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Left ventricular hyperirophy as a predictor of
coronary heart disease mortality and the effect of
hypertension

David W, Brown, MSc,® Wayne I Giles, M3, MSc.P and Tanct B, Croft, PhI? Atlanta, Ga

Bﬂikg round Although asseciations between hyparension, lefl ventricular |:|1l.r,'.|=rlr-:.h|:|h:|.- [LYH], and coronary hear dis-
ease [CHO| hove been deseribed, it is less clear whether LVH is associated with increased ratas of CHD in the ohsence of
hvpertansion,

Methods we examined this association with Cax ragression onalyses of data from 7924 adults 25 to 74 years of age
frem the Second Meticnal Heallh and Mutrition Examination Survey [MHAMNES |1) Martality Study (1976 te 1992). Cavari-
ates included age, race, sex, histary of cardiovascular disecses and diabetes, cholesters], body moss index, blood pressure,
and smoking.

Results During 16.8 fellewup years, there ware 462 |24%) deaths from CHD (ICD-9 410-414) and 667 |38%] deaths
from disenses of the heart (ICD-2 390308, 402, 404, 410-414, 415-417, £20.429], IVH pravalence was 13.3 per 1000
population. Hypertension prevalence was 26 1%, IvH prevalence wos higher omong hypertensive adults than amang nes-
matensive adulls (299 vs &od per 1000, P =< 001). Persans with IVH ware bvice as lEkely o die of CHD |relative sk, 2.0;
#5% confidence intervel, 1.2, 3.5) and diseases of the hean [relative risk, 1.9; 95% confidenca intarval, 1.1, 3.0} after
adjustment far hyperension and covariates. In age-odjusted predicted survival, probability plots for CHD, and diseases of
the haan, normelensives with INH hod survival similar 1o hypedensive adulls with IVH and lower survival than normotensive
and hypertensive adulls with ne IVH

* e -
Conclusions Cur results confirm previous Findings that the presence of LVH is a strong predicter of future cardiovascu-
lar decth. Althaugh LVH appears to be rare ameng normofensives, clinicions should ba aware that such individuals moy

fave an increased risk for daath similar 1o that of hyperdensive adults with LYH. [4m Heart | 2000:140:848.56.)

Left ventricular hypemrophy (LVH) i5 3 strong misk fac-
tor for cardiovascular dissase, Mumerous studies have
fouml it o Be associated with adverse cardiovascular
autcames including stroke, sudden death, myocardial
infarction {MT), congestive heant failure, and coronary
heart discase (CHI A Tn addition, daca from the Fram-
ingham Heart Study and the Bronx Longitudinal Aging
Soudy sugeest that the presence of electrocardioorpbis
cally defined LV (ECGLVHD is an independent predic:
tof af all-canse cdeath,

Hypertensaon is 2 major risk facvor for both LVH and
cardiovascular disease, Among hyperiensive patients,
the prescnce of BCG-LVH increases the sisk of candiovas
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cular disease neacly 3-fold S Although hypertension is
micre strongly associated whth heart Gilare and stroke, it
has becn observed o aceount for a greater absolute and
excess risk of CHD than for these ather events,® A simi.
lar result was observed for ECG-LVH.T

Althoagrh the association berween hypertension, LVH,
and ceath has been well described, it i less clear whether
LYH in the absence of hyperension is associated with
imcreased CHD momality saces. Tt feom the Second
Mational Health and Mutrsition Examination Sareey
(HANES [Ty Monmality Study were used 1o sxcamine the
association between BOG-LVH and CHIF desth amang 2
naticmally representative sample ol whites and blacks with
andd withowt hypertension. In addition, analyses were
repeated for deaths associated with disenses of the hean

Methods

The MNaton] Center for Health Statstics of the Cenners for
Drisease Coninol and Prevention oonducted the Secomnd
Matienal Hedth and Mutrtion Examinatdon Survey berwesn
February 1976 amd Felbnaary 1680, NHANES [T, a natinnwide
prctribility sampde of approcimatcly 28000 persons, was
designed to be represeniative of the chvdllan, noninstimcional-
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ized populztion of the United Stares, 6 months 0 74 years of
zge. A detailed description of the NHANES 11 survey amd sims
pling procedures has been provided elewhere ®

Bricfly, dalz were collected chiough responses o questions
i individia] medicall hisvory, food consunypion, and health.
related behavior In addicion, persons underwent a pliysical
examinalion by a licensed physician who followed 2 standard-
ized procedun: to complete the examination and w0 eecond
examinglim results. Serum cholesiens] Gugddl), heiglat e,
wiight (i, and systolic and diastolic blood pressure {mm
Hgh wecre mveasured. To ohiain 2 mose acourine mesure of
bloeed pressune, 3 bloed pressure resdings were mecasded. The
Tl pocscune used in this anabysis was the mekn valwe of the
e and third readings.

For persons 25 to 74 years of age, elecimocandiographic sg-
nal data were ollected by means of a Novacode BCG pro-
gy Electrecandiopraphic data were coded acconding wo the
Minnesona code. Presenae of prabahle LVH was defined by
means of code 3.1 {Lefi: R amplitude =26 mm in eicher Vg OF
Wi o Bamplinede =200 mm in any of leads 1, 11, I11, and avF,
of Bamplitude >12.0 fun in leacd a¥h measered only on sec-
ond-o-last complete normal beat) and one of the following
<odes: 5.1 1 amplinade negative 3.0 mm or more in lead 11 or
in kead a¥F when QES is mainky upsighed, 5.2 0T amplineds=
regative of diphasic with negative phase at least 1.0 mm buac
T 5 dhoe a5 described in 5.0, or 5.3 (T amplinede flac, nega-
rive, of diphasic (negive-positive type only) with less than
LA mim neegative phass in bead 10 not coded in lead 2V,

The rare outcome vafiables of intenes were death from
CHID and death from diseases of (e hert. CHD death was
defined by [C0% codes 410414 and discises of Ux: heart
death by DR codes 30508, 400, 404, 410414, 415417,
anill 20429,

Bascline data fom NEHANES Il was merped with follow-up
dfta froon the NHANES 11 Mamaliny Ssudy, As pam ol the
MEHANES 11 Morality Study, data from the MNational Deah
Iz, which has boen shawn o capaune 235% oo 5965% of 21
aeatlis M2 and from the Secial Securioy Admingsteation Death
Master File wiere wsdd B0 ascertadn che vical scams of each
Lolat neember through December 31, 19492 (approximarely
168 vears of folowsup). Infoermation obained feom the Mor
raliny Srusdy Gy 'm-:-lgm the manth and vear in which an indi-
vidual was last known 0o e alive and the 109 oode For the
underiying cavuse of death, Because only maonth and year of
the daze of death were ascemuined, e 15t day of the month
was amalyzed 25 the day of che dare lasn knswn o be alive for
deoodents. For zll athers, December 31, 1992, was assigned a5
the last known date alive, Followap {ie, survivaly ime was
calculated as the difference between the MHANES I kseline
cxarmination date for each subject and the lass known dare
alive obtained froon the NITARNES 11 Mormalicy Study, As a resule
of U st Roown day alive assignment, one subject whio was
exanined after e 150 of the month znd who died wichin
davs aof the baseling cxanimntion had a calculaced negative
value for followr-ap ime, This individual was assigned a fal-
loweup iime value of 2¢e0.

Cif thee D250 persons followeed peospectively by the NEANES 1T
Muorabity Study, 5159 recedved 3 baseling elecisocaadiogein.
Chur amaly<ds wis limited oo 7924 of these who were wihiite or
black arnd wind hacl ecompdete Infoemazsion for height, weigh, svs-
Lol Blood pressun: (SRE), diastalic hlngd pressare (DB, toal
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serum cholestered, history of cmdiovaseular disease, physical
activry, amd educarion. Cox proportional hazads regression
WS 1sed 1 assess the independent relaion beraveen LYH and
clearh from CHIP and discises of the heart in sgeadused and
mulrivariae-adjusied analyses. The mulivarateadjused anabysis
ook Inbo aooment age, race, sex, SAP, wal cholestero] level,
by mass incbe (M, Eooking stEnas, and history of cardiovas:
cular disease and dizberes mellins, Age, SBP, chalestens] level,
and BMI were enfened into U model a8 continoous variables

Analyses were completed by we of the full sample (n =
T4 a5 well as sracified by hyperensive sats, Normoten:
sive persans (0= 5158 were defined as having SBEP <140 mm
Hyg. DBE <80 mm Hg ar basceline examination, and not taking
antihypenensive medications. Hyperiensive pemsons (n =
2758} wire defined 35 those having & baseline SEP 2140 mm
Hyg. DEF =0 mm He, or curremly using aniliyperensive
aibedicansoan.

Differences in survival amang hyperensive and frormoten-
sive perons wilh or without LVH were assessed for each
cavse of deith. Using a Cox proportional hazands mosdel, we
ahrained the st an survival time for age and for each of
she fellowing growps: Byperensive-IVH, hypenensive-nno
LAH, and normotensive-LVH. The reference group wwas nor-
morengive-no LYH. The baseline survval probabdliny at thme ¢
was caloulbated a8 the exponent of the bazeline cumulative
hazard a1 rime © obrxined foom Sudaan. Predicted surdval
proballities werns then calewlated for sach group by using the
baseling survival probability amd the regression coefRcient for
ezch group evaluaced ar the aean age of the sample (0 = 49.2
years). The predicred survival peobabidities weere Usen ploted
against the surdval fime,

T make the NHEANES representative of the US poputation,
sample weights wen: used dn all analyses, A xz rest was s
o comipare differences in categorical varizhles across proups,
and a Z-sided Flest was used for contineons variables, Opdins]
irerd rests used kgistic regresston with either CHD dearh o
diseascs of (e lecart death as the dependent variable and an
ordinal independent varabie, Te acopunt for the complex
sampling design and v achieve accurate varance exiimares,
we nsed Sudaan 7.0 (Rescarch Trangle Instimure, 194946 to
complere ail analvacs. All slatistical inferences were based on
a snificance level of 05,

Results

At baseline, persons with probable LvVH were mose
likely than those without LVH vo be alder, black, and
mwake (Table Th They were also more Lkely to be physi-
cally inactives and to kave complered bess than a high
school education. The mean BMI was nearly the same
lor those with and those without LVH. Mean SBP and
DEP were significantly higher in persens with LVH.

Hisvary of candiovascular disease differed significantdy
berween the two groups, Compared with persons with-
out LYH, a greater proportion of persons with LYVH
reported MI(11,3% vs 4,00, P < .05) amd stroke (6.4%
ws 205, P < 05, Persons with IVH weere alsa more
likely to report a history of hypertension (32,2% vs
20.3%, P= 001 and diaberes (8.2% vs 4.2%, P < .03).

The unadjusted prevalence of LVH in the sample was
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 Table I. Comslates of 1¥H £ T S
= =2 = I, '_ STt i '\'"!. _':-Tl:-:-:,-l'iél Ly -:, -:_:' a0 ori pLE _: o ST e - = 1
LVH =  NolvH[n=7777]  Allpersons [n=7924]
Maled {5
Block¥ (5) B 47 o
Aged meon [y 1 7.3
Praghip 58,2 [1,30] 491 10220 4%.2 (0.22]
<dly 8.5
L #5.4
ég-;g ¥ 17.% gg_: 23.4
z-j-é.ﬂ'? 224 234 23.4
3?15..'. ¥ 327 18,2 184
Education [%] 190 ] o
High schosl eduention +§
College education! %Eg 361 gg::
Phiysical ooty (3] . 0.4
Wary oclive 74
M-:rd.-ru:ﬁlnl:.r aclie 7rAa ;g'g ;‘g;
| fremtingm ; .
Smaking stahus [%] = 100 o
Current srmokes 352
. 359
Former a=akar kD ggg 257
Mever smokbed an.a 313'4 3 E.d
E.;-'.FIII:lI-\-e-un lkg/m?| 259 (0.41] 25,9 [0.08| 25.9 [0.08)
211l miran (mm Hp| 1509 (2.BE] 1305 (0.45] 130.3 [0.45]
; F‘-'F&TN [mm Hg] '?D.ﬂz:;m] 3.1 (0.57] 33.2 [0.57]
H, hardaning of anlenes (%) .£:.'-" ;3 ;.-:
H, streks] (%} 64 20 2.0
H, heart fedyrs | %) 1.3 1.1 '|..|
H, hypartensionl %) Low A 293 '
{";Frﬂ"“b'“_"“l!][?ﬁl - 82 47 Ei'g
eft versriculor mes? [g 17006 3.45) 1458 |0.25] 150.1 [0.50
tzfllh'.'nnmc;._l ar mixs indext [g/m?) 1347 (3,45 e 0.41] 1002 En:d.l I}
Folomrup oo, mocn (] 11.6 (0L49] 129 |0.14] 135 0.1 4)
Diimgaes of the head? [%)] 17.7 52
CHDE [%] 133 14 37

E::nd-:n:' !;':: Lp-:-'\:d i pamaiea

EROLEE ) A defirad by 1D codes 390305, £

EHD defined h-r-iil:l-':'n:-dm-b:ll:l-tﬂd. S SR R
“omphated sjisoofion theaugh geods 12,

Tompleied of least acom collage educasion.

satistically signfioont difanmce batwess IVH ord Ma LVH, P« G507,

Foteristioally tiznficast cifimrences habwses IVH ard Mo IVH, P = 01,

Pirutsrioally significant dSerences between IVH o ba LVH, P < 05

15.3 per 1000 population. The ageadjusted prevalence
0f LVH per 1000 population was 4.0 among those <40
years of age: 9.8 amang those 40 1w 49 years of age;
127 among those 50 to 59 years of age; 23.6 among
those 60 1o 69 years of age; and 40,2 among those =70
vears of age. The unadjusted prevalence of LVH among
Iypertensive persons was significantly higher than
AMang noemotensive persons (29,9 vs 6.4 per 1000, #
< 001} This result persisted across ape categories (Fig-
ure 1). Within the 3 age groups under &0 years, a large
difference in prevalence was ohserved between the
hypenensive and normotensive groups.

Sex, Incrensing age, smoking status, education, physi-
cal activicy, EMI, cholesterod level, and hiswory of car-

AFCHA2R,

divreascular discase, hypertension, and diabetes were
risk factors sipnificantly associated with death from
CHID (Table ). Similar relations woere observed for dis-
cases of the hean (data noa shown). Bace was signifi-
cantly associated with CHD death only. Amang those in
thiz study whaose underying canse of death was CHID,
13.3% had cvidence of probable LVIL Among those
whe died of diseases of the heart, 17.7% had LVH.

The median follow-up time for the sample was 14.6
years. The crude moralicy rate from CHD among per-
gons willh LVH was =5 times that for persons withou
LVH (1153.7 vs 259.1 per 100,000 person-vears) Table
IITy. After adjusting for cardiovaseular disease sk fac
tors, we found persons witl LV wers twice as likely
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Prevalence of LVH per 1000 population by hypertensive stotus and age. Mormoleniive stalus is defined os SEP
<140 mm Hg, DBF <90 mm Hg, and not currantly raking anlibypertensive medicotions. Hypertensiva shakus
includes contrellad hypertension and uncontrolled hypertension. Controlled hypensnsisn s defined ax SBF <140
mm Hg ar DBF <90 mm Hg and curmently toking blood pressures medication. Uncantrolled hypertensisn is defined

as SBP =140 mm Hyg or DEP 220 mm Hg.

o die of CHD ¢95% conlidence interval [CI1, 1.20-3.45).
Similarly, for diseases of the heart death, the crude
micrality race for persons with LVH was 15330 per
D000, 000 person-yvears; for persons without LVH, it was
3702 The association between LVH and death from
diseases of the heart weas similar o that fior CHD death,
Persons with LVH wene 1LEG (95% C1, 1,145.03) times
more llkely to die of diseases of the heart than weere
those withour LVH.

For nommotensives with LVH, the crude mortality
rates for CHD and diseases af the heart woers & and 10
times thee respeotive rtes for nofmotensives without
LV CTable IV), Althoogh the relative diffesence weas
not ws great unong hypertensives, mostality fates wiene
moee than revice a5 high fior those with LVH than for
those without. For oth persons with and thoze with-
aut iy pertension, the presence of LVH was associated
with a Z-fold increase in risk of dying of CHD or dis-
cases of the heart. The relative fsk (RR) of CHD death,
alter controlling for age, was 2,19 for both hypermen-
zive and mormotensive persons, For diseases of the
heart death, normotensives with LVH were at signifi-

cantly increased risk of death, but in neither medel did
normotensives have significantly increased risk. Hyper-
tensives with LVH were also at increased risk of death,
The estimates were not statistically significant, how-
ever, and their magninede was considerably less than
that observed among nommotensives,

A plot of the age-adjusted predicted survival probabil-
ity showed that for both CHEDY deathy and disepses of the
heart death, the propomion of nemmaotensives withoo
LVH who survived oo the end of folloseup was greater
than that of any of the other 3 groups (Figures 2 and 37,
For CHID death, the proportion of hypertensives with
LVH wiid survived to the end of the follow-up period
wits looseer than that of normotensives with LvH or
without LVH and hypertensives without LVH {Figure
23, Also, normotensives with LVH had a lower pre-
dicted survival probability than did hypertensives with-
cut LYH. For death from diseases of the heart, hooe-
ever, there was litke difference between the proportion
of hyperensives with LV and normotensives with
LVH wrho survivied o the end of the !'n:_:-'ll.-l_11.-.'-|.|.J1 perind
(Figure 3
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Discussion

By using data from a nationally representative sample
of Black and white adults, we observed thar the preva:
lence of ECG-LVH was greater among hyperiensives
than normotensives acrass all age groups. The unwd-
justed prevalence of LV in this sample with Minnesota
Code criteria was 13.3 per 1000 population. The preva-
lence of LVH with Minnesota Code in NHANES T was 19
per LHED for white men, 83 per 1000 for Black men, 18
per 1000 for white women, and &6 per 1000 for black
women. '3 The provalence of BCG-LYH in 1980 in the
Framingham Study was 25 per 1000 population among
men 35t 59 vears of age, 42 per 1000 among men &0
to 4 years of age, 11 per 1000 among women 33 to 59
vears of age, and 27 per 1000 among waomen 60 (o 64
years of age.? Dilferences in prevalence cstimates may
be the result of different diagnostic criteria and popula-
tion samples.

Crur resulis confirm previous findings that the pres-

ence aof LVH is a stronge predictor of futuse cardicvason-
lar death. After conteolling for a set of traditional car-
dlovascular disease risk factors, we fownd that the risk
of death froon CHID or feom diseases of the heart was
nearly twice a5 high among persons with LVE than
among those without, Within 5 years of the appearance
of LVH, ane can et mrtaliny rates of 33% for men
and 21% for women, 2 Data from the Framingham Soudy
demonstrate that ECG-LVI increases the age-adjusted
risk of CHI =3-fold, the ageadjusted risk of all cardio-
vascular events 4- to T-fiald, and the risk of sudden
death 3- o 5-Fold 2

The current study also demonstrites thrat nocmincen-
sive persons with LVH have a risk of death from CHD
and diseases of the heart that is egual 10 or greater than
that of hypertensive persons with LVH, For CHD dearth,
nanmatensives with LVH weese at a modestly increased
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Table I, Asscciation botween LVH and dealf: Cox proparfional hazards modsel Frar
CHD death®
Crude martality Age-adjusted Multivariate '
rate¥ (standard errar] RE 05% £l RRE Q5% CI
L¥H Mg = FF77 25359 [275.48] .00 - 1.00 -
Yoz = 147 11337 [2584.09] AL [1.46, 4,05 203 [1.20, 3.45)
Diseases of heart deatht
LvH Mo = FrFr 70,2 |286.83) 1.00 - .00 -
Yo = 147 15300 |2954.22) 170 [1.40 374 166 [1.14, 2,03

" CHD defizad by IC0W0 ooces 200041 4,

" [aanses of the beon defived by ICDWP codes FRIFE, 407, 404, 4106014, £15-417. grd 420476,

TRede pat 100,000 parIos-FRan

5.5.4-_;'-& Fer nge, rooe, e SUP, pier candioveaculos diseass |dmake, comsiee beat fodore, hasdening of the evmesies, Bil|, iotatan, cholesieral, BRI, srakisg atohn,

e ————

Table IV. Assccioton between (VH and deoth by hypariensive stofus: Cox proporionsl hozerde madel

EN R SRR

T ke et

CHD death”

Crude mortality Age-adjusted Multivariate
ratef (standord errar) RR 25 €1 RRS 5% Cl
h'-:':fmm:'ug.i-\.-g{
P [WH= 5114 1647 [144.75) 1040 - 1,00 =
I¥YH = 54 BS&TF [19%2.348] 2% [, £.32] 184 1040, 4.41)
H‘;.'peﬂn:naue'
Mo I¥H = 2665 5087 (PO1.60) 1.0 - 1.00 -
I¥H =93 P303.2 (370918 KL [1.19, 4.01] 204 (105 3.95)
Discoses of the heart deatht
Mormalanii|
P DV = 5114 233.7 [153.80] 1.0 - 100 -
IVH = 54 17236 [4174.27) 3.14 11,59 %170 *al [1.17 425]
Hypertensha
Mo INH = 3447 FI1.2 (24497 .00 - 100 -
LvH =23 1432.6 [3793 58] 1.70 (0,97, 2,99) 1.51 [0.832, 277

“CHD defited oy ICDT codas 4104 14,

1Daecyen of s heart dalined By IS0 codes SP0-30E, A0, A0, AN 14, 415017, ovd 420475,

FRote par 10000 pertonresr.

GAdused for ope, tote, sx, 522, prise condiovotoulr disetse [ircke, congasthen heart Fallure, hordening of erted, MIL, dictater, choleserol, BMI, smaking sichn.
[Hommataraig dorut defised ou SBF <140 na Hy or (38 <50 min Hy ot boeline mecuwceman

THypeetai sk inchedea cantralled Rypenierion ond uncontrolisd hypertensen. Controllsd hypensssion defised e SBF <140 mm Hy or DS <50 s Hg and comantly
beirg bloed pravurs mediaoton of bosehse meawcemant, Unconnolled hypederaion delined ed 528 2140 mn Hy oo DBF 280 e Hg et Beasline mecuremst

rizk of death, although the sk estimates falled w
achieve statlstical sipnificance, These individuals also
bl a lower survival probability for CHD deach than did
hypertensives withour LVH, and for diseases of the
heeart, their survival probabiliny was similar eo that of
hypertensives with LVH. These resules shoukd be
wiewed with some caution, however, beeiuse the num-
ber of normotensives with LVH was small {n = 54),

The increxsed risk of death among nommatensives
with LVH compared with hypertensives has several
possible explanations. First, the cause of LVH may influ-

coce the likelihood of a fatal evene, Canses of LYH
other than hypermension, swcl ag valvalar keart dissases
(eg, aortic stenosis and miteal regurgitation), may be
associated with a higher probabilivy of death, The nor-
MOTCENnSive persons in our sowdy migit have had 2 fonm
of LYH stemnving from a canse mone bethal than that of
the hyperensives. Secondary analyses found 18.9% of
nermatensives with LVH had evidence of a sysoclic
MM, & proportion nearly equal oo that of hyperten-
sives with LVH (15.1%) and greater than that of hyper-
tensives withour LVH (5,550,
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Sevond, the classification of persoons a5 gither nor-
motensive of yperiensive may kave resulted inoa misclas-
sificarzon bias, Bascline sysiodic and diastolic Blood pres-
sure measurements wers obiained by mking the mean
yalue of the second and third measurements, all af which
were obtalned on the same day. [deally, blood pressane
would Be measured on different days. Therefore, as a
result of the measurement process, a fraction of persons
classified as normaotensive an the basis of blood pressure
msAsUremens may acheally have Been hypenensive.

A third possibility is related o findings suggesting
thar the use of antihyperensive medication may result
in the regression of LVH. Y% By our definition, nor-
MOGENSIVES WEre persons having SEP <140 mm Hg or
LIS <90 . Hg and ot tiking antihvpenensive med-
ication. MNormownsives with TVH in this study, there-
fore, would not be able v realize the possible benefit

of the medication on the regression of TVH. This may
partly explain the higher meostality siges among nor
medensives with LVH.

Crne possible limitation w the fndings of this study is
that NHAMNES IT relies on electrocardiographic evidence
of LYH, but the sensitivity and specificity of the clecteo-
cardiogram, compared with that of echocardiographiy,
has been questioned. ECG-LYH ocoours less frequently
amang patients than does cohocardicprapiic LYH.17
Electrocardiopgraphic data may thus be asseciated writh
a misclassification of patients with LVH, and therelfore
any ohserved association berween LVH and desth is
probably a conservative cstimate.

Ancther possible limitation s our coding of clectro-
cardicgraphic data. Several snadies have demonstmbed
that the prevalence of LYH i= dependent on the criteria
wzed to detect LVH, 82 Our measure of LvH, based on
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the Minnesota Code, may have resulted Ina misclassifi-
cation of LVH in the study populaticen, which we would
expect (o prodece o downward bias on the observed
associatlon between LVH and cardicvascular death.
Finally, this study assumes that the risk factor status for
an individual dees aot change during the follow-up
peniod; therefore, we probably underestimate the asso-
ciztion between sk facoors and death,

Conclusions

Crur results confirm previous findings of an increased
risk of death associated with the presence of LVH, In
aclditicn, we ohserved that normotensives with LVH are
at incredsed risk of cardiovasceular death. Althowgh LVH
amodng nomnatensive patlents appeacs o be race, clini-
cians shwoneld Be aware that these individuals, like hvper-
tensivie patients with LYH, are at inereised risk for

chezathn, Further rescarch is also needed to examine the
progoostic impomance of identifying the cause of the
chetected LVH. Shauld the cavse of TVH e associated
with risk of death, the diagnosiz of the maore lethal
ciases may have an imporant robe in the treatment of
patients with LVH.
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