
Pulse Pressure Predicts Cardiovascular
Risk in Patients With Type 2 Diabetes Mellitus

John R. Cockcroft, Ian B. Wilkinson, Marc Evans, Philip McEwan,
John R. Peters, Steve Davies, Maurice F. Scanlon, and Craig J. Currie

AJH 2005; 18:1463–1467

D

ow
nloaded from

 https://academ
ic.oup.com

/a
Background: Pulse pressure (PP), a marker of arterial
stiffness, is a better predictor of coronary heart disease
(CHD) risk than systolic blood pressure (SBP) or diastolic
blood pressure (DBP) in older adults. Whether this is also
true in subjects with type 2 diabetes, who are at increased
risk for cardiovascular disease, is unknown.

Methods: Data on 2911 type 2 diabetic subjects relat-
ing to blood pressure (BP), other risk factors, and cardio-
vascular events were abstracted from The Cardiff Diabetes
Database. Logistic regression was used to assess the rela-
tionship among BP components and the risk of CHD,
cerebrovascular (CVD), and peripheral vascular (PVD)
events after correction for age, gender, cholesterol, and

smoking status.
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Results: In the 4-year follow-up period there were 574
CHD, 168 CVD, and 157 PVD events. Both PP and SBP,
but not DBP, were positively associated with the risk of all
event types. However, PP emerged as the best predictor of
CHD events, and SBP as the best predictor of CVD and
PVD events. Total and HDL-cholesterol were the most
important variables associated with PP after age.

Conclusions: In summary, PP is a better predictor of CHD
events than SBP in persons with type 2 diabetes, but the con-
verse is true for CVD and PVD. Am J Hypertens 2005;18:
1463–1467 © 2005 American Journal of Hypertension, Ltd.
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T he importance of arterial blood pressure (BP) as a
determinant of cardiovascular risk, and the benefits
of treatment have been well established in a num-

ber of large randomized controlled trials. More recently,
the pre-eminence of diastolic blood pressure (DBP) in
predicting coronary heart disease (CHD) risk has been
challenged, and attention has been focused on systolic
(SBP) and pulse (PP) pressure, especially in older individ-
uals. Indeed, the latest data from Framingham Heart Study
demonstrate that PP is the strongest predictor of CHD risk
in the individuals �50 years of age.1,2 Although this view
is supported by data from several other studies,3,4 it is at
variance with a recent meta-analysis suggesting that SBP
may be more predictive.5 Nevertheless, PP is a surrogate
marker of large artery stiffness, which itself is an indepen-
dent predictor of cardiovascular risk.6,7

Individuals with type 2 diabetes are at greatly increased
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risk for cardiovascular disease,8 and the results of the
United Kingdom Prospective Diabetes Study (UKPDS)
have confirmed the importance of systolic BP as a risk
factor for cardiovascular events.9 Moreover, tight BP con-
trol reduces the risk of stroke and cardiovascular mortal-
ity.10 Pulse pressure is associated with both the micro- and
macrovascular complications of type 2 diabetes.11 Al-
though PP is important in predicting mortality among
individuals with impaired glucose tolerance,12 only one
previous study has investigate the predictive value of PP in
persons with diabetes mellitus. This was as part of a larger
study and included only 208 diabetic subjects.13

We hypothesized that pulse pressure would be a better
predictor of cardiovascular events in type 2 diabetes be-
cause this condition occurs predominantly in older sub-
jects and is associated with premature arterial stiffening.14

Moreover, recent data indicate that aortic stiffness is an
independent predictor of mortality in patients with diabe-
tes.15 Therefore we examined the relationship between the
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various components of BP and the incidence of cardiovas-
cular disease using The Cardiff Diabetes Database.

Methods
Patients

The Cardiff Diabetes Database is a register of 10,004
individuals with both type 1 and type 2 diabetes mellitus
and has previously been described in detail.16,17 This data
set was originally derived from a population of 434,398
individuals in 1996, whose demographic characteristics
reflected those of the United Kingdom as a whole. Data
concerning age, sex, duration of diabetes, SBP, DBP,
height, weight, cholesterol (total, LDL, and HDL), trig-
lycerides, HbA1c, and smoking status were abstracted
from the register for the baseline year (1996). The distinc-
tion between type 1 and type 2 diabetes was made on the
basis of clinical diagnosis recorded in the general practi-
tioners’ or hospitals’ medical records. Of the complete
database of 10,004 diabetic individuals, 8,503 (85%) had
type 2 diabetes mellitus. However, only 2,911 of these
patients could be included in the analysis, as the other
potentially available patients did not have complete data
on important associated risk factors. Blood pressure values
were those recorded at hospital outpatient appointments in
the index year. Individuals known to have type 1 diabetes
were excluded from the analysis. The incidence of both
fatal and nonfatal cardiovascular events for the entire
study population over the next 4 years (1996 to 2000) was
then obtained from the register. The definitions and meth-
ods of identification of CHD, cerebrovascular disease
(CVD), and peripheral vascular disease (PVD) events used
in this study have been previously described in detail.16–18

Subjects with known hypertension or previous cardiovas-
cular events were not excluded from the analysis.

Data Analysis

Pulse pressure was calculated as SBP minus DBP, and
body mass index (BMI) was measured as weight/height2.
Baseline data are reported as means (standard deviations).
Associations between cardiovascular events and individ-
ual risk factors were identified using standard logistic
regression after adjusting for age and gender. The rela-
tionship between cardiovascular events and single BP
components (SBP, DBP, and PP) was assessed using mul-
tivariate logistic regression. Logistic regression models
were also developed to assess the dual influence of SBP
and DBP and of PP, with either SBP or DBP on CHD
events because of the pre-existing data concerning PP and
CHD risk and the anticipated higher number of CHD
events compared with other cardiovascular endpoints. All
models were adjusted for age, gender, smoking status, and
total/HDL cholesterol ratio (all treated as continuous vari-
ables except gender and smoking, which were included as
binary variables). The odds ratios presented represent the

risk associated with a 10–mm Hg increase evaluated at the
mean age of the study population (66 years). Significance
levels represent those obtained from likelihood ratio test
statistics.

The interaction between PP and other cardiovascular
risk factors was assessed using binary recursive partition-
ing19 after converting PP into a binary variable (high PP
�60 mm Hg; low PP �60 mm Hg). The cut-off of 60 mm
Hg was chosen because this was mean PP of the popula-
tion. Variables from this nonparametric technique were
ranked according to their predictive capability.

Results
Data on 2911 subjects with type 2 diabetes were available
for analysis. The baseline characteristics of the study pop-
ulation are presented in Table 1. During the 4-year fol-
low-up period there were 574 CHD events, 168 CVD
events and 157 PVD events. Greater age and male sex
were associated with the occurrence of CHD and PVD
events, and age alone with CVD events. After adjustment
for these factors, SBP, PP, total:HDL cholesterol ratio,
triglycerides, and smoking, but not DBP, were all associ-
ated with CHD, CVD, and PVD events. Duration of dia-
betes was also correlated with CHD and PVD but not with
CVD.

There was a significant correlation between SBP and
PP (r � 0.88; P � .001) and between SBP and DBP (r �
0.53; P � .001). The DBP and PP were significantly but
weakly correlated (r � 0.05; P� .008).

Single BP Components

After adjustment for other risk factors, SBP and PP were
both predictive of CHD, CVD, and PVD events (Table 2).
However, PP emerged as the strongest predictor of CHD
events, and SBP of CVD and PVD events. Conversely,

Table 1. Baseline characteristics of the study pop-
ulation

Variable (units) Men Women

Number 1564 1347
Age (y) 65 (11) 67 (11)
Duration of diabetes (y) 8.8 (6.7) 8.7 (7.0)
BMI (kg/m2) 29.5 (9.6) 30.6 (10.0)
SBP (mm Hg) 143 (19) 148 (21)
DBP (mm Hg) 82 (11) 82 (10)
HbA1c (%) 9.1 (2.3) 9.3 (2.4)
Cholesterol (mmol/L) 5.1 (1.2) 5.9 (1.2)
HDL cholesterol

(mmol/L) 1.14 (0.30) 1.3 (0.34)
LDL cholesterol

(mmol/L) 3.4 (0.9) 3.6 (0.9)
Triglycerides (mmol/L) 2.3 (1.8) 2.6 (1.7)
Smoker (%) 14.2 24.0

BMI � body mass index; DBP � diastolic blood pressure; SBP �

systolic blood pressure.

Data represent means with standard deviations in parentheses.
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there was no association between DBP and any cardiovas-
cular outcome.

Dual BP Components and Risk Prediction

The combination of SBP (positive) and DBP (negative)
showed no increase in the prediction of CHD or PVD
events beyond that obtained from SBP alone. Similarly,
the combination of SBP and PP or DBP and PP produced
no increase in the prediction of CHD or PVD once PP was
included. The risk of CHD by SBP and DBP is shown
graphically in Fig. 1.

For CVD events the combination of SBP (positive) and
DBP (negative) in model 1 showed no increase in the
predictive value beyond that obtained from SBP alone.
However, the addition of PP to either SBP or DBP just
failed to increase significantly the prediction of CVD
events (P � .05).

Factors Relating to PP

Logistic regression identified age, gender, duration, total
cholesterol, and HDL cholesterol as factors associated
with pulse pressure. Binary recursive partitioning identi-
fied age, HDL cholesterol, and total cholesterol as the
three most important factors for the classification of pulse
pressure as high or low (�60 or �60 mm Hg).

Discussion
Arterial BP is firmly established as an important determinant
of cardiovascular risk. However, there has been considerable
debate recently regarding the precise BP component that best
predicts cardiovascular risk.20 Indeed, the latest data from
the Framingham Heart Study suggest that PP, a surrogate
measure of arterial stiffness, is a better predictor of CHD
risk that either SBP or DBP, at least in individuals �50
years of age,1 whereas the converse seems to apply in

Table 2. Logistic regression models relating cardio

Coefficient* Odd

CHD
PP 0.57
SBP 0.39
DBP 0.05

CVD
PP 0.37
SBP 0.49
DBP 0.91

PVD
PP 0.23
SBP 0.43
DBP 1.05

PP � pulse pressure, SBP � systolic blood pressure, DBP � diastolic
disease, PVD � peripheral vascular disease.

Data are adjusted for age, sex, smoking history, and total:HDL
* Per 10 mmHg increment in blood pressure, evaluated at age 6
younger subjects.2 These observations are supported by
several other epidemiologic and intervention studies.3,4,21

The predictive value of the different BP components
among diabetic individuals is of importance because type
2 diabetes mellitus is associated with considerably in-
creased risk of cardiovascular disease, and because arterial
stiffness, a key factor in determining PP, independently
predicts mortality among diabetic subjects.15

To our knowledge, only one previous study has inves-
tigated the predictive value of PP in diabetic subjects.13

Although PP was associated with increased cardiovascular
and total mortality in this study, data came from only 208
type 2 diabetic individuals who formed part of a much
larger cohort. Moreover, data concerning the relationship
between PP and CHD, CVD, or PVD risk were not re-
ported. Therefore, the aim of the present study was to
investigate the relationship between the various BP com-
ponents and cardiovascular risk in a large, community-
based cohort of subjects with type 2 diabetes. The main
novel findings were that PP was an independent predictor
of CHD, CVD, and PVD risk, and that PP was a better
predictor of CHD events than SBP. In addition, when

FIG. 1. Coronary heart disease risk and blood pressure. The rela-
tionship between risk of coronary heart disease (CHD), and systolic

ular risk to single blood pressure components

tio* �2 Significance

12.6 .002
11.8 .003
2.4 NS
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considered alone, DBP was not predictive of any cardio-
vascular endpoints.

The finding that PP was a better predictor of CHD risk
than either SBP or DBP in type 2 diabetic subjects is in
agreement with data from both normotensive1,21,22 and
hypertensive3,22 nondiabetic populations with mean ages
similar to that in the present study. This observation,
however, is at variance with data from a recent meta-
analysis5 in nearly 1 million subjects, although the inves-
tigators did not provide separate data concerning the
diabetic subgroup.

In addition, we have demonstrated that neither SBP nor
DBP contributes additional value in defining CHD risk
beyond that provided by PP alone. However, given the
relatively small number of subjects �50 years of age
(12%), we were unable to investigate whether the age of
“transition” from DBP or SBP to PP, the best predictor of
CHD risk, is influenced by the presence of diabetes. In-
deed, as type 2 diabetes is associated with premature
arterial stiffening, one might expect PP to become rela-
tively more important earlier in life (ie, before the age of
50 years).

The lack of any relationship between DBP and CHD
risk in the present study may be considered somewhat
surprising. However, previous studies have also failed to
find any association between DBP and both cardiovascu-
lar21 and CHD2 risk in individuals �60 years of age. This
is likely to be caused by the increasing importance of
arterial stiffness as a determinant of cardiovascular risk
with aging. With age the large arteries stiffen,23,24 and as
a consequence SBP increases; but DBP actually falls, that
is, PP widens. Therefore, the positive association between
CHD risk and DBP will be reduced and ultimately become
negative.2 Conversely the relative importance of SBP and
PP will increase.

We also elected to investigate the relationship between
PVD and CVD the various components of BP separately
because of the high rate of these complications among
subjects with type 2 diabetes. Although PP was predictive
of both events, it was slightly less valuable than SBP
alone. Once again, DBP was not associated with either
CVD or PVD risk. Few data concerning PVD and PP have
been previously reported. Moreover, the relationship be-
tween CVD risk and PP in nondiabetic subjects is unclear.
Franklin et al did not report data concerning CVD risk,1

but Benetos et al found that PP predicts CVD risk in
French men but not women.22 In contrast Madhavan et al
reported that PP predicts CVD but not CHD risk among
hypertensive individuals.3

We have extended the current study by examining the
factors related to a widened PP. Using standard statistical
techniques age, gender, duration of diabetes, total choles-
terol, and HDL cholesterol were positively associated with
PP. However, we also used recursive partitioning, a well-
described technique19 that sequentially partitions patient
data to arrive at a homogeneous population, to investigate

the most important factors relating to a widened PP. This
revealed that age, followed by HDL and total cholesterol,
were the three most predictive factors of PP. Interestingly,
serum cholesterol is positively associated with arterial
stiffness,25,26 and decreased HDL cholesterol is predictive
of increased intima-media thickness in both diabetic27 and
nondiabetic individuals.28 Because PP provides and index
of large artery stiffness, this may explain why subjects
with low HDL cholesterol and high total cholesterol have
widened PP. Moreover, the association between age and
PP is well described.29

The one potential limitation of the current study is the
nonstandardized method of BP measurement. Although
the study staff did not receive specific training in measur-
ing BP, the BP values were recorded in the setting of a
hospital clinic after 5 min of seated rest, which may make
the highly significant associations between the various BP
components and cardiovascular events observed in the
present study more applicable to everyday clinical prac-
tice. Similarly, although a high proportion of patients were
receiving antihypertensive medication in keeping with the
high cardiovascular risk and prevalence of hypertension
associated with type 2 diabetes, this is more likely to
accurately reflect the situation in most diabetes clinics.
Indeed, this is supported by the similarity of baseline
characteristics between the subjects in this study and those
in the UKPDS. Moreover, a number of previously studies
confirming the importance of PP in the prediction of
cardiovascular risk have also included cohorts of treated
and untreated patients.3,22 In addition, no data on previous
cardiovascular events were available. However, the major
objective of the current study was to quantify the associ-
ation between the components of BP and CV events rather
than the ability of PP to predict new CV events.

In summary, PP is the best predictor of CHD risk in
older subjects with type 2 diabetes mellitus. Both SBP and
PP predict the risk of CVD and PVD, but SBP is slightly
superior. In contrast, DBP does not predict CHD, CVD, or
PVD risk. These data suggest that large artery stiffness is
a key determinant of risk in subjects with type 2 diabetes,
and that assessment of PP or arterial stiffness or both may
assist in risk stratification and monitoring therapeutic re-
sponse. However, confirmation of this awaits further in-
vestigation with more direct measures of arterial stiffness.
Indeed, data from the FIELD Study, which is assessing the
impact of insulin therapy in type 2 diabetes, relating to
central BP and arterial stiffness may address this important
issue.
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