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ABSTRACT

The relative importance of systolic blood pressure (SBP) versus
diastolic blood pressure (DBP) in predicting the risk of ischaemic heart
disease (IHD) mortality is controversial. We have re-examined SBP com-
pared to DBP and other combinations of SBP and DBP in predicting the risk
of IHD mortalityinalong-term cohortstudyof 10,541 men and womenin the
West of Scotland.

During a mean follow-up of 11.6 years, 1,616 deaths occurred, among
which 553 (34% ; 327 male, 181 female) were caused by IHD.

In a multiple logistic regression (MLR) model the predictive values of
SBP, DBP, mean arterial pressure (MAP), mean arterial index (MAI), and
pulse pressure (PP) were examined in relation to IHD mortality after
adjustment for age, body mass index (BMI), casual blood glucose, serum
cholesterol and cigarette smoking at entry. All blood pressure measures
were associated with IHD mortality; in females the risk of IHD deaths was
more strongly associated with SBP; in males SBP and DBP had similar
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predictive strength.
MUJIRI, Vol.5, No. 3 & 4, 117-123, 1991

INTRODUCTION

Blood pressure has been identified as perhaps the
most universal contributor to all forms of cardiovascu-
lar disease (CVD) and one of the strongest predictors
for the occurrence of IHD.!'* Although both SBP and
DBP are recognized predictors of IHD risk,® whether
SBP or DBP is more important as a risk factor for this
disease still remains controversial.

The argument that DBP is the chief determinant of
cardiovascular morbidity from hypertension has been
based on physiological grounds. The cardiovascular
hallmark of essential hypertension is an increase in
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peripheral resistance which is manifested chiefly by a
rise in DBP.12!3 This viewpoint, however, has been
questioned and for IHD some epidemiological studies
favour SBP,1-35-10 although this is not a universal
finding.*1415

It is possible that both components of the blood
pressure contribute to the risk of IHD mortality. We
have studied the predictive value of various combina-
tions of SBP and DBP for future IHD mortality in a
middle-aged cohortin the West of Scotland. This study
also examines the possible interaction of IHD risk
factors and the relative strength of SBP, DBP, and
variouscombinations of SBP and DBP as predictors of
death from IHD in males and females separately.
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SUBJECTS AND METHODS

Subjects

The population, sampling frame, and methods of
the Midspan study have been reported in detail by
Hawthorne et al.!® and only those features which are
particularly relevant to the present study are described
here. The population of this cohort study comprised
10,541 (78% response rate) men and women in the
towns of Renfrew and Paisley, Scotland, aged 45-46
years old. They accepted a single general health ex-
amination between 1972 and 1976; in this study they
have been followed-up for mortality to January 1986.

General Health Examination
The baseline examination in 1972-76, included
measurement of height and weight with the subject in

indoor clothing and without shoes. Adiposity was -

expressed as BMI which was calculated as weight (Kg)
divided by square of height (m). Blood samples were
collectedin the afternoon and evening. A 10 ml. casual
sample of venous blood was taken without venous
stasis and glucose was determined (using whole blood)
by the measurement of oxygen consumption.'” Serum
cholesterol was determined by autoanalyzer.!® SBP
and DBP were measured seated using the London
School of Hygiene and Tropical Medicine
Sphygmomanometer,'® with a bladder of 12 x 22 Cm.
DBP was taken at the disappearance of the fifth
Korotkoff sound. Observers had been trained to mea-
sure blood pressure using a special tape recording in
order to reduce bias and observer variation.?’ Monthly
mean blood pressuresin eachobserver were compared
with group means to ensure quality control. Cigarette
smoking status was assessed by a standard
questionnaire.?!

Mortality and Follow-up

The population was flagged at the National Health
Service Central Registry and deaths have been re-
ported monthly. Causes of death have been classified
using the Eighth Revision (1972 to 1978) and the Ninth
Revision (after 1979) of the International Statistical
Classification of Disease, Injuries and Cause of Death
(ICD).?The ICD codes for IHD are the same in the 8th
and the 9th revision. The comparability ratio, for the
change of classification from the Eighth to Ninth
Revision used in this analysis, was estimatd as 0.928 for
IHD mortality by the Registrar General in Scotland.”?

During a mean follow-up of 11.6 years (range
10-14), 1,616 (961 male and 655 female) deaths occur-
red, among which 553 (34.2%; 327 male and 181
female) were attributed to IHD (ICD-9/410-414).
Deaths from causes other than IHD have been ex-
cluded from this analysis.
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Analysis

The blood pressure variables examined in relation
to IHD mortality in this study included: SBP, DBP, PP
(SBP-DBP), MAP (2/3DBP+1/3 SBP) and MAI (1/3
DBP+2/3 SBP). ‘

As SBP and DBP andderived combinations of them
differ in range and variance and also depend upon age
and gender, they were transformed to give an age-
gender-adjusted standardized normal deviate (SND)
for each individual by subtracting the age-gender-
specific mean and dividing by the age-gender-specific
standard deviation as in the Whitehall Study.?* For
example, for a male in the 45-49 age group:
SND for SBP = observed SBP - mean SBP for malesin
45-49 age group
standard deviation of SBP for malesin 45-49 age group

The SND indicates the degree to which a person’s
pressure (whether SBP, DBP, MAP, MAI or PP)
deviates from an age-specific mean in standard devia-
tion units. These differences provide a direct method
for comparing the power of these five measures of
blood pressure to predict IHD mortality. If the
hypothesis of no difference between the DBP and SBP
and derived combinations of them in subjects dying of
IHDis true, we would expect the average differencein
those subjects to be close to zero. Significance was
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Table 1. SBP, DBP, MAE and PP and Standardised Normal Deviate by Age Group, for Men Who Survive
and Who Died of IHD After!10-14 Years of Follow-up. Men Aged 45-64 at Entry. Renfrew and

Paisley, Scotland
Alive at End of Study Died of IHD B
Age "
Standardized Standardized
0 Re-d Mean (sD) Normal No-of  Mean (sD) Normal
ases Deviate (SD) Deviate (SD)
Systolic Blood Pressure
45-49 1084 142.0(19.9) —0.01(0.99) 34 150.8(21.4)* 0.43(1.06)
50-54 1063 144.8(21.2) —0.03(0.98) 95 150.3(19.8)* 0.22(0.92)
55-59 904 147.1(21.8) -0.08(1.01) 113 158.5(21.8)*** 0.45(1.01)
60-64 743 151.9(22.5) —0.09(0.95) 130 162.2(21.8)*** 0.35(1.17)
Diastolic Blood Pressure
45-49 1084 85.2(12.8) —0.01(0.99) 34 90.6(12.3)* 0.41(0.95)
50-54 1063 85.0(12.2) —0.03(0.98) 95 89.3(12.3)** 0.29(0.98)
55-59 904 84.9(12.9) —0.08(0.01) . 113 113.7(15.3)*** 0.47(0.95)
60-64 748 84.6(13.3) —0.05(0.98) 130 113.3(16.7)*** 0.34(1.09)
Mean Arterial Pressure
45-49 1084 104.1(14.1) —0.0.01(0.99) 34 110.7(14.1)* 0.45(0.99)
50-54 1063 104.9(13.8) —0.04(0.97) 95 109.6(13.3)** 0.29(0.94)
55-59 904 105.6(14.6) -0.07(0.97) 113 113.7(15.3)*** 0.47(0.95)
60-64 748 107.0(14.8) -0.07(0.97) 130 113.3(16.7)*** 0.34(1.09)
Mean Arterial Index
45-49 1084 123.1(16.6) —0.01(0.99) 34 130.8(17.3)** 0.45(1.03)
50-54. 1063 124.9(17.1) —0.04(0.98) 95 130.0(16.0)** 0.26(0.92)
55-59 904 126.4(17.8) —0.08(0.97) 113 136.1(17.5)*** 0.46(0.96)
60-64 748 129.5(18.1) —0.08(0.95) 130 137.8(21.8) *** 0.35(1.14)
Pulse Pressure
45-49 1084 56.7(14.1) 0.00(0.99) 34 60.2(15.8) 0.24(1.15)
50-54 1063 59.8(16.3) 0.00(0.99) 95 61.0(15.8) 0.07(0.97)
55-59 904 62.2(16.1) —0.06(0.96) 113 67.2(17.3)** 0.24(1.03)
60-64 748 67.3(17.4) —0.0.07(0.95) 130 73.4(21.7)** 0.25(1.19)
*P<0.05, **P<0.01, **3P<(0.001 (Comparing ““deceased” with “survivor”

assessed by a paired T-test for the difference between
each component of blood pressure and DBP and two
sample T-test for the difference between blood press-
ure in persons who died compared to subjects who were
still alive after 10-14 years.

To examine the contributions of each component of
blood pressure, as well as calculating adjusted esti-
mates of relative risk as the standardized odds ratio
(SOR) to IHD mortality, MLR analysis (BMDP
PLR)% was used to allow for confounding factors.?®
MLR analysis was undertaken to assess the relative
contribution of each blood pressure variable to IHD
mortality throughout the range of pressure recorded in
the population sample.

Because of differences in the usual range of values
for SBP, DBP, MAP, MAI, and PP and since the
magnitude of the coefficientsis affected by the variance
of the characteristic, a direct comparison of the logistic
function coefficients is not appropriate to determine
the relative predictive strength of each blood pressure.
In order to putall the coefficients on the same scale, the
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coefficient is multiplied by the standard deviation of

the variable, and then exponentiated. This gives the

odds ratio associated with a change of one standard
"deviation in the continuous variables of interest.?’

RESULTS

Tables I and II and Fig. 1 present the effects of age
and gender onblood pressure measurements. In survi-
vors at follow-up the expected age-related gradient of
SBP, MAI and PP at entry, was seen in each category
for both males and females. This relationship is stron-
ger for females than males. Females exhibit a lower
average SBP, MAI and MAP below age 50-54, after
which they overtake and exceed the pressure in males
except for PP which was higher than males in all age
groups. A smaller rise was also seen in females’ DBP
level and there was no rise with advancing age in men.
Women have a higher mean DBP after age 60 years
before which men have higher DBP. In persons who
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TableIl. SBP, DBP, MAP, MAl andPPStandardised NormalDeviate by Age Group, for Women Who survived and
Who Died of THD After 10-14 Years of Follow-up. Women Aged 45-64 at Entry. Renfrew and Paisley, Sotland

Alive at End of Study Dled of IHD
Age ‘
Y Standardized . Standardized
¥n oo Mean 6D) Normal No. of (SD) Normal
Deviate (SD) Deviate (SD)
Systolic Blood Pressure
45-49 1303 139.3(21.3) —0.01(1.00) 11 132.6(17.0) —0.23(0.33)
50-54 1420 144.9(22.9) 0.00(1.00) 31 153.2(24.0)* 0.36(1.05)
55-59 1263 151.0(25.0) —0.05(0.97) 58 167.4(30.3)*** 0.59(1.18)
60-64 1140 157.0(24.7) —0.04(0.98) 81 165.1(25.5)*** 0.29(1.01)
_ Diastolic Blood Pressure
45-49 1303 81.7(12.3)* 0.01(1.00) n 78.2(8.1) —0.28(0.66)
50-54 1420 83.6(12.5) —0.01(1.00) 31 87.1(16.4) 0.27(1.30)
55-59 1263 85.1(13.2) -0.021(0.97) 58 89.9(16.6)** 0.33(1.18)
60-64 1140 86.5(13.2) —0.03(0.97) 81 91.6(12.5)*** 0.33(0.90)
Mean Arterial Pressure
45-49 1303 100.9(14.0)* 0.00(1.00) 11 96.3(5.0) —0.33(0.36)
50-54 1420 104.1(14.6) 0.00(0.99) 31 109.1(18.0) 0.34(1.22)
55-59 1263 107.1(15.7) —0.04(0.98) 58 115.8(19.1)*** 0.50(1.19)
60-64 1140 110.0(15.7) —0.04(0.98) 81 116.1(14.9)*** 0.34(0.93)
Mean Arterial Index
45-49 1303 120.1(17.3)**  0.00(1.00) 11 114.5(4.4) —0.33(0.26)
50-54 1420 124.5(18.3) 0.00(1.00) 31 131.2(20.7)* 0.36(1.13)
55-59 1263 129.0(19.9) —0.05(0.97) 58 141.6(24.2)*** 0.56(1.18)
60-64 1140 133.5(19.2) —0.04(0.98) 81 140.6(19.6)** 0.31(0.98)
Pulse Pressure
45-49 1303 57.6(15.7) 0.00(0.99) 11 54.4(12.5) -0.21(0.79)
50-54 1420 61.3(17.1) —-0.01(1.01) 31 66.1(14.4) 0.29(0.85)
55-59 1263 65.8(18.7) —0.05(0.96) 58 77.5(22.6)*** 0.55(1.16)
60-64 1140 70.4(19.0) ~0.02(0.96) 81 73.5(21.1) 0.13(1.07)
*(<0.05 **P<0.01 ***P<0.001 (Comparing “deceased” with ‘“‘survivor”

died from IHD the expected age-related gradients of
SBP, MAP, MAI and PP levels at entry were seen in
each age category for both males and females except for
females aged 60-64 years. This association is stronger
for females than males. In males who died from IHD
there was no relationship between the DBP level and
age. The mean SBP, DBP, MAP, MAI and PP levels,
atentry, were widely separatedin males and females in
the younger age groups and closer, or crossed over at
lower levels, in older males, except for PP which was
higherinfemalesin age groups 50-59. Overall themean
valuesfor SBP, DBP, MAP and MAIwere significant-
ly greater for those dying of IHD than for survivors
after 10-14 years follow-up, for all age groups in men
and most age groups in women (Tables I, II).

- The mean SND values showed a similar pattern to
the blood pressure components but no consistent in-
crease with advancing age. Table I also shows that the
mean SND for SBP, DBP, MAP, MAI and PP were all
significantly greater for those dying of IHD than for
those still living at the time of follow-up. In both males
and females dying of IHD, althought the age-adjusted

SND for SBP, MAP and MAI were slightly greater
thanthat for DBP, thedifference wasnotsignificant. In
females the MAP deviate from the mean for their
age-specific group is significantly different from their
DBP.

TablesIV and V show the results of using the logistic
model to predict IHD mortality. First, SBP, DBP,
MAP, MAI and PP were studied separately as predic-
torsof IHD mortality, withoutadjustmentforthe other
main cardiovascular risk factors (Table IV). The logis-
tic coefficients forSBP, DBP, MAP, MAI and PP each
showed a strong relationship with IHD mortality in
both genders. SBP and MAI had higher odds ratios
than DBP, MAP and PP.

Table V contains the results of MLR analyses when
both SBP and DBP are considered simultaneously and
each of five blood pressure components separately,
with adjustment for other confounding factors. In the
first analysis using the MIR model, SBP and DBP, the
PP, the MAP and the MAI were studied separately as
predictors of IHD deaths for each gender. The logistic
coefficients for the blood pressure measures Wer
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Table III. Mean (SD) Standardised Normal Devlates for SBP, DBP, MAP, MAI and PP
and Their Difference with DBP for 10-14 Years Mortality Outcome. Men and Women
Aged 45-64 at Entry. Renfrew and Paisley, Scotland

Male Female
No. of
Cases Allve atthe Died of Alive at the Died of
End of Study IHD End of Study IHD
3799 372 5126 181
(a) Blood Pressure Components
SBP —0.05(0.98) 0.35(1.05) *** —0.02(0.99) 0.36(1.06)***
DBP —0.04(0.98) 0.33(0.99)*** —0.01(0.99) 0.28(1.06)***
MAP —0.05(0.98) 0.37(1.00)*** -0.02(0.99) 0.35(1.06)***
MAI —0.05(0.98) 0.37(1.02)*** -0.02(0.99) 0.36(1.06)***
PP —0.03(0.98) 0.20(1.08)*** —0.02(0.98) 0.27(1.07)***
(b) Pairwise Differences Between Components
SBP-DBP —0.01(0.80) 0.02(0.89) —0.01(0.80) 0.08(0.89)
MAP-DBP -0.01(0.37) 0.04(0.42) —-0.01(0.39)* 0.07(0.45)*
1 ‘ MAI-DBP —0.01(0.63) 0.03(0.70) —0.01(0.64) 0.08(0.72)
: PP-DBP -0.01(1.32) —0.13(1.40) -0.01(1.27) 0.01(1.39)

In (a), twosample T-testwas used to compare personsdeceased with personssurviving at the end of study.
In (b) paired T-test was used to compare the difference between the mean of each component of
blood pressure and diastolic pressure. *P<0.05, **P<0.01, ***P<(0.001.
Abbreviations: SBP=systolic blood pressure, DBP=diastolic blood pressure,
MAP=meanarterial pressure, MAI=mean arterialindex, PP=pulse pressure.

determined after adjustment for the effect of age,
serum cholesterol, blood glucose, cigarette smoling
and BMI on the IHD mortality. Incomparison with the
datain Table IV (which does not take into account the
effect of associated factors) the SBP,DBP, MAP, MAI
and PP contribute to IHD mortality risk independent
of the other risk factors. Except formale DBP the SOR
for SBP, PP, MAP and MAI decreased minimally
after adjustment for other cardiovascular risk factors.
A little of the effect is lost when other major risk fators
are taken into account, judging from the modest
reduction in the regression coefficient in the multivari-
ate as compared to the univariate analysis. This reduc-
tion was higher in females than males. The magnitude
of the SORs can give an indication of the relative
contribution of each component.

Thus, although each of the five blood pressure
measures was found to show a strong relationship to the
risk of IHD after adjustment for other risk factors,
further joint analysis of the SBP and DBP measures is
required to determine which measure has the most
power. The lower section of Table V also displays the
results of multivariate analysis using the multiple risk
model, in which SBP and DBP are considered together
to determine their standardised predictive strength for
the risk of IHD death in males and females. Although
major changes were noted in the predictive strength of
these adjusted factors compared to the results shown
for SBP or DBP alone, the overall results are the same.
In females, the DBP was not found to be significantly
associated with IHD death. In males there is a statisti-
cally significant interaction between SBP and DBP.

Table IV. Univariate Logistic Coefficients and Odds Ratio of THD Mortality on Various
Components of Blood Pressure in 10-14 Years Follow-up, Men and Women Aged 45-64
at Entry. Renfrew and Paisley, Scotland

Blood Male Female
Pressure £t isti
tic Odds Logistic Odds
Component (Coefficients  RatioS§ 2 1°°  Coefficient  Ratio Z-Test
SBP 0.020 1.62 89" 0.021 1.67 7.4
DBP 0.027 1.42 6.7*"° 0.028 1.44 5.1°7
MAP 0.30 1.56 84" 0.031 1.62 -6.8™
MAI 0.026 1.64 8.9 0.026 1.61 7.3
PP 0.021 1.50 6.7 0.024 1.55 6.3""

§BMDP, PLR evaluation of logistic parameters.>® “P<0.5, ~"P<0.01, "*"P<0.001

§§ The odds ratio for a change in the nisk factor by an amount equal to its standard deviation.
Abbreviations: SBP = systolic blood pressure, DBP= diastolic blood Pressure,
MAP= mean arterial pressure, MAI= mean arterial index, PP= Pulse pressure.
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Table V. Multiple Logistic Coefficients and Standardised Odds Ratio.of (a) Single SBP, DBP,
MAP, MAI or PP and (b) Both SBP and DBP for 10-14 Y ears Mortality from IHD
.by Gender. Renfrew and Paisley, Scotland

Male Female
Variables
) Logistic Odds Logistic Odds
Coefficient  Ratio§ Z-Test Coefficient Ratio Z-Test
(a) Single component of Blood pressure
SBP 0.017 1.45 7.22%** 0.014 1.40 4.80***
DBP 0.030 1.47 7.09*** 0.022 1.33 3.95%**
MAP 0.029 1.52 7.84*** 0.023 1.43 4.8%*
MAI 0.022 1.48 7.6*** 0.019 1.45 4.9***
PP 0.013 1.24 4.0%** 0.014 1.29 3.5%**
(b) Both Systolic and Diastolic Blood Pressure

SBP 0.011 1.27 3.25* 0.014 1.40 4.80***
DBP 0.017 1.24 3.03** 0.008 1.11 1.05

§ The approxmate relative risk (odds ratic) for a change in the risk factor by an amount

equal to its standard deviation.

*P<0.05, **P<0.01, ***P<0.001

Abbreviations: SBP=systolic blood pressure, DBP=diastolicblood pressure, MAP=mean
arterial pressure, MAI=mean arterial indedx, PP=pulse pressure.

However, SBP in males, (SOR 1.27; P<0.001) shows

nearly the same predictive strength for IHD death as.
DBP, (SOR 1.24; P<0.001). For females, SBP (SOR

1.43; P<0.001) is a better predictor of IHD death than

is the DBP (SOR 1.11; P=0.3).

DISCUSSION

AlthoughbothSBPand DBP are recognized predic-
tors of IHD risk,!* the purpose of the present analysis
was to examine and compare the predictives =ngth of
each component of blood pressure in m. s and
females separately. However, this study, as well as
most other studies, ' *1-*®suggests that the IHD mortal-
ity risk is significantly and independently related to the
antecedent blood pressure measurements and that this
risk is proportional to the blood pressure level. The risk
ofincreased IHD mortalityappeared to berelatedeven
to a single blood pressure determination, despite the
effects of lability, diurnal variation, artifacts of
measurements such as those caused by arm circumfer-
ence, technical errors in measurement, unconscious
digital selection?® and the response to therapy. !+

Atanyage and at any blood pressure, IHD mortality
in men exceeds that in women but this does not imply
thatwomentolerate hypertension better than men. For
example, coefficients for the regression of IHD mortal-
ity on blood pressure, show values almost as large for
women as men in both univariate and multivariate
analysis (tables, IV, V). On the whole, SBP appeared
to be the slightly better predictor of IHD than DBP in
females. This was supported by MLR analysis and SND
values in this study and by data from the Whitehall

Study,?* the Western Collaborative Group Study,’
Framingham,! and others.>® In males when analysed
seprately the SBP, DBP, MAI and MAP showed
essentially the same predictive stiength, while the PP
showed somewhat less relationship to IHD mortality.
In females, when analysed separately, SBP, MAI and
MAP were found to be stronger predictors of IHD
mortality than either DBP or PP. When considered
alone, MAP and MAI as measures of blood pressure,
aresslightlybetterindicators of risk thanSBP,but SBP,
MATand MAP werebetterpredictorsof riskthan DBP
alone. The fact that MAP and DBP and SBP, as single
measures, predict IHD mortality to the same extent is
attributable to the fact that MAP are combinations of
both SBP and DBP and reflect the effect of DBP and
SBP, respectively. When either SBP or DBP is ad-
justed for the other measures, the SOR for SBP in
malesand femalesis 1.27and 1.40 ,andforDBPis1.24
and 1.11 (not significant), with interaction between
SBP and DBP in males. In males, when analysed both
separately and together, SBP and DBP predict IHD
mortality to the same extent, while in females SBP was
found to be a stronger predictor of IHD death than the
DBP, although the differences in predictive strengths
were not large.

There are some factors which may contribute to the
observation that SBP is slightly superior to DBP as @
predictor of death from IHD as reported by many
studies.'®!*?* One explanation is that the greater
variability of SBP, causing a larger standard error of 1tS
measurement, does not allow the statistical separation
of the IHD and non-IHD group. With aging, 2

proportionally greater increase in SBP than DBP
occurs. The greater difference in mean SBP between .




the groups compensates for the larger variance in the
measurement of SBP. As SBP level depends partly on
arterial compliance,! they may provide a better reflec-
tion of the degree of underlying arterial disease. The
failure of DBP to be a strong predictor of IHD mayin
part be due to greater inaccuracy in measuring DBP
andto the narrower range of values available compared
to SBP.

An interaction term was introduced between each
component of blood pressure and BMI in addition to
age, serum cholesterol level, blood glucose level,
cigarette smoking habits in MLR model. In separate
analyses for men and women the interaction term
between BMI and blood pressure component was not
significant in either males or females. This does not
support the previous findings!**? of an interaction
between blood pressure and BMI.

The present data do not suggest a declining import-
ance of DBP, but suggest an increase in the importance
of SBP in females for IHD while in males SBP and DBP
predict IHD mortality to a similar extent. In both men
andwomen MAImaybeaslightlybetter predictor than
either SBP or DBP alone.
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