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as a cardiac risk factor in a middle

J Karjalainen, A Reunanen, P Ristols, M Viitasalo

evaluate the valuc of QT
iaterval as a cardiac risk factor in middle
aged people-

Methods—The association between QT
interval and cardiac risk factors and mor-
tality in a middle aged Finnish population
of 5598 men and 5119 wornen was gvalu-
ated over a 23 ycar follow up. To adjust the
QT intcrval confidently for heart rate, @
NOMOogram was constructed from the base-
line electrocardiograms geparately for
men and wornen.
Rendu—Nomogram-corrected QT inter-
val (QTwd prolongation was associated
with elcvared blood pressure and signs of
cardiovascular disease; QTy, shortening
was agsociated with smoking. Over 10%
prolongation of QT predicted death in
men with heart discase: adjusted relative
risk (RR) was 2:17 (95% confidence inter-
val 0-67-7-45) for sudden death; 2:12
(1+25-3-59) for total cardiovascular mortal-
jty; and 1-92 (1-23-3-00) for all cause mor-
tality. In hcalthy men the increase in RR
was not significant: sudden death, 148
(0-67-3+25); total cardiovascular moxrtality,
125 (0-92-1-70); all cause mortality, 1:21
(0-96~1-53)- However, healthy men with
long QTx. in the lowest heart rate quartile
exhibited an RR of 2+75 (1-00-7-40) for sud=
den death. Over 10% shortened QTy. pre-
dicted cardiovascular death in men with
heart discase who smoked; RR 372
(1-45-9°54). Non-smoking men with short
QTy. had low mortality risks irrespective
of possible signs of cardiovascular disease.
The trends in mortality risks were similar
but weaker for women.

Conclusions—In a middle agcd popula-
tion, prolonged QT intcrval predicts car-
diac mortlity in ren with signs of
cardiovasculax disease. In women and
healthy men this risk ix weak and may
yeflect subclinical heart discase. A shoxt-
ened QT interval predicts death in men
with hecart discase who gmoke.

(Heart 1997;77:543-548)

Keyworde: QT interval; cardiovascular mortality; ¢ar-
dine riak factose; smoking

The QT interval in the electrocardiogram
reflects the dme registeced for depolanisation
and repolarisation of the ventricular myo-
cardium—that is, the summadon of acton

porential dursdons in e ventricles.!
Theoretically, long and disparate duration of
ventricular action potentials predispose t0 re-
enrrant ventricular arrhythmias, which are har-
bingers of sudden death especially in cardiac
patients.” Short acton potentinls, on the other
hand, reflcct rapid electrical recovery enabling
short cycle length in ventricular arthythmias?
and may predispose O venmicular fbrillaton.
Factors influencing acton potentials change the
QT interval; heart rate and suronomic tone are
particularly important.* For clinical and research
purposes, QT intcrvals are corrected for heart
rare. The most widely used method is based on
Bazerr's formuls, despite the fact that this equa-
don over corrects the QT interval at high heart
rates and under corrects it at low heart rates.®

Clinjcal studies in subjects with congenital or
sequired loog QT syndrome and in pauents
with acute myocardial infarction have shown
that long QT intervals predispose t© malignant
venmicular archythmiag and sudden death.*” In
epidemiological studias, however, the associa-
ton between the length of the QT interval and
the risk of cardiovascular mortaliry remaing con-
woversial, = The explanation mAy be the weak-
pess of the QT interval as a sk predictor,
further abscured by the inad=quatc Bazett's
method for adjusting the QT values for heart
rate. Heart rate has been found to predict car-
diac mortaliry."!

We have recently created 8 nomogram 0
adjust the QT intervaly for heart rate that is
superior in Accuracy to Bazetr's and other meth-
o0dg.5 In this study, we used this pomogram prin-
ciple to cxplore the value of QT interval as a
cardiac risk factor in 3 middle aged Finnish pop-
uladon.

Mecthods

STUDY POPULATION

The study population consistad of the original
cohort of 11 026 people partcipating in the
Social Insurance Insgrudon’s Coronary Heart
Disease Study.'?"? Subjects were aged between
30 and 59 years at srudy enty in 1966~72. The
study populaton was taken from four aress
(south-western, Westerm, ceneral, castern) of
Finland, and was a representagve gamaple of tic
middle aged Finnish population. Of those
invited to the inital examination the pardcips-
tion rate was 89% in men and 91% in women;
309 people were excluded from the srudy for
missing dara (232) or because of bundle branch
block or second to third depree atriovenmicular
block (77), leaving 5508 men and 5119 women
in the study group.
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Dara analysis was made for the whole study
group and for a subgroup free from known car-
diovascular digeases. ‘Exclusions from this sub-

in the elecrrocardiogram (Minnesota codes 11,
or 1.2, and 5:1-32), and subjects who used
digitalis, pitroglycerin or andarrhythmic drugs.
The subgroup comprised 5103 men and 4785
women, Data analysis was also made separately
for the excluded subgroup of 405 mep and 334
women with signs of cardiovascular diseasc.

EVALUATION OF CARDIAC RISK FACTORS

The procedure for the bascline exannation has
previously been described in devail.?*! Briefly,
it consisted of a questionnaire on the history of
previous discases, drug therspy, and smoking
babits, an interview on cardiovascular symp-
toms, and a rest elecocardiogram based on the
Minnesota code. Casual blood pressure, body
mass index (weight kg/height m?), and serum
cholesterol were measured.

QT INTERVAL ANALYSIS

Rest clecmocardiograms (12 lead) werc
recorded at a papet speed of 50 mmys at base-
line. They were analysed by nine trained read-
ers as reported carlier.! Lead I, 11, or I was
chosen for the QT interval measurcment cn the
besis of the visually longest QT interval, The
measuremmnent was made from the beginning of
the QRS complex to the end of the T wave
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where the terminal limb joins the TP baseline.
Heart rate was the mean of two measurements
from both ends of the lead I recording.

To adjust the measured QT interval for heart

rate, a curve reladng QT intervals and heart
rates was constucted® from the baselinc elec-
rocardiograms. Mean QT intervals at different
heart rate ranges of five bears/min were ploted
against the corresponding mecan heart Tarcs,
and the best firing curve relatng QT intervaly
and heart rares was constructed visually. This
was donc separately for men and women.
QT interval at 60 beats/min was the reference
QT interval—391 ms in men and 397 ms in
women in the study populaton. The devistion
of the QT interval-heart rate curve from the rcf-
crence valuc st different heart rates generated
the numbers for the adjustment noMOgTam.
The nomogram corrected QT value was calcu-
lated as: QT = QT + correction number. For
dara analysis, the following five QT categorics
were created: QT compared with reference
QT interval was within 5%, 5-10% shorter,
> 10% shorter, 5-10% longer, and > 10%
longer.

END POINTS

The study ead points were death from all
causes (total mortality), death from all cardio-
vascular discases, death from coronary artery
disease (Jcthal outcome for a padent hospi-
talised for myocardial infarcton or death out-
side the hospital probably caused by coropary
artery discase), and sudden cardiac death
(deaths cnsuing within one hour of symprom
onser).

The morality of the study populadon has
been monitored continuously. Copies of death
certificates of the deceascd were obtained from
the Central Starierical Office of Finland and
additional informaton from the hospital
and necropsy records Wwerc sought when
needed.* Deaths untl the end of 1992 are
included in the analyses for this report
However, sudden deaths are included only until
the end of 1979, because a detailed analysis of
dme from onset of symptoms to the dme of
death was available oply for these cases.'

STATISTICAL ANALYSIS

Assodations between the QTy, catcgories and
risk facrors were estimated based on the general
linear model.’* The Cox proportional hazards
model was used in the mortality analyscs.”
Reladve morality risks were computed using
the middle QTw. category (QT\. deviated less
than 5% from the refcrence QT interval) as the
ceference category, and separatcly in both
sexes. To adjust for risk factors subjects were
divided by: age (into five-yesr groups); current
smokers and non-smokers; four blood pressure
groups (using the cur-points 140/90 mun Hsg,
160/95 mm Heg, and 170/100 mm Hg, snd/or
antihypertensive teaunent); serum cholesterol
(cut off 7-2 mmol, exceeded by 20% of the
population); body mass (30 was used to definc
subjects as obese or non-obese); and diabetes
(all subjects with a tmown history). Statistical
significances were tested using the likelihood
rago test based on Cox’s models.
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Table 1 QT categories, number (%) of subjsers and cut poins
Whthin 5%
> 10% shareened £-10% shortened (nefmence values) 5m10% proiomped > 10% prolemped
ber (% 131 (2% 760 (13-6 3764 (67-2) 736 (13:1) 207 37

Mo, o e (%) P 190439 372-410 411430 > 430

amen, number (%) 112 22 650 (12:1) 3454 (69-4) 620 (12:3) 174 (34)
QT () <358 358-377 378417 418437 > 437
Results and women (table 2). In contrast, smoking
QT INTERVAL ANALYSIS was sssociated with shorter QT . inrervals.

QT intervals in the whole study population are

shown in figure

1. The

nOMmOogLam method

gave an excellent adjustment of the QT inter-
vals for heart rate at all heart ratcs (fig 2)-

Mean QT values

at different heart rate

rapges differed less than 1 ms from the refer-
ence QT interval in both men end women.

The nOMOFLAL adjusted the
canfidendy in individuals

QT intervals

with heart disease,

mean QT values at different heart rates dif-
fered no more than 2 ms from the reference
QT interval in subjects with heart diseasc.

We classified the QT v
categorics As shown in v
prolonged by more than

aluey into the five

1. The QT Was

10% (> 430 ms

men and > 437 ms in women) in 3-7% of men

and 3-4% of women.

QT CATEGORIES, RISK FACTORS, AND SIGNS
OF CARDIOVASCULAR DISEASE

Aging prolonged QT

men and 0-05% per Ye
adjustment for age, bloo

by 0-1% per year in
ar in women. Afier
d pressure (systolic

and diastolic) and hypertension were 28s0ci-
ated with longer QT intervals in both men

Prevalence of diabetes was increased in men
with moderately (5-1 0%) prolonged QT e
Serum cholesterol concentraton or body mass
index were not associared with QT

Because clevated blood pressure and smok-
ing had opposite effects on QT intcrval, we
analysed non-smoking and normotensive men
geparately. In pon-smoling men the preva-
lence of elevared blood pressure (140/90 mm
Hg or more) in the longest Q. category was
7.3 times that in the shortest QT\y. category.
In normotensive men the prevalence of smok-
ing in the shortest QT category Was 3-0
dmes that in the longest QT Category.

QT value was associated with the signs of
cardiovascular disease. Exclusions from the
toral study populaton when forming the
“healthy” subpopuladon were MOst COmImon
in the category with the longest QT intervsl
(table 2).

MORTALITY

Unul the end of 1992, 1848 men (33-0%) and
840 women (16:4%) had died. The respective
aumbers in the populaton free from cardio-

Table 2 Ape, age adjused cardiac rish factors, ond exchusions in differene QT categories in the toral seudy popularion

Risk facor > 10% shartened  $-10% shorrened Within 5% 5-10% prolonged > 10% prolonged P

Men
Age (years) 42 42 43 A5 A7 <0001
Serum cholesterol (mmol/) 65 66 65 65 64 N§
Systali¢ bleod pressure (mm Hg) 133 136 139 140 146 < 0-001
Diasrolic bbod'ymm (mm H 78 &0 a1 81 B4 < 0001
Hygu(emia_n [SOM 2 4 5 6 11 < 001
Body musé index (kgim™ 25 26 26 25 25 NS
Smokers g/,) 61 56 53 11 a4 <005
Disbetes (%) 1-6 1 2 33 19 <001
Exclugions (%) 99 67 B2 129 14 < (:001

Women
Agie (yenr) 43 43 “ 4 47 <0001
Serum cholentezal (mmald) 65 66 65 65 65 NS$
Sysralic biood pregsure (mm lﬁ\ﬂ 136 135 138 140 144 <0001
Dinatolic blood presure (mm 83 82 83 84 84 < 0-05
Hypertzniqn (4)* 12 5 9 12 18 < 0-001
Hody mass index (kg/m?) 26 20 26 26 27 NS
Smokers (% 17 17 13 10 12 <001
Diaberes (% 18 18 15 16 23 NS
Bxcluslons (%) 71 8 63 57 02 <005

*Blood preseure 170/100 mm Hg or more, of anthypertensive Teatment.

Table 3 Relanve risks (RR) for disease, and sudden mortality m different QT . cascparies

of the roral study popularion afeer adjustment for agé and

confounding risk facrars
> 10% shorvened $-10% shoreened Wathin 5% 5-10% protonged > 10% proloned
" RR (93% CD " RR (95% CD " RR n RR (95% O n RR (95% CD
Men (n=131) (n & 760) (n = 3764) (n = 736) (n = 207)
%ﬂ ‘suse 40 1:06 (0-73-1-46) 213 099 (0:86-1-15) 1224 100 265  0-99 (0'66-1:13) 102 1433 (108-1'63)
L=l
eardiovuscular 20 104 (0:67-1:63) 117 1:03 (0-83-1:26) 670 1:00 163 107 (0-90-127) 63 1-42 (1-09=1-84)
Coconary artery
digesse 13 093 (0-54-162) By 107 (0-85-1+35) 484 100 114 104 (084-1-27) 45 a4 (1:06-1-96)
Sudden death 2 073 (0-18-2-96) 14 06O (0+49-1-51) 96 100 27 121 (0-79-187) 10 150 (0'78'2'89)
Women ;n = mz (n = 630) (n = 3554) (n = 629) tn=174)
%ﬂﬁm o 119 (077-1'85) 96 009 (0-B0=1124) 566 1:00 119 104 (0-85-1:26) 28 098 (0-70-1'37)
a
ccudinmc-.mr B (82 (045-1:86) 48 104 (0:76-141) 279  1:00 6% 110 (DA63-1-44) 27 132 (0@9-1‘97)
orona
artery d;x'zeacz 4 086 (0-34-2-31) 22 087 (0~56—1-31’) 150 100 8 121 (0:85-1:73) 15 138 (0-51-2-36)
Relsrive riske printed in bold ditfer signileantly rom the rigk in he middle of e QT caregory-:

C1 = Conhidence interval,
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Table 4 Relanve montality risks (RRY in differens QT c2wRD

ries in the popularion Jroe from cardiovas?

Karjalainen,

Rewmanen, Ristola, Viitasalo

wlar diseate after adiustment for age and nish

facwors
> 10% shorened 5-10% shovomod Whthin 5% 5-10% prelonged > 10% pralonged
n RR (95% CDQ " RR (954 CD " RR n RR (95% ClI) n RR (95% CI)
Mem = =1709) (n = 3¢57) (n = 641) (=178
M?llca\xc (3]5 1}-332 (0-79-1-41) (1'59 0-99 (0-55-1'16) 1052 1:00 207 093 (0-80-1-08) 8 121 (0'96-1‘53)
rn:!!.d.iovagnﬂu 15 098 (O'S&I'SS) 103 105 (0-85-1-30) 559 1-00 118 0497 (0-80-1-19) 45 125 (0‘92-1'70)
Caronsry axtery
et n 089 0:47-160 78 1111 (0-87-1-41) 396 1-00 80 093 (0-73-].‘19) 32 129 (0'90-\-85)
Sui‘d‘:;'zath 11 0'20 ((0'09-355; 10 080 (,0-41-1-57) ¢y 100 16 100 (0:63-1-88) 1 1-48 (0-67-3'26)
Women (n*104) =619) (n=3330) (n & 574) gn =158)
Al cause 16 109 (0'66—1‘79) a¢ 101 (0-50-1‘28) 4492 1:00 84 107 (0’86—1-33} 8 091 (0'6?’1'34)
ocudiwaocu\u 5 072030~ 14) 42 108 (0+78-3+51) 231 100 54 1\R (0:87-1-58) 20 142§ (0'60-2'02‘.)
C -
0:!;2::% et 3 078 (0:25-250) 20 094 (0+58-1:51) 12¢ 1-00 30 121 (0-61-1-80) 11 1:32 (0°71=2:46)

C1 = Confidence laterval.

Tablo 5 Relative morality risks (RR) in differens QT categorics in subjeers with signs of cardiovaseular disease after adjusoment for age and risk factors
> 10%4 shorrened 5-10% shorrened Within 55 5-10% prolonged > 10% prolonged
" RR (93% CD " RR (95% G n RR " RR (95% CD n RR (95% CI)
Mem (n=13) ~ gn =51) (n=1307) (n®9%) (n=29)
%_ll eause 7 1-26 (0-:9-2'71) 4 0-99 (0-65-1'33) 173 1-00 [2) 1-22 (0°91-1-63) 24 1+92 (1-23~3-00)
‘otal
cardiovasculse 5 1-30 (0-52-3-21) 14 0490 (0-51=1-57) 111 1:00 a5 1-41 (1:00-2:00) 15 212 (1'25-3'59)
Coranary artery
digease 3 0-94 (0+30-3-00) 11 0-03 (048-176) 8K 1-00 3 1.38 (0-92-2:0R) 13 71 i ~14=3-88)
Sudden death 1 1:25 (0-17-9-35) 4 115 (0-39-339) 27 100 n 1:61 (0:79-3-82) 3 217 0-63~7-45)
Womm (n=8) (v =31) (n = 224) (n = 55) (n=16)
%ll c;uue S 199 (0:78-4-89) 12 087 (vA7-162) 64 1-00 19 091 (0:54=1+52) 10 1122 (0:62-2:41)
aral :
eurdiownncular 3 1-30 (0°55~5-88) 6 083 (0-35-1-95) 48 1-00 10 @77 (0-38-1-54) 7 1:50 (0-66=3-44)
Caronanry srery
disense 1 120 (0°16-9+06) 2 0-30 (0°12-2:15) 26 1-00 B 1-16 (0-82-2:66) 4 1:62 (0-54—4-87)

Relatve vizks printed In bold differ significantly from the t

€1 = Confidence Interval.

vascular disesse were

<k in the middle of the QT category-

1559 (30-5%) and 710

nificant (table 4). However,

in a subanalysis of

(14-8%). In the group wirth signs of cardiovas-
cular discase, 289 (58-4%) of the men and 120
(38:9%) of the women had died. Until the end
of 1979, 149 men and 18 women had died
suddenly. Because of the small number of
cases SmMONE womcn, the relatve risks for sud-
den death could not be confidently calculated
and are not presented.

Among the total grudy population, men
with more than 10% prolongation of QT
jntervals had significandy elevated age
adjusted relative risk retios for all cause mor-
ality (1-40); total cardiovascular mortality
(1-53), and coronary mortality (1:53). The rel-
arive risk was greatest for sudden death (1-63);
however, because of the small number of cascs
the increase in the risk was not gignificant.
Increased death risks werc weakened after
adjustment for other cardiovascular Tisk fac-
tors, but the order of the risk rados was the
same (table 3). In women, the age adjusted
relarive risk for total cardiovascular mortality
was significanty clevated (1+50) in the longest
QTy. group pur not for all cause mortality
(1-07). After adjustment for other risk factors,
no significant differences in relatve mortality
risks berween QTwe categories were found in
women.

Normal popularion

After excluding subjects with signs of cardiovas-
cular disease and adjusting for cardiac risk fac-
tors, there was sull a tendency of preater
mortality in the longest QTy. CAtCEoOry, €spe-
cially in men, but the differences werc not sig-

sudden death, the risk ratio was preatest in the
lowest heart rate quartle (bclow 63 beats/min)
with more than 10% QT\. prolongation (

275; 95% confidence intervals (CI) 1-:00-7-60).

PROGNOSTIC VALUE OF QT INTERVAL DY MEN
WITH HEART DISEASE

We studied the predictive valuc of the QT
interval for death in the «ayxcluded” subjects
after adjusting for confounding risk factors. In
men with signs of cardiovascular diseases the
wo longest QTwe caregories were associated
with incressed mortality risks (table 5). There
was also an increascd risk wend in the shorest
QTy. category, which was associated with
smoking. When men with signs of cardiovas-
cular diseases who smoked were analysed sepa-
rately, their relative risk in the shortest QT
category for all cause mortality was 2:85 (95%
C1, 1-23-6-63), for cardiovascular mortality it
was 372 (1:45-9:54) (6g 3), and for sudden
death 284 (0-36-22-54). However, these tisk
cstimations are based on a gmall pumber of
cases as only 13 men with heart disease had a
more than 10% shortened QT (table 5). All
five men with cardiovascular death in this
group smoked, while only one of the six sur-
viving men smoked. Among the non-smoking
men, a short QT interval seemed fto protect
from cardiovascular death in both “healthy”
men and those with signs of cardiovascular
discase. A U-shaped risk profile was also seen
in smoking women, but the differences in rela-
tve mortality risks between the QTy. cate-
gories were not significant.
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Discussion

These resulta show that QT interval length is &
predicror of mortality in the middle aged
Fianish populaton. The risk is clear in men
with signs of cardiovascular disease, whercss in
women and in apparently healthy men the risk
is wealk and associated with clevated blood
pressure. The asgociation between prolonged
QT interval end mortality risk is grLongest in
cuses with sudden deaths, and weakest in sll
cause mortality. A short QT interval predicted
death in men with heart disease who smoked.

ASSOCIATION BETWREN QT INTERVAL AND
CARDIAC DEATH

The puhophysiologjcal assocation berween the
length of the QT interval and death must be
mediated mainly vis increased gusceptibility 10
malignant venticular arrhythmias. It is there-
fore logical for the risk association 10 be greatest
in cases of sudden death, intermediate in other
causes of cardisc death, and weakest in all
cause death, as was found in the present study.
An arrhythmia death is more likely in cardiac
patients than in healthy subjects.”’ Thus highet
mortality risk rados are © be expected among
subjects with signs of cardiovascular diseasc
and long QT interval compared with healthy
subjects with a long QT. However, it is note-
worthy that the combination of low lieart rate
and long QT interval produced an increased
sk of sudden death in men free from signs of
cardiovascular diseasc. Some of these five men
(0-1% of men without signs of cardiovascular
disease) may have represented latent forms of
fong QT syndrome. Pateats with this syn-
drome usually have low heart rate’® and 0O
signs of swrucrural heart disesse.

ASSOCIATION BETWEEN QT INTERVAL AND
CARDIAC RISK FACTORS

Subjects with longer QTy. had higher blood
pressure, possibly because the QT interval i
prolonged when  left venmicular  Mass
increases.® Moreover, W¢ found QT inverval
prolongation 10 be associated with signs of car-
diovascular disease. Subclinical discase has
been idenufied as an indepcndent risk factor for
cardiovascular morrality.*! In fact, the tendency

547

[0 excess mortality evea in the “healthy” sub-
populaton with longest QT intervals may
reflect the increased risk due to undiagnosed
patholog.'\cnl left ventricular hyperwophy or
other heart pathology.

Smokers exhibited shorter QT intervals than
pon~smolkers. Smoking increases sympathetc
tone,” and heart rate variability changes in
srmokers point to decreascd vagal control of the
heart.” Both these cffects shorten the QT inter-
val®? and increase the archythmia risk.2¢*

The U-chaped risk profile observed among
smolkers with signs of cardiovascu diseasc
(fig 3) is uncxpected. Although this finding is
bascd on a small pumber of smoking subjects
with heart discase, it may explain why short QT
interval tended {ncrease sk in the
Framingham study.* When subjects with heart
disease suffer acute myocardial infarcton the
rypical sutomatic rhydun disturbances may
have faster rates as 4 consequence of short QT
interval and enhanced sympathedc acrvity.
Combined with reduced vagal acgvity the risk
of ventricular fibrillation then rises,”” On the
other hand, s long QT interval, including
increased dispersion of repolarisation in dis-
eased heart, favours re-entant mechanisms of
ventricular arrh {2528 When this is accom-
panicd by smoking enhanced gympathetic activ-
iy, the susceptbility 0 non-sustained and
sustained venticular tachycardias increases, as
recendy shown by Huikur er ol in patients with
arrhythmias.® Thus, the aphythmic mecha-
nisms may also contribute © the U-shaped rigk
profile smong smokers. It should be noted that
amoldng cessation is accompanied by 4 marked
reduction of arrhythmic death in high risk sub-
jeets.?® On the other hand, smoking is a srong
risk facror and can causc death by many mecha-
pisms other than arrhythmin. In fact, the
increased mortaliry risks and short QT in smok-
ers may reflect heavy smoking.

One limitation of our study is that we wete
unable to analyse any impact of alcohol con-
sumption or physical activity, both of which
may influence the QT interval and mortal-
iry.** Another limitadon is the sbsence of sud-
den death data beyond 1979. However, in the
case of sudden death the importance of 3 follow
up longer than 10 ycars may be questioned. For
QT interval measurements only leads 1, 10, and
TI were used as in other populaton studies.’
Thus the measurcd QT interval may have been
oo short in some Cases.

BARLIER STUDIES AND MEI'HODOLOG!CAL
ASPECTS

Most studies using Bazer’s QT values have
shown increascd mortality in subjects with car-
diovascular diseases and long QT interval, 88
reviewed by Algra e7 ol# Our study confirmed
this, even when the confounding effect of heart
rate was reliably excluded. Whether the QT
interval predicts cardiac death ev=n in sppar-
enty healthy subjects has been examined in
three population studies, but with conflicting
results. In the Framingham study 0o associa-
don between QT. inrerval and mortality was
found," whereas Schouten & al® and Delkker er
ol found a clear s¢sociation between cardio-
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vascular mortality and prolonged QT. in men.
In healthy populations, the wealkmess of the QT
interval as 8 nisk factor and the use of an inade-
quate method of adjusting QT values for heart
rate may explain the conflicing findings.

The method used 10 adjustthe QT values for
heart rate in this grudy resulted in excellent cox-
rection. In conuast Bazerr's QT adjustment
reverses e QT—heart rate relation (fig 2), and
thus the use of Razerr's QT values in risk

analysis incorporates the nsk of heart rate ¥
addition to the QT duragon. In our study, the
observed risk order in the modslities of deaths
was the same 88 expected, which we judge 1o be
confirmaton of the accuracy of our method.
The results are thus linked logically to the
underlying theoretical elccuophysiological
mechanisms.

CLINJCAL IMPLICATIONS

The weak assodaton berweea QT interval and
cardiac death in heslthy subjects limits its use
as a risk factor. Nevertheless, a long QT inver-
val in subjecte without signs of cardiovasculer
digease may reflect subclinical hypertensive or
other heart discase, plus an increased risk for
sudden death if heart rate is low. However, 2
long QT interval predicts death in men with
heart discase, as does a short QT interval if they
smoke. To evaluate the sisk of QT duration it is
essenual for it to be adjustcd accurarely for
heart rate.

Thjs srudy was supporeed by grant from e Poavo Nurmi
Fmd‘:gon and the Finnizh Foundation for Cardiovuecular
Rescaech.
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