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ABSTRACT

Aims: Pulse pressure (PP) is determined by the complex relationship between stroke volume of
the heart, aortic elasticity and peripheral vascular resistance. PP has been considered an
independent risk factor for cardiovascular mortality of normotensive and hypertensive individuals.
The aim of this study was to determine the prevalence of hypertension (HT) in patients with Type 2
diabetes mellitus (DM) and to evaluate the relationship between glycemic parameters and PP.

Methodology: A total of 422 patients with type 2 DM, mean age 58.0£13.2 years, were included in
the study. Data on patient demographics, blood pressure and PP readings were recorded in each
patient as were the glycemic parameters including fasting blood glucose (FBG), postprandial blood
glucose (PPBG) and HbA1c. Glycemic parameters were also evaluated with respect to PP groups.
The patients were divided into 4 groups according to the PP readings including group 1 (PP <45
mmHg), group 2 (PP:46-54 mmHg), group 3 (PP:55-64 mmHg) and group 4 (PP 265 mmHg).

*Corresponding author: E-mail: zekiaydindr@yahoo.com;
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Results: Hypertension was evident in 79.6% of patients. Mean PP was 55.3£12.5mmHg. While
group 1 and 2 were similar in terms of glycemic parameters, FBG (p=0.026), PPBG (p=0.019) and
HbA1c (%) (p=0.004) were significantly lower than group 3 and group 4 (p< .05).

Conclusions: Our findings revealed HT at a high frequency of 79.6% in patients with Type 2 DM.
Significant highest values were found for FBG, PPBG and HbA1c in high PP patients. These
results may be associated with increased cardiovascular risk in patients with poor glycemic control
with Type 2 DM and high PP. In order to reduce the pulse pressure in diabetic patients, it will be
appropriate to keep blood pressure at target values besides strict blood glycemic control.

Keywords: Type 2 diabetes mellitus; hypertension; pulse pressure; glycemic control.

1. INTRODUCTION

Diabetes Mellitus (DM) is a global health
problem. People with DM have an increased risk
of developing a number of serious life-
threatening health problems resulting in higher
medical care costs, reduced quality of life and
increased mortality. It was estimated that in
2019 there are 463 million (age 18-99 years)
people with DM worldwide [1]. The 5.0 million
estimated DM-attributable deaths estimated to
have occurred in 2015 is higher than the
combined number of annual deaths from
HIV/AIDS (1.2 million), tuberculosis (1.5 million)
and malaria (0.4 million) [2].

Despite well-documented correlation of glycemic
regulation with the all-cause mortality and
availability of hypoglycemic agents and insulin
that offer a wide range of treatment for
glycemic regulation, failure to achieve adequate
glycemic control based on suggested HbA1c
targets has been considerable debate [3]. As
demonstrated in a past meta-analysis of 218
randomized controlled trials comprising 78 945
patients, target HbA1c levels (7%) was achieved
in 25.9% to 63.2% of the patients depending on
the modalities of treatment [4].

Defined as the difference between the systolic
blood pressure (SBP) and the diastolic blood
pressure (DBP), pulse pressure (PP) was
considered to increase as a consequence of
arterial stiffening starting from the fourth decade
of life [5], while associated with a decrease in
DBP and a gradual rise in SBP over 60 years of
age [6].

PP is determined by the complex relationship
between stroke volume of the heart, aortic
elasticity and peripheral vascular resistance [7]
and has been considered an independent risk
factor for the all-cause and cardiovascular
mortality of normotensive and hypertensive
individuals [8]. Besides, data from The Survival
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And Ventricular Enlargement (SAVE) study
revealed a positive correlation between the PP
measured during 3-16 days following a
myocardial infarction and the presence of
diabetes [9].

Although hypertension (HT) was consistently
reported to more prevalent among diabetic than
nondiabetic population and shown to be a
significant risk factor for diabetic complications
[10-11], it has not yet been fully elucidated
whether PP is a better indicator of diabetic
complications than SBP. To our knowledge the
relation of glycemic parameters directly to PP
has never been explored in patients with type 2
DM.

The present multi-center retrospective study,
therefore, was designed to evaluate HT
prevalence and the relation of glycemic
parameters to PP in patients with type 2
DM.

2. MATERIALS AND METHODS

2.1 Study Population

A total of 422 patients (female n=290, 68.7%)
with type 2 DM, mean age 58 +13.2 years, were
included in the multi-center retrospective study.
Patients aged <20 years or >80 years, patients
with malignancy, type 1 DM, chronic liver
disease, pregnant patients, cardiac patients with
New York Heart Association (NYHA) stage 2lli
and patients with renal failure of glomerular
filtration rate (GFR)<60% were excluded from
the study. The patients were divided into 4
groups according to the PP readings including
group 1 (PP <45 mmHg), group 2 (PP 46-54
mmHg), group 3 (PP 55-64 mmHg) and group 4
(PP= 65 mmHg).

The permission was obtained from our
institutional ethics committee for the use of
patient data for publication purposes.
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2.2 Study Parameters

Data on patient demographics (such as age,
gender) the presence of HT, antihypertensive
medications in use, SBP, DBP and PP readings
were recorded in each patient as were the
glycemic parameters including fasting blood
glucose (FBG), postprandial blood glucose
(PPBG) and HbA1c. Glycemic parameters were
also evaluated with respect to PP groups.

2.3 Blood Pressure Measurement

Blood pressure measurements were performed
using Omron M6 (HEM-7001-E; Omron, Kyoto,
Japan) device. Patients on antihypertensive
medication with a diagnosis of hypertension and
those with blood pressure readings > 140/90
mmHg were considered hypertensive. PP values
were calculated according to the “PP = SBP -
DBP” formula.

2.4 Glycemic Parameters

HbA1c levels were measured with boronate
affinity high performance liquid chromatography
method using Trinity Biotech Premier HB9210
device. For FBG and PPBG levels enzymatic UV
test (hexokinase method) was used.

2.5 Statistical Analysis

All statistical analyses were performed using
SPSS version 17.0 (SPSS Inc. Chicago, IL,
USA). Descriptive statistics for the continuous
variables were expressed within a 95%
confidence interval. Chi-square test was used for
the comparison of qualitative data and Kruskal
Wallis test for the comparison of glycemic
parameters between groups. The Mann Whitney
U test was performed to test the significance of
pairwise differences using Bonferroni correction
to adjust for multiple comparisons. Data were
expressed as “mean (standard deviation; SD)”,
minimum-maximum and percent (%) where
appropriate. p<0.05 was considered statistically
significant.

3. RESULTS AND DISCUSSION

3.1 Demographic and Clinical

Characteristics of Patients

Hypertension was evident in 79.6% of patients,
while 85.7% of hypertensive patients were on
antihypertensive medication. Mean (SD) SBP,
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DBP and glycemic parameters in the overall
study population are shown in Table 1.

3.2 Glycemic Parameters with Respect
Pulse Pressure Groups

Gender distribution was similar within the groups
(p=0.35). In Group 1, the FBG (mmol/L), PPBG
(mmol/L) and HbA1c (%) levels were determined
as 8.6+3.9, 11.9+4.3, 7.2+1.4, respectively. In
Group 2, the FBG (mmol/L), PPBG (mmol/L) and
HbA1c (%) levels were determined as 8.843.7,
11.8+4.0, 7.0£1.2, respectively. In Group 3, the
FBG (mmol/L), PPBG (mmol/L) and HbA1c (%)
levels were determined as 9.2+4.1, 13.7+£3.7,
7.9+1.6, respectively. In Group 4, the FBG
(mmol/L), PPBG (mmol/L) and HbA1c (%) levels
were determined as 9.4+3.2, 14.4+3.8, 8.4+2.1,
respectively. While group 1 and 2 were similar in
terms of glycemic parameters, FBG, PPBG and
HbA1c were significantly lower than group 3 and
group 4 (p< .05). Group 1 and 2 compared with
group 3 and 4; The p values for FBG, PPBG and
HbA1C were .026, .019 and .004, respectively
Table 2.

Our findings in a retrospective cohort of patient
with type 2 DM revealed the evidence of HT in
79.6% of patients along with significantly higher
values for FBG, PPBG and HbA1c in patients
with higher PP.

Elevation in PP was reported to be an
independent risk factor for the all-cause and
cardiovascular mortality of normotensive and
hypertensive individuals [11]. According to
Framingham data PP was identified to be the
most important determinant of coronary artery
disease in patients aged =50 years, when the
association between the risk of coronary artery
disease and SBP, DBP and PP was taken into
account [12]. INternational VErapamil-trandolapril
STudy (INVEST) also showed that PP is a strong
predictor ~ of cardiovasculer events in
hypertensive elderly patients [13].

Given that aortic stiffness is an independent risk
factor for coronary heart disease in patients with
essential HT, being an indirect indicator of aortic
stiffness, PP has been considered an important
risk parameter for coronary heart disease and
elevated levels were reported to be correlated
also with left ventricular hypertrophy [14].
Harbaoui B at al. [15] showed that PP measured
at admission is a strong, independent prognostic
marker predicting mortality after acut coronary
syndrome. Notably, based on the identification of
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Table 1. Demographic and clinical characteristics of patients

Total patients n 422
Female gender n (%) 290 (68.7)
Age (years) mean (min-max) 58 (41-76)
Hypertension n (%) 336 (79.6)
Antihypertensive medication use n (%) 288 (85.7)
Systolic blood pressure (mmHg) mean (SD) 135.9 (19.3)
Diastolic blood pressure (mmHg) mean (SD) 80.7 (11.1)
Pulse pressure (PP) (mmHg) mean (SD) 55.3 (12.5)
Group 1: PP <45 mmHg n (%) 102 (24.2)
Group 2: PP 46-54 mmHg n (%) 124 (29.4)
Group 3: PP 55-64 mmHg n (%) 128 (30.3)
Group 4: PP =265 mmHg n (%) 68 (16.1)
Fasting blood glucose (mmol/L) mean (SD) 9.0 (3.5)
Postprandial blood glucose(mmol/L) mean (SD) 13.0(3.2)
HbA1c (%) mean (SD) 7.6 (1.7)

Mean PP was 55.3+12.5 mmHg and 24.2% of patients (n=102) were determined to have PP of less than 45
mmHg categorized in Group 1, 29.4% (n=124) were in Group 2 (PP between 46-54 mmHg), 30.3% (n=128) were
in Group 3 (PP between 55-64 mmHg) and 16.1% (n=68) were in Group 4 (PP more than 65 mmHg) (Table 1)

Table 2. Glycemic parameters with respect pulse pressure (PP) groups

Pulse pressure

Group 1 Group 2 Group 3 Group 4
FBG (mmol/L), mean (SD)’ 8.6 (3.9) 8.8 (3.7) 9.2 (4.1) 9.4 (3.2)
PPBG (mmol/L), mean (SD)"  11.9 (4.3) 11.8 (4.0) 13.7 (3.7) 14.4 (3.8)
HbA1c (%), mean (SD)’ 7.2 (1.4) 7.0(1.2) 7.9 (1.6) 8.4 (2.1)
Female, n (%) 68 (66.7) 86 (69.3) 92 (71.9) 44 (64.7)

Group 1: PP < 45 mmHg; Group 2: PP 46-54 mmHg; Group 3: PP 55-64 mmHg; Group 4: PP = 65 mmHg.
Group 1 and 2 compared with group 3 and 4; The p values for FBG, PPBG and HbA1C were .026, .019 and .004,
respectively. FBG: Fasting blood glucose; PPBG: Postprandial plasma glucose.
7Mann—Whitney U test with Bonferroni correction, Chi-square test

higher PP in diabetes than nondiabetes in the
previous reports [16] it has been suggested that
diabetes may accelerate aortic and large arterial
stiffness [17-18].

In this regard based the significantly higher
values for FBG, PPBG and HbA1c in diabetic
patients with higher PP, especially when PP
values were = 65 mmHg, our findings seem to
indicate the negative impact of elevated PP on
glycemic control in patients with type 2 diabetes
mellitus, in addition to its well-documented
relation to increased risk for coronary heart
disease in patients with essential HT [19].

The United Kingdom Prospective Diabetes Study
(UKPDS) showed that for every 1% decrease in
HbA1c levels the incidence of myocardial
infarction decreases by 14%, DM-related
mortality by 21%, microvascular complications by
37% and amputations resulting from peripheral
vascular disease by43% [2]. Given that that
glycemic regulation targets cannot be reached
for about 60% of patients despite obvious
importance of glycemic control, correlates of

glycemic control in diabetic patients should be
thoroughly investigated in terms of possible
contributing factors. In our study, statistically
significant differences were detected when the
PP groups were compared for FBG, PPBG and
HbA1c levels. This implies that increased PP
may be a parameter that impairs glycemic
regulation.

Considering the prevalence of HT in Type 2 DM,
further analysis of 3648 patients newly
diagnosed with type 2 DM who had been
examined in the UKPDS study revealed HT in
39% of them according to data from
Hypertension in Diabetes Study [20]. Likewise,
Klein et al. [10] reported that HT affects 70% of
diabetics, and it was two times more common
among diabetic than non-diabetic population.
The Third National Health and Nutrition
Evaluation Survey (NHANES Ill) conducted in
the United States revealed that 71% of the
diabetics also suffer from HT [11]. Accordingly,
identification of HT in 336 of 422 (79.6%) in our
study population is in agreement with data on
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prevalence of HT on among patients with type 2
DM reported in past studies and confirms that
DM and HT, which are major cardiovascular risk
factors, often occur concomitantly and interact
both in etiopathogenesis and in complications
[21-22].

As a matter of fact, while there are numerous
studies showing that HT is a risk factor for
patients with DM, it is not still fully elucidated if
PP is a better indicator of diabetic complications
than SBP [11]. In the literature review that we
conducted we could not find any studies directly
comparing glycemic parameters and PP in
diabetic patients. By which mechanism PP
effects glycemic regulation seems a topic that
needs to be thoroughly investigated. It is
conceivable that antihypertensive drugs, which
don’t increase the pulse pressure, may provide
additional benefits in the treatment of diabetic
patients. As a result when deciding on the
antihypertensive treatment of diabetic patients,
the effects of the drugs on PP should be an
important factor to be considered.

Zhang L at al. [23] showed that PP is related to
risk of DM in prospective cohort study of 12 272
participants, especially in elderly women. There
are studies showing a positive relationship
between PP and diabetic microvascular
complications in the literature. However, we did
not find any study showing the relationship
between PP and glycemic regulation.

Certain limitations to this study should be
considered. Due to retrospective design of the
present study, establishing the temporality
between cause and effect as well as generalizing
our findings to overall diabetic population seems
difficult. Secondly, accuracy of data on blood
pressure and glycemic parameters seems
questionable given that they were based on
single-measurement readings of blood pressure,
FBG and PPBG or HbA1c. Lack of data on

duration of diabetes, diabetes related
complications and type of antihypertensive
agents prescribed in treated hypertensive

subjects is another limitation which otherwise
would extend the knowledge achieved in the
current study. Nevertheless, despite these
certain limitations, given the paucity of the solid
information available on this area, our findings
represent a valuable contribution to the literature.

4. CONCLUSION

Our findings in the retrospective cohort revealed
HT at a high frequency of 79.6% in patients with

94

Type 2 DM. Significant highest values were
found for FBG, PPBG and HbA1c in high PP
patients. These results may be associated with
increased cardiovascular risk in patients with
poor glycemic control with Type 2 DM and high
PP. In order to reduce the pulse pressure in
diabetic patients, it will be appropriate to keep
blood pressure at target values besides strict
blood glycemic control. Conduction of future
larger scale prospective studies will allow better
understanding of the association between
glycemic control and PP in patients with type 2
DM.

CONSENT

Authors may use the following wordings for this
section: “All authors declare that ‘written
informed consent was obtained from the patient
(or other approved parties) for publication of this
case report and accompanying images. A copy
of the written consent is available for review by
the Editorial office/Chief Editor/Editorial Board
members of this journal”.

ETHICAL APPROVAL

All procedures performed in studies involving
human participants were in accordance with the
ethical standards of the institutional and/or
national research committee at which the studies
were conducted (IRB approval number 2016/44)
and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical
standards

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. Saeedi P, Petersohn I, Salpea P, Malanda
B, Karuranga S, Unwin N, et al. Global and
regional diabetes prevalence estimates for
2019 and projections for 2030 and 2045:
Results from the International Diabetes
Federation Diabetes Atlas, 9 th edition.
Diabetes Res Clin Pract.
2019;157:107843.

DOI: 10.1016/j.diabres.2019.107843.
World Health Organization: Global status
report on noncommunicable diseases.
Attaining the nine global noncommunicable
diseases targets; a shared responsibility.
Geneva: World Health Organization; 2014.



10.

11.

Akin et al.; JAMMR, 33(10): 90-96, 2021; Article no.JAMMR.67561

Nathan DM, Buse JB, Davidson MB,
Ferrannini E, Holman RR, Sherwin R, et al.
Medical management of hyperglycemia in
type 2 diabetes: a consensus algorithm for
the initiation and adjustment of therapy: a
consensus statement of the American
Diabetes Association and the European
Association for the Study of Diabetes.
Diabetes Care. 2009;32(1):193-203.

DOI: 10.2337/dc08-9025.

Esposito K, Chiodini P, Bellastella G,
Maiorino MI, Giugliano D. Proportion of
patients at HbA1c target <7% with eight
classes of antidiabetic drugs in type 2
diabetes: systematic review of 218
randomized controlled trials with 78945
patients. Diabetes Obes Metab. 2012;
14:228-33.

DOI: 10.1111/j.1463-1326.2011.01512.x.
Safar ME, Levy BI, Struijker-Boudier H.
Current perspectives on arterial stiffness
and pulse pressure in hypertension and
cardiovascular  diseases. Circulation.
2003;107:2864-9.
DOI:10.1161/01.CIR.0000069826.36125.B
4.

Pede S, Lambardo M. Cardiovascular risk
stratification. Systolic, diastolic or pulse
pressure? Ital Heart J. 2001;2:356-8.
Franklin SS, Gustin W, Wong ND, Larson
MG, Weber MA, Kannel WB, et al
Hemodynamic patterns of age-related
changes in blood pressure. Circulation.
1997;96:308-15.

Fang J, Madhavan S, Alderman MH. Pulse
pressure: A predictor of cardiovascular
mortality among young normotensive
subjects. Blood Press. 2000;9:260-6.
Mitchell GF, Moye LA, Braunwald E,
Rouleau JL, Bernstein V, Geltman EM, et
al. Sphygmomanometrically determined
pulse pressure is a powerful independent
predictor of recurrent events after
myocardial infarction in patients with
impaired left ventricular function. SAVE
investigators. Survival and Ventricular
Enlargement. Circulation. 1997;96:4254-
60.

Klein R, Klein BE, Lee KE, Cruickshanks

KJ, Moss SE. The incidence of
hypertension in insulin-dependent
diabetes. Arch Intern Med. 1996;156:622-
7

Adler Al, Stratton IM, Neil HA, Yudkin JS,
Matthews DR, Cull CA, et al. Association
of systolic blood pressure  with
macrovascular and microvascular

95

12.

13.

14.

15.

16.

17.

18.

19.

complications of type 2 diabetes (UKPDS
36): prospective observational study. BMJ.
2000;321:412-9.
DOLl:https://doi.org/10.1136/bmj.321.7258.
412.

Franklin SS, Larson MG, Khan SA, Wong
ND, Leip EP, Kannel WB, et al. Does the
relation of blood pressure to coronary heart
disease risk change with aging? The
Framingham Heart Study.
Circulation. 2001;103(9):1245-9.

Bangalore S, Messerli FH, Franklin SS,
Mancia G, Champion A, Pepine CJ. Pulse
pressure and risk of cardiovascular
outcomes in patients with hypertension
and coronary artery disease: an
INternational VErapamil SR-trandolapril
STudy (INVEST) analysis, European Heart
Journal. 2009;30:1395-401.
DOi:https://doi.org/10.1093/eurheartj/ehp1
09.

Saba PS, Roman MJ, Pini R, Spitzer M,
Ganau A, Devereux RB. Relation of arterial
pressure waveform to left ventricular and
carotid anatomy in normotensive subjects.
J Am Coll Cardiol. 1993;22:1873-80.
DOLl:https://doi.org/10.1016/0735-1097(93)
90772-S.

Harbaoui B, Nanchen D, Lantelme P,
Gencer B, Heg D, Klingenberg R, et al.
Prognostic value of pulse pressure after an
acute coronary syndrome. Atherosclerosis.
2018;277:219-26.
DOI:10.1016/j.atherosclerosis.2018.07.013
Schram MT, Kostense PJ, Van Dijk RA,
Dekker JM, Nijpels G, Bouter LM, et al.
Diabetes, pulse pressure and
cardiovascular mortality: the Hoorn Study.
J Hypertens. 2002;20:1743-51.

Dart AM, Kingwell BA. Pulse pressure-

review of mechanisms and clinical
relevance. J Am Coll Cardiol. 2001;
37:975-84.

DOi:https://doi.org/10.1016/S0735-1097
(01)01108-1

Yano Y, Sato Y, Fujimoto S, Konta T, Iseki
K, Moriyama T, et al. Association of high
pulse pressure with proteinuria in subjects
with diabetes, prediabetes, or normal
glucose tolerance in a large Japanese
general population sample. Diabetes Care.
2012;35:1310-5.

DOI: 10.2337/dc11-2245.

Boutouyrie P, Tropeano Al, Asmar R,
Gautier |, Benetos A, Lacolley P, et al.
Aortic Stiffness is independent risk
predictor of primary coronary events in



20.

21.

Akin et al.; JAMMR, 33(10): 90-96, 2021; Article no.JAMMR.67561

hypertansive patients. A Longitudinal
Study. Hypertension. 2002;39:10-5.

Group T H | DS. Hypertension in Diabetes
Study (HDS): I. Prevalence of hypertension
in newly presenting type 2 diabetic patients
and the association with risk factors for
cardiovascular and diabetic
complications. J Hypertens. 1993;11:309-
17.
DOI:10.1097/00004872-199303000-00012.
MacLeod M, McLay J. Drug treatment of
hypertension complicating diabetes
mellitus. Drugs.1998;56:189-202.

DOI: 10.12669/pjms.303.5042.

22.

23.

Velasquez MT, Bhathena SJ, Striffler JS,
Thibault N, Scalbert E. Role of angiotensin
converting enzyme inhibition in glucose
metabolism and renal injury in
diabetes. Metabolism. 1998;47:7-

11.

DOI: 10.1186/1475-2840-12-36.

Zhang L, Wang B, Wang C, Li L, Ren Y,
Zhang H, et al. High pulse pressure is
related to risk of type 2 diabetes mellitus in

Chinese middle-aged females. Int J
Cardiol. 2016;220:467-71.

DOI: 10.1186/s 12944-018-0813-6.

© 2021 Akin et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/67561

96



