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ABSTRACT

BACKGROUND

Pulse pressure (PP) is the difference between systolic blood pressure and diastolic blood pressure. It is easy to measure and has
been established as a surrogate marker of arterial stiffness. Studies have been done to determine its significance as a better
predictor of coronary heart disease (CHD) risk than systolic blood pressure (SBP) or diastolic blood pressure (DBP) in patients
over 50 years of age. Our goal was to study its significance in diabetic patients as a single parameter as surrogate marker to
correlate cardiovascular risk in 10 years obtained with the help of multiparametric Framingham risk score calculation.

METHODS

This is a cross sectional study conducted in the outpatient department of a tertiary care center. Patients were distributed into three
groups based on blood sugar control. Group 1 (control group), Group 2 (moderately controlled blood sugar), and group 3
(uncontrolled blood sugar). Age and sex were appropriately matched with the controls. Pulse pressure and Framingham risk score
were calculated and correlated for each group.

RESULTS

Pulse pressure showed good correlation with systolic blood pressure and Framingham risk score in patients with poorly controlled
diabetes. (r =0.862, p <0.001) and (r =0.537, p =< 0.001). Statistically significant differences in mean value were found amongst 3
groups of patients for FBS, PP, TG, RS. ‘F’ ranged from 144-8.49, p= 0.001 for all groups. The other two parameters namely diastolic
blood pressure and fasting blood sugar did not reveal statistical significance.

CONCLUSIONS
Pulse pressure can be used as a surrogate marker to predict risk for coronary artery disease in diabetics with uncontrolled sugar
levels. We hence intend to remind our fellow physicians of the importance of pulse pressure measurement in daily practice.
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BACKGROUND

On April 12, 1945 president Franklin Roosevelt died of a
massive heart attack; in response to this event president
Truman signed the national heart act and the intensive study
of heart disease began on October 11, 1948 through the
Framingham heart study.l2 At that point of time we knew
very little of the epidemiology of heart disease. Since then to
2019 we have gone through 71 years of intensive research
and this period has given us sufficient information to
understand and predict the epidemiology of heart disease.
Although there are various calculators to measure
cardiovascular risk in asymptomatic patients one of the most
reliable risk calculators is the one derived from information
obtained from the Framingham Cohort study which has been
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used for over 10 years to optimally predict cardiovascular
risk.34 Cardiovascular disease is extremely common and we
need a suitable instantaneous method to be able to predict
cardiovascular risk.5 Pulse pressure was shown to be a good
predictor of cardiovascular risk in type 2 diabetics.6 Although
the Framingham risk calculator requires multiparametric
information to predict risk we wanted to investigate if a
simple single parameter such as pulse pressure would
corelate with the risk score obtained from the Framingham
risk score calculator. Diabetic patients without any previous
history of a myocardial infarction have an equally high risk of
developing a myocardial infarction as a nondiabetic patient
who has suffered from a previous myocardial infarction.”

The risk of cardiovascular disease is indeterminate in the
aspect of quantitative control of blood sugar levels.

We attempt to investigate the correlation of
cardiovascular risk in diabetics based on the degree of
control of blood sugar levels with the help of the Framingham
risk score and further correlate this to pulse pressure
measurement.

Surprisingly most studies have not been able to establish
any relationship with glycaemic control and cardiovascular
risk, and the risk has been attributed to nonglycemic factors
seen in diabetes.8 Moreover, recent data indicate that aortic
stiffness is an independent predictor of mortality in patients
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with diabetes and we wanted to correlate if pulse pressure
could be an efficient surrogate marker to correlate with
Framingham risk score to predict cardiovascular risk.

METHODS

Study Area

M S Ramaiah medical college is a well-known tertiary care
center in North Bangalore. All data was collected from the
outpatient department of General Medicine at Ramaiah
Medical College Hospital.

Measures

It was a cross sectional observational study conducted during
the period of two years. Pulse pressure was measured
manually using a sphygmomanometer. Blood pressure
recordings were done according to the norms prescribe by
ACC 2017 Guidelines as published in JACC.

Waist and hip circumference were calculated using a
measuring tape. Fasting blood sugar, Cholesterol and
triglycerides were analysed by NABH accredited laboratory
part of Ramaiah teaching hospital. A total of 105 participants
were studied. Framingham Risk Score was calculated using an
app in an android software phone

Rationality of Sample Size

A pilot study was undertaken to evaluate the relationship
between pulse pressure and FRS amongst population of
poorly controlled diabetes in the hospital in the absence of
any published literature for estimating sample size. The
findings of study revealed the significant correlation of 0.768
between two parameters. Assuming that population
correlation coefficient to be 0.91 with the power of 80% and
alpha error of 5%, the sample size was found to be 33.
However, in the present study 35 subjects were included for
the study in each 3 groups

Inclusion Criteria
Diabetic patients with no past history of cardiovascular
disease.

Exclusion Criteria

All patients that could have a pathological cause of increase in
pulse pressure that could interfere with data collection and
tabulation were excluded such as Thyrotoxicosis, increased
intracranial hypertension, anaemia, beriberi, or established
cardiovascular disease which would interfere with pulse
pressure measurement.

Ethical Approval
Research was approved by the ethical committee, Ramaiah
Medical College, Bangalore.

Analysis
Data from the questionnaire was entered in SPSS (Statistical
Package for the Social Sciences) version 19 for analysis and
the results were compared. All the quantitative parameters
such as SBP, DBP, FBS, pulse pressure, Triglycerides and
Framingham Risk score were expressed as mean with
Standard deviations for all three groups and subjects.

The difference in mean values amongst the three groups
in control subjects (Group I), T2DM (Controlled) (Group II)
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and T2DM (Uncontrolled) (Group III) were tested for
statistical significance by employing analysis of variance.

Further Bonferroni test and significance was employed
for post hoc statistical significance. Further to evaluate the
relationship of pulse pressure with SBP, DBP, FBS and FRS
Pearson correlation coefficient was computed along with the
significance levels.

RESULTS

Various clinical parameters such as systolic (SBP), diastolic
blood pressure (DBP), fasting blood sugar (FBS), pulse
pressure (PP), triglycerides and risk stratification (FRS) for
the various groups namely Group 1 (Controlled blood sugar
subjects) Group 2 (Moderately controlled subjects) and
Group 3 (Uncontrolled blood sugars ) are presented in Table
1.

Group 1| Group 2 |Group3| F p
SystolicBP | 1293+ | 136.3+ |133.7 %
(mmHg) 16.8 18.8 19.6 1.297/10.278
DiastolicBP | 823+ | 845+ | 845+
(mmHg) 9.8 10.8 9.76 0.606 | 0.548
FBS 89.3+ [12297+|171.1% 144.49! 0.001

10.35 23.25 24.1

Triglycerides | 47.3+ | 136.9% | 195.7 +

Total (mg/dl) | 30.63 4794 | 78.45 30.217| 0.001
909+ | 511+ | 489+
PP 2.77 11.28 13.92 213.32] 0.001
Risk 26+ | 45+ | 77+¢
Stratification | 3063 | 45 | 7.6 | 5*2 | 0001
Table 1
Group 1 Group 2 Group 3
r p r p r p

SBP | 0.747 | 0.001 | 0.822 | 0.001 | 0.862 | 0.001

DBP 0.60 | 0.731 | 0.336 | 0.48 | 0.302 | 0.078

FBS -0.63 | 0.717 | -2.51 | 0.145 | 0.325 | 0.571

FRS -1.32 | 0.456 | 0.241 | 0.163 | 0.537 | 0.001

Table 2. Correlation

Table II IN TABLE II, the difference in the various
parameters such as PP, SBP and DBP amongst the three
groups were not found to be statistically significant. ‘P Value’
ranged from 0.278 to 0.548. However, the correlation
between Pulse pressure value and Framingham Risk Score
was found to be highest (mean 7.7, SD: 7.167) in group 3
(T2DM- uncontrolled) and showed statistical correlation
only in group 3 as compared to the other two groups. The
difference in mean FRS scores in group 1, group 2 and group
3 were found to be statistically significant.

Although the correlation of Framingham risk score and
pulse pressure was seen to statically significant only in
group 3. The correlation analysis of pulse pressure with
the various parameters such as SBP, DBP, FBS and FRS
revealed that amongst the control subjects a significant
correlation was noted between PP and SBP and other
factors did not reveal significant correlation.

In group 2 pulse pressure reveals a statistical significance
with SBP, DBP (r = 0.822) and (r = 0.336) respectively, p =
0.00 and 10.0048. However, the other two parameters FBS
and FRS did not reveal statistical significance at 5 % level of
significance (r =0.302, p = 0.78) and (r = 0.325, p = 0.57).
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DISCUSSION
From 1945 to 2019 we have come a long way with our ability
to investigate, predict and manage coronary artery disease.
Due to in availability of any suitable treatment President
Roosevelt was known to move around with a blood pressure
of 240/130 mmHg after multiple unsuccessful attempts of
phenobarbital and digitalis treatment.” Lord Charles Moran,
Winston Churchill's personal physician, wrote in his diary
“the President appears a very sick man. He has all the
symptoms of hardening of the arteries...” and “I give him only
a few months to live.” 1 At that time there were no reliable
calculators to predict cardiovascular risk in patients.
Meanwhile the Whitehall study performed on civil
servants, aged 40-64 and the results of the United Kingdom
Prospective Diabetes Study (UKPDS) suggested that clinicians
should mainly pay attention to systolic blood pressure as the
chief risk predictor in heart disease.%
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Although established that cardiovascular risk was directly
related to blood pressure measurement, there has been
considerable debate regarding the precise BP component that
best predicts cardiovascular risk.10

The Framingham Cohort established that in patients
below 50 years of age, diastolic blood pressure was the
strongest predictor of CHD risk, In Ages 50 to 59 years there
was a transition period when all 3 BP indexes were
comparable predictors, and from 60 years of age on, DBP was
negatively related to CHD risk so that Pulse pressure became
superior to systolic blood pressure in predicting CHD risk.11

In summary, Pulse Pressure is the best predictor of CHD
risk in older subjects with type 2 diabetes mellitus.é

Although today there are multiple calculators which
enable us to calculate cardiovascular risk. We preferred to
use the Framingham risk score from which a 10-year risk
score can be derived as a percentage. The risk of developing
coronary artery disease is considered as low if the derived
percentage obtained is less than 10%, moderate if it ranges
between 10% to 19% and high if it is 20% or higher.

The older version of Framingham risk score was able to
successfully predict the risk by using the included parameters
of age, sex, LDL cholesterol, HDL cholesterol, blood pressure
(And also whether the patient is treated or not for his/her
hypertension), diabetes, and smoking.

Although the newer modified version of the risk score
included dyslipidaemia age range, hypertension treatment,
smoking, and total cholestero], the point of importance is that
it excluded diabetes because Type 2 diabetes is considered to
be a CHD Risk Equivalent. Type 1 diabetics are considered a
separate group altogether with decreased risk as compared
to type 2 diabetics.12

Though there are no direct studies comparing pulse
pressure with Framingham risk score a study done by
Nawrot et al it was found that pulse pressure may improve
the Framingham risk prediction among middle-aged and
older individuals.13

In another study by John R. Cockcroft they found that
total and HDL-cholesterol were the most important variables
associated with PP after age.

In our study it was found that all though an association
was found in all three groups between Framingham risk
score and pulse pressure a statistical significance was found
only in group three. This might be because of the small
sample size. One of the main draw backs of the study could be
that the Framingham Risk Score could possibly wrongly
estimate risk in populations other than the United states
population as the score was drafted based on a Cohort study
performed in American patients. Another potential draw back
could be the in the method of measurement of blood
pressure. Also another factor is the choice of artery chosen as
peripheral systolic pressure at rest uniformly exceeds the
central systolic pressure generated by the same heartbeat;
brachial was 109 per cent, radial 112 per cent and femoral
110 per cent of central systolic pressure.l4 Therefore,
peripheral pulse pressure does not always provide a reliable
measure of central pulse pressure. Furthermore, aortic pulse
pressure predicts the incidence of restenosis following
coronary angioplasty, independently of peripheral pressure.
Since pulse pressure is a surrogate measure of arterial
stiffness, such data indicate that arterial stiffness is a key
determinant of cardiovascular risk in older subjects. Pulse
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pressure rather than diastolic pressure is the best predictor
of coronary heart disease risk in older subjects, but the
converse is true in younger subjects.15

Several studies have investigated the importance of pulse
pressure in predicting cardiovascular risk.16.17

Moreover, tight BP control reduces the risk of stroke and
cardiovascular mortality. The American diabetes association
has established that tight regulation of blood glucose is
unrelated to cardiovascular risk.18

CONCLUSIONS

Though it is a well-known fact that pulse pressure is a useful
predictor of future cardiovascular events, in this study we
attempted to compare it with Framingham risk score which is
also a good predictor of future cardiovascular events but
needed many variables including laboratory values to be
filled into a risk calculator. A simple measurement of pulse
pressure could be a potential surrogate marker for
cardiovascular risk. Although we could not obtain a
statistically significant correlation in group I and group II, we
were able to obtain a correlation which was statistically
significant in group III, this might be due to the various
drawbacks in our study as discussed previously. Further
studies are needed with larger sample size to establish the
same. This study emphasizes on the importance of pulse
pressure measurement in daily practice which is a simple yet
an important measurement.
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