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1 | INTRODUCTION

Obesity, type 2 diabetes mellitus (DM), and hypertension are import-
ant cardiovascular risk factors that contribute to increased cardiovas-
cular morbidity and mortality.2™® The combined presence of obesity
and DM leads to overactivation of the sympathetic nervous and

This study aimed to evaluate the effects of glycated hemoglobin (HbAlc) on flow-
mediated dilation, intima-media thickness, pulse wave velocity, and left ventricular
mass index in patients with resistant hypertension (RHTN) comparing RHTN-con-
trolled diabetes mellitus and RHTN-uncontrolled type 2 diabetes mellitus. Two
groups were formed: HbA,_ <7.0% (RHTN-controlled diabetes mellitus: n = 98) and
HbA,. 27.0% (RHTN-uncontrolled diabetes mellitus: n = 122). Intima-media thick-
ness and flow-mediated dilation were measured by high-resolution ultrasound, left
ventricular mass index by echocardiography, and arterial stiffness by carotid-femoral
pulse wave velocity. No differences in blood pressure levels were found between the
groups but body mass index was higher in patients with RHTN-uncontrolled diabetes
mellitus. Endothelial dysfunction and arterial stiffness were worse in patients with
RHTN-uncontrolled diabetes mellitus. Intima-media thickness and left ventricular
mass index measurements were similar between the groups. After adjustments, mul-
tiple linear regression analyses showed that HbA, was an independent predictor of
flow-mediated dilation and pulse wave velocity in all patients with RHTN. In conclu-
sion, HbA, may predict the grade of arterial stiffness and endothelial dysfunction in
patients with RHTN, and superimposed uncontrolled diabetes mellitus implicates

further impairment of vascular function.

renin-angiotensin-aldosterone systems, as well as proinflammatory/
pro-oxidative mechanisms, which may cause endothelial dysfunction
and increase the arterial stiffness and intima-media thickness (IMT)
found in hypertension.”** Whereas resistant hypertension (RHTN) is
clearly associated with obesity and DM'? and with a similar physio-

pathological basis and structural and functional vascular remodeling,
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the effect of uncontrolled DM (ucDM) on endothelial function, vas-
cular stiffness, and carotid artery IMT in these patients is uncertain.

Although arbitrary in the number of medications required, RHTN
has been largely defined as hypertension that is uncontrolled de-
spite the use of three or more antihypertensive medications, includ-
ing, if tolerated, a diuretic. The American Heart Association (AHA)
Scientific Statement extended the definition to include patients
whose blood pressure (BP) was uncontrolled with three medica-
tions, but was controlled with the use of four or more medications,
ie, “controlled resistant hypertension.”*31°

In 2010, the American Diabetes Association (ADA) included gly-
cated hemoglobin (HbA, ) 26.5% in the diagnosis of DM with this
biomarker being used to assess the efficacy of DM treatment.6”
Increased pulse wave velocity (PWV), which suggests arterial stiffness
and reduced flow-mediated vasodilation, is used as a marker of en-
dothelial dysfunction and predicts cardiovascular risk in patients with
DM 111820 The ADA recommends glycemic targets for many adults to
include blood glucose levels that should attain an HbA,_level of 7%.%!

Left ventricular hypertrophy is a structural and functional alter-
ation that occurs as a compensatory response to chronic pressure
and/or volumetric overload. It is an independent cardiovascular risk
factor for heart failure and sudden death. There is a direct relationship
between the increase in peripheral and central pressure levels and the
incidence of left ventricular hypertrophy. Moreover, comorbidities in-
cluding DM are associated with left ventricular hypertrophy.??2°

The aim of this study was to compare the effect of HbA,_on en-
dothelial dysfunction, IMT, PWYV, and left ventricular mass index in
patients with RHTN with controlled DM (cDM) or ucDM. We hypoth-
esized that HbA, _predicts the degree of the vascular triad (endothe-
lium dysfunction, arterial stiffness, and IMT) in patients with RHTN.

2 | METHODS

2.1 | Study population

A total of 220 patients with RHTN regularly followed up at our
specialized tertiary hypertension center (Hospital de Clinicas—
University of Campinas, Brazil) were enrolled after screening for
RHTN based on the AHA guidelines.13 All patients had complete
case histories and underwent physical examinations, electrocardio-
grams, and laboratory tests. Patients with secondary forms of hy-
pertension, impaired renal function (creatinine clearance <30 mL/
min estimated using the Cockcroft-Gault equation), ischemic heart
disease, atrial fibrillation, liver disease, strokes, or peripheral vascu-
lar disease were excluded. Patients were followed up and treated for
a period of approximately 6 months with appointments scheduled
on a regular basis before being considered resistant to treatment.
The patients were divided into two groups according to an HbA,_
cutoff of 7.0%%: (1) 98 patients with RHTN with cDM (RHTN-cDM)
and (2) 122 patients with RHTN with ucDM (RHTN-ucDM). The di-
agnosis of DM was determined by two fasting plasma glucose levels
2126 mg/dL or a 2-hour plasma glucose level after a 75-g oral glu-
cose tolerance test 2200 mg/dL or HbA,_ 26.5%."7%*

WILEY--

This study was approved by the research ethics committee of
the Faculty of Medical Sciences, University of Campinas (Campinas,

Brazil) and all participants provided signed written consent.

2.2 | Office BP and ABPM

The office BP was used for diagnosis and follow-up employing
the guidelines of the AHA statement with 24-hour ambulatory BP
monitoring (ABPM) being used to exclude pseudoresistance and the
white-coat effect.?®

The average of two office BP readings was calculated with
hypertension being defined as a systolic BP (SBP) 2140 mm Hg
and/or a diastolic BP (DBP) 290 mm Hg on at least three occasions
at 2-week intervals. ABPM was performed with an automatic
oscillometric device (Spacelabs 90207, Spacelabs Inc). BP was
measured automatically at 20-minute intervals during an entire
24-hour period with patients engaged in their normal daily activ-
ities. The following parameters were calculated: the average 24-
hour systolic, diastolic, and pulse (difference between systolic and
diastolic) BPs.

2.3 | Flow-mediated dilation

Endothelial dysfunction in hypertension was determined using the
flow-mediated dilation (FMD) technique described by Celermajer
and colleagues.?® High-resolution ultrasound was used to evaluate
the endothelium-dependent function of a medium-caliber artery27
after applying the compression/decompression test (occlusion for
5 minutes). This method has been validated and is standardized ac-
cording to the International Brachial Artery Reactivity Task Force
Guidelines for the ultrasound assessment of endothelial-dependent
vasodilation of the brachial artery published in 2002 by Corretti
and coIIeagues.27 Dilation was measured using a linear vascular
transducer (7-12 MHz, Vivid Sé; GE Medical System) coupled to
computer-assisted analysis software and an automated brachial ana-
lyzer software device (MIA, LLC). All scanned images were stored on
a compact disc for future analysis by two independent observers.
The variability between the arterial diameter measurements should
be <2%,; intraobserver differences <1%, as were seen in this study.

The patients rested quietly for 15 minutes before the first scan
and remained in the supine position throughout the study. The bra-
chial artery was scanned longitudinally 5 to 10 cm above the elbow.
When a satisfactory position was found, a special probe holder was
fixed around the arm to secure the ultrasound transducer in one po-
sition for all of the measurements.'® A polyurethane cuff (Hokanson,
Inc) placed around the arm above the transducer was inflated to a
pressure of 250 mm Hg for 5 minutes and then rapidly deflated.
The maximum dilatation was recorded from 45 to 120 seconds after
cuff deflation with this being used to calculate the FMD. Percentage
changes in the brachial artery diameter compared with the baseline
diameter (100%) were calculated according to the formula: FMD
= ([diameter after decompression - baseline diameter]/baseline
diameter) x 100.
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2.4 | Pulse wave velocity

Vascular stiffness was determined using the SphygmoCor CPV
(AtCor Medical) device, which, when synchronized with the electro-
cardiogram, allows a calculation of PWV between the carotid and
femoral arteries.?® Based on PWV data from direct tape measure
distances, using the more accurate 80% direct tape measure dis-
tance, the cutoff value should be adapted according to 10 m/s.
PWYV measurement is calculated by dividing the distance be-
tween the two arteries by the time of the pulse transit between the

two sites of interest.*?

The more rigid the “arterial tree” under study,
the less time is necessary for the pulse to travel between the two
recording sites and, therefore, the greater the speed of the wave.

Arterial stiffness is identified by a PWV >10 m/s.?’

2.5 | Intima-media thickness

IMT was assessed by high-resolution ultrasound using a linear vas-
cular transducer (7 to 12 MHz, Vivid S6, GE Medical System) equip-
ment, following the manufacturer’s instructions. Assessment of the
distal segment of the common carotid artery was standardized to a
minimum of 100 measurement points or a longitudinal length of at
least 1.0 cm of the artery excluding the carotid bulb.%°

This method is established and standardized by the report of the
34th Bethesda Conference Task Force #3 Noninvasive Measurement
of Atherosclerosis.®! The brightness of the examination room was
controlled, and the room temperature was set at 24°C. The variabil-
ity between the IMT measurements should be <2%, as was seen in
this study.

2.6 | Biochemical examinations

Blood samples were collected in the morning, after 12 hours of fast-
ing, and after 30 minutes of resting. Fasting glucose levels, HbA
total cholesterol, high-density lipoprotein cholesterol, low-density
lipoprotein cholesterol, triglycerides, and creatinine clearance were
measured by conventional methods in the Physiology Laboratory of
Hospital de Clinicas, Unicamp, SP, Brazil (Table 1).

2.7 | Statistical analyses

Descriptive statistics are shown as mean and standard deviation ac-
cording to normal distribution. Student t test was used to evaluate
differences in clinical and biochemical variables between the RHTN-
cDM and RHTN-ucDM groups. Any associations between HbA,
PWYV, and FMD were expressed by Pearson’s correlation. Multiple
linear regression analyses were performed to determine the effect
of the different variables (age, sex, body mass index [BMI], SBP, DBP,
and mean BP) on endothelial function (FMD) and arterial stiffness
(PWV). Analyses were performed using SigmaPlot software ver-
sion 12.0 (Systat Software, Inc) and the GraphPad Prism 5 program
(GraphPad Prism Inc, 2010). A P value <.05 indicated statistical

significance.

TABLE 1 Clinical characteristics of RHTN groups

cDM(n = 98) ucDM(n = 122)
Age,y 57.52+11.18 59.75 +10.42
Female sex, % 65 68
BMI, kg/m? 30.08 + 4.60 31.70 + 4.48*
ABPM SBP, mm Hg 151.0 £ 20.1 151.1 + 14.14
ABPM DBP, mm Hg 89.06 +12.18 87.72 +10.92
ABPM PP, mm Hg 62.20+16.77 63.42 + 14.32
Glycated hemoglobin, % 6.13+£0.35 8.08 £ 0.96”
Duration of RHTN + DM 6.42 +3.94 744471
Office SBP, mm Hg 162.2 +17.9 153.6. + 13.7
Office DBP, mm Hg 89.1+21.1 87.2+11.2
Heart rate, beats per min 71.2 +10.6 721+12.1

Total cholesterol, mg/dL 204.61 +43.11 202.92 +43.11

Current smokers, % 5 9
Data are expressed as mean + standard deviation. ABPM, ambulatory
blood pressure monitoring; BMI, body mass index; DBP, diastolic blood
pressure; DM, diabetes mellitus; PP, pulse pressure; RHTN, resistant hyper-

tension; SBP, systolic blood pressure; ucDM, uncontrolled diabetes melli-
tus. *P = .0095 vs controlled diabetes mellitus (cDM). *P < .0001 vs cDM.

3 | RESULTS

There were no differences between the RHTN-cDM and RHTN-
ucDM groups in respect to age and BP levels (office BP and ABPM)
(Table 1). There were more women in both the RHTN-cDM (65%)
and the RHTN-ucDM (68%) groups. BMI was higher in the RHTN-
ucDM group compared with the RHTN-cDM group (Table 1). The
patients took a mean of 4.4 antihypertensive medications daily.
The most frequently prescribed medications were diuretics (97.2%),
angiotensin Il receptor blockers or angiotensin-converting enzyme
inhibitors (100.0%), calcium channel blockers (84.6%), aldosterone
receptor antagonists (79.5%), and p-blockers (53.8%). All patients
with DM took oral glucose-lowering medications and 46% were on
insulin therapy (Table 2).

Figure 1 shows that FMD (RHTN-cDM: 8.10 + 2.03% and RHTN-
ucDM: 6.96 +1.54%) and arterial stiffness (PWV-RHTN-cDM:
10.96 + 1.79 m/s and RHTN-ucDM: 12.07 + 1.73 m/s) were more
impaired in patients with RHTN-ucDM (P <.0001). IMT and left
ventricular mass index measurements did not differ significantly be-
tween the RHTN-cDM and RHTN-ucDM groups (IMT-RHTN-cDM:
0.99 £ 0.21 mm and RHTN-ucDM: 1.03 £ 0.19 mm [P = not signifi-
cant] and left ventricular mass index-RHTN-cDM: 183.70 + 54.77 g/
m?; RHTN-ucDM: 197.40 + 57.71 g/m? [P = not significant]).

Simple linear regression showed that HbA, was correlated
with FMD (panel A: r = -.34; P <.001) and PWV (panel B: r =.24;
P =.0006), but not with left ventricular mass index (panel C: r = .045;
P =.498) or IMT (panel D:r = .024; P = .731) in all patients with RHTN
(cDM + ucDM) (Figure 2). Finally, after adjustments for age, BMI, sex,
SBP, DBP, heart rate, duration of RHTN and T2DM, total cholesterol,
and smoking (measured during the FMD and PWYV examinations), a
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TABLE 2 Multiple linear regression for the presence of vascular

damage
B-Coefficient (SE) P value
FMD, %
Age,y 0.04001 (0.0209) .0594
BMI, kg/m? -0.00796 (0.05001) .8730
Sex (male/female) 1.1782 (1.7520) .5032
SBP, mmHg -0.01731 (0.01300) .1869
DBP, mmHg 0.01697 (0.02302) 4632
Heart rate, beats per min -0.001700 (0.01802) 9251
Glycated hemoglobin, % -0.8580 (0.2698) .0021*
Total cholesterol, mg/dL -0.000720 (0.04420) .8709
Duration of RHTN + DM 0.05428 (0.04585) .2400
Smoking -0.1396 (0.6711) .8358
PWV, m/s

Age,y -0.01739 (0.01824) .3432
BMI, kg/m? -0.00008 (0.04360) .9984
Sex (male/female) -1.8247 (1.5274) .2358
SBP, mmHg 0.03206 (0.01133) .0059*
DBP, mmHg -0.00180 (0.02007) .9285
Heart rate, beats per min -0.01125 (0.01571) 4760
Glycated hemoglobin, % 0.9010 (0.2352) .0003*
Total cholesterol, mg/dL -0.00428 (0.00385) 2691
Time duration RHTN + DM -0.03083 (0.03997) 4428
Smoking 0.3924 (0.5851) .5044

BMI, body mass index; DBP, diastolic blood pressure; DM, diabetes mel-
litus; FMD, flow-mediated dilatation; PWYV, pulse wave velocity; RHTN,
resistant hypertension; SBP, systolic blood pressure; SE, standard error.
*P value <.05.

multiple linear regression analysis identified HbA, _as an indepen-
dent predictor for FMD (B-coefficient = -0.8580; P =.0021) and
PWYV (B-coefficient = 0.9010; P = .0003) in the totality of patients
with RHTN.

4 | DISCUSSION

This study found that the degree of vascular damage was higher
in patients with RHTN-ucDM compared with patients with RHTN-
cDM. Moreover, HbA,  can indicate the degrees of arterial stiffness
and endothelial dysfunction in patients with RHTN (cDM and ucDM)
independently of age, BMI, sex, SBP, DBP levels, heart rate, duration
of RHTN and T2DM, total cholesterol, and smoking. These findings
suggest that HbA, _might be useful as a biomarker of structural and
functional vascular damage in patients with RHTN.

As previously mentioned, DM is frequently found in patients with
RHTN as the two diseases have etiological aspects in common such
as obesity, inflammation, oxidative stress, insulin resistance, and
factors associated with increased microvascular and macrovascular
impairment. Treatment of type 2 DM by reducing HbA, _levels using
novel oral hypoglycemic agents such as sodium-glucose cotrans-
porter inhibitors have shown promising results with significant re-
ductions in BP, weight, endothelial dysfunction, arterial stiffness,
and microalbuminuria in patients with hypertension and those with
DM. Thus, pleiotropic effects of these drugs, which are conceivably
BP- and glucose-independent, could represent the mechanism of
cardiovascular protection in this drug class.®?

RHTN leads to more severe arterial vasculopathy characterized

18,33-35 IMT 36,37
’

by increased endothelial dysfunction, and vascu-

lar stiffness®> compared with controlled hypertension. We have
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hemoglobin (hemoglobin A1C) vs flow-mediated dilation (A,
r = -.34; P value <.001) and pulse wave velocity (B, r = .25;
P value = .0006), left ventricular mass index (C, r = .045;

P value = .498), and intima-media thickness (D, r = 0.024;

P value = .731) in all resistant hypertension (controlled
diabetes mellitus plus uncontrolled diabetes mellitus were
plotted together)

demonstrated that increased PWV and impaired FMD are directly
correlated with BP levels.®® In addition, RHTN associated with
the presence of DM may contribute to the overall atherosclerosis
process.

Hyperglycemia causes progression of DM with complications
caused by endothelial dysfunction through a phenomenon called
metabolic memory.*® It was well demonstrated by Tacito and col-
Ieagues39 in patients with type 1 DM that endothelial dysfunction,
characterized by reduced FMD, appears within the first few years
after the onset of type 1 DM and is thus an early marker of vascu-
lar involvement. This complex mechanism increases the production
of advanced glycation end products and expression of its recep-
tor (RAGE), as well as enhances oxidative stress by anion super-
oxide formation and promotes mitochondrial DNA damage.“o’41 It
is known that superoxide anions inactivate endothelium-derived
nitric oxide, the most important endogenous vasodilator, thereby
promoting endothelial dysfunction and vasoconstriction.®4*? In
addition, oxidative stress causes inflammation, hypertrophy, apop-
tosis, cell migration, fibrosis, and angiogenesis, leading to vascular
remodeling.35 Thus, the development of the DM complications re-
lated to vessels increases cardiovascular morbidity and mortality
in patients with hypertension, even when they are receiving the
combined treatment of glucose-lowering drugs and antihyperten-
sive agents.20

It has previously been demonstrated that DM increases arterial
stiffness and constitutes a strong risk factor for early mortality.43
Arterial wall stiffness is exacerbated by DM and hypertension, and
is even more severe in patients with RHTN.3® The development of
vascular stiffness depends on the balance between two predomi-
nant proteins in the vascular wall, collagen and elastin. An abnormal
overproduction of collagen, to the detriment of elastin, contributes
to arterial stiffness.**"4¢ However, immunohistochemical and ultra-

structural studies show that arterial stiffness is not only influenced

by the amount and density of stiff wall material but mainly by the
spatial organization of these proteins.43

Increased arterial stiffness causes a premature return of re-
flected waves in late systole, increasing SBP and decreasing the DBP,
thereby increasing the central pulse pressure. High SBP is associated
with left ventricular hypertrophy and increased myocardial oxygen
demand with high risk of coronary events. Moreover, high arterial
stiffness can increase the risk of stroke through several mecha-
nisms, including an increase in central pulse pressure causing arterial
remodeling of both the extracranial and intracranial arteries. This
thickening of the carotid wall and the development of stenosis and
plaques increase the likelihood of plaque rupture and the prevalence
and severity of cerebral white matter lesions.’

In patients with DM, in addition to target organ damage and
cardiovascular remodeling, it is known that high levels of intercel-
lular adhesion molecule 1 and vascular cell adhesion molecule 1 are
markers of pathogenic events of endothelial dysfunction and po-
tential development of cardiac, vascular, and DM diseases. Studies
suggest that these molecules, induced in response to inflammatory
cytokines, are strong predictors of cardiovascular events in patients
with DM.%

Another biomarker related to cardiovascular risks is monocyte
chemoattractant protein 1. Data show that serum levels of this
chemokine are higher in patients with hypertension and endothelial
dysfunction compared with patients with normotension.*®

Adiponectin, secreted exclusively by adipocytes, has antidia-
betic and antiatherogenic activity. However, an inverse correlation
between circulating adiponectin levels and BP has been reported in
healthy patients and those with DM.%

A recent meta-analysis on the association of two polymorphisms
in the adiponectin-encoding gene related to hypertension and the
changes of circulating adiponectin and BP showed that although

no significant association between the ADIPOQ T45G or G276T
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polymorphism and hypertension was found, the heterozygous
G276T mutation was responsible for increased circulating adiponec-
tin levels and increased BP values in patients with hypertension.So

Weight reduction and better glycemic control are associated
with reduced PWYV in young adults. The SAVE (Slow the Adverse
Effects of Vascular Aging) study®® has shown that weight reduc-
tion combined with improved insulin sensitivity improves arterial
stiffness, a change related to regression of the vascular remod-
eling process by proliferation and migration of vascular smooth
muscle cells. It is also known that poor glycemic control is asso-
ciated with lower circulating levels of endothelial progenitor cells
and higher PWYV values. On the other hand, pleiotropic effects of
new hypoglycemic agents such as sodium-glucose co-transporter
2 inhibitors can modulate some molecular and biochemical path-
ways, reducing oxidative stress and markers of inflammation and
fibrosis (nuclear factor-kp and the expression of collagen IV).
Hence, new studies are needed to confirm all of these possible
mechanisms.>?

Recently, the work of Lambadiari and colleagues®® in patients
with DM using liraglutide showed that 6 months of treatment re-
sulted in significant improvement of endothelial function, arterial
stiffness, left ventricular strain with reduction of the NT-proBNP
marker, and oxidative stress. As previously discussed, treatment
of type 2 DM with new oral hypoglycemic agents such as sodium-
glucose co-transporter 2 inhibitors showed promising results with
significant reduction in BP, weight, endothelial dysfunction, arterial
stiffness, and microalbuminuria in patients with hypertension and
those with DM.>*

Patients in this study did not benefit from these drugs. The hy-
poglycemic therapy of patients in this study included glibenclamide
5 mg/d or glicazide 60 mg/d associated with metformin 2.0 g/d and
insulin as needed.

As increased arterial stiffness is associated with higher mortal-
ity in patients with end-stage renal disease, who essentially have
DM and hypertension, strategies aimed at restoring functional and
structural damage may prevent the progression of the disease. Thus,
evaluation of arterial stiffness has provided strong evidence that
PWYV improves the prediction of risk for cardiovascular diseases and
mortality in the general population and particularly in patients with
hypertensive DM. Specifically, subgroups of patients with end-stage
renal failure who have elevated PWV have shown a 48% increased
risk of cardiovascular events and thus PWV can be used as an ap-
propriate target for new risk reduction strategies,>>¢ while FMD,
because it is a functional marker, is used as an auxiliary method to
evaluate vascular impairment.

No difference was observed in the IMT measurements between
the study groups. Previous research in our laboratory showed that
no differences are found when comparing groups of patients with
severe and long-term hypertension and DM. However, both athero-
sclerotic plaques and increased IMT values can be detected in these
individuals.>”>® Thus, uncompensated type 2 DM results in greater
impairment of vascular function in patients with RHTN, leading to
more severe atherosclerosis.

915
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5 | STUDY LIMITATIONS

The limitations of this study include its cross-sectional design, as a
cause-effect relationship cannot be inferred. Although severe car-
diorenal impairment is a common condition in individuals with dia-
betic RHTN, these patients were not included in this study to avoid

potential bias.

6 | CONCLUSIONS

Superimposed uncontrolled DM implicates greater impairment of
vascular function (endothelial dysfunction and arterial rigidity) in
patients with RHTN. Particular care is mandatory for the early de-
tection of abnormal levels of HbA, in patients with RHTN to reduce
further vascular dysfunction in this complex hypertensive syn-
drome. Patients must also be followed up by a multidisciplinary team
in specialized clinics for RHTN.
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