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REPORTS ON HYPERTENSION

Influence of Contemporary Versus 30-Year Blood Pressure Levels on
Left Ventricular Mass and Geometry: The Framingham Heart Study

MICHAEL S. LAUER, MD, KEAVEN M. ANDERSON, PuD.* DANIEL LEVY, MD, FACC*

Boston and Framingham, Massachuselts

To determine whether long-term blood pressure levels correlate
with feft ventricular mass, echacardiographic measurements were
performed in 152 men and 299 women who were participants in
the Framingham Heart Study. All subjects were free of obesity
and cardiovascular and pulmonary disease, were not taking
antihypertensive medications ang had ech di ic studies
that were adequate for estimsting left ventricular mass.
Thirty-year average sysivlic hlood pressure was correlated
with Jeft ventricular mass (corrected for height) (r = 0.27, p <
0.001 in men; r = 0.31, p < 0.001 in women). Multivariate linear
regression antalyses taking into account age and body mass index
showed 30-year nm'age systalic blood pressure to be a significant
ind of left i mass (p < 0.0% in men
nnd women). Systohc blood pressure at echocardingraphy was not
iated with teft i mass when 30-year
systolic blood pressure was entered into the multivariate model.
‘The prevalence of left ventricular hyperirophy was associated
with 30-year average systolic bleod pressure {edds ratio for every

20-mm Hg increase in blood pressure: 3.20, p < 0.05 in men; 3.27,
p < 0.001 in women). The increase in left ventricular mass
associated with 30-year average systelic blood pressure reflected
changes in left ventricular wall thickness but not in left ventricular
internal dimension. Thirty-year average diastolic blood pressure
was also correlated with left ventricular mass but to a lesser
degree than was systolic bleod pressure (r = 0.18, p < 0.05 in
men; r = 0.18, p < 6,01 in women).

It is concluded that long-term blood pressure levels are corre
{ated with left ventricular mass and wall thickness but not with left
vutricatyy internal dimension. Thirty-year average systolic blood
pressure is a belter predictor of left ventricular mass and wall
thickness than is current rest blood pressure. Both current znd
long-term systolic blood pressures are better predictors of left
veniricelar mass and wall thickness than are current and long-
term values for diastolic blood pressure.

{J Am Coll Cardiol 1991;18:1287-94)

Left ventricular h phy d d by electrocardiog-
raphy and echocardmgraphy has bcen shuwn 1o be an
of q lar mortal-

ity and bidity (1-4). In the Framingham Heart Study (5).
echocardiographic left ventricular hypertrophy has been
shown to be a common finding, with a prevalence rate of
15% to 20% in an adult population. Correlates and potential
determinants of left ventricular mass have been described in
the Framingham and other selected population groups (5-
10). Attention has primarily focused on blood pressure, age,
coronary and valvular heart disease and measures of body
size.
Several cross-sectwnal studies (5,7,10) have showa an
of phically determined left ventric-
ular mass with systemic arterial pressure. However, there
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have been no reports on how long-term systemic blood
pressure trends in humans relate to the prevalence of left
vemtricular hypertrophy or to the differential relation among
fong-term blood pressure, wall thickness and left veatricular
chamber size.

Using echocardiography. a semsitive noninvasive tech-
nique for the measurement of left ventricular mass (11-14},
we sought in this study to examine the associations of
echocardiographically determined left ventricular mass, wall
thickness and chamber size with long-term measures of
blood pressure in apparently healthy subjects in the
Framingham Heart Study.

Methods

Study population. In 1948, a sample of the residents of
Framingham, Massachusetts between the ages of 30 and 62
years was selected to undergo biennial examinations in a
prospective epidemiologic study. Study design and selection
criteria for the original Framingham population-based sam-
ple have been described previously (15-18). Clinical exami-
nations included of blood p , height
and weight. Informed consent was obtained from all subjects
before the study.

To be clizible for this study, subjects had to meet the
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Sfollowing conditions: 1) no history or clinical evidence of
coronary heart disease (including myocardial infarction,
coronary insufficiency and angina pectoris), congestive heart
failure, pulmonary disease or valvular heart disease; 2) no
receipt of drug treatment for hypertension; 3) weight nel!her
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mula of Devereux et al. (23):

LVM = L.O4[LVID + PWT + IVST® - {LVIDP) - 13.6.

Left ventvicular hypertrophy was defined as a left ventric-
ular mass corrected for height 22 SD above the mean for a

>30% above nor >10% below the midpoint of r

weight (medium build range) for that height in the 1959
Metropolitan Life I[nsurance Company tables; and 4)
echocardiograms of adequate quality to estimate left ventric-
ular mass.

Myocardial inf: , coronary i y, congestive
heart failure and pulmonary disease were diagnosed on
review of clinical history, electrocardiographic and chest
X-ray findings and hospitalization records. The presence of
angina pectoris was determined on the basis of clinical
history obtained by two examining physicians, with discrep-
ancies arbitrated by a review committee of three physicians.
The diagnosis of valvular disease was based on clinical
evidence of a grade 23/6 systolic murmur or any diastolic
murmur or echocardiographic evidence of left-sided valvular
disease exclusive of mitral valve prolapse.

Blood pressure measurements, At each biennial examina-
tion, systolic and diastolic blood pressure were measured in
the left arm with a mercury column sphygmomenometer
while the subject was seated, At each examination the
measurements were obtained by two physicians and the
values averaged to derive the respective examination sys-
tolic or diastolic pressure. The index examination was that
performed at the time echocardiography was performed.

The jollowing systolic and diastolic blood pressure vari-
ables were studied as potential correlates of left ventricular
mass: 1) systolic and diastolic pressure at the index exami-
nation, hereafter called index ination systolic or dias-
tolic blood pressure; 2) average (mean) systolic and diastolic
pressure over the 30-year study period obtained by averag-
ing all examination blood pressure determinations available,
hereafter called 30-year average systolic or diastolic bloed

y defined healthy reference group of 864 subjects
(20] The culoﬂ" values for echocardmgraphlc left ventricular
hypertrophy were 143 g/m in men and 102 g/m in women
20).

Wall thickness was calculated as the sum of the end-
diastolic thicknesses of the interventricular septum and
posterior wall.

Statistical methods. All analyses were gender specific.
Unless otherwise stated, continuous variables were com-
pared with a two-sided Student’s ¢ test. Pearson correlations
were used to estimate and test the strengths of association
between left ventricular mass and age, body mass index and
various measures of systolic and diastolic blood pressure.
Because sirengihs of association are partly affected by
degrees of error, the correl between
index examination blood pressures and left ventricular mass
were adjusted upward, using the method of momenls. |n
which error estimated by the intraindi
SD for rest blood pressure was taken into account, Thus, the
adjusted r value (r,q)) was calculated as follows:

fg = T X s,/ = 221,

where s, is the SD for index examination blood pressure in
the study group and s,, is the intraindividual SD for that
blood pressure variable. Further analyses estimated age-
adjusted mean left ventricular mass for different levels of
systolic blood pressure. The systolic blood pressure groups
used were <120, 120 to 129, 130 to 139 and >140 mm Hg.
Similar Pearson correlation coefficient and linear regression
analyses were done to assess the associations of end-
diastalic left ventricular interna) diameter and wall thickness
with various of blood p and blood p

trends. With use of linear regressmn least squares analysls,

p and 3) the ! observed systolic

and diastolic blood pressure over the 30-year period, here-
after called maximal 30-year systolic or diastolic blood
pressure.

Echocardiographic methods. From 1979 to 1983, M-mode
echocardiography was performed on 2,291 of 2,35! surviving
original Framingham Heart Study subjects undergoing their
16th biennial examination. Body height and weight measure-
ments, as well as rest blood pressure, were obtained at the
time of the echocardiographic examination.

in left ventricular mass were esti-
mated for 1-SD increments in the various blood pressure
levels.

Age-adjusted rates of left ventricular hyperirophy for
different levels of systolic blood pressure were calculated
with the direct method, using the same blood pressure
groups used for left ventricular mass calculations, Age-
adjusted left ventricular hypertrophy prevalence trends were
tested with the generalized Cochran-Mantel-Haenszel statis-
tic. Age-adjusted odds ratios of left ventricular hypertrophy

Participants were studied in accordance with dard
M-mode echacardiographic methods as previously reported
(13,19-22). End-diastolic measurements of left ventricular
chamber diameter {LVID), interventricular seplum thick-
ness {(IVST) and posterior wall thickness (PWT) were ob-
tained with use of both the American Society for Echocar-
diography and the Penn {13) conventions. Left veniricular
mass (Penn) (LVM) in grams was calculated with the for-

for 1-SD i in systolic and diastolic pressure were
d with logistic reg analysis.

If an examination blood pressure value was missing, the
corresponding blood pi value obtained from the pre-
ceding or, if not available, the value from the
subsequent examination was substituted.

In additional multivariare linear regression analyses, the
relations among 30-year average systolic and diastolic pres-
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Table 1. Derivation of the Study Subjects Table 2. Clinical Characteristics of the Study Subjects
y Sub)
Men Women Women
(no.) (no.) (0= 299
Reference populatian at 2,336 2873 Agetyn 68=6 86
examination | Weight (kg 75=8 =7
Exclusions Height tcm) me7 15727
1. Death before examination 16; -1.100:1.236 92197 Body mass index tkgim™y B2 H=2
no. remaining Blood pressure tmm Hg)
2. Missed examination 16 -302:934 -554:1.417 [ndex systolic 135 = 18 134+20
0. remaining Index diastolic +8 5
3. Outside weight limits*: ~259:675 454963 Maximal 30-yr systolic 14 = 16 M5 =18
0. remalning Maximal 30-yr diastolic 897 868
4. Congestive heart failure: -18:657 31932 Wur averuge systalic 125 = 10 12321
no. remaining 30-yr average diastolic e Beh
5. Coronary heart disease: -203:454 7765 LY mass (Pean) () 192+ 56 138 =40
70, remaining LV masstheight ig/my H2 32 88 25
6. Valvular heart disease; —47:407 —e96  Wall thickness (mm) 0=x3 B3
10, remaining LVIDD tmm) H9=3 EEERY
7. Pulmonary disease: —67:340 -60:636 Data are mean values = SD. LV = left vemtricular: LVIDD = left
no. remaining ventricutar internal dimension at end-diastole.
8. Cardiovascular medications: —106:234 -202:434
no. remaining
9. Inadequate echocardiogram; -82,152 -5y ) L. .
no. remaining 10 years of the index examination blood pressure in 75% of

“Metropolitan relative weight >130 or <90.

sure, maximal 30-year systolic and diastolic pressure and
echocardiographic left ventricular variables were examined
after adjusting for age and body mass index at the time of
echocardiography.

Results

Selection of participants (Table 1). Of the 934 men and
1,417 women who underwent examination 16, 234 men and
434 women did not have pulmonary or cardiovascular dis-
ease and were not taking cardiovascular or antihypertensive
medications, One hundred fifty-two (65%) of the eligible men
and 299 {69%) of the eligible women had adequate echocar-
diographic studies. Subjects with suboptimal echocardio-
grams were older than were those with adequate echocar-
diographic studies (71 + 7 vs. 67 + 6 years [p < 0.001]
among men and 71 = 6 vs. 68 * 6 years {p < 0.001] among
women), but the two groups did not differ in body mass

index or systolic or diastolic blood pressure.
Chnmtensms of participants (Table ). Al the time of
di hic study (index the mean sys-
tolic blood pressure was 135 mm Hg in men and 134 mm Hg
in women. The 30-year average systolic blood pressure was
about 10 mm Hg lower than the index examination systolic
blood pressure in both men and women (p < 0.001), whereas
maximal 30-year systolic blood pressure was about 10 mm
Hg higher (p < 0.001) than the index examination systolic
blood pressure. The median interval between the observed
maximal 30-year systolic blood pressure and the index
examination was 6 years in both men and women; the
maximal 30-year systolic blood pressure was obtained within

the participants. All of these observations are consistent
with an increase in systolic blood pressure with age. Dias-
tolic pressure. however, did not appear to change signifi-
cantly with time.

Influence of different blood pressure variables on left
ventricular mass (Tables 3 and 4). Pearson corrclalmn coef-
ficients suggest a mod but highly signifi
between both index examination systolic and diastolic pres-
sure and left ventricular mass. Of note, 30-year average
pressure and maximal 30-year pressure had a stronger asso-
ciation with left ventricular mass than did index examination
blood pressure (Table 3).

All blood pressure variables, including index, 30-year
average. maximal 30-year and 10-year previous blood pres-
sures, were strongly correlated with one another. Therefore.
to determine whether 30-year average. maximal and 10-year
previous systolic blood pressures exercised effects on left
ventricular mass beyond their associations with index exam-
ination systolic pressure (and age), multivariate linear re-
gression analyses were carried out, controiling for age and
index e ion systalic blood p After controlling
for 1) 30-year average systolic and diastolic pressure, and
2) maximal 30-year systolic and diastolic blood pressure, the
corresponding index blood pi was no
Tonger significantly associated with left ventricular mass.

The relations between different systolic blood pressure
variables and age-adjusted left ventricular mass are illus-
trated in Figure 1 (for men) and Figure 2 (for women).
Age-adjusted left ventricular mass increased with higher
levels of index systolic blood pressure {p < 0.05 for men, p <
0.01 for women), maximal 30-year systolic blood pressure
(p < 0.05 for men and women) and average 30-year systolic
blood pressure (p < 0.05 for men, p < 0.01 for women}.

Table 4 shows increments in left ventricular mass cor-
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Table 3. Relation of Left Ventricular Mass, Wall Thickness and Diastolic Dimension to Age. Body

Mass Index and Blood Pressure Variables

Men Women
LV Mass/ LV Mass/

Height SWT LVIDD Height SWT LVIDD
Age 0.03 0.02 -0.08 0.28* .32 -0
Body mass index .22t 021% [13}] 0.32* 0217 0.19%
Index SBP .23t 0.18% 0.08 0.24* 0.24¢ 0.01
30-yr average SBP 027+ 0.24% 0.1 0.31* 0.33¢ -0.02
Maximal 30-yr SBP 03 0.27* 0.08 0.33* 0.35* =001
Index DBP [B)] 0.18¢ -0.03 0.05 01 -0.01
30-yr average DBP 0.18¢ 0.23+ 0.03 0.18% 0.23* -0.04
Maximal 30-yr DBP 0.28¢ 0.3* 0.06 0.17* 0.22¢ -0.04

*p < 0.001; tp < 0.01; $p < D.05. Values shown are Pearson correlation coefficients, DBP and SBP = diastolic
and systolic blood pressure, respectively; SWT = sum of walf thickness measurements (that is, sum of interven-
tricular septal and posterior wall thickness measurements); other abbreviation as in Table 2.

rected for height as a function of 1-SD differences in blood
pressure variables after adjusting for age and body mass
index in multivariate linear regression analyses. For exam-
ple, a 1-SD increase in index systolic blood pressure in men
was associated with a 7-g/m increase in left ventricular
mass/height ratio (p < 0.01), whereas in women, it was
associated with a 4-g/m increase {p < 0.01). Left ventricular
mass remained associated with 30-year average and maximal
systolic blood pressure (p < 0.01 in men and women) but
was nol significantly assaciated with diastolic blood pressure
variables.

Adding age, body mass index and 30-year average dias-
tolic pressure to 30-year average systolic pressure in a linear
model for left ventricular mass increased the multiple r value
over that given in Table 3 from 0.27 10 0.32 in men (p < 0.01)
and from 0.31 to 0.45 in women (p < 0.001).

Influence of blood pressure on wall thickness and left
ventricular chamber size (Table 3). Wall thickness was sig-
nificantly correlated with both systolic and, to a lesser
extent, diastolic blood pressure variables, but no association
was observed between end-diastolic left ventricular internal
dimension and blood pressure. The impact of 30-year aver-
age systolic blood p on age-adjusted wall thick is

Table 4. Age-Adjusted Increments for Left Ventricular
Mass/Height (in g/m) as a Function of 1-SD Increments in Blood
Pressure Variables*

Independent
Variable Men Women
Index SBP 7 4
30-yr average SBP 8t 5t
Maximal 30-yr SBP 9 5
Index DBP 4 2%
30-yr average DBP 58 2%
Maximal 30-yr DBP hal 2%

*Results of linear regression analysis adjusting for age and body mass
index. tp < 0.01; $p < 0.001; §p = NS, Values shown are left venmculur mass
estimates for the 1-SD i fthe i variables.
2s in Table 3.

shown in Figure 3. Women with a 30-year average systolic
pressure >140 mm Hg had a wall thickness 14% greater
than that of women with an average systolic pressure
<120 mm Hg (p < 0.001). Conversely, 30-year average
systolic p had no iation with age-adjusted end-
diastolic left ventricular internal dlmensmn (p = 0.61).
Similar relations were seen for index examination and max-
imal 30-year systolic blood pressure. In men, age-adjusted
wall thi ficant} d with increas-

was also signil y
ing levels of index, maximal 30-year and 30-year average
systolic pressure (all p < 0.05). As with women, blood
pressure variables were not observed to have an effect on
end-diastolic left ventricular internal dimension.

Although age-adjusted left ventricular mass was not as-
sociated with diastolic blood pressure variables, age-
adjusted left ventricular wall thickness did increase with

Figure 1. Age-adjusted left ventricular mass corrected for height in
men, according to systolic blood pressure variables, Mean left

fheight ratios p to 30-year average
systolic blood pressure are represented by the white bars {p <0.05),
those for the index examination (exam) systolic blood pressure by
the hatched bars (p < 0.05) and maximal 30-year systolic blood
pressure by the stippled bars (p < 0.05).

Left Veniricular Maaa/Height {g/m}

L3 30-your average
_tndox_exam.
3 Maximum 30-yenr

120

120-139 139
Systolic Blood Pressure (mm Hg)

20 120-129



JACC Val. 18. No. 5
November 1. 1991:1287-54

Left Ventricular Mass/Haight (g/m)

1 30-yesr average

w0

120-129 130-139 " ae
Systolic Blood Pressure (mm Hg)

Figure 2. Age-adjusted left ventricular mass corrected for height in
women, according to systolic blood pressure variables. Mean left

i fheight ratios ing to 30-year average
systolic blood pressure are represented by the white bars (p < 0.01),
those for the index examination {exam} systolic blood pressure by
the hatched bars (p < 0.01) and maximal 30-year systolic blood
pressure by the stippled bars (p < 0.05).

increasing index diastolic blood pressure (p < 0.05 in men
and women) as well as maximal 30-year (p < 0.001 in men
and women) and 30-year average (p < 0.0l in men and
women) diastolic blood pressure.

Prevalence of left ventricular hypertrophy (Table 5). Left
ventricular mass/height criteria for left ventricular hypertro-
phy were met in 21 men and 61 women, yielding a prevalence
rate of 13.7% and 20.4%, respectively. Age-adjusted preva-
lence rates of left ventricular hypertrophy for different blood
pressure groups are shown in Figure 4. Among women, the
age-adjusted prevalence rate of left ventricular hypertrophy
ranged from 14% for 30-year average systolic pressure
<120 mm Hg to 33% for pressure >140 mm Hg (p = 0.01).
Similarly, in women, the age-adjusted prevalence rate of left

Figure 3. Age-adjusted left ventricular wall thickness according to
levels of 30-year average systolic blood pressure. Wall thickness
values for men are represented by the white bars (p < 0.05) and
those for women by the hatched bars (p < 0.001}.

Age-adjusted Wall Thickness (mm)

22
I Man - 208
EZ2 woman .

Pt

20

420 mm Mg 120-129 mm Hg 130-139 mm g ~138 mm Hg
30-year Average Systolic Bload Pressure
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Table 5. Age-Adjusted Odds Ratios for Prevalence of Left
Ventricular Hypertrophy as a Function of 1-SD Increments in
Blood Pressure Variables*

Independant Variable Men

Women
[ndex SBP 127 1.69%
30-yr average SBP 1.87%
Maximal 3i-yr SBP 1974
Index DBP | 1.34§
30-vear average LBP 1,66
Maximal 30-vear DBP 1378

*Resuits of logistic regression analysis adjusting for age and body mass
index. Odds ratios are computed from logistic regression coefficients. ¥p =
NS: ip < 0.001: $p < 0.05: {p < 0.01. Values shown are odds ratio estimates
for the 1-SD of the variables. 2 as in
Table 3.

ventricular hypertrophy ranged from 9% for maximal 30-
year systolic vressure <120 mm Hg to 28% for 30-year
pressure >140 mm Hg. Similar trends were observed among
men, but they did not reach statistical significance, owing to
the small number of men with left ventricular hypertrophy.
As was observed in the left ventricular mass analyses,
index ination systolic and diastolic pressure had no
relation lo the left ventricular hypertrophy prevalence rate
when other long-term blood pressure variables were consid-
ered concomitanily with use of multivaricte logistic regres-
sion analysis.

Table 5 shows odds ratios for the prevalence of left
ventricular hypertrophy as a function of different bloed
pressure variables after adjusting for age and body mass
index in multivariate logistic regression analyses. The
changes in blood pressure vanables correspond to 1-SD
differences for the study subjects. Thus, a 1-SI} increase in
30-year average systolic blood pressure was associated with
an odds ratio for left ventricular hypertrophy of 1.76 in men
(p < 0.05)and 1.87 in women (p < 0.001). The odds ratio for

Figure 4. Age-adjusted pi rates of left icular hyper-
trophy (LVH) according to levels of 30-year average systolic blood
pressure. Prevalence rates for women are vepresented by the white
bars (p = 0.01} and those for men by the hatched bars (p = NS).

Age-adjusted Pravalanca af LVH
0.4

EZ]mon

T2 women

0z’

" 120-120 mm Hg 130139 mm Hg  >139 mm Hg
30-year Average Systolic Blood Pressure

0ot
120 mm Hg
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left ventricular hypertrophy was 3.20 (p < 0.05) and 3.27
{p < 0.001) for a 20-mm Hg increase in 30-year average
systolic bleod pressure in men and women, respectively.
The relation between left ventricular hypertrophy and 30-
year average diastolic blood pressure was less marked (for a
I-8D increase in 30-year average diastalic blood pressure,
the odds ratio for left vartrienlar hug hy was 136 In =
NS] in men and 1.66 [p < 0.01] in women).

Effects of carrecting for height. As mentioned, lefl ven-
tricular mass values were corrected for height instead of
body surface area because previous work at Framingham (5)
suggested that correcting for bndy surface area fails (o
identify left ventricular hypertrophy in obese persons, When
analyses were carried out by correcting left ventricular mass
for body surface area (instead of for height), there were no
substantial changes in any of the blood pressure analyses; no
correlation coefficient changed by >0.01. As expecied,
however, the observed associations between body mass
index and left ventricular mass did significantly weaken
(fromr = 0.22 [p < 0.01] tor = 0.1{ in men [p > 0.10]; from
r =032 [p < 0.00]10r=0.20[p < 0.001] in women).

Effects of adjusting for body mass index. Body mass index
was positively associated with left ventricular mass, left
ventricular wall thickness and left ventricular internal di-
mension (Table 3). Body mass index was also associated
wilh 30-year average systolic blood pressure (r = 0.20, p <
0.05 in men; r = 0.17. p < 0.0l in women) and 30-year
average diastolic blood pressure (r = 0.29, p < 0.001 in men;
r = 0.23, p<0.001 in women). Therefore, multivariate linear
regression analyses were performed to assess the influences
of blood pressure variables after adjusting for body mass
index (and age). Average and maximal 30-year systolic blood

ined significantly iated with left ventric-
ular mass corrected for height (p < 0.01 in men and women)
and with left ventricular wall thickness (p = 0.01 in men and
women). Thirty-year average diastolic blood pressure was
nol significantly associated with left ventricular mass after
adjusting for body mass index; however, it was still signifi-
cantly associated with left ventricular wall thickness (p <
0.05 in men; p < 0.01 in women), Similarly, maximal 30-year
diastolic blood pressure remained significantly associated
with left ventricular wall thickoess (p < 0.01 in men and
women).

Discussion
Principal findings. Previous work from Framingham (9}
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Systolic blood pressure at rest at the time of the index
examination correlated only moderately with lefl ventricular
mass in our study subjects. The relatively low degree of
correlation observed (r = .22 in men; r = 0.23 in women) is
similar to that observed by other investigators {23-25). There
was nie observed relation between rest diastolic blood pres-
sure at the index examination and left ventricular mass.
Some investicators (24) also reporied no association of
diastolic pressure with left ventricular mass, whereas others
{23.25) noted a weak relation.

Reasons for poor correlations between blood pressure at
rest and left ventricular mass. One reason why the observed
¢arrelation coeflicients relating blood pressure at rest to left
ventricular mass were relatively small may be the restricted
nalure of the study group. Because subjects with obesity and
caronary heart disease, as well as those receiving drug
treatment for hypertension, were excluded, the range of
bloed pressure values among the participants was small,
Twenty-one men (14%) and 52 women (17%) had either a
systolic blood pressure >160 mm Hg or a diastolic blood
pressure >95 mm Hg at the index examiration. Only 1% of
the men studied and none of the women studied had a
30-year average systolic blood pressure >[60 mm Hg.

To better understand the nature of the association be-
tween blood pressure and left ventricular mass, investigators
have considered blood pressure variables other than clinical
values at rest. Devereux et al. {25) performed echncardlog-
raphy and y blood pressur ing in 19
normal subjects and 81 pauems with mild hypertension.
They also noted a weak correlation between systolic blood

at rest and left i mass {r = 0.24, p < 0.05).
The ambulatory blood pressure variable with the strongest
association with left ventricular mass was average systolic
pressure during exercise (r = 0.50, p < 0.001); exercise
diastolic pressure was also correlated with left ventricular
mass but to a lesser extent (r = 0.39, p < 0.001) (25).
Another potential blood pressure correlate with left ventric-
ular mass is peak systolic blood pressure during exercise.
Case comparison studies of small numbers of normotensive
men (26), hypertensive patients (27) and ultraendurance
athletes (28) reported strong associations between exercise
systolic blood pressure and echocardiographic left ventricu-
lar mass.

All of the blood pressure variables just mentioned reflect
shott-term associations belween blood pressure and left
ventricular mass; the present study considered long-term

and elsewhere (4,7,12) has shown an association between
measurcments of rest blood pressure and lefl ventricular
mass. The present study extends our understanding of the
blood pressure-lefi ventricular mass relation by demonstrat-
ing that lefl ventricular mass is related to long-term trends in
blood pressure to a greater extent than are concurrent levels
at rest and that Lhis association primarily reflects changes in
left ventricular wall thickness rather than left ventricular
chamber size.

blood pressure trends obtained over 30 years, The maximal
30-year blood pressure, which occurred at a median interval
of & years before the time of echocardiographic study, also
correlated with left ventricular mass. Of note, the degree of
correlation between average or maximal systolic blood pres-
sure and left ventricular mass was greater than that of
systalic blood pressure obtained at the time of echocardiog-
raphy. Also, 30-vear average and maximal 30-year diastolic
pressures were correlated with left ventricular mess (unlike
the index examination diastolic pressure), but Lo a slightly
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lesser extent than were the corresponding systolic blood
pressure variables. These observations support the hypolh-
csis that the duration and severity of elevated blood pressure
pramote left ventricular hypertrophy. They also suggest that
systolic blood pressure is at least as important in the
promotion of left ventricular hypertrophy as is diastolic
blood pressure.

Long-term blood pressure and left ventricular mass. One
possible reason why average 30-year blood pressure corre-
lated betier with left ventricular mass than did index exam-
ination blood pressure is that the former was derived from
many more blood pressure measurements and consequently
had lower SD values. Thus, the greater degrees of correla-
tion may merely represent decreased measurement error or
a regression toward the mean value. However, the correla-
tion dlﬁercnces persn:led when index examination blood

cor were adj d by taking into account
mtmlndmdual SD values for rest blood pressures. In fact,
the upward adjustments in Pearson correlation coefficients
for index examination systolic and diastolic pressure were
minimal (2.5% and 4%, respectively). Also. the maximal
33-year systolic blood pressure had an SD similar to that of
the index examination systolic blood pressure but was more
highly correlated with left ventricular mass. Finally, in
multiple linear regression analysis, when 30-year average
systolic blood pressure was entered into the model. the
relation between systolic blood pressure at the index exam-
ination and left ventricular mass was no longer statistically
significant.

The absolute relations between long-term blood pressure
and left ventricular mass were quite marked. For example,
for every 20-mm Hg increase in 30-year average systolic
blood pressure, the prevalence of left ventricular hypertro-
phy increased more than threefold in both men and women.
Also, increasing levels of blood pressure considered to be
within the currently accepted normal range had a sizable
impact on left ventricular mass (Fig. 1} and increased the risk
of left ventricular hypertrophy (Fig. 4).

LAUER FT AL,

1293
BLOOD PRESSURE AND LEFT VENTRICULAR MASS

esis that increasing blood pressure increases left ventricular
mass by increasing wall thickness without affecting left
ventricular chamber size.

Previously. Grossman et al. (29) studied six normal
subjects and six subjects with a pressure-overloaded left
ventricle: the pressure-overloaded ventricles had markediy
thickened free walls (15.2 # 9vs. 8.2 = 6 mm. p < 0.01). A
similar pattern of marked left ventricular wall thickening.
although with decreased chamber size. was observed (30)
among a subset of elderly hypertensive patients with a
recently described form of hypertrophic cardiomyopathy.
Both of these studies support the hypothesis that pressure-
related lest ventricular hypertrophy primarily reflects an
increase in {el. ventricular wall thickness: this may be al the
expense of left ventricular chamber size in some individuals.
It has been proposed (29) that peak systolic wall stress is a
key stimulus to the development of left ventricular hyper-
trophy. which may explain why systolic blood pressure is
more closely correlated with left ventricular mass and wall
thickness than is diastolic blood pressure.

Limitations. The present study has several limitations.
The study group was restricted to exciude subjects with
obesity. pulmonary and cardiovascular disease and treated
hypertension. Although these exclusions allow for less con-
founding of analyses than otherwise. the relations between
long-term blood pressure variables and left ventricular mass
or geometry may be different in patients with cardiovascular
disease or ubesity. Because subjects wilh diastolic hyperten-
sion may have been more likely to receive drug treatment
than those with primarily sysiolic hypertension. the ot-
served effects of diastolic bload pressure may have been
autenuated. Finally. the Framingham cohort is overwhelm-
ingly whitc andl thus the study may not correctly describe
blood pressure-left ventricular mass relations in blacks.

Tmpli It is well established that left ventricular
hypertrophy is an independent cardiovascular risk factor
{1- 4) Tne pathophysiologic mechanisms involved are in-

Differential effects of blood p: an wall thick and
chamber size. A notable finding of this study is the differen-
tial effects of blood pressure on left ventricular wall thick-
ness and chamber size. Previous work by Savage et al. (12)
comparing hypertensive subjects (many -aking medications}
and nonhyperiensive control subjects showed abnormally
increased free wall thickness in 619 of the hypertensive
subjects but an abnormal end-diastolic left ventricular inter-
nal dimension in only 5%. In the present study, associations
of blood pressure with left ventricular wall thickness in a
healthy., di | geaeral population sample were par-
allel with associations with left ventricular mass (Fig. 3).
Subjects with 30-year average systolic blood pressure
>140 mm Hg had a 5% {in men) to 20% (in women} increase
in wall thickness compared with those with a 30-year aver-
age systolic blood pressure <i20 mm Hg. Blood pressure
had no relation, however. 1o end-diastolic left ventricular
internal dimension. These observations support the hypoth-

< d nd; they may include increased myo-
cnrdlal oxyzen demand, decreased coronary flow reserve,
increased susceptibility to ventricular arrhythmias or com-
binations of these factors (3). In any case, treatment of
hypertension in elderly patients has been demonstrated to
promote regression of left ventricular hypertrophy and im-
prove hemodynamics (31). This recent finding (31) suggests
at least two major potential clinical implications of the
present study. First, because even small elevations of long-
term systolic blood pressure are associated with an increase
in left ventricular mass. our thresholds for intervention in
hypertension may need to be lowered if we seek to prevent
the development of left ventricular hypertrophy. Second.
because increases in left ventricular mass and wall thickness
are associated with long-term systolic blood pressure to at
least as great a degree as long-term diastolic blood pressure.
this stndy suggests that persons with isolated systolic hyper-
tension, an entity quite common in the clderly, may benefit



1294 LAUER ET AL,

BLOOL PRESSURE AND LEFT VENTRICULAR MASS

from more aggressive management. Prospective clinical
studies will be needed to further address these questions.
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