com.br

Received for publication on 3/22/00

Accepted on 3/28/00

Echocardiographic evaluation of hypertensiveindivi-
dualsis based on preestablished guidelinesfor detecting
left ventricular hypertrophy, determinedinrelationto popu-
lationsof normotensiveindividuals. Inturn, thedefinition
of normal left ventricular massimpliesitscorrection by in-
fluencing physiological factors. Thus, sex, body habitus,
and possibly ageareof importanceinthiscorrection.

Thebest index of |eft ventricular massisthat obtained
using the physiological scale of weight and height varia-
bles, regarding both men and women.

Therefore, theideal index would belean body mass?,
but this method is not practical and has not been used.
Thus, indexing ventricular mass by body surface area
(BSA) ispreferred?,

However, such an index |leads to underestimation of
left ventricular hypertrophy in obese individuals (with a
greater BSA), becauseits regards obesity as a continuous
physiological variablethat would determineincreasesin
left ventricular massalso onaphysiological scale®.

Tocorrect this, useof masshy height, whoselimitsare
withinthe physiol ogical rangeand thusmaintain anormal
and not a pathological relation to ventricular mass, has
been proposed as anindex **.

Morerecent studies™ further suggest that | eft ventri-
cular massindex should be determined by height or even
height raisedtoapower of 2, 2.7, or 2.13, becausenofirst or-
der relation hasbeen demonstrated between height and | eft
ventricular mass.

Inthissense, some selection criteriahave been esta-
blished that have been used for the correction of massby
these proposed indexers (men - 126/143g/m; 49.29/m?7;
women - 105/102g/m; 46.7g/m?7) 411, Such criteria, upto
the present, have preferentially been used in larger
popul ation studies***ewith the purpose of detecting the
impact of the different indexes used on the preval ence of
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hypertrophy in these populations, known to imply a
worse cardiovascular diagnosist2,

The purpose of the present study isto compare | eft
ventricular massindex by height squared with the usual
index by body surfaceareain hypertensiveand normotensi-
ve obeseindividuals.

Methods

Inacross-sectional study, 544 patientswith essential
hypertension, 173 men and 371 women, agesranging from
13to84 and 17to 80 years, respectively, wereeval uated as
part of alarger study of cardiac morphometric and functio-
nal evaluationinthisgroup of individuals.

Individualswith ahistory of mildto moderate hyper-
tension, with or without use of medi cines, were sel ected ba-
sed onasurvey of their medical records.

Exclusion criteriawere: stage 3 hypertension[systolic
blood pressure (SBP) @ 180mmHg and/or diastolic blood
pressure (DBP) 3 100mmHg on the day of echocardio-
graphy]; diabetes (with a preestablished diagnosisand/or
fasting glucose® 140mg/dL); chronicrenal failure(defined
by serum creatinine3 2.0mg/dL ); coronary disease(diagno-
sed through angi ography, history of myocardial infarct, an-
gina, or apositiveergometrictest); clinical signsof conges-
tiveheartfailure.

Also, 106 normotensive individuals (51 men and 55
women), whose mean blood pressures, measured on 3 con-
secutive occasions during a 1-week interval, were below
140mmHg (SBP) and 90mmHg (DBP), wereeva uated.

The following parameters: age, weight, height, body
massindex® (BMI: weightinkg/height?); body surfacearee?
[BSA: 0.0001x 71.84x (weight - kg)*“®x (height -m)®™]; and
time of hypertensionwere obtai ned on the day the echocar-
diogramwasperformed.

Arterial blood pressure of each hypertensive and
normotensiveindividual wasmeasured beforetheexamina:
tion, with 1 measurementinthesitting positionand 1 after a
5-minuterest.

Regarding the hypertensives, 84.4% of the men and
86.3% of thewomen werereceivingtheusual trestment. In
regard to evaluation of pressurelevels, 9% had controlled
pressurelevels, 7.7% had borderline hypertension, 32.3%
stage 1, and 50.9% stage 2 hypertension according to the
criteriaestablished by theVI Joint National Committeefor
prevention and treatment of hypertension 2.

Both hypertensive(HT) and normotensive(NT) groups
weredivided into 3 subgroupsaccordingto BMI: <27kg/m?
(normal - 79NT and 287 HT); 27 to 30kg/m? (overweight - 15
NT and 136 HT); 3 30kg/m? (obese- 12NT and 121 HT) .

For the echocardiographic eval uation, Escote Biomé-
dica, model SIM 5000 equi pment, withamechanical 2.5MHz
transducer, allowing bi-dimensional M mode evaluation
with pulseand continuous Doppler, was used.

Measuresof left ventriclemass(LV M) werecd cul ated
by themodified Devereux formula®: 0.8[1.04(DIVS+DLVD
+DLVPW)3-(DLVD)*+0.6,whereDIVS,DLVD,andDLVPW
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correspond to measurements of interventricular septum,
left ventricle diameter, and left ventricle posterior wall in
diastole.

All measurementswereperformed accordingtothere-
commendationsof the American Society of Echocardiogra-
phy # that considers measurements at the end of diastole,
including endocardial thickness measures of the septum
and posterior wall. Thisfact justifiesthe use of the Ameri-
can Soci ety of Echocardiography (ASE) formulamodified
by Devereux®. Thisformulabringstheleft ventricle mass
values obtained by theinitially validated ASE formula?®
near those obtained by the Penn convention equation %,
which, despite being more accurate, uses aless common
method for measurement that excludestheendocardia sep-
tumandwall thicknessfromtheanaysis.

For indexing the ventricular mass and cal cul ation of
thepreval enceof hypertrophy, body surfaceareawasused,
thus obtaining the LVM/BSA parameter, whose usually
applied normality criteriaregarding hypertrophy havebeen,
110g/m?inwomenand 134g/mPinmen?s,

As proposed in the literature *5, we also corrected
themassvaueby height (LVM/h) and because height 27 or
height 213 are not practical, we opted for height squared
(LVM/R?).

Theprevalence of hypertrophy inthedifferent hyper-
tensive popul ation subgroupswasal so cal culated based on
themass/height? limitsestablished for anormotensiverefe-
rence population. Inthisway, using the 95th percentile of
themass/height? ratiointhispopul ation, thelimitsof values
of 77.7g/m?for menand 69.8g/m?for womenwereobtained.
For comparison, analysisof prevalence, using thelimitsof
mass/body surface areaobtained through the 95th percen-
tileof thenormotensive population, was performed, leading
to 110g/m?inmenand 96g/m?inwomen.

Statistical analysiswasperformed using the SigmaStat
program. For theglobal analysisof thedemographic, pres-
sure, and cardiac-structural parameters, thevaluesof mean
+ standard error were used. The comparative analysisbet-
ween demographicand pressurevariablesinthe 3 different
subgroups of hypertensives and normotensives was per-
formedusingavariancetest (ANOVA).

For comparison between the cardiac structural para-
meters of the hypertensive and normotensive subgroups,
variance (ANOV A) and covariance tests were necessary,
with adjustment for systolic arterial blood pressureinthe
hypertensive and normotensive groups, respectively.

Spearman’ scorrelation analysiswasalso usedfor cor-
relation between anthropometric (weight, height, BSA) and
cardiacstructura (LVM/h; LVMK?; LVM/BSA) varidbles.

Valuesof pbelow 0.05were considered significant.

Results

Totest thenewly proposedindexer (height), thecorre-
lations of anthropometric (weight and height) and derived
(BSA and BMI) parameterswiththoseof cardiac mass, duly
indexed for BSA, height and height? were obtained. As
showninTablel, theLVM/BSA variablehasanonsignifi-
cant correlationwith all anthropometricvariables.
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Table I - Correlation between 3 parameters of cardiac mass
correction and measures of body habitus

LVM/BSA LVM/h LVM/h?
Weight 0.07 0.29 * 0.19 *
Height 0.08 0.17 * 0.03
BSA 0.06 0.26 * 0.11*
BMI 0.03 0.24 * 0.26 *

* p£0.05; LVM/BSA (g/n¥) - left ventricular mass corrected by body
surface area; LVM/h (g/m) — left ventricular mass corrected by height;
LVM/h? (g/m?) — left ventricular mass corrected by height?; BSA (m?) -
body surface area; BMI (kg/n?) - body mass index.

Regarding theother structural variables(LVM/hand
LVM/H),theLVM/hvariable hasafrankly positiverdation
totheheight variable(r=0.17) and acorrelation of 0.24 with
thebody massindex. But when using the correction LVM/
h2, inadditionto abetter correl ation with the body massin-
dex (r=0.26), anonsignificant correlation with the height
variable (r =0.03) wasobtained, indicating that the height
variabledoesnot maintainafirst order relationtotheventri-
cular mass, asproposed.

Tablell shows the demographic and pressure varia
bles of the hypertensive and normotensive groups accor-
dingtothebody massindex distribution.

Figure 1 hastheLVM/h? meansin 3 hypertensive sub-
groups. Asshown, significantly higher and progressiveva
luesexistinthegroupswith ahigher body massindex.

Comparatively, LVM/BSA evauation did not show
significant differenceswithincreased BMI.

Thesameanalysiswasperformedinthenormotensive
population, and the resultswere similar to those of the hy-
pertensivegroup (Figure 2), although anonsignificant trend
towardanincreasein LVM/BSA paralldl totheincreasein
BMI has been observed.

Finally, the prevalence of ventricular hypertrophy was
calculated for the 3 hypertensive subgroups, according to
thelimited criteriafor LVM/BSA and LV M/h? establishedon
thebasi sof thenormotensive population. Theresults(Table
[11) show nonsignificant differencesin the preval ence of
hypertrophy between the 3 popul ation subgroupswhen the
correctionLVM/h? (110g/m?and 96g/m?) wasused, but when
theLVM/h? (77.7 g/m? and 69.8 g/n?) criterionwas utili zed,
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Fig. 1—Cardiac structure eva uation according to body massindex in hypertensive.
* p<0.001; LVM/BSA (g/n¥) - left ventricular mass/body surfacearea; LV M/H? (g/n¥)
- left ventricular mass/height?; BMI (kg/n?) - body massindex.
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Fig. 2 - Cardiac structure eval uation according to body massindex in normotensive.
* p<0.001; LVM/BSA (g/n¥) - left ventricular mass/body surface area; LV M/h?(g/n¥)
|eft ventricular mass/ height?; BMI (kg/n) - body massindex.

significant differences between the obese population
subgroup and overweight individuals as compared to with
thosewith BM| <27g/m? could be observed.

The utilization of the normally used criteriaof LVM/
BSA (134g/nv and 110g/m?) for ca culating the prevaenceof
hypertrophy inthehypertensivegroup, similarly tothe 100
and 96g/m? criteria, al so did not show significant differen-
cesbetween the 3 subgroups(28.2%vs27.2%vs 24.8%).

Discussion

Obesity isarisk factor known to beimportant for left
ventricular hypertrophy. Thefirst studiesthat found anin-

Table II - Demographic and blood pressure parameters in hypertensive and normotensive individuals according to the distribution of body mass index.
Normotensive Hypertensive

Kg/m? <27 27-30 >30 P <27 27-30 >30 P

N 79 15 12 287 136 121

Age 41.2+1.6 443+ 0.7 43.0+ 3.2 NS 50+ 0.8 51 +1.07 50 +1.15 NS

BMI 23+ 0.24 27.9+ 0.18 33.3+0.27 < 0.0001 243+ 013 283+ 0.07 323+027 < 0.0001

SBP 110 1.2 124 + 34 120+ 21 0.02 148+ 1.35 144 + 19 148+ 2.13 NS

DBP 80+ 0.8 8l +15 800 + 1.2 NS 92+ 0.75 93 +1.1 955 +1.2 NS

SEX 58.3/41.7 51.9/481 46.3 /533 NS 69.3/ 30.7 66.2 / 33.8 67.8 /322 NS

FIM

BMI (kg/m?)- body mass index; SBP (mmHg)- systolic arterial blood pressure; DBP (mmHg)- diastolic arterial blood pressure
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Table III - Prevalence of left ventricular hypertrophy in hypertensi-
ve individuals stratified by body mass index according to limits of
values established in a normotensive reference population: LVM/
BSA (110g/m* men and 96g/m*> women) and LVM/h? (77.7g/m?
men and 69.8g/m*> women).

BMI (kg/n?) <27 27-30 330 p
N 287 136 121

%LVH 87 (30.3) 59(433)* 58(47.9)*  <0.001
LVM/h2

%HVE 136 (459) 67 (49.2) 53 (43.8) NS
LVM / BSA

*p=0.01 vs BMI <27kg/n¥; BMI (kg/n?)- body mass index; %LVH-
prevalence of left ventricular hypertrophy; LVM/h? (kg/m?)- left
ventricular mass indexed squared height; LVM/BSA (kg/m?)- left
ventricular mass indexed body surface area

dependent association between obesity and anincreasein
left ventricular massinthe 1960s* werelater confirmed by
echocardiographic studies®-*2 and reinforced using larger
population studies®3*%,

Regarding physiology, obeseindividualshaveanin-
crease in intravascular volume and cardiac output to
supply the increase in metabolic demands related to
increased fatty tissue. In addition, they seem to have an
increasein salt intake® and also a greater sympathetic
activity %, which areboth mechanismsparticipatinginthe
genesisof left ventricular hypertrophy 372,

In addition, obesity isfrequently shown to be asso-
ciated with hypertension®, thusbeing arisk factor besides
playing arolein adding to***! or increasing hypertension
with respect to cardiac hypertrophy.

The association of obesity with hypertension can aso
be seen in studies on body weight reduction that showed
fallsinblood pressurelevel sindependent of the use of medi-
cation*2. Ontheother hand, reductioninleft ventricular hyper-
trophy through reductionin body weight independent of falls
inblood pressurelevel shasbeen shown, aso confirming the
independent role of obesity to cause hypertrophy*.

Regardingitsimpact, it hasal so been demonstrated that
obesity isthemost potent predictor of theincreasein cardiac
mass, even surpassing the arterial blood pressurefactor 84,

Ashas been discussed, the eval uation of theimpact of
obesity on hypertrophy in certain populations has been sub-
jectedtodistortionduetoindexingwiththebody surfacearea,
leading to an underestimation of hypertrophy inthe obese.

Recent studies, among them the LIFE *® study and the
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VITAE* study, conducted in Spain, eval uated theimpact of
thedifferent selection criteriaof the ventricular massbased
ondifferentindexes(BSA, height, height?) and identified ahi-
gher proportion of obesein the groupswhere the masswas
indexed by height or height raisedto apower.

Thisfact hasaready been observedin afew studiesthat
eva uatedtheimpact of thedifferent indexesontheprevaence
of cardiac structurd aterationsintheir popul ationsd11144,

Inthisstudy, theanalysi sof ventricular masscorrection
by body surface areadid not show significant differences
between the LVM/BSA means of normotensive and hyper-
tensivepopulations. Asal ready described, theusua correc-
tion of mass by body surface area impliesthe underestima-
tion of hypertrophy inthe obese, becauseit considersobesi -
ty asaphysiological variable, automatically correcting for
weight and height, ascanalsobeseeninTablel.

On adopting the correction by mass/height?, in a
more practical form than the correctionsthat useindexed
height raisedto apower of 2.13 or 2.7, weobservesignifi-
cantly higher mass/height? valuesin groupswith ahigher
body massindex (Figure 1). Thiscorrection, although not
beingideal, aswell asthe correction by |ean mass?*, con-
fersapathological roleto the obesity variable, allowing
variations in mass/height? to occur as afunction of wei-
ght, but exclusively according to changes in body fat
(obesity) and not in height. Thiscan be observedin Table
| where nonsignificant correlations of height? with mass/
hei gth? were obtained.

Inview of thefact that mass/height? criteriaare not
defined for the usein hypertensive populations, we obtai-
ned measures for the prevalence of hypertrophy accor-
ding to the use of our own criterion, based on alocal po-
pulation. Thus, the use of the correction by mass/height?
can detect significant differencesin the preval ence of
overweight and obese populationsin relation to indivi-
dualswith normal body massindex. Thisfact wasnot ob-
served using indexes by mass per body surface area, cor-
roborating previous propositions.

Therefore, wemay concludethat, foramorerdiableeva:
[uation of cardiac hypertrophy intheobese, mainly in popula
tionsat higher risk, such asthehypertensivepopulation, limits
of values of mass/height? obtained on the basis of normo-
tensive populations, should be used. Thus, wewill better de-
tect hypertrophy prevaenceintheobeseandinthisway, better
gratify thecardiovascular risk inasituationwhere two poten-
tia risk factors, obesity and hypertension, area ready present.
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