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Abstract—This report, the second in a series on pulse pressure and pure syslolic hypertension, 
examined in prospective analyses 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 to blood pressure 
and hypertension are related to pure systolic hypertension or 'classical' hypertension. In these 
analyses, follow-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 
to 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 'classical1 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 puke 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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27-64 from tfae Chicago Peoples Gas Company study and 
Western Electric Cocapawy study. 

MATEK1AL AND METHODS 

providing data for this series were 
pertinent to the analyses presented 

in the first 
is given. 

Chicago Heart Association Detection Project m Ĵ rfn̂ r>* 
From the fail of 1967 uratil early 1?73, the Chicago Heart Association Detection 

Project in Industry screened 39,665 young adtilt aad uaiddle-agsd men and women* both 
white and black, employed by &5 firms in the greater Chicago area Rescreeiiing was 
done at 21 companies at whicii §80® persons had been screened initially from I to 65 
months previously. Overall 47.9% of these 8S00 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 follow-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 
mates 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 rcscreenees 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 analyzed 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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provide coeapfcrabiiky wili tfee Gas Catapeay, fear years was selected as the tisae iafier-
Y*J befweca exanaaatioos lor the naen in this study also. Of 2107 men age 40-55 orig-
ioatfycxjmiaediB 1957-58, 1$£? had oocorpkfte baseiiae <iata os all reJevani variables. Of 
tbis groap of 1§9§ HWII, fee 1767 who barf a biood pressure Haeasuresaeat at the assroaj 
cxamiaation four years fetcr are the subjects of the analyses of the association between 
foftow-up pufe pressure and the initial values of the variables* Of this group of 1767, 567 
had missing follow-up data on the other variables* and teve been excluded in the 
analyses of the association between follow-up pulse pressure and changes m the vari­
ables. Because gtacose was not measured at the baseline examination for these mm% this 
variable is not considered in the analyses. 

The data are analyzed for the age groups 40-44 and 45-55. 

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 
follow-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 pulse 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 each variable in a separate univariate analysis and then on all 
variables combined in a multivariate analysis. As in the previous report, the standardized 
regression coefficients are marked with one, two, or three asterisks depending on whether 
the absolute value is 0.0500-0.0749,0.O75O-O.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 pulse 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 each 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 
Serttm ck&lesteroL Table 1 presents the regression coefficients from the analyses of the 

associations between baseline serein cholesterol and follow-up pulse pressure and 
between the change in serum cholesterol and follow-up pulse pressure for the men and 
women firom 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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TAKE 1. STAMBAKEEED IMSKTIAL KGGRSSSKN OOEFF»OEKF3 FOR R V M SBHOM o»t£sraraL AMD FOLUW-U* 
PULSE F*GS9UKE AM® CHANGE 1H SEXUM CHOLESTEWX. AHD TOtXCrW-UT PttlSE WffiSOJWE BT SfUfFY. AGE AMD SEX 

iiMtbiv*fcie Cka^c 
Age 

Steely group W UIUT MOH N USWV ktofe 

White males: 

Chicago 
Heart 
Peoples 
G*5 

Western 
Electric 

Chicago 
Heart 

25-44 
45-64 

27-44 
45-64 

4CM4 
45-55 

25-44 
45-64 

747 
450 

560 
852 

506 
1261 

195 
249 

- O 0 I I 5 

-0 .0086 
-OQ77©** 

00306 
-0.0480 

-O08O5** 
O0348 

O0896** 
-0i>104 

00113 
- 0 0 6 3 3 * 

0.0343 
-00576* 

WijiW fcmales; 

-00734* 
0.0014 

732 
43S 

541 
816 

331 
869 

189 
242 

O02S3 
0.00S7 

-0.0553* 
-0U0678* 

-O0Q87 
00272 

-0.0565* 
-0.0200 

0.0201 
0.0003 

- 0 0 4 9 0 
-0.0609* 

0.0021 
0:0363 

-0.0735* 
-O0126 

•O0500-O0749; **0.075OO0999; ***>O100O 

and cigarettes/day for each of the three studies, and in addition, plasma giucose 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-UP PULSE 
PRESSURE AND CHANGE FN RELATIVE WEIGHT AND FOLLOW-UP PULSE PRESSURE BY STUDY, AGE AND SEX 

Initial value Change 
Age 

Study 

Chicago 
Hcan 

Peoples 
Ga* 

Western 
Electric 

Chicago 
Heart 

group 

25-44 
45-64 

27-44 
45-64 

40-44 
45-55 

25-44 
45-64 

N 

747 
450 

560 
852 

506 
1261 

195 
249 

Univ 

-0.0044 
-0.0209 

Mult 

White males: 

-0.0084 
-O.Q182 

-O1092 '** -00967** 
- O U 0 9 * * * -0O973** 

-O0662* 
-O0513* 

-0J3716* 
- 0 0 5 7 8 

WftHe females: 

-O0257 - 0 0 0 3 ! 
OUOO*** 0.0869** 

N 

732 
435 

541 
816 

331 
869 

189 
242 

Univ 

0.0228 
-0.0142 

-^00574* 
-O0607* 

-01063*** 
-00614* 

01727*** 
- 0 0 4 5 8 

Mult 

0.0179 
-O0182 

-0.0532* 
-0.0514* 

-Oi lTS** 
-0.0669* 

01768** 
-O0484 

•00500-00749; ••O075O-QU999; ***Oi00O 
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T A * 0 £ 1 SrANOAKBtZSB PORTOU. XEGKESSOH COCFWCBm TO* N T C U . BEAJtT RATE A**> FQUJ&W-UT PULSE 
AMD QMWGtE Ml QEART RATE A**D F0l±O¥*-4Jr PULSE SttESSURE BT STWT. AGE AND SEX 

Stu% 

Chicago 
Heart 

Peoples 
Gas 

Western 
Electric 

Chicago 
Heart 

Age 

25-44 
45-64 

17-44 
45-64 
4<M4 
45-55 

25-44 
45-64 

#f 

747 
450 

560 
852 
506 

1261 

195 
249 

0,0434 
-&Q254 

0.0252 
a0043 

-0X1013 
-00325 

aoi^s 
-003*0 

a©28S 
-<UX>60 

-O0G90 
-GXOSSS 

O0362 0.0508* 
OI229*** QJ442*** 

H 

732 
435 

541 
816 

331 
869 

189 
242 

Uwrr 

ai420*** 

0.0140 

©.©910** 
0.0047 

0.1398*** 
aio?8*** 

Meft 

0.1472*** 

aew*** 
0.S256 

- W H O 

a1039*** 
Q.0058 

0.1429*** 
0.1194*** 

*a0500-0.0749; **0.0750-&0999; •**>ai00a 

Change in relative weight 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 rate. 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 foilow-up pulse press­
ure in 5 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 foilow-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 related 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 SEX 

Study 

Chicago 
Heart 

Chicago 
Heart 

Age 
group 

25-44 
45-64 

25-^4 
45-64 

N 

747 
450 

195 
249 

Initial value 

Univ Mult 

UQ057 
0.0408 

White males: 

O0068 
00499 

Wbi&e fcmaje*: 

-0.1581*** -CU614*** 
OimS -O0581* 

X 

732 
435 

189 
242 

Change 

Univ 

-0.0287 
0.0005 

02425*** 
00986** 

Mult 

-0.0363 
-0.0118 

02329*** 
01077—* 

•00500-0.0749; **a075G-O0999; ***>Oi00O 
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T»m£ 5. STAW©A*I*ZH> rmmt. mBGKEssKm caBRvemms rem mwnuL CKAXETTE USE A**> roixowMje PCJLS 
F*f£SSlK£ A**> CHAUGE W OGAKETTE USE AMD FOLIJGFW-CJF PULSE fW&SURE VY STUDT, ASE AMD SBC 

Slwiy 

Chicago 
Heart 

Peoples 
Gas 

Weston 
EJectrie 

Chicago 
Heart 

Age 

25-44 
45-64 

27-44 
45-64 

40-44 
45-55 

25-44 
45-64 

# 

747 
4% 

560 
852 

306 
1261 

195 
249 

Ifevr 

a r o i * * 
a032S 

aicao*** 
aosss* 
&0959** 
aOP784** 

Mute 

©j0816** 
acwi9 

CX0776** 

&©9®g** 

White females: 

-a0034 
ao©83 

O.0057 
O.Q458 

tf 

732 
435 

— 

331 
869 

189 
242 

Uaav 

-&0O23 
0.0374 

— 

-0 .0 J 01 
-OOGQl 

0.0127 
-0.0765** 

Mafe 

0JB12 
&03S9 

— 

-0.0182 
-0J9Q63 

0.0019 
-0.0879** 

*0.O5G(HXG749; **a0750-0.0999; *** 5*0.1000. 

Cigarettes/day. 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 [1], the 
coefficients for cigarettes/day in the multivariate analysis are from a model that did noU 
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 systolic 
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 ags of 35, and 
more strongly associated 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, ije. are the changes in these variables more strongly related to 
systolic or diastolic blood pressure? And are these variables more strongly related to 
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subseqweac systolic or diastolic blood pressure, wbea Measurement of the variables pre­
cedes tine measureraeot of the blood pressure by rwo to Sre years? 

In this regard the initial vaJae for cigarettes/day was generally rnoce siroogJy related to 
jb$onv-up systolic than follow-up diastofe pressure, while the cb&age in cigarette con-
sunaptkm was ©emecaly eqaalry related to foflow-op systolic and diastolic pressure. The 
initial vatue for heart rale was not related to follow-up pulse pressure in the men, 
indicating arc equal association with follow-up systofc and dkstoBc biood pressure, 
although there was a positive association in both groups of women. Change m heart rate 
was ©gner&ly positively related to fbttow-tip ptttee pucssoie. loth chugs fa serw* cho­
lesterol and the initial value for serum cholesterol tended to be related equally to fol-
iowup systolic and diastolic pressure, or imore 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 three 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 smaller than those in the cross-sectional analyses, and since the positive associ­
ations between glucose and adjusted pulse pressure observed in 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 more 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 tor this series are presented at the end of the third paper. 
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