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Abstract 

Background: High blood pressure (BP) and type 2 diabetes mellitus (T2DM) are major causes of atherosclerotic 
cardiovascular disease (ASCVD) and heart failure (HF). Central blood pressure (CBP) is more predictive of ASCVD than 
is brachial BP; however, an association of CBP with ASCVD has not been found in T2DM patients. We evaluated the 
impact of CBP and the association between optimal level of noninvasively measured CBP and office BP in T2DM 
patients based on composite outcome of ASCVD, HF, and complications of hypertension.

Methods: Patients were enrolled from June 2011 to December 2015 and were followed up through December 
2019. CBP was measured using radial tonometry. The primary endpoints were composite outcome of ASCVD, HF, and 
hypertension‑induced complications such as left ventricular hypertrophy, retinopathy, and proteinuria.

Results: During the 6.5‑year follow‑up period, 515 patients were enrolled in the study. A total of 92 patients (17.9%) 
developed primary endpoints. The mean age of subjects was 61.3 ± 12.1 years and 55% (n = 283) were male. Patients 
who developed primary endpoints were older (65.3 ± 9.5 years vs. 60.5 ± 12.4 years) and had lower high‑density 
lipoprotein (36.6 ± 9.4 mg/dL vs. 41.8 ± 11.1 mg/dL), higher CBP (123.6 ± 20.6 mmHg vs. 118.0 ± 20.6 mmHg), and 
higher pulse pressure (61.3 ± 16.6 mmHg vs. 56.5 ± 15.1 mmHg) than subjects without primary endpoint develop‑
ment. After adjustment for various risk factors, CBP was an independent predictor for primary endpoints (hazard ratio, 
1.14; 95% confidence interval, 1.02–1.27; P = 0.016). In addition, the association of CBP and primary endpoints showed 
a U‑shaped curve with the lowest incidence at CBP 118 mmHg and systolic BP about 128 mmHg.

Conclusions: We show the importance of CBP measurements in T2DM patients and present a cutoff value for ASCVD 
events and hypertension‑induced complications.
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Background
The number of people with hypertension has increased 
worldwide from 650 million to 1.28 billion in the last 
30  years [1]. High blood pressure (HBP) can cause 
asymptomatic damage to the heart, such as left ventricu-
lar hypertrophy (LVH). Subsequently, the risk of athero-
sclerotic cardiovascular disease (ASCVD) is reported to 
increase the risk of angina by 1- to sixfold, myocardial 
infarction (MI) by 2- to fivefold, and stroke by 3- to ten-
fold [2–5]. It is also reported that cardiovascular (CV) 
mortality gradually increases with every 20  mmHg 
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increase in systolic BP (SBP), while lower mortality from 
ischemic heart disease (7%) and lower stroke mortality 
(about 10%) are found with every 2  mmHg decrease in 
average SBP [6].

HBP is a strong risk factor for ASCVD in patients with 
type 2 diabetes mellitus (T2DM) [7]. In a recent large, 
primary care-based cohort study of Swedish patients with 
T2DM, the association of SBP with risk of CV events and 
mortality showed a U-shaped curve in patients both with 
and without regular use of antihypertensive drugs [8]. In 
clinical practice guidelines, it is recommended that BP 
targets should be individualized according to CV risk and 
should be lower in patients with ASCVD than in patients 
without ASCVD in T2DM [9]. However, the appropri-
ate BP cutoff in patients with T2DM for preventing CV 
events is unclear.

Several studies have shown that central BP (CBP) [10, 
11], which is the pressure measured from the central 
aorta or common carotid arteries, might be superior to 
brachial BP (BBP) in the prediction of ASCVD events 
and target organ damage, although BBP conventionally 
measured in daily office practice and used to diagnose 
HBP [12]. However, SBP may be up to 40 mmHg higher 
in the brachial artery than in the aorta, although dias-
tolic and mean arterial pressures are relatively constant 
[13]. This phenomenon of systolic pressure amplifica-
tion arises principally because of an increase in arterial 
stiffness as the distance from the heart increases. Also, 
the discrepancy between CBP and BBP is purported 
to be influenced by numerous demographic and physi-
ological factors including age, sex, and heart rate [14, 
15]. However, in patients with T2DM, the impact of CBP 
level measured by radial pulse wave velocity (PWV) on 
CV risk assessment and the relationship between CBP 
and BBP are unclear. Thus, this study intends to present 
the effectiveness and cutoff value of CBP as a predictive 
factor of major adverse CV events and hypertension-
induced complications in T2DM patients.

Methods
Study population
An initial cohort of participants with T2DM who pre-
sented with or without concomitant CV risk factors 
or target organ damage was selected from the Depart-
ment of Internal Medicine, St. Vincent’s Hospital, from 
July 2011 to December 2015. Among the patients who 
underwent noninvasive, semiautomated, radial artery 
applanation tonometry (Omron HEM-9010AI, Omron 
Healthcare, Kyoto, Japan) and were eligible for our study, 
515 (283 male patients, 55%; mean age, 61.3 ± 12.1 years) 
were enrolled in this study. Based on self-reported 
menopause state, female patients were classified as pre-
menopausal or postmenopausal. Exclusion criteria were 

clinical or laboratory findings of acute CV events within 
3  months prior to enrollment. Subjects who had an 
irregular cardiac rhythm or brachial artery stenosis were 
excluded due to the method used to measure radial PWV.

There was no industry involvement in the design, 
implementation, or data analysis of this study. The pre-
sent study was a single-center retrospective study and 
was approved by the Institutional Review Board of St. 
Vincent’s Hospital (VC21RISI0202).

Measurement of brachial blood pressure and central blood 
pressure
Participants rested for at least 5  min in a quiet room and 
were seated comfortably with their legs uncrossed and their 
back and arms supported. BBP was measured using an auto-
matic cuff oscillometric device (HEM907, Omron Health-
care). The average of three readings was used to determine 
SBP mean arterial pressure, and pulse pressure (PP) [11]. 
Next, the radial pulse wave was obtained with an automated 
applanation tonometer (HEM-9010AI). The method to 
measure CBP was the same as in a previous study [16].

Clinical and biochemical assessments
Blood specimens were obtained after a 12- to 14-h fast 
(8:00 PM to 9:30 AM) to reduce the influence of circa-
dian variation. Total cholesterol [17] and triglyceride [8] 
concentrations were assessed using standard enzymatic 
methods. High-density lipoprotein (HDL) cholesterol 
level was measured after precipitation of very-low-den-
sity lipoproteins and low-density lipoproteins (LDL) with 
phosphotungstic acid, and LDL was calculated using 
the Friedewald formula. Serum samples were stored at 
–80 °C, and high-sensitivity C-reactive protein was deter-
mined using an immunoturbidity assay (Liatest; Stago, 
Asnieres-sur-Seine, France), with a 6.25% interassay vari-
ability coefficient.

Outcomes
The primary endpoints were composite outcome of 
ASCVD events or death from ASCVD and hypertension-
induced complications, including newly diagnosed atrial 
fibrillation (AF), heart failure (HF), and HBP complica-
tion such as LVH, retinopathy, and proteinuria. ASCVD 
was defined as the presence of acute coronary syndrome 
(ACS, including ST elevation MI, non-ST elevation MI, 
and unstable angina) or a history of MI, stable or unsta-
ble angina, coronary or other arterial revascularization, 
cardiorovascular disease (CVD) including stroke or 
transient ischemic attack, or peripheral arterial disease 
(PAD) defined as an ankle-brachial index < 0.9 meas-
ured using an Omron VP-1000 Vascular Profiler (Omron 
Healthcare) presumed to be of atherosclerotic origin. 
Medical records were obtained from ASCVD-related 
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physician visits during follow-up and were reviewed by 
cardiologists.

Statistical analyses
Continuous variables are presented as mean ± stand-
ard deviation, and categorical variables are presented 
as absolute and relative frequencies (%). A t-test was 
used to compare the means between two groups. Pro-
portions were compared using two-way tables and  chi-
square tests. To identify the independent predictors of 
primary endpoints, multivariate analyses using the Cox 
proportional hazard regression model were applied to 

the variables that were significant in univariate analysis 
and were known important risk factors for primary end-
points. Two-sided ≤ 0.05 indicate statistical significance. 
Multivariate analyses were schematized using a restricted 
cubic spline curve. All statistical analyses were conducted 
using R ver. 3.6.3 (The R Foundation for Statistical Com-
puting, Vienna, Austria; https:// www.r- proje ct. org/).

Results
The median follow-up period was about 6.5  years, with 
an average patient age of 61.3 ± 12.1  years and 55% 
of patients were male. A total of 92 patients (17.9%) 

Table 1 Baseline characteristics of the participants

Data are presented as mean ± standard deviation or number (%)

HBP High Blood Pressure, CAD Coronary Artery Disease, eGFR estimated Glomerular Filtration Rate, LDL Low-density Lipoprotein, HDL Highdensity Lipoprotein, ACEi 
Angiotensin Converting Enzyme inhibitor, ARB Angiotensin Receptor Blocker, CBP Central Blood Pressure, SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure

Baseline characteristics Overall
(n = 515)

Primary endpoint (–)
(n = 423)

Primary endpoint ( +)
(n = 92)

P-value

Age (yr) 61.34 ± 12.1 60.48 ± 12.4 65.34 ± 9.5  < 0.001

Male sex 283 (55.0) 231 (54.6) 52 (56.5) 0.827

Body mass index (kg/m2) 24.78 ± 3.4 24.72 ± 3.5 25.05 ± 3.2 0.395

Smoking 171 (33.6) 140 (33.4) 31 (34.4) 0.948

Diabetes complication 175 (34.0) 144 (34.0) 31 (33.7) 1.000

Diabetes duration (yr) 8.95 ± 8.7 8.56 ± 8.5 10.69 ± 9.6 0.044

HBP 334 (64.9) 271 (64.1) 63 (68.5) 0.495

CAD 209 (85.7) 149 (83.7) 60 (90.9) 0.222

Laboratory measurements

 Fasting blood glucose (mg/ dL) 159.38 ± 68.1 158.36 ± 67.1 164.00 ± 72.8 0.490

 HbA1c (%) 7.82 ± 1.9 7.84 ± 1.9 7.74 ± 1.5 0.682

 C‑reactive protein (mg/dL) 0.82 ± 2.6 0.79 ± 2.6 0.97 ± 2.6 0.654

 eGFR (mL/min/1.73m2) 90.71 ± 29.8 92.38 ± 30.4 83.11 ± 25.8 0.008

 Total cholesterol (mg/dL) 173.68 ± 43.4 174.12 ± 42.6 171.67 ± 47.4 0.639

 Triglyceride (mg/dL) 150.93 ± 126.6 146.49 ± 113.0 171.04 ± 174.8 0.108

 LDL (mg/dL) 100.97 ± 34.8 101.58 ± 35.2 98.24 ± 32.9 0.427

 HDL (mg/dL) 40.83 ± 10.9 41.76 ± 11.0 36.62 ± 9.4  < 0.001

Medication

 Oral hyperglycemic agent 446 (99.8) 370 (100.0) 76 (98.7) 0.385

 Insulin 110 (24.6) 93 (25.1) 17 (22.1) 0.674

 Lipid lowering agent 248 (48.2) 199 (47.0) 49 (53.3) 0.334

 Premedication 347 (67.4) 276 (65.2) 71 (77.2) 0.037

  ACEi, ARB 183 (39.4) 148 (38.8) 35 (41.7) 0.722

  Beta blocker 109 (23.4) 83 (21.8) 26 (31.0) 0.098

  Calcium channel blocker 129 (27.7) 103 (27.0) 26 (31.0) 0.554

  Diuretics 85 (18.3) 63 (16.5) 22 (26.2) 0.055

Baseline characteristics Overall Primary endpoint (–) Primary endpoint ( +) P‑value

CBP (mmHg) 118.98 ± 20.7 117.98 ± 20.6 123.60 ± 20.6 0.018

SBP (mmHg) 131.05 ± 19.9 130.22 ± 19.7 134.86 ± 20.3 0.042

DBP (mmHg) 73.71 ± 12.2 73.75 ± 12.6 73.53 ± 9.9 0.874

Pulse pressure (mmHg) 57.34 ± 15.5 56.47 ± 15.1 61.33 ± 16.6 0.006

Augmentation index 79.75 ± 13.3 79.36 ± 13.2 81.50 ± 13.8 0.163

Heart rate 75.42 ± 13.3 75.50 ± 13.2 75.04 ± 13.9 0.775

https://www.r-project.org/
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developed primary endpoints during the follow-up 
period. Of the 92 events, 52 were ACS (57%), 14 were 
CVA (15%), 3 were PAD (3%), 8 were HF events (9%), 
hypertension complications were found in 12 cases 
(13%), and AF were cases (3%). Table  1 shows patient 
groups by cumulative incidence of primary endpoints. 
Mean body mass index (BMI) was 24.8 ± 3.4 kg/m2, and 
the median T2DM duration was about 9.0  years, with 
99.8% of patients using oral hyperglycemic agents and 
24.6% using insulin. Regarding patient history, 64.9% of 
patients had HBP and 67.4% of patients had previously 
taken antihypertensive drugs. The average HbA1c was 
7.8% ± 1.9%. As seen in Table  1, age, T2DM duration, 
CBP, SBP, and renal function showed significant differ-
ences in the occurrence of primary endpoints.

In Table 2, univariate Cox regression for each variable 
is shown. In univariate analysis, age (hazard ratio [HR], 
1.04; 95% confidence interval [CI], 1.02–1.06; P < 0.001), 
renal function (HR, 0.99; 95% CI, 0.98–1.00; P = 0.002), 
HDL (HR, 0.95; 95% CI, 0.93–0.98; P < 0.001), and longer 
diabetes duration (HR, 1.03; 95% CI, 1.00–1.05; P = 0.031) 
showed a significant increase of primary endpoints. In 
the incidence of primary endpoints, there was no signifi-
cant difference according to sex; however, postmenopau-
sal women were significantly more frequent than men 
(HR, 1.02; 95% CI, 1.01–1.03, P = 0.005). In multivari-
ate analysis, CBP was a significant predictor for primary 

endpoints (HR 1.01; 95% CI 1.01–1.02, P = 0.029) after 
adjustment for age, sex, smoking, BMI, and T2DM com-
plications (Table  3). And when CBP was grouped and 
analyzed to increase every 10  mmHg, the role as a sig-
nificant predictor has become clearer. In univariate Cox 
regression, HR was 1.17 (95% CI, 1.06–1.30; P = 0.002) 
and HR was 1.14 (95% CI, 1.02–1.27; P = 0.016) even 
when age, gender, smoking, and diabetes complications 
were adjusted.

As shown in Fig.  1, a linear correlation between 
CBP and BBP was confirmed. The analysis of CBP as a 
restricted cubic spline curve with outcome to ASCVD 
events is shown in Fig.  2A. The incidence of primary 
endpoints tended to increase as CBP increased, and the 
incidence of primary endpoints increased even at lower 
CBP. The lowest incidence of primary endpoints was 
seen at CBP 118 mmHg. Figure 2B shows the analysis of 
SBP as a restricted cubic spline curve with primary end-
points. Similar to previous CBP results, the incidence of 
primary endpoints tended to increase as SBP increased 
or decreased, and the lowest incidence of primary end-
points at SBP was at about 128 mmHg.

Discussion
This study found that CBP is a clinically significant pre-
dictor for primary endpoints, showing a U-shaped asso-
ciation of CBP and risk of CV events in T2DM. The 
lowest incidence of primary endpoints was seen at CBP 
of 118 mmHg and SBP of about 128 mmHg.

A previous large cohort study reported an associa-
tion of SBP and risk of CV events and mortality, with a 
U-shaped curve pattern in T2DM [8], and SBP was found 
to have the lowest incidence at 135–139  mmHg the 
manual Korotkoff method or automatic measurement. 
In a study conducted in the general population [18], CBP 
had a threshold of 112  mmHg and SBP of 121  mmHg 
when a digital automatic BP monitor was used; however, 
the study did not show a U-shaped pattern. The CBP of 
118  mmHg and SBP of 128  mmHg found in our study 
of the T2DM population are more stringent than those 
used in previous studies of T2DM patients (SBP, 135–
139 mmHg) and are less intensive than those in the gen-
eral population (CBP, 112 mmHg and SBP, 121 mmHg), 
which might require more tight objectives than previ-
ously considered by T2DM patients. However, in com-
parison with the general population, optimal CBP in 
T2DM patients can suggest increased risk of CV events. 
These assumptions are confirmed as a result.

In the result, risk ratio to an increase in CBP of 
10  mmHg. As a result, this study suggests that after 
6.5  years of follow-up, the risk of CVA increases by 
14% for every 10  mmHg increase in CBP (HR, 1.14 
P = 0.016).

Table 2 Univariate Cox regression

Variable Hazard ratio 95% 
Confidence 
interval

P-value

Age 1.04 1.02–1.06  < 0.001

Sex

 Male 1.04 0.69–1.58 0.835

 Female (premenopausal) 1.00 0.97–1.03 0.991

 Female (postmenopausal) 1.02 1.01–1.03 0.005

Body mass index 1.02 0.97–1.08 0.405

Smoking 1.08 0.69–1.67 0.739

Diabetes complication 0.91 0.59–1.41 0.687

Diabetes duration 1.03 1.00–1.05 0.031

High blood pressure 1.33 0.85–2.07 0.215

Coronary artery disease 2.12 0.91–4.96 0.082

HbA1c 0.95 0.83–1.09 0.454

C‑reactive protein 1.00 0.94–1.10 0.576

Estimated glomerular filtration 
rate

0.99 0.98–1.00 0.002

Total cholesterol 1.00 0.99–1.00 0.610

Lowdensity lipoprotein 1.00 0.99–1.01 0.705

High‑density lipoprotein 0.95 0.93–0.98  < 0.001

Insulin 0.78 0.45–1.36 0.454

Lipid lowering agent 1.01 0.74–1.70 0.608

Premedication 1.67 1.02–2.74 0.043
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In addition, previous studies suggested that there is 
a limitation in providing accurate information about 
the patient’s BP status due to the problem of variabil-
ity in peripheral BP. Although somewhat cumbersome, 
noninvasively measured central pulse pressure is more 
strongly associated with vasoconstriction, severity of 
atherosclerosis, and CV events than BBP as is known 
from the Strong Heart Study. Therefore, it is thought 
that measuring CBP may be important in assessing each 
patient’s CV risk in order to more accurately determine 
the patient’s BP status. So optimal CBP setting is more 
important in T2DM patients than general population.

A previous study conducted in the general popula-
tion confirmed an increase in SBP in a cascading man-
ner as CBP increased [19] and showed that CBP levels 
overlap significantly in hypertensive patients classified 
as SBP. In this study, SBP was increased stepwise in 
CBP in the T2DM population, suggesting that patients 
currently classified as hypertensive and receiving the 
same treatment might need better control through 

CBP measurement. A mechanism that explains the 
CBP and CV events in T2DM has been proposed. CBP 
is a stronger stimulus for LVH than is peripheral BP. 
Aortic stiffness also might be associated with carotid 
flow index, which contributes to altered flow dynam-
ics resulting in increased CV risk [20]. In addition, 
T2DM patients are exposed to CV risk factors includ-
ing hyperglycemia, advanced glycation end products, 
and diabetes duration [21], which lead to increased 
risk of CVA in T2DM. A meta-analysis also showed 
that markers of central systolic load were significantly 
increased in T2DM compared to those without T2DM, 
which could not be identified by BBP [5]. This differ-
ence might be associated with demographic or physi-
ologic factors including age, sex, BMI, heart rate, and 
antihypertensive medication [15, 22].

Postmenopausal female patients showed a greater risk 
of study end point than male patients. These findings 
were similar to a study conducted in the Korean popu-
lation, confirming that central PP tended to be higher in 

Table 3 Univariate and multivariate Cox regression

Adjustment factors are age, body mass index, smoking, and diabetes mellitus complication

HR Hazard Ratio, CI Confidence Interval, CBP Central Blood Pressure, SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure

Variable Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

CBP 1.01 1.01–1.02 0.003 1.01 1.01–1.02 0.029

CBP (per 10 mmHg) 1.17 1.06–1.30 0.002 1.14 1.02–1.27 0.016

SBP 1.01 1.01–1.02 0.003 1.01 1.01–1.02 0.050

DBP 1.00 0.98–1.02 0.918 1.01 0.99–1.03 0.409

Pulse pressure 1.02 1.01–1.03  < 0.001 1.01 1.01–1.03 0.049

Augmentation index 1.01 1.01–1.03 0.090 1.01 0.99–1.03 0.325

Fig. 1 Linear correlation between central blood pressure (BP) and systolic BP (SBP). Normal BP, < 130 mmHg; high‑normal BP, 130–139 mmHg; grade 
1 hypertension, 140–159 mmHg; grade 2 hypertension, ≥ 160 mmHg. Statistical analyses were conducted using R ver. 3.6.3 (The R Foundation for 
Statistical Computing, Vienna, Austria; https:// www.r‑ proje ct. org/)

https://www.r-project.org/
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men before 3847 years of age, but the slope was steeper 
in women than in men at later ages [23]. This is thought 
to be due to the vascular protective effect of estrogen, 
as confirmed in previous studies [24], but cannot be 
explained simply by hormones as some studies suggest 
that risk is greater than benefit [25].

This study has several limitations. First, the study 
design is observational and retrospective; consequently, 
we could not control all confounding factors that affect 
ASCVD events or hypertension-induced complications. 
We attempted to adjust confounding factors to reduce 
this effect. Second, this study included only Korean 
subjects. In addition, the normal range or cutoff value 
of CBP has not been confirmed. This study also has 
plausible strengths in that it is the largest study of CBP 
measurement, CV events, and hypertension-induced 
complications and was conducted with long-term follow-
up in patients with T2DM.

Conclusions
With the logic that CBP may be more efficient than 
peripheral BP in predicting ASCVD, this study evalu-
ated the risk of ASCVD in diabetic patients through 
CBP measurements. Accordingly, as confirmed in pre-
vious studies, the U-shape pattern, which increases the 
risk when BP increases and decreases, was confirmed, 
and the lowest HR was suggested as cutoff of 118 mmHg 
in CBP and 128 mmHg in SBP. In addition, it is thought 
that this will require research on the clinical importance 
and cutoff of CBP and SBP in various populations, and 
clinical application thereof may be necessary.
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