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Abstract

Background: Hypertension, diabetes and obesity are not isolated findings, but a series of interacting interactive
physiologic derangements. Taking into account genetic background and lifestyle behavior, AI (autonomic imbalance)
could be a common root for RHTN (resistant hypertension) or RHTN plus type 2 diabetes (T2D) comorbidity
development. Moreover, circadian disruption can lead to metabolic and vasomotor impairments such as obesity, insulin
resistance and resistant hypertension. In order to better understand the triggered emergence of obesity and T2D
comorbidity in resistant hypertension, we investigated the pattern of autonomic activity in the circadian rhythm in
RHTN with and without type 2 diabetes (T2D), and its relationship with serum adiponectin concentration.

Methods: Twenty five RHTN patients (15 non-T2D and 10 T2D, 15 males, 10 females; age range 34 to 70 years)
were evaluated using the following parameters: BMI (body mass index), biochemical analysis, serum
adiponectinemia, echocardiogram and ambulatory electrocardiograph heart rate variability (HRV) in time and
frequency domains stratified into three periods: 24 hour, day time and night time.

Results: Both groups demonstrated similar characteristics despite of the laboratory analysis concerning T2D like fasting
glucose, HbA1c levels and hypertriglyceridemia. Both groups also revealed disruption of the circadian rhythm: inverted
sympathetic and parasympathetic tones during day (parasympathetic > sympathetic tone) and night periods
(sympathetic > parasympathetic tone). T2D group had increased BMI and serum triglyceride levels (mean 33.7 ± 4.0 vs
26.6 ± 3.7 kg/m2 - p = 0.00; 254.8 ± 226.4 vs 108.6 ± 48.7 mg/dL - p = 0.04), lower levels of adiponectin (6729.7 ± 3381.5
vs 10911.5 ± 5554.0 ng/mL - p = 0.04) and greater autonomic imbalance evaluated by HRV parameters in time domain
compared to non-T2D RHTN patients. Total patients had HRV correlated positively with serum adiponectin (r = 0.37
[95% CI -0.04 - 1.00] p = 0.03), negatively with HbA1c levels (r = -0.58 [95% CI -1.00 - -0.3] p = 0.00) and also adiponectin
correlated negatively with HbA1c levels (r = -0.40 [95% CI -1.00 - -0.07] p = 0.02).

Conclusion: Type 2 diabetes comorbidity is associated with greater autonomic imbalance, lower adiponectin levels
and greater BMI in RHTN patients. Similar circadian disruption was also found in both groups indicating the
importance of lifestyle behavior in the genesis of RHTN.
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Background
Hypertension, diabetes and obesity are not isolated find-
ings, but a series of interactive physiologic derangements
[1]. For instance, it is well known that obesity and dia-
betes mellitus are factors associated with resistance to
antihypertensive drugs. An understanding of interactions
among these pathophysiologic pathways can assist in
choosing treatment and thereby improving total cardio-
vascular risk management [1].
Autonomic imbalance, characterized by a hyperactive

sympathetic system and a hypoactive parasympathetic
system, is associated with various pathological condi-
tions [2,3]. Over time, excessive energy demands on the
system can lead to premature aging and diseases [2,3].
Therefore, autonomic imbalance may be a final common
pathway to increased morbidity and mortality from a
host of conditions and diseases, including cardiovascular
disease [4,5].
Heart rate variability (HRV) may be used to assess

autonomic imbalances, diseases and mortality [6]. Mea-
sures of heart rate variability (HRV) in both time and
frequency domains have been used successfully to index
vagal activity [7]. Nevertheless, while there are some dif-
ferences among HRV parameters found in many studies,
the consensus is that lower values of these indices of
vagal function are associated prospectively with death
and disability [8]. Parasympathetic activity and HRV
have been associated to immune dysfunction and
inflammation, which have been implicated in a wide
range of conditions including CVD and diabetes [2,3].
There is a pathogenic link between autonomic imbal-

ance and insulin resistance and hypertension onset
[9-14]. In addition to genetic background and environ-
ment, AI (autonomic imbalance) could be a common
root of HTN (hypertension) or HTN plus T2D (type 2
diabetes) comorbidity development. T2D comorbidity
can be added to HTN by decreased energy dissipation,
gaining weight and then insulin resistance [15]. It is
known that a chronic increase in sympathetic outflow
has been reported to decrease b-adrenergic responsive-
ness itself, by a down-regulation of b-adrenergic recep-
tors, which are known to mediate energy expenditure
either at rest or after food intake [16].
These obesity-related disorders including metabolic

syndrome, diabetes, atherosclerosis, hypertension, and
coronary artery disease are associated with dysregulated
adipokine(s) expression such as adiponectin [17].
Adiponectin is a hormone that is produced by adipo-

cytes [18]. In patients with type 2 diabetes mellitus, low
plasma adiponectin levels are associated with insulin
resistance and have also been shown to be an indepen-
dent predictor of type 2 diabetes mellitus [19]. In addi-
tion, sympathetic nervous overactivity is associated with
hypoadiponectinemia [20,21]. However, there is still

limited information on the relationship between plasma
adiponectin, obesity, T2D and cardiac autonomic nervous
function, especially in resistant hypertension (RHTN).
In order to better understand the triggered emergence

of obesity and T2D comorbidity in resistant hyperten-
sion, we investigated the pattern of autonomic activity
in the circadian rhythm in this population with and
without type 2 diabetes (T2D) and its relationship with
serum adiponectin concentration.

Methods
Twenty-five (25) RHTN subjects [22] [15 non-T2D and
10 T2D, 15 (60%) females and 10 (40%) males], regularly
followed in the ambulatory service of cardiovascular
clinical pharmacology, complying with pharmacological
prescription for HTN and T2D, were recruited to parti-
cipate in this transversal study. The diagnosis of resis-
tant hypertension required a good office blood pressure
measurement technique and ambulatory blood pressure
monitoring (ABPM) to confirm persistently elevated
blood pressure levels [23]. Pseudoresistance cases,
including lack of blood pressure control secondary to
poor medication adherence, were properly observed and
excluded [24]. White coat hypertension (WCH) was
excluded by ABPM [23]. Regarding obstructive sleep
apnea (OSA), only patients classified as “low risk” by
Berlin sleep questionnaire were enrolled [25]. Resistant
hypertension include patients whose blood pressure is
uncontrolled with use of more than three medications
or patients whose blood pressure is controlled, but
required four or more medications to achieve blood
pressure goals [23]. All subjects provided written
informed consent and the study was approved by the
local ethics committee.
The exclusion criteria comprised: acute or moderate-

severe renal dysfunction, non-complied pharmacologi-
cal prescription, use of beta-blockers within the last six
months, severe obesity (body mass index ≥ 35 kg/m2),
heart failure (ejection fraction < 50%), valvular heart
disease, cardiomyopathies, primary hyperaldosteronism
[aldosterone:PRA ratio > 20 ng per 100 mL per ng.ml
(-1)h(-1)], sleep apnea (classified as “high risk” by the
Berlin sleep questionnaire), atrial fibrillation, sick sinus
syndrome, supraventricular and ventricular tachycar-
dias, aortic disease (Marfan’s syndrome, coarctation of
the aorta, aneurysms or aortic surgery, etc), history of
coronary artery disease or proven coronary artery dis-
ease by coronary angiography or noninvasive tests,
familial hyperlipidemia, asthma or chronic obstructive
lung disease, pregnancy or oral contraceptive use,
connective tissue disorders, neurological problems,
malignancies, psychiatric diseases, other than T2D
endocrinological diseases, smoking, alcohol use and
drug abuse.
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Blood pressure measurements
Blood pressure was assessed by considering the orienta-
tions of the last guideline on hypertension of the Eur-
opean Society of Cardiology [26]. Blood pressure (SBP -
systolic blood pressure/DBP - diastolic blood pressure)
was measured three times for each subject using a digi-
tal sphygmomanometer (Omron HEM-711DLX) on the
right upper arm in the sitting position after a 10-minute
rest. The average of two consecutive measurements was
used with a variation lower than 5 mmHg.

Laboratory analysis
All subjects underwent the following laboratory tests:
hemogram, serum fasting glucose, glycolized hemoglobin
(HbA1c), serum urea and creatinine, serum total choles-
terol, serum LDL-cholesterol fraction, serum HDL-choles-
terol fraction, serum triglycerides, serum uric acid, serum
sodium and potassium, and plasma adiponectin levels
(Quantikine® Human total adiponectin/Acrp30 Immu-
noassay DRP 300, R&D Systems, Inc., Minneapolis, USA).

Echocardiographic examination
All subjects were submitted to standard transthoracic
echocardiography in the left lateral decubitus position
by using a Vivid 7 Pro machine with a 2.5 Mhz probe
(General Electric, Florida, USA). Standard transthoracic
views were used to determine end-diastolic and end-sys-
tolic volumes, stroke volume index, left ventricular ejec-
tion fraction (LVEF), transmitral E and A waves
velocities, E/A ratio, tissue doppler velocity of the mitral
annulus and left ventricular mass index (LVMI). The
left ventricular diastolic dysfunction (LVDD) was
assessed by the Omnen SR and Nishimura RA algo-
rithm[27]. The echocardiographic examination was per-
formed by only one experienced cardiologist examiner.
There was no intra or inter-observer measurement
variability.

Heart rate variability
Heart rate variability (HRV) parameters were derived
from the recording of 24-hour Holter monitoring and
analyzed in time and frequency domains. Measures were
stratified into three time periods for time domain:
24 hour period (24 h), day time period (DT), 1 p.m. to
5 p.m. and night time period (NT), from 2 a.m to 6 a.m.
Frequency domain measures were stratified into two per-
iods of one hour each at 3 a.m. (night time period - NT)
and 3 p.m. (day time period - DT). A three-channel, 24-
hour Holter recording was obtained from each subject
using the Cardio light digital 24-hour recorder device
and the CardioSmart Institutional CS 550 software
(Cardio Sistema Comércio e Indústria Ltda, São Paulo,
SP, Brazil).

Time domain HRV parameters included the following
measures [6,28]:

- rMSSD (ms): Square root of the mean of the
squares of differences between successive RR
intervals.
- SDNN (ms): Standard deviation of all normal RR
intervals in 24-hour Holter recording.
- SDANN (ms): Standard deviation of RR intervals
means in all 5-minute segments of 24-hour
recording.
- pNN50 (%): Percentage of differences between suc-
cessive RR intervals that are greater than 50 ms.

Frequency domain measures were calculated using the
Fast Fourier Transform (FFT) to break down the time
series to its underlying periodic function. Frequency
domain HRV parameters included the following mea-
sures [6,28]:

- Low frequency (LF) and high frequency (HF) mea-
sured in normalized units, which represent the rela-
tive value of each power component in proportion
to the total power minus the very low frequency
(VLF) component. Normalized LF (LF nu) was cal-
culated as LF power in normalized units LF/(total
power-VLF) × 100, and normalized HF (HF nu) as
HF power in normalized units HF/(total power-VLF)
× 100. Low frequency (LF) and high frequency (HF).
LF nu and HF nu denote the energy in the heart
period power spectrum between 0.04 and 0.15 Hz
(which is due to the joint action of the vagal and
sympathetic components on the heart, with a predo-
minance of the sympathetic ones) and 0.15 and 0.40
Hz (which corresponds to the respiratory modula-
tion and is an indicator of the performance of the
vagus nerve on the heart), respectively. “Day time”
and “night time” were established at 3:00 p.m. and
3:00 a.m., respectively, in order to collect HRV data
during wake and sleep periods.

Statistical analysis
Data were expressed as mean (μ) and standard deviation
(SD) or mean (μ) and standard error of the mean (SEM)
for HRV measures. Unpaired groups were compared
using Mann-Whitney U test while correlation analysis
were performed using Spearman’s rank test. Fisher’s
exact test was used to determine whether a certain
group had significantly different proportion of a particu-
lar characteristic. The level of statistical significance
accepted was less than 0.05. All data were entered into
a spreadsheet program (MS Excel Microsoft Corp,
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Phoenix, Arizona, USA) for statistical analysis. Analytical
statistics were performed by Analyse-it version 2.21
Excel 12+ (Analyse-it Software Ltd., Leeds, UK), a statis-
tical add-in program for Excel (MS Excel Microsoft
Corp, Phoenix, Arizona, USA).

Results
The general characteristics of the study groups are listed
in table 1. No statistical differences were observed between
the non-T2D and T2D subgroups with respect to age and
gender. The mean ages were 54.7 and 54.9 in non-T2D
and T2D patients, respectively. Women made up equally
40% of the patients in these groups. Both groups demon-
strated similar characteristics despite of the laboratory
analysis concerning T2D diagnosis like fasting glucose
(167.8 ± 9.2 vs 92.9 ± 9.2 mg/dL - p < 0.0001) and HbA1c
levels (9.3 ± 2.1 vs 5.8 ± 0.3% - p < 0.0001) (Table 1).
However, the T2D group showed a greater BMI and
higher serum triglyceride levels than the non-T2D group
(33.7 ± 4.0 vs 26.6 ± 3.7 kg/m2, - p = 0.0002; 254.8 ± 226.4
vs 108.6 ± 48.7 mg/dL - p = 0.041) (Table 1). Concerning
HRV parameters, the following evaluations were reduced
in T2D: 24 hour-SDNN (89.1 ± 19.9 vs 122.9 ± 39.5 ms;
p = 0.0009), Day time SDNN (58.2 ± 13.6 vs 78.5 ± 24.9
ms; p = 0.03), 24 hour-SDANN (79.8 ± 17.1 vs 122.9 ±
39.5 ms; p = 0.0012), Day time SDANN (47.8 ± 3.5 vs 65.5
± 6.5 ms; p = 0.03), Day time rMSSD (13.8 ± 1.9 vs 19.8 ±
2.2; p = 0.05), 24 hour-pNN50 (1.8 ± 2.1 vs 5.3 ± 6.4%;

p = 0.047), Day time pNN50 (0.5 ± 0.5 vs 2.6 ± 2.9%; p =
0.035) and Night time pNN50 (4.2 ± 1.6 vs 12.4 ± 4.7; p =
0.04) (Figure 1). Although the remaining HRV parameters
in time domain have demonstrated greater autonomic
imbalance in the T2D group, they did not achieve statisti-
cally significance (p > 0.05) (Figure 1).
Frequency domain parameters demonstrated inverted

pattern of tone intensity for both branches of the auto-
nomic system during day and night periods in both
groups. Regarding the non-T2D group, LF nu during
day and night were 22.5 ± 3.2 vs 51.0 ± 7.1 (p = 0.00)
and HF nu were 77.5 ± 3.2 vs 48.9 ± 7.1 (p = 0.00),
respectively. For the same group, HF nu during day and
night were 77.5 ± 3.2 vs 48.9 ± 7.1 (p = 0.00), respec-
tively. Regarding the T2D group, LF nu during day and
night were 25.7 ± 7.1 vs 47.1 ± 7.3 (p = 0.01) and HF
nu were 74.2 ± 7.1 vs 52.8 ± 7.3 (p = 0.01), respectively
(Figure 2). For the same group, HF nu during day and
night were 74.2 ± 7.1 vs 52.8 ± 7.3 (p = 0.01), respec-
tively (Figure 2). There were no differences between
non-T2D and T2D groups in frequency domain para-
meters (Table 2).
Total patients (non-T2D and T2D groups) had HRV cor-

related positively with serum adiponectin (r = 0.37 [95% CI
-0.04 - 1.00] p = 0.03) and negatively with HbA1c levels
(r = -0.58 [95% CI -1.00 - -0.3] p = 0.00). Total patients
had also adiponectin correlated negatively with HbA1c
levels (r = -0.40 [95% CI -1.00 - -0.07] p = 0.02) (Figure 3).

Table 1 General characteristics of study groups

Characteristic/Variable Non-T2D group (n = 15) T2D group (n = 10) p-value

Gender 60% (female)/40% (male) 60% (female)/40% (male) 1.00

Age (year) 54.7 ± 10.0 [49.2 - 60.3] 54.9 ± 8.7 [48.7 - 61.1] 0.89

Hemoglobin (g/dL) 13.6 ± 1.1 [13.0 - 14.3] 13.6 ± 1.4 [12.6 - 14.6] 0.97

Hematocrit (%) 41.1 ± 2.7 [39.6 - 42.7] 40.4 ± 4.0 [37.5 - 43.3] 0.56

Body mass index (kg/m2)* 26.6 ± 3.7 [24.5 - 28.7] 33,7 ± 4,0 [30.8 - 36.6] 0.00

Fasting glucose (mg/dL)* 92.9 ± 9.2 [87.9 -98.0] 167.8 ± 64.0 [117.8 - 258.2] 0.00

HbA1c (%)* 5.8 ± 0.3 [5.6 - 6.0] 9.3 ± 2.1 [7.7 - 10.8] 0.00

Serum adiponectin (ng/mL)* 10911.5 ± 5554.0
[7835.7 - 13987.2]

6729.7 ± 3381.5
[4310.8 - 9148.7]

0.04

Serum urea (mg/dL) 34.2 ± 12.8 [27.1 - 41.3] 38.0 ± 7.8 [32.4 - 43.6] 0.46

Serum creatinine (mg/dL) 0.9 ± 0.2 [0.8 - 1.0] 0,9 ± 0.1 [0.7 - 1.0] 0.93

Total cholesterol (mg/dL) 193.7 ± 48.8 [166.7 - 220.8] 193.5 ± 33.2 [169.8 - 217.2] 0.36

LDL-cholesterol (mg/dL) 119.4 ± 47.0 [93.4 - 145.4] 104.3 ± 31.1 [82.0 - 126.6] 0.84

HDL-cholesterol (mg/dL) 50.8 ± 17.0 [41.4 - 60.2] 42.9 ± 11.0 [35.0 - 50.8] 0.21

Serum triglycerides (mg/dL)* 108.6 ± 48.7 [81.6 -135.6] 254.8 ± 226.4 [92.9 - 416.7] 0.04

Uric Acid (mg/dL) 5.3 ± 1.1 [4.7 - 6.0] 5.7 ± 1.2 [4.8 - 6.5] 0.60

Na (mEq/L) 140.1 ± 2.2 [138.9 - 141.3] 138.8 ± 2.0 [137.3 - 140.3] 0.17

K (mEq/L) 4.3 ± 0.5 [4.0 -4.6] 4.2 ± 0.4 [3.8 - 4.5] 0.49

UACR (mg/g) 11.3 ± 13.2 [4.0 - 18.7] 138.2 ± 229.8 [-26.2 - 302.6] 0.17

Office SBP (mmHg) 154.3 ± 21.6 [142.3 -166.2] 156.5 ± 30.6 [134.7 - 178.4] 0.93

Office DBP (mmHg) 92.9 ± 10.8 [86.9 - 98.8] 90.1 ± 18.2 [77.0 - 103.1] 0.33

The values are expressed as means ± standard deviation; [95% confidence interval]; (*) Statistical significance (p < 0.05); Non-T2D: non type 2 diabetes resistant
hypertension; T2D: type 2 diabetes resistant hypertension.
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Figure 1 Autonomic imbalance. Heart rate variability (HRV) in time domain between non type 2 diabetes (T2D) (white column) and T2D (black
column) RH patients. A: SDNN (ms): Standard deviation of all normal RR intervals in 24-hour Holter recording; B: SDANN (ms): Standard deviation
of RR means intervals in all 5-minute segments of 24-hour recording; C: rMSSD (ms): Square root of the mean of the squares of differences
between successive RR intervals; D: pNN50 (%): Percentage of differences between successive RR intervals that are greater than 50 ms; DT: Day
time (1 p.m. - 5 p.m.); NT: Night time (2 a.m. - 6 a.m.); 24 h: 24 hours; (*) Statistical significance (p < 0.05).

Figure 2 LF nu: Circadian disruption. Heart rate variability (HRV) in frequency domain between non type 2 diabetes (T2D) (white column) and
T2D (black column) RH patients. LF nu: Low frequency in normalized units; HF nu: High frequency in normalized units; DT: Day time (3 p.m.); NT:
Night time (3 a.m.); Statistical significance: (*) p < 0.05 vs LF nu DT non-T2D (**) p < 0.05 vs LF nu DT T2D; (§) p < 0.05 vs HF nu DT non-T2D; (†)
p < 0.05 vs HF nu DT T2D.
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It has also been observed that the T2D group was tak-
ing more anti-hypertensive drugs than the non-T2D
group (Table 3). In addition, the T2D group demon-
strated greater prevalence of left ventricular diastolic
dysfunction than the non-T2D group despite of similar
left ventricle hypertrophy index (Table 4).

Discussion
Important findings
We found that the AI is more impaired in T2D RHTN
patients than the non-T2D group. As expected, the T2D
group had greater BMI and serum triglycerides than the
non-T2D group. Considering the total of patients, an
established negative correlation between HbA1c levels
and serum adiponectin concentration was also observed.
In addition to these well-known characteristics between
non-T2D and T2D patients, considering the total
patients, HRV correlated positively with adiponectin and
negatively with HbA1c levels. Interestingly, despite of
the higher AI in the T2D subgroup, both groups
demonstrated similar inverted pattern of sympathetic
and parasympathetic tones during day and night periods.
As far as we know, this is the first time that AI and
circadian disruption (CD) were evaluated in RHTN
patients with or without T2D in order to better under-
stand their synergistic role in obesity and T2D associa-
tion with RHTN.

Historical aspects of autonomic dysfunction
Since the fifth decade, cardiovascular autonomic research-
ers have cogitated whether AI would be a cause or conse-
quence of hypertension [29]. Subsequently, it was
demonstrated that AI could lead not only to hypertension,
but also to T2D [7]. Reasonable amount of data provide
evidences for prediction hypertension or diabetes onset
due autonomic imbalance evaluated by HRV parameters
in time or frequency domain [9-14]. Autonomic imbalance
causes, at first, increased insulin sensitivity and reduced
energy dissipation [15]. Concomitantly, insulin resistance
impairs the overall mean levels of cardiac autonomic mod-
ulation among persons with T2D [30].

Pathogenesis of autonomic dysfunction and metabolic
disorders
The increased concentration of angiotensin II inhibits
intracellular signaling to GLUT 4 expression on the sur-
face of the cells leading to insulin resistance [31,32].
However, the observation that not all subjects follow
this link suggests that other factors, including genetic
predisposition and environment, can influence it at var-
ious levels [33-38].
A chronic increase in sympathetic outflow has been

reported to decrease b-adrenergic responsiveness itself,
through down-regulation of b-adrenergic receptors,
which are known to mediate energy expenditure both at

Table 2 Heart rate variability (HRV) in time and frequency domain between non-T2D and T2D resistant hypertension
patients

HRV variable Non-T2D group (n = 15) T2D group (n = 10) p-value

24 hour-SDNN * 131.5 ± 9.9 [110 - 152,9] 89.1 ± 6.2 [74.9 - 103.3] 0.00

Day time SDNN * 78.5 ± 6.4 [64.7 - 92.3] 58.2 ± 4.3 [48.5 - 67.9] 0.03

Night time SDNN 104.7 ± 11.1 [80.8 -128.5] 84.7 ± 12.0 [57.6 - 111.8] 0.21

24 hour-SDANN * 122.9 ± 10.2 [101.0 - 144.8] 79.8 ± 5.4 [67.6 - 92.0] 0.00

Day time SDANN * 65.5 ± 6.5 [51.5 - 79.4] 47.8 ± 3.5 [39.7 - 55.9] 0.03

Night time SDANN 73.2 ± 10.7 [50.1 - 96.3] 67.3 ± 11.0 [42.3 - 92.3] 0.80

24 hour-pNN50 * 5.3 ± 1.6 [1.8 - 8.9] 1.8 ± 0.6 [0.3 - 3.3] 0.05

Day time pNN50 * 2.6 ± 0.7 [0.9 - 4.2] 0.5 ± 0.1 [0.1 - 0.8] 0.04

Night time pNN50 * 12.4 ± 4.7 [2.3 - 22.5] 4.2 ± 1.6 [0.5 - 7.9] 0.04

24 hour-rMSSD 27.4 ± 4.0 [18.7 - 36.1] 19.7 ± 3.6 [11.6 - 27.8] 0.17

Day time rMSSD * 19.8 ± 2.2 [14.9 - 24.7] 13.8 ± 1.9 [9.5 - 18.1] 0.05

Night time rMSSD 37.3 ± 8.2 [19.6 - 55.0] 27.8 ± 6.1 [14.0 - 41.6] 0.21

Day time LF nu 22.5 ± 3.2 [15.4 - 29.5] 25.7 ± 7.1 [9.6 - 41.8] 0.97

Night time LF nu 51.0 ± 7.1 [35.8 - 66.3] 47.1 ± 7.3 [30.5 - 63.8] 0.80

Day time HF nu 77.5 ± 3.2 [70.4 - 84.5] 74.2 ± 7.1 [58.1 - 90.3] 0.97

Night time HF nu 48.9 ± 7.1 [33.6 - 64.1] 52.8 ± 7.3 [36.2 - 69.4] 0.80

The values are expressed as means ± standard error of the mean; [95% confidence interval]; (*) Statistical significance (p < 0.05). SDNN (ms): Standard deviation
of all normal RR intervals in 24-hour Holter recording; SDANN (ms): Standard deviation of means of RR intervals in all 5-minute segments of 24-hour recording;
pNN50 (%): Percentage of differences between successive RR intervals that are greater than 50 ms; rMSSD (ms): Square root of the mean of the squares of
differences between successive RR intervals; LF nu: Low frequency in normalized units from the power spectra of HRV by computer analysis using Fast Fourier
Transformation (FFT); HF nu: High frequency in normalized units from the power spectra of HRV by computer analysis using FFT; Non-T2D: non type 2 diabetes
resistant hypertension; T2D: type 2 diabetes resistant hypertension.
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Figure 3 A: Correlation between HRV and glycosylated hemoglobin (HbA1c) levels of total RH patients (r = -58; [95% CI -1.0 - -0.3];
p = 0.00); B: Correlation between HRV and adiponectin of total RH patients (r = 0.37; [95% CI -0.04 - 1.0]; p = 0.03); C and D: Matrix
plot of the distribution of values between HRV and adiponectin; E and F: Matrix plot of the distribution of values between HRV and
HbA1c levels; G and H: Matrix plot of the distribution between HbA1c levels and adiponectin. Non-T2D group: white circles; T2D group:
black circles. Parameters for the matrix plot in means: Adiponectin (5548 ng/mL - Healthy volunteers evaluated with plasma EDTA of Quantikine®

lab test), SDNN 24 h (141 ms)[6] and HbA1c (6.0%).
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rest and after food intake [16]. This mechanism could
result in a reduced ability to dissipate energy leading to
weight gain. At first glance, it appears to be in contrast
to the previous reports in rats, where the down-regula-
tion of b-adrenergic receptors, following chronic cate-
cholamine stimulation, has been associated with
increased insulin sensitivity [39]. Moreover, the hypotha-
lamus is a regulatory center of satiety and of the auto-
nomic nervous system (ANS). Therefore, abnormalities
in the hypothalamus may cause obesity and autonomic
dysfunction. This may explain the alterations observed
in the HRV indices [40].
Corroborating the mechanism above, the correlation

between high sympathetic activity and hypoadiponecti-
nemia was previously established [21]. Since we evalu-
ated RHTN patients and hypoadiponectinemia is also
associated with sympathetic activation and severity of
OSA [41], only true RHTN patients classified as “low
risk” (Berlin sleep questionnaire) of OSA diagnosis were
included in this study. We have found positive correla-
tion between HRV and adiponectinemia and it is prop-
erly presumable to us that this adipocytokine may play
an important role in the development of obesity and
T2D in RHTN by the AI patient status. Recently, an
interventional clinical trial with prolonged insulin-glu-
cose infusion was performed with healthy human sub-
jects in order to evaluate the effect of insulin on
adiponectin multimers and nuclear factor-kappaB (NF-
kB) activity in human endothelial cells [42]. Hyperinsuli-
nemic induction significantly decreased high molecular
weight and total adiponectin levels but increased NF-kB

activity in serum treated microvascular endothelial cells
[42].

Lifestyle and circadian disruption
Regarding the contribution of environment in the
genesis of resistant hypertension, obesity and T2D, the
circadian disruption seems to be an important compli-
cating factor. Disrupted circadian rhythms caused by
disturbed sleep-wake cycles, inactivity during the active
period, enhanced activity during the rest period and
high food consumption might lead to attenuated feeding
rhythms, disrupted metabolism and obesity [43]. This
lifestyle may cause high parasympathetic output to
the viscera leading to obesity, hyperinsulinemia, and
hyperlipidemia, or high sympathetic output to the mus-
cle and heart leading to vasoconstriction and hyperten-
sion [44]. In addition to the impairment of AI, circadian
disruption was found in both groups. Since the genetic
background allied to the disruption of the circadian
rhythm favors HTN and metabolic disorders, our results
are in accordance with the literature: findings in murine
models show the strong link between genetic back-
ground and circadian rhythm disruption in determining
the severity of metabolic disorders [43].

Hypoadiponectinemia and metabolic disorders
Diabetic patients had greater BMI and lower adiponectin
values compared to non-T2D patients. It was also nota-
ble that the diabetic group had greater BMI and higher
serum triglyceride levels than the non-diabetic group.
The association between BMI and hypertriglyceridemia

Table 3 Anti-hypertensive (anti-HTN) drugs distribution

Characteristic/Variable Non-T2D group (n = 15) T2D group (n = 10) p-value

Total anti-HTN drugs* 3.3 ± 0.5 [3.1 - 3.6] 4.1 ± 0.7 [3.6 - 4.6] 0.02

Thiazide diuretic 100% (15) 100% (10) -

Aldosterone receptor inhibitor 26.6% (4) 50% (5) 0.40

Angiotensin converting enzyme inhibitor 66.6% (10) 50% (5) 0.68

Angiotensin receptor blocker 40% (6) 70% (7) 0.23

Calcium channel blocker 86.6% (13) 100% (10) 0.50

Centrally acting anti-hypertensive drug 6.6% (1) 40% (4) 0.12

The values are expressed as means ± standard deviation; [95% confidence interval]; (*) Statistical significance (p < 0.05). Non-T2D: non type 2 diabetes resistant
hypertension; T2D: type 2 diabetes resistant hypertension.

Table 4 Echocardiographic parameters of study groups

Characteristic/Variable Non-T2D group (n = 15) T2D group (n = 10) p-value

LVEF (%) 70.3 ± 7.3 [66.3 -74.4] 66.5 ± 21.7 [51.0 - 82.0] 0.28

LVMI (g/m2) 134.1 ± 30.9 [116.9 - 151.2] 148.4 ± 31.6 [125.8 - 171.0] 0.31

LVDD Present in 60% Present in 100% 0.05

The values are expressed as means ± standard deviation; [95% confidence interval]; Non-T2D: non type 2 diabetes resistant hypertension; T2D: type 2 diabetes
resistant hypertension; LVEF: left ventricle ejection fraction; LVMI: left ventricle mass index; LVDD: left ventricle diastolic dysfunction (assessed by the Omnen SR
and Nishimura RA algorithm [27]).
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is also in line with the scientific literature [45]. In addi-
tion, hypoadiponectinemia per se may not be the main
issue in metabolic alterations associated with obesity. A
harmonized pattern of rhythmic expression of adiponec-
tin by visceral and subcutaneous abdominal adipose
tissue seems to be crucial to body fat distribution home-
ostasis as well as to prevent metabolic alterations asso-
ciated with obesity [46].
Based on the above considerations, the imbalance of

autonomic function represents a primary defect leading to
RHTN and insulin resistance. Moreover, circadian disrup-
tion caused by behavior and genetic background disturbs
the balance between sympathetic and parasympathetic
branches during day and night periods. In our opinion, a
higher degree of AI underlies obesity and T2D onset in
RHTN compared to non-T2D RHTN (Figure 4).

Severity of hypertension and autonomic imbalance
However, the significant worsing in AI found in the
T2D group is of interest because we considered the null
hypothesis of no difference between groups due the
severity of hypertension such in RHTN. At first, we pre-
sumed that AI could be different in mild to moderate
stages of hypertension whilst in RHTN this difference
would be strongly attenuated. Since the degree of
impairment in cardiac autonomic control is proportional
to the severity of hypertension, and not necessarily
impaired in mild long-lasting essential hypertension
[47], T2D comorbidity would be determinant of AI in
mild to moderate hypertension, but not so decisive for
AI in RHTN. In fact, Mussalo H et al [47] compared
HRV between severe and mild hypertension. However,
the severe group was not stratified into non-T2D and
T2D subgroups. Once more, in accordance with the
clinical trials of our laboratory [48], RHTN proved to
have a plural complexity. The AI gap between both

groups demonstrated that RHTN per se is not an end
stage of hypertension disease. Especially in RHTN with-
out T2D, there is still a favorable residual autonomic
function which needs to be preserved or enhanced.

Pharmacologic perspectives for RHTN and T2D treatment
It is important to point out that in cases of T2D comor-
bidity, a better awareness of specific characteristics of
diabetes such as decreased energy expenditure, lipolysis
and insulin sensitivity can guide doctors to avoid drugs
which can enhance these phenomena such as conven-
tional or non-vasodilating beta-blockers [49]. However,
considerable heterogeneity exists within the b-blocker
class. Perhaps most important is a variation in adrener-
gic receptor selectivity; nevertheless, there is also varia-
bility in lipophilicity, intrinsic sympathomimetic activity
(ISA), membrane-stabilizing action, and vasodilating
properties [50]. Carvedilol, for instance, is a highly non-
selective lipophilic b-blocker with a1-blocking activity
and no ISA [51]. Its pharmacologic properties may be
associated with a more comprehensive treatment of AI
since they can improve insulin sensitivity in T2D
patients [52-54]. This mechanism, although very intri-
guing, needs further support from more complete
(possibly longitudinal) studies and opens a new and sti-
mulating field towards pharmacology intervention focus-
ing the improvement of autonomic imbalance in T2D
patients in order to optimize glucose metabolism in
addition to BP control in RHTN patients.

Non-pharmacologic treatment of RHTN in real-life
settings
There are different methods to measure the circadian
rhythm: sleep diaries, polysomnographic recording,
actimetry, chronotype identification, body temperature,
pre-sleep measures of melatonin secretion, cortisol

Figure 4 Circadian disruption and autonomic imbalance and their relationship with vasomotor and visceral disturbances in non-T2D
and T2D resistant hypertensive patients. The circadian disruption maximizes the autonomic imbalance in the development of obesity and
T2D in RH.
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secretion and activity of clock genes [55]. However, the
approach of circadian rhythm may not need all these
methods, but simple oriented questions regarding day-
night behavior. In addition to the well-known lifestyle
factors to be assessed by anamnesis such as obesity, diet-
ary salt intake and alcohol consumption [22], we endorse
that the approach of the chronotype of RHTN patients
should also be encouraged by all hypertension guidelines.
The circadian disruption found in this study also rein-

forces the need for lifestyle change in RHTN. Even in
asymptomatic obese adults, abnormalities in circadian
blood pressure variability and endothelial function
exhibited unfavorable cardiometabolic profiles such as
elevated high-sensitivity C-reactive protein, fibrinogen,
fasting serum glucose and cardiac risk ratios (Total
Cholesterol:HDL-cholesterol and LDL-cholesterol:HDL-
cholesterol ratios) [56]. A more comprehensive ana-
mnesis over feeding behavior, physical inactivity during
the day, hyperactivity during the night (or repose) and
duration of sleepiness may help physicians and patients
think about strategies to avoid the circadian disruption.

Limitations of the study
Our main limitation was the recruitment of “true”
RHTN patients and then the small sample size is note-
worthy. Despite of the small sample size, it was possible
to identify greater AI in the T2D subgroup. We
assumed that the small sample size of the T2D group is
a result of the prevalent exclusion criteria of moderate
to severe renal dysfunction, history of coronary artery
disease and b-blocker already in use in this population.

General findings and future perspectives
We concluded that, in spite of circadian disruption, even
in RHTN patients there is a residual autonomic function
compared to T2D patients. Furthermore, it is clear that
the evaluation of BMI, adiponectin and HRV of RHTN
patients can reveal the risk of T2D association or future
development in this high risk population. However, an
appropriate risk matrix to evaluate this prognostic infor-
mation will demand a longitudinal clinical study with
significant greater sample size of RHTN patients.

Conclusion
Type 2 diabetes comorbidity is associated with greater
autonomic imbalance, lower adiponectin levels and
greater BMI in RHTN patients. Moreover, similar circa-
dian disruption was also found in both groups indicating
the importance of lifestyle behavior in the genesis of
RHTN. A better comprehension of the patterns of auto-
nomic imbalance and circadian disruption in RHTN is
one more parameter to guide clinicians toward a holistic
treatment of hypertension and diabetes.

List of Abbreviations Used
AI: autonomic imbalance; HTN: hypertension; T2D: type 2 diabetes; HRV:
heart rate variability; BMI: body mass index; RHTN: resistant hypertension;
SBP: systolic blood pressure; DBP: diastolic blood pressure; EDTA:
ethylenediamine tetraacetic acid; LVEF: left ventricle ejection fraction; LVMI:
left ventricle mass index; DT: day time; NT: night time; rMSSD: Square root of
the mean of the squares of differences between successive RR intervals;
SDNN: Standard deviation of all normal RR intervals in 24-hour Holter
recording; SDANN: Standard deviation of RR intervals means in all 5-minute
segments of 24-hour recording; pNN50: Percentage of differences between
successive RR intervals that are greater than 50 ms; FFT: Fast Fourier
Transformation; LF nu: low frequency in normalized units; HF nu: high
frequency in normalized units; VLF: very low frequency; SD: standard
deviation; SEM: standard error of the mean; ANS: autonomic nervous system;
OSA: obstructive sleep apnea; ISA: intrinsic sympathomimetic activity; NF-kB:
nuclear factor-kappaB.

Acknowledgements
This study and Caroline Demacq were supported by the State of São Paulo
Research Foundation (Fapesp), SP, Brazil. H. Moreno Jr. and V. Nasser
Figueiredo were supported by the National Council for Scientific and
Technological Development (CNPq) and the Coordination for Improvement
of Higher Education Personnel (Capes), (Brazil). Technical support and
training for Cardio light digital 24-hour recorder device and the CardioSmart
Institutional CS 550 software provided by Cardio Sistema Comércio e
Indústria Ltda, São Paulo, SP, Brazil.

Author details
1Cardiovascular Pharmacology Laboratory, Faculty of Medical Sciences and Clinic
Hospital, State University of Campinas (UNICAMP), Campinas, São Paulo, Brazil.
2Cardiology Department, Faculty of Medical Sciences and Clinic Hospital, State of
Campinas (UNICAMP), Campinas, São Paulo, Brazil. 3Hypertension Unit, Heart
Institute (InCor), Clinical Hospital of São Paulo, Faculty of Medicine, University of
São Paulo, São Paulo, Brazil. 4Cardiovascular & Metabolism Unit, Pharma Sector,
Novartis Biociências S.A., São Paulo, Brazil.

Authors’ contributions
LBM, LCM and HMJ contributed to the design, analysis, and interpretation of
this study. VNF and CD contributed to the collection and critical analysis of
clinical and laboratory data. FPSC and MJF contributed to critical analysis of
heart rate variability data. FCB contributed to the writing of this manuscript
and critical review of the version for submission. All authors have read and
approved the final manuscript.

Competing interests
LBM and CD are employees of Novartis Biociências S.A. (Brazil).

Received: 26 January 2011 Accepted: 22 March 2011
Published: 22 March 2011

References
1. McGill JB, Haffner S, Rees TJ, Sowers JR, Tershakovec AM, Weber M:

Progress and controversies: treating obesity and insulin resistance in the
context of hypertension. J Clin Hypertens (Greenwich) 2009, 11(1):36-41.

2. Kiecolt-Glaser JK, McGuire L, Robles TF, Glaser R: Emotions, morbidity, and
mortality: new perspectives from psychoneuroimmunology. Annu Rev
Psychol 2002, 53:83-107.

3. Ershler WB, Keller ET: Age-associated increased interleukin-6 gene
expression, late-life diseases, and frailty. Annu Rev Med 2000, 51:245-270.

4. Kleiger RE, Miller JP, Bigger JT Jr, Moss AJ: Decreased heart rate variability
and its association with increased mortality after acute myocardial
infarction. Am J Cardiol 1987, 59(4):256-262.

5. Gerritsen J, Dekker JM, TenVoorde BJ, Kostense PJ, Heine RJ, Bouter LM,
Heethaar RM, Stehouwer CD: Impaired autonomic function is associated
with increased mortality, especially in subjects with diabetes,
hypertension, or a history of cardiovascular disease: the Hoorn Study.
Diabetes Care 2001, 24(10):1793-1798.

6. Sztajzel J: Heart rate variability: a noninvasive electrocardiographic
method to measure the autonomic nervous system. Swiss Med Wkly
2004, 134(35-36):514-522.

Boer-Martins et al. Cardiovascular Diabetology 2011, 10:24
http://www.cardiab.com/content/10/1/24

Page 10 of 12

http://www.ncbi.nlm.nih.gov/pubmed/19125857?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19125857?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11752480?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11752480?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10774463?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10774463?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3812275?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3812275?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3812275?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11574444?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11574444?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11574444?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15517504?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15517504?dopt=Abstract


7. Thayer JF, Yamamoto SS, Brosschot JF: The relationship of autonomic
imbalance, heart rate variability and cardiovascular disease risk factors.
Int J Cardiol 2010, 141(2):122-131.

8. Heart rate variability: standards of measurement, physiological
interpretation and clinical use. Task Force of the European Society of
Cardiology and the North American Society of Pacing and
Electrophysiology. Circulation 1996, 93(5):1043-1065.

9. Carnethon MR, Fortmann SP, Palaniappan L, Duncan BB, Schmidt MI,
Chambless LE: Risk factors for progression to incident hyperinsulinemia:
the Atherosclerosis Risk in Communities Study, 1987-1998. Am J
Epidemiol 2003, 158(11):1058-1067.

10. Liao D, Cai J, Barnes RW, Tyroler HA, Rautaharju P, Holme I, Heiss G:
Association of cardiac autonomic function and the development of
hypertension: the ARIC study. Am J Hypertens 1996, 9(12 Pt 1):1147-1156.

11. Liao D, Cai J, Brancati FL, Folsom A, Barnes RW, Tyroler HA, Heiss G:
Association of vagal tone with serum insulin, glucose, and diabetes
mellitus–The ARIC Study. Diabetes Res Clin Pract 1995, 30(3):211-221.

12. Schroeder EB, Liao D, Chambless LE, Prineas RJ, Evans GW, Heiss G:
Hypertension, blood pressure, and heart rate variability: the
Atherosclerosis Risk in Communities (ARIC) study. Hypertension 2003,
42(6):1106-1111.

13. Singh JP, Larson MG, O’Donnell CJ, Wilson PF, Tsuji H, Lloyd-Jones DM,
Levy D: Association of hyperglycemia with reduced heart rate variability
(The Framingham Heart Study). Am J Cardiol 2000, 86(3):309-312.

14. Singh JP, Larson MG, Tsuji H, Evans JC, O’Donnell CJ, Levy D: Reduced
heart rate variability and new-onset hypertension: insights into
pathogenesis of hypertension: the Framingham Heart Study.
Hypertension 1998, 32(2):293-297.

15. Frontoni S, Bracaglia D, Gigli F: Relationship between autonomic
dysfunction, insulin resistance and hypertension, in diabetes. Nutr Metab
Cardiovasc Dis 2005, 15(6):441-449.

16. Julius S, Valentini M, Palatini P: Overweight and hypertension: a 2-way
street? Hypertension 2000, 35(3):807-813.

17. Zhang H, Cui J, Zhang C: Emerging role of adipokines as mediators in
atherosclerosis. World J Cardiol 2010, 2(11):370-376.

18. Galic S, Oakhill JS, Steinberg GR: Adipose tissue as an endocrine organ.
Mol Cell Endocrinol 2010, 316(2):129-139.

19. Antoniades C, Antonopoulos AS, Tousoulis D, Stefanadis C: Adiponectin:
from obesity to cardiovascular disease. Obes Rev 2009, 10(3):269-279.

20. Fasshauer M, Kralisch S, Klier M, Lossner U, Bluher M, Klein J, Paschke R:
Adiponectin gene expression and secretion is inhibited by interleukin-6
in 3T3-L1 adipocytes. Biochem Biophys Res Commun 2003,
301(4):1045-1050.

21. Takahashi N, Anan F, Nakagawa M, Yufu K, Shinohara T, Tsubone T, Goto K,
Masaki T, Katsuragi I, Tanaka K, et al: Hypoadiponectinemia in type 2
diabetes mellitus in men is associated with sympathetic overactivity as
evaluated by cardiac 123I-metaiodobenzylguanidine scintigraphy.
Metabolism 2007, 56(7):919-924.

22. Calhoun DA, Jones D, Textor S, Goff DC, Murphy TP, Toto RD, White A,
Cushman WC, White W, Sica D, et al: Resistant hypertension: diagnosis,
evaluation, and treatment: a scientific statement from the American
Heart Association Professional Education Committee of the Council for
High Blood Pressure Research. Circulation 2008, 117(25):e510-526.

23. Calhoun DA, Jones D, Textor S, Goff DC, Murphy TP, Toto RD, White A,
Cushman WC, White W, Sica D, et al: Resistant hypertension: diagnosis,
evaluation, and treatment. A scientific statement from the American
Heart Association Professional Education Committee of the Council for
High Blood Pressure Research. Hypertension 2008, 51(6):1403-1419.

24. de Souza WA, Sabha M, de Faveri Favero F, Bergsten-Mendes G, Yugar-
Toledo JC, Moreno H: Intensive monitoring of adherence to treatment
helps to identify “true” resistant hypertension. J Clin Hypertens (Greenwich)
2009, 11(4):183-191.

25. Drager LF, Genta PR, Pedrosa RP, Nerbass FB, Gonzaga CC, Krieger EM,
Lorenzi-Filho G: Characteristics and predictors of obstructive sleep apnea
in patients with systemic hypertension. Am J Cardiol 2010,
105(8):1135-1139.

26. Mansia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, Germano G,
Grassi G, Heagerty AM, Kjeldsen SE, Laurent S, et al: 2007 ESH-ESC
Guidelines for the management of arterial hypertension: the task force
for the management of arterial hypertension of the European Society of

Hypertension (ESH) and of the European Society of Cardiology (ESC).
Blood Press 2007, 16(3):135-232.

27. Ommen SR, Nishimura RA: A clinical approach to the assessment of left
ventricular diastolic function by Doppler echocardiography: update
2003. Heart 2003, 89(Suppl 3):iii18-23.

28. Vanderlei LC, Pastre CM, Hoshi RA, Carvalho TD, Godoy MF: Basic notions
of heart rate variability and its clinical applicability. Rev Bras Cir
Cardiovasc 2009, 24(2):205-217.

29. Sleight P: What is hypertension? Recent studies on neurogenic
hypertension. Br Heart J 1971, 33(Suppl):109-112.

30. Rodriguez-Colon SM, Li X, Shaffer ML, He F, Bixler EO, Vgontzas AN, Cai J,
Liao D: Insulin resistance and circadian rhythm of cardiac autonomic
modulation. Cardiovasc Diabetol 2010, 9:85.

31. Carvalho-Filho MA, Carvalheira JBC, Velloso LA, Saad MJA: Cross-talk das
vias de sinalização de insulina e angiotensina II: implicações com a
associação entre diabetes mellitus e hipertensão arterial e doença
cardiovascular. Arq Bras Endocrinol Metab 2007, 51(2):195-203.

32. Jandeleit-Dahm KA, Tikellis C, Reid CM, Johnston CI, Cooper ME: Why
blockade of the renin-angiotensin system reduces the incidence of new-
onset diabetes. J Hypertens 2005, 23(3):463-473.

33. Hall JE, Coleman TG, Mizelle HL, Smith MJ Jr: Chronic hyperinsulinemia
and blood pressure regulation. Am J Physiol 1990, 258(3 Pt 2):F722-731.

34. Landsberg L: Insulin-mediated sympathetic stimulation: role in the
pathogenesis of obesity-related hypertension (or, how insulin affects
blood pressure, and why). J Hypertens 2001, 19(3 Pt 2):523-528.

35. Landsberg L, Troisi R, Parker D, Young JB, Weiss ST: Obesity, blood
pressure, and the sympathetic nervous system. Ann Epidemiol 1991,
1(4):295-303.

36. Muscelli E, Emdin M, Natali A, Pratali L, Camastra S, Gastaldelli A, Baldi S,
Carpeggiani C, Ferrannini E: Autonomic and hemodynamic responses to
insulin in lean and obese humans. J Clin Endocrinol Metab 1998,
83(6):2084-2090.

37. Reaven GM, Lithell H, Landsberg L: Hypertension and associated
metabolic abnormalities–the role of insulin resistance and the
sympathoadrenal system. N Engl J Med 1996, 334(6):374-381.

38. Troisi RJ, Weiss ST, Parker DR, Sparrow D, Young JB, Landsberg L: Relation
of obesity and diet to sympathetic nervous system activity. Hypertension
1991, 17(5):669-677.

39. Lupien JR, Hirshman MF, Horton ES: Effects of norepinephrine infusion on
in vivo insulin sensitivity and responsiveness. Am J Physiol 1990, 259(2 Pt
1):E210-215.

40. Tonhajzerova I, Javorka M, Trunkvalterova Z, Chroma O, Javorkova J,
Lazarova Z, Ciljakova M, Javorka K: Cardio-respiratory interaction and
autonomic dysfunction in obesity. J Physiol Pharmacol 2008, 59(Suppl
6):709-718.

41. Lam JC, Xu A, Tam S, Khong PI, Yao TJ, Lam DC, Lai AY, Lam B, Lam KS,
Mary SM: Hypoadiponectinemia is related to sympathetic activation and
severity of obstructive sleep apnea. Sleep 2008, 31(12):1721-1727.

42. Tan BK, Adya R, Lewandowski KC, O’Hare JP, Randeva HS: Diurnal variation
and effect of insulin on circulating high molecular weight (HMW)
adiponectin and NF-kappaB activity in human endothelial cells.
Atherosclerosis 2011, 214(1):174-177.

43. Froy O: The circadian clock and metabolism. Clin Sci (Lond) 2011,
120(2):65-72.

44. Froy O: Metabolism and circadian rhythms–implications for obesity.
Endocr Rev 2010, 31(1):1-24.

45. McAdams MA, Van Dam RM, Hu FB: Comparison of self-reported and
measured BMI as correlates of disease markers in US adults. Obesity
(Silver Spring) 2007, 15(1):188-196.

46. Garaulet M, Ordovas JM, Gomez-Abellan P, Martinez JA, Madrid JA: An
approximation to the temporal order in endogenous circadian rhythms
of genes implicated in human adipose tissue metabolism. J Cell Physiol
2010.

47. Mussalo H, Vanninen E, Ikaheimo R, Laitinen T, Laakso M, Lansimies E,
Hartikainen J: Heart rate variability and its determinants in patients with
severe or mild essential hypertension. Clin Physiol 2001, 21(5):594-604.

48. Martins LC, Figueiredo VN, Quinaglia T, Boer-Martins L, Yugar-Toledo JC,
Martin JF, Demacq C, Pimenta E, Calhoun DA, Moreno H Jr: Characteristics
of resistant hypertension: ageing, body mass index, hyperaldosteronism,
cardiac hypertrophy and vascular stiffness. J Hum Hypertens 2010.

Boer-Martins et al. Cardiovascular Diabetology 2011, 10:24
http://www.cardiab.com/content/10/1/24

Page 11 of 12

http://www.ncbi.nlm.nih.gov/pubmed/19910061?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19910061?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14630601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14630601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8972884?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8972884?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8861461?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8861461?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14581296?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14581296?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10922439?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10922439?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9719057?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9719057?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9719057?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16314230?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16314230?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10720599?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10720599?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21179304?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21179304?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19723556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19389061?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19389061?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12589818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12589818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17570253?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17570253?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17570253?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18574054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18574054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18574054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18574054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18391085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18391085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18391085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18391085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19614802?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19614802?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20381666?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20381666?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17846925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17846925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17846925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17846925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14594871?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14594871?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14594871?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19768301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19768301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4929434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4929434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21134267?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21134267?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15716683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15716683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15716683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2180321?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2180321?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11327624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11327624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11327624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1669511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1669511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9626143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9626143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8538710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8538710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8538710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2022410?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2022410?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2116726?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2116726?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19218698?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19218698?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19090328?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19090328?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21067753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21067753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21067753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20929440?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19854863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17228047?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17228047?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21136490?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21136490?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21136490?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11576161?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11576161?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20927128?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20927128?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20927128?dopt=Abstract


49. Jansen PM, Danser JA, Spiering W, van den Meiracker AH: Drug
mechanisms to help in managing resistant hypertension in obesity. Curr
Hypertens Rep 2010, 12(4):220-225.

50. Lopez-Sendon J, Swedberg K, McMurray J, Tamargo J, Maggioni AP,
Dargie H, Tendera M, Waagstein F, Kjekshus J, Lechat P, et al: Expert
consensus document on beta-adrenergic receptor blockers. Eur Heart J
2004, 25(15):1341-1362.

51. Pedersen ME, Cockcroft JR: The vasodilatory beta-blockers. Curr Hypertens
Rep 2007, 9(4):269-277.

52. Bakris GL, Fonseca V, Katholi RE, McGill JB, Messerli FH, Phillips RA, Raskin P,
Wright JT Jr, Oakes R, Lukas MA, et al: Metabolic effects of carvedilol vs
metoprolol in patients with type 2 diabetes mellitus and hypertension: a
randomized controlled trial. JAMA 2004, 292(18):2227-2236.

53. Giugliano D, Acampora R, Marfella R, De Rosa N, Ziccardi P, Ragone R, De
Angelis L, D’Onofrio F: Metabolic and cardiovascular effects of carvedilol
and atenolol in non-insulin-dependent diabetes mellitus and
hypertension. A randomized, controlled trial. Ann Intern Med 1997,
126(12):955-959.

54. Jacob S, Rett K, Wicklmayr M, Agrawal B, Augustin HJ, Dietze GJ:
Differential effect of chronic treatment with two beta-blocking agents
on insulin sensitivity: the carvedilol-metoprolol study. J Hypertens 1996,
14(4):489-494.

55. Haffen E: [Measuring circadian rhythm]. Encephale 2009, 35(Suppl 2):
S63-67.

56. Gupta AK, Cornelissen G, Greenway FL, Dhoopati V, Halberg F, Johnson WD:
Abnormalities in circadian blood pressure variability and endothelial
function: pragmatic markers for adverse cardiometabolic profiles in
asymptomatic obese adults. Cardiovasc Diabetol 2010, 9:58.

doi:10.1186/1475-2840-10-24
Cite this article as: Boer-Martins et al.: Relationship of autonomic
imbalance and circadian disruption with obesity and type 2 diabetes in
resistant hypertensive patients. Cardiovascular Diabetology 2011 10:24.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Boer-Martins et al. Cardiovascular Diabetology 2011, 10:24
http://www.cardiab.com/content/10/1/24

Page 12 of 12

http://www.ncbi.nlm.nih.gov/pubmed/20532698?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20532698?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15288162?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15288162?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17686376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15536109?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15536109?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15536109?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9182472?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9182472?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9182472?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8761899?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8761899?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19268173?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20868493?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20868493?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20868493?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Blood pressure measurements
	Laboratory analysis
	Echocardiographic examination
	Heart rate variability
	Statistical analysis

	Results
	Discussion
	Important findings
	Historical aspects of autonomic dysfunction
	Pathogenesis of autonomic dysfunction and metabolic disorders
	Lifestyle and circadian disruption
	Hypoadiponectinemia and metabolic disorders
	Severity of hypertension and autonomic imbalance
	Pharmacologic perspectives for RHTN and T2D treatment
	Non-pharmacologic treatment of RHTN in real-life settings
	Limitations of the study
	General findings and future perspectives

	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


