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Abstract-—This report, the second in a series on pulse pressure and pure systolic hypertension,
| examined in prospective analyscs the associations between both the initial values of five variables
and the changes in these variables and pulse pressure, utilizing data from three Chicago epide-
miologic studies, in order to determine whether variables known to be related 10 blood pressure
and hypertension are related to pure systolic hypertension or ‘classical' hypertension. In these
analyses, [ollow-up pulse pressure, which was measured from 2-5 years after the initial measure-
ment of the other variables, was redefined so that the association between the initial value or
change and pulse pressure indicated whether the initial value or change was more strongly related
1o follow-up systolic or diastolic blood pressure. In these three studies, only the initial value for
cigarette use had a consistent positive association with follow-up pulse pressure. Change in heart
rate was generally positively related to follow-up pulse pressure, while the initial value was not.
For relative weight and serum cholesterol, both the change and the initial value tended to be
negatively related. For glucose, the association was not consistent for either the initial value or
the change. The results from these prospective analyses thus suggest that cigarette use is related
to pure systolic hypertension, rather than *classical’ hypertension,

INTRODUCTION

BecAUsE systolic blood pressure rises more sharply with age than diastolic blood press-
ure for those middle-aged and beyond, leading to an increasing prevalence with advanc-
ing age of elevated systolic pressure without elevated diastolic pressure, i.e. so-called pure
systolic hypertension, two questions arise in regard to this finding: (1) Are factors which
have been shown to be related to the level of blood pressure and hypertension related to
pure systolic hypertension and a widened pulse pressure, or to ‘classical’ hypertension, i.e.
to hypertension defined solely on the basis of the level of the diastolic pressure? (2) Do a
widened pulse pressure and pure systolic hypertension have prognostic significance over
and above that conferred by the level of the diastolic pressure, i.e. is pure systolic
hypertension an independent risk factor for the atherosclerotic diseases?

This is the second of a series of reports dealing with these questions utilizing data from
four epidemiologic studies in Chicago. The first report in this series examined the associ-
ations between several variables and adjusted pulse pressure in cross-sectional analyses,
in an effort to determine which variables are more strongly related to systolic, and which
to diastolic pressure [1]. The present report, utilizing data from three of the four epide-
miologic studies, examines the associations between the initial values of several variables
and follow-up adjusted pulse pressure and the associations between the changes in these
variables and follow-up pulse pressure, with a time between examinations of 2-5 years.

The variables considered in this report are serum cholesterol, relative weight, heart
rate, glucose and cigarette use. These associations are examined among white males and .
females age 25-64 from the Chicago Heart Association Detection Project in Industry,
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a0d amoug white males age 27764 from the Chicago Peoples Gas Company study and
age 40-55 from the Chicago Western Electric Compeaury study.

MATERIAL AND METHODS

The epidemiologic studies providing data for this series were described m the first
paper {17, and only information pertiaent to the analyses presented bhere is given
Chicago Heart Association Detection Project in Industry

From the fall of 1967 until earty 1973, the Chicago Heart Association Detection
Project m Industry screened 39,665 young adult and middie-aged men and women, both
white and black, employed by 85 firms in the greater Chicago area. Rescreening was
done at 21 companies at which 8800 persons had been screened initially from 8 to 65
months previously. Overall, 47.9% of these 8800 persons. or 4377 men and women,
participated in the rescreening project. Of this group 1804 men and women were neither
hypertensives nor diabetics on drug treatment for this condition at the initial examin
ation. were not on drug treatment for hypertension at the rescreening examination, had
complete baseline data on all relevant variables, and had at least a 24 month time
interval between examinations. The analyses of the association between the initial values
of the variables and foillow-up pulse pressure are restricted to the 1641 white males and
females age 25-64 from this group. In the analyses of the associations between changes in
the variables and follow-up pulse pressure, 43 men and women were excluded for missing
follow-up data, leaving 1598 men and women available for these analyses. Only white
males and females age 25-64 are considered here because these are the only age-sex-
color groups with numbers sufficient for analysis. Uric acid is not one of the variables
examined in this report, because most of the rescreenees were screened initially during
the period in which uric acid was not measured.

The data are analyzed for the age groups 25-44 and 45-64.

Chicago Peoples Gas Company study

In the Chicago Peoples Gas Company study. the Gas Company Medical Department
examined men age 40-59 in 1958 or 1959, and men age 25-39 over the years 1959-63
with repeat examinations scheduled yearly for men 50-59, every two years for men 40-49,
and every four years for men 25-39. Because the younger men were only examined every
four years, four years was selected as the time interval between the follow-up blood
pressure measurement and the initial measurement of the other variables in this study. In
addition, because a thorough effort was made to re-examine all men during the years
1965-67, the examination given during this period was defined as the follow-up examin-
ation, and the examination given during the period 1961-63 was defined as the baseline
examination.

Of the initial group of 2872 men examined in the two cohorts, 2367 were white males
age 27-64 with an examination during the period 1961-63. Of these 2367 men, 1840 had
a blood pressure measurement from 36 to 60 months after the examination in 1961-63. If
the time interval between measurements was less than 36 months or more than 60
months, the individual was excluded. Of this group of 1840 men, 1412 had complete data
on heart rate, serum cholesterol, and weight at the 1961-63 examination. These men are
the subjects of the analyses of the association between follow-up pulse pressure and the
initial values of the variables for this study. Fifty-five men in this group did not have
follow-up data on these variables at the 1965-67 examination and have been excluded in
the analyses of the association between follow-up pulse pressure and changes in the
variables. Because glucose and uric acid were not measured at the examination given
from 1961-63, these variables are not considered in the analyses.

The data are anaiyzed for the age groups 27-44 and 45-64.

Chicago Western Electric Company study

In the Chicago Western Electric Company study, the men were examined annually. To
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Statistical methods

In the present report, for each age-sex group in each study, the follow-up value for
systolic blood pressure was rescaled for each individual in the group by multiplying the
individual’s follow-up systolic pressure by the ratio of the standard deviations of
follew-up diastolic and systolic pressure in the group. An adjusted follow-up pulse press-
ure was then computed for each individual by subtracting the follow-up diastolic press-
ure from the rescaled follow-up systolic pressure.

In the first report in this series [1], it was shown that the correlation between a
variable and adjusted puise pressure could be used to determine whether the variable was
more strongly related to systolic or diastolic blood pressure. Thus, in the analyses of the
association between follow-up pulse pressure and the initial values of the variables, the
association between a variable and follow-up adjusted pulse pressure is used to deter-
mine whether the variable is more strongly related to follow-up systolic or follow-up
diastolic blood pressure. In these analyses, follow-up adjusted pulse pressure is regressed
on the initial value of cach variable in a separate univariate analysis and then on all
vartables combined in a multivariate analysis. As in the previous report, the standardized
regression cocefficients are marked with one, two, or three asterisks depending on whether
the absolute value is 0.0500-0.0749, 0.0750-0.0999, or >0.1000. Thus, in these analyses, if
the coefficient is greater than 0.05, the variable is considered to be more strongly related
to follow-up systolic pressure, equally associated with follow-up systolic and diastolic
pressure if the value is between —0.05 and +0.05, and more strongly associated with
follow-up diastolic pressure if the value is less than —0.05.

In the analyses of the association between follow-up puise pressure and changes in the
variables, the follow-up value of each of the variables under consideration was rescaled
by the ratio of the standard deviations of the initial value of the variable and the
follow-up value of the variable in each age-sex group. For each individual, the change in
a variable was then defined as the difference between the rescaled follow-up value and the
initial value. This was done so that the correlation between the change in a variable and
follow-up pulse pressure, is a function of the difference between the correlations of the
follow-up value of the variable and follow-up pulse pressure, and the initial value of the
variable and follow-up pulse pressure. In these analyses, follow-up adjusted pulse press-
ure is regressed on the change in cach variable separately in a univariate analysis and
then on the changes in all variables combined in a multivariate analysis. The standard-
ized regression coefficients are marked with one, two, or three asterisks using the same
criteria as that described above.

RESULTS
Serumt cholesterol. Table 1 presents the regression cocfficients from the analyses of the
associations between baseline serum cholesterol and follow-up pulse pressure and
between the change in serum cholesterol and follow-up pulse pressure for the men and
women from the Chicago Heart Association study and the men from the Gas Company
and Western Electric studies. The variables included in the multivariate analyses for the
initial value in addition to serum cholesterol are age, relative weight, heart or pulse rate
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TABE 1. STANDARDEZED PARTIAL REGRESSION COEFFICIENTS FOR HATIAL SERDAE CRCLESTENOL. ANG FORLLOGW-UPF
PULSE PRESSNE AND CRANGE B SERUM CEOLESTERQGL AND FOLLOW-UPF PULSE PRESSIAEE BY STUDY,. AGE AMND SEX

Indtind vaduc Chaage
Age
_ Stsdy  group N Univ Mokt N Univ Muh
Whise males:
25-44 M7 0.0698* a6 TR 0.0201
Heart 45-64 450 008115 — 0304 435 0.0003
Peopies 2744 560 —~0.0086 00113 541 — 00553 —0.0490
Gas 4554 852 —0.0770%* —~ 00633 g6 —005T8* - B.0609*
Western 40-44 508 0.0306 0.0343 331 - Q0087 00023
Electric 45-55 1261 -0.0480 - 0.0576* 865 0.0272 0.0363
VWhite females:
Chicago 25-44 195 —~0.0805%~ - (0734 189 —0.0565* — 00735
Heart 45-64 249 0.0348 0.0014 242 - 0.0200 -0.0126

*0.0500-0.0749; **0.0750-0.0999; *** >0.1000.

and cigarettes/day for each of the three studies, and in addition, plasma glucose 1 hr after
a 50 g oral load for the Chicago Heart Association study. The variables included in the
multivariate analyses of change, in addition to change in serum cholesterol, are change in
heart rate or pulse rate and change in relative weight for each of the three studies, and in
addition, change in cigarette use in the Western Electric study, and change in cigarette
use and change in glucose in the Chicago Heart Association study.

Baseline serum cholesterol has a significant negative association with follow-up pulse
pressure in three of the groups in the multivariate analyses, and a significant positive
association in one of the groups. For the other four groups, the coefficients are quite
small in both the univariate and multivariate analyses.

Change in serum cholesterol has a significant negative association with follow-up pulse
pressure in three of the groups in the univariate analyses. and in two in the multivariate.

Relative weight. The regression coefficients for relative weight and change in relative
weight are given in Table 2. The association between initial relative weight and follow-up
pulse pressure is negative in 7 of the 8 groups, including all 6 groups of males, with the
coefficient being significantly negative in three groups in the multivariate analyses. How-
ever, for the white females age 45-64 from the Chicago Heart Association study, the
association is significantly positive, indicating that baseline relative weight is more
strongly associated with follow-up systolic pressure in these women.

TABLE 2. STANDARDIZED PARTIAL REGRESSION COEFFICIENTS FOR INITIAL RELATIVE WEIGHT AND FOLLOW-LUP PULSE
PRESSURE AND CHANGE N RELATIVE WEIGHT AND FOLLOW-UP PULSE PRESSURE BY STUDY, AGE AND SEX

- Initial value Change
Age
Study group N Univ Mult N Univ Mult
_ White males:
Chicago 25-44 747 -0.0044 ~0.0084 732 0.0228 00179
Heart 4564 450 —-0.0209 —0.0182 435 ~-0.0142 -0.0182
Peoples 27-44 560 —0.1092== ~0.0967** 541 ~0.0574* -0.0532*
Gas 45-64 852 ~Q.1109*** ~0.0973** 816 -0.0607* -0.0514*
Western 4044 506 —0.0662* -00716* 331 ~0.1063*** —0.1178%*>
Electric 45-55 1261 ~0.0513* -0.0378 869 -0.0614* —0.0669*
White fernales:

Chicago 2544 195 -0.0257 ~0.0031 189 0.1727%%* 0.1768%°*
Heart 45-64 245 0.1100*** 0.0869"* 242 —-0.0458 —-0.0484

; +2Q.0750-0.0999; ***0,1000.
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TamE 3. STANDARDIZES PARTIAL MEGRESNONN COEFFICIENTS FOR INTIL HEART RATE AMD POLLOW-UF PULSE
PREZSURE AND CHAMGE BN HEART RATE ANO FOLLOW-UP PULSE PRESSUNRE BY STUDY, ACE AMD SGX

bvitial vadue Change
Age . _
Stedy goup N Univ Mk N Uty Mok
ﬂ m‘ Jm ’ -
Checago 25-44 47 0.0434 00198 732 0.1420"** 0.3472~>
Heart 45-64 450 ~ 00254 —0.40%0 435 0.0928** 00929***
Peoples 2744 560 0.0262 00285 541 0.0140 08256
Gas 4564 852 B.0043 ~ 80060 816 - 0.0229 ~0.0110
Western 4044 506 -0.0003 — 00094 n 0.09107* 01039+~
Electric 45-55 1261 - 00325 - 00385 869 0.0047 0.0058
. White females:
Chicago 2544 195 0.0362 0.0508* 89 0.1398*** 0.1429%>»
Heart 45-64 249 0.1225%=* 0.1442%*+ 242 0.t078%>* 0.1194*>*

*0.0500-0.0749; **0.0750-0.0999: *** >0.1000.

Change in relative wejght is negatively related to follow-up pulse pressure in 6 of the 8
groups, and positively related in the other two, with both groups being under the age of
45. The coefficients exceed the levels established for significance, however, in only four of
the 6 groups in which the coefficient is negative, and in one of the two groups in which
the coefficient is positive. '

Heart rarte. The coefficients corresponding to heart rate are presented in Table 3.
Among white males, initial heart rate is not significantly related to follow-up pulse
pressure in any of the groups. In these 6 groups, heart rate appears to be equally related
to follow-up systolic and diastolic pressure. However, among white females, heart rate
has a significant positive association with follow-up pulse pressure in the multivariate
analyses in both groups.

Change in heart rate has a significant positive association with follow-up pulse press-
ure in § of the 8 groups, indicating that follow-up heart rate is more strongly related to
follow-up pulse pressure than baseline heart rate.

Glucose. The regression coefficients for glucose for the men and women from the
Chicago Heart Association study are presented in Table 4. Among men and women
45-64 glucose has a positive association with follow-up pulse pressure. However, for
women 25-44 glucose has a significant negative association with follow-up pulse
pressure.

Change in glucose has a significant positive association with follow-up pulse pressure

in the two groups of women. In the men, change in glucose is not reiated to follow-up
pulse pressure.

TABLE 4 STANDARDIZED PARTIAL REGRESSION COEFFICIENTS FOR INITIAL GLUCOSE AND FOLLOW-UP PULSE
PRESSURE AND CHANGE IN GLUCOSE AND FOLLOW-UP PULSE PRESSURE BY STUDY, AGE AND 3EX

Initial value Change
Age
Study group N Univ Mult N Univ Muks
White males:
Chicago 25-34 747 0.0057 0.0068 732 —-0.0287 —-0.0363
Heart 4564 450 0.0408 0.0499 435 0.0005 ~0.0118
White fomales:

Chicago 2544 195 —0.1581 %> ~0,1614%%* 189 0.2425%+= 0.2329%*
Heart A5--64 249 0.0208 ~0.0581* 242 0.0986** 0.1077""*

*0.0500-0.0749; **0.0750~0.0999; *** > 6.1000,
cﬁ M
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Tamer 5. STANSARINZED PARTIAL WEGRESSEN COCEEUCHENES FOR WNTIAL CIGARETTE USE AND FOLLOWAUF PULSE
PRESSURE AMD CRANGE IN CIGARETTE USE AME POLLOW-UP PULSE PREVURE BY STUDYT, AGE AND SEX

iniciad vabue Change
Age
| _ Stdy  growp N Univ Mubt M Univ Mk
White myalcs:
Chicago 2544 M7 G0891>* o0816** 732 — 00023 00012
Heart 45-64 4590 0.0328 6.0419 435 0.0374 0.0359
Peoples 27=44 560 0.1020%++ G0911%* _ —_ —_
Gas 45-64 852 00588* 0.0776% —_ — -—
Western 40-44 506 0.0959« 0.0959*« 331 ~0.0301 - 00182
Electric 45-~55 1261 00784+ GOF08** 269 ~0.0001 —0.0063
White femajes:
Chicago 25-44 195 - 0.0034 0.0057 189 00127 0.0019
Heart 45=64 249 0.0083 0.0458 242 ~{.0765%* ~.0879%*

*0.0500-0.0749; **0.0750-0.0999; *** =0.1000.

Cigarettesfday. Table 5 gives the regression coefficients for cigarettes/day. Since data
on cigarette use are not available on the Gas Company men from the 1965-67 examin-
ation, the association between change in number of cigarettes smoked and follow-up
pulse pressure could not be computed for these men. As in the previous report [17, the
coefficients for cigarettes/day in the multivariate analysis are from a modetl that did note
include heart rate. Among white males the coefficients for initial cigarette use are positive
in all 6 age groups, and greater than 0.05 in 5 of the groups. For the white females,
although the coefficients for both groups are positive in the multivariate analyses, neither
is larger than 0.05.

In general, change in cigarette use is not related to follow-up pulse pressure. However,
there is a negative association among white females age 45-64.

DISCUSSION

This is the second of a series of papers dealing with pulse pressure and pure systoiic
hypertension. The first paper in this series examined the associations between several
variables and pulse pressure in cross-sectional analyses [1]. with pulse pressure redefined
so that the association between a variable and pulse pressure indicated whether the
variable was more strongly related to systolic or diastolic blood pressure. The purpose of
these analyses was to determine whether variables which have been shown to be related
to the level of blood pressure and hypertension, are in fact related to a widened pulse
pressure and pure systolic hypertension, or to “classical’ hypertension, i.e. hypertension
defined solely on the basis of the level of the diastolic pressure. Each of the variables
considered in the prospective analyses of the present report was also considered in the
first report, and has been shown to be a correlate of blood pressure and/or a risk factor
for the development of hypertension {2-21].

In the cross-sectional analyses from these studies, glucose, heart rate, and cigarette use
tended to show a stronger association with systolic than diastolic blood pressure, sug-
gesting a possible role for these variables in pure systolic hypertension, while serum
cholesterol tended to be more strongly related to the diastolic pressure, suggesting an
association with ‘classical’ hypertension. In addition, relative weight tended to be more
strongly associated with systolic pressure in men and women under the age of 35, and
more strongly assoctated with diastolic pressure in men and women age 45 and over.

The goal of the present report was to determine whether or not the associations
observed in cross-sectional analyses between these variables and pulse pressure are also
present prospectively, ie. are the changes in these variables more strongly related to
systolic or diastolic blood pressure? And are these variables more strongly related to

S e = e, e.
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subscqueat systolic or diastolic blood pressure, whea messurement of the varjables pre-
codes the measurement of the blood pressure by two to five years?

In this regard the miial vakse for cigarcties/day was geacvally more strongly related 1o
jollowr-up sysiolic than follow-up diastolic pressure, while the change i cigaretie con-
somption was gencrally equally related to follow-up systolic and diasiolic pressure. The
jmitial value for heart rate was pot related to follow-up pulse pressure in the men,
indicating an cgual association with follow-up systolic and diastolic blood pressuce,
although there was a positive association m both grouwps of women. Change m heart rate
was generally positively related to follow-up pulse pressure. Both chaage in serum cho-
lesterol and the initial value for serum cholesterol tended to be related equally to fol-
low-up systolic and diastolic pressure, or more strongly related to diastolic pressure,
Both change in relative weight and the initial value for relative weight were negatively
related to follow-up pulse pressure, although both variables showed a significant positive
association in one group of women. Change in glucose had a significant positive associ-
ation with follow-up pulse pressure in the two groups of women, and the initial value for
glucose had a significant negative association in these two groups. Among the men, both
the change and initial value were equally related to follow-up systolic and diastolic
pressure.

Thus, the results of the prospective analyses considered here generally confirm the
findings in the cross-sectional analyses in regard to the variables, serum cholesterol and
relative weight, i.e. these two variables appear to be more strongly related to diastolic
rather than systolic blood pressure, and thus to ‘classical’ hypertension rather than pure
systolic hypertension. For the other threc variables, the results of the prospective
analyses are not entirely consistent with the results of the cross-sectional analyses. For
heart rate, while changes in heart rate generally showed a positive association with
follow-up pulse pressure, prior values generally showed no association, suggesting that
only the current value of heart rate is more strongly related to systolic blood pressure.
Thus, high heart rate may be a concomitant of a widened pulse pressure and pure
systolic hypertension, rather than a precursor.

Since the initial value for glucose did not show a significant positive association with
follow-up pulse pressure in any of the four groups, it would also appear that only the
current value of glucose is associated with a widened pulse pressure. Such a conclusion
must be made with caution, however, since the sample sizes in the prospective analyses
are much smalier than those in the cross-sectional analyses, and since the positive associ-
ations between glucose and adjusted pulse pressure observed im the cross-sectional
analyses were primarily in the Gas Company, Western Electric, and Chicago Health
Department studies, rather than the Chicago Heart Association study, which provided
the data for the prospective analyses.

The results for cigarettes/day do, however, confirm the findings of the cross-sectional
analyses, since prior consumption tends to be meore strongly related to follow-up systolic
than follow-up diastolic pressure. The fact that change in cigarette consumption is not
related to pulse pressure in these studies indicates that prior cigarette use is as strongly
related to a widened pulse pressure as is current consumption.

Thus, since cigarette use is related more strongly to systolic than diastolic blood
pressure in both cross-sectional and prospective analyses. it seems likely that cigarette
use is related to a widened pulse pressure and pure systolic hypertension, rather than
‘classical’ hypertension. An association between cigarettes and a widened pulse pressure
may reflect an increased peripheral resistance among smokers, or the presence of aortic

atherosclerosis and arterial inelasticity, since smoking is a risk factor for the atheroscler-
otic diseases [22].

Acknowledgements—The acknowledgements for this serics are presented at the end of the third paper.
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