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Background: Due to its prognostic importance for patients with type 2 diabetes (DM2), current guide-
lines recommend a systolic <130 mm Hg and diastolic <80 mm Hg blood pressure target. Periodic
breathing, a form of sleep-disordered breathing, acutely causes repetitive hypoxia, sympathetic nervous
system activation as well as oscillations of heart rate and blood pressure. However, limited data on the
association of periodic breathing and control of blood pressure (BP) in patients with DM2 are available.
Thus, the aim of the present study was to assess whether there is an association between periodic
breathing and increased BP above the recommended target in DM2.
Methods: Cross-sectional data of 679 patients with DM2 from the DIACORE-SDB sub-study were ana-
lysed for association of periodic breathing with BP. Sleep-disordered breathing was assessed with a 2-
channel ambulatory monitoring device including validated automatic pattern recognition for periodic
breathing. BP values were determined in a standardized manner with three repeated measurements at
rest.
Results: Of the 679 analysed individuals (61% male, age 66 ± 9 years, Body Mass Index [BMI]
31.0 ± 5.4 kg/m2), 11% had periodic breathing. Patients with periodic breathing had significantly higher
systolic BP values (144 ± 19 mm Hg vs. 137 ± 18 mm Hg, p ¼ 0.003). Multivariable regression analysis
revealed that periodic breathing was associated with higher systolic BP (B [95% confidence interval,
CI] ¼ 4.4 [0.1; 8.7], p ¼ 0.043) and not meeting the recommended BP target for patients with diabetes
(<130/80 mmHg) (odds ratio, OR [95%CI] ¼ 2.1 [1.1; 4.0], p ¼ 0.026) independent of sex, age, high
density lipoproteins, renal function, coronary heart disease and antihypertensive treatment.
Conclusion: Periodic breathing is associated with higher systolic BP in patients with DM2.
© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Arterial hypertension is a very common disease which is
strongly associated with type 2 diabetes (DM2) [1,2]. Effective
blood pressure (BP) control in DM2 can significantly reduce the risk
of cardiovascular events [3]. The same systolic BP reduction trans-
lates into a higher risk reduction for cardiovascular events in
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patients with DM2 vs. those without (adjusted relative hazard 0.31
vs. 0.74) [4]. Therefore, recommendations for BP control are stricter
in patients with DM2 compared to those without [5]. Current
guidelines from the European Society of Cardiology and the Euro-
pean Society of Hypertension recommend a BP target of systolic
<130 mm Hg and diastolic <80 mm Hg in patients with DM2 [5].

Periodic breathing is an abnormal breathing pattern of central
origin with waxing and waning of the airflow and the breathing
effort [6e9]. The term “Cheyne-Stokes-respiration (CSR)” has been
used to describe periodic breathing with apneas in patients with
heart failure or stroke [9]. In such patients, periodic breathing is a
marker of disease severity and progression [9]. Periodic breathing is
very common in patients with heart failure as it leads to a disturbed
breathing regulation with a desynchronization of heart, lung and
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brain [10]: carbon dioxide (CO2) overload alters apnea thresholds
with increased sensitivity for central apnea with decreasing CO2.
Subsequently, rising CO2 leads to inappropriate hyperventilation
caused by pulmonary congestion, enhanced central and peripheral
chemoreceptor sensitivity and prolonged circulation time [10,11].
This oscillatory pattern of waxing andwaning occurs in the absence
of significant upper airway obstruction [11]. Periodic breathing is
associated with sleep fragmentation, intermittent hypoxemia and
sympathetic nervous system activation as well as oscillations of
heart rate and BP [10,12,13].

The periodic fluctuation of CO2 partial pressure [14] in periodic
breathing can lead to arousal-triggered [15] nocturnal BP and heart
rate peaks and oscillations, which can be abolished by CO2 but not
by oxygen equilibration [12]. No such studies exist in patients with
DM2. While these studies evaluated the acute effects of periodic
breathing on BP, data on the association of periodic breathing and
BP control in a patient populationwith DM2 that allows accounting
for potential confounders are limited. Therefore, the aim of the
present study was to assess, whether there is an association be-
tween periodic breathing and increased BP above the recom-
mended target in DM2 patients.
2. Patients and methods

2.1. Study design

The investigated patients were participants of the DIACORE
(DIAbetes COhoRtE)-SDB (sleep disordered breathing) sub-study
[16]. DIACORE has been designed as a prospective two-centre
study of DM2 patients of European descent. The baseline sur-
vey analysed here was conducted between 2010 and 2014 as
described previously [16,17]. Briefly, written invitations were
mailed to outpatients with DM2 by five medical insurance
companies and by major diabetologists. Invitations were also
sent to patients who had previously received inpatient treatment
at the Departments of Internal Medicine of the University Med-
ical Centre Regensburg. The diabetes status was ascertained by
assessing diabetes medication intake or by validating self-report.
Patients filled in a standardized online questionnaire and un-
derwent blood sampling and a physical examination at either of
the two study centres [16]. Of the 3000 DIACORE participants
recruited at baseline, all who came to the Regensburg study
centre between November 2011 and December 2014 were invited
to participate in the DIACORE-SDB sub-study. Monitoring for SDB
was not conducted in the study centre in Mannheim. Of the 1036
individuals invited to participate in the DIACORE-SDB sub-study
[17,18], 721 agreed and were tested with a two-channel ambu-
latory SDB-monitoring device (ApneaLink, ResMed, 70%). Com-
plete SDB parameters were recorded for 679 patients (94% of the
721 tested participants) [17,18]. The protocol, the data protection
strategy, and the study procedures were approved by the Ethics
Committees of the participating institutions and were in accor-
dance with the Declaration of Helsinki. Patients participated in
the DIACORE study only after providing informed written
consent.
2.2. Study population

For DIACORE, all DM2 outpatients living in the cities and
counties of Regensburg or Speyer were eligible [16]. Further in-
clusion criteria were as follows: fully understanding the study
information and to give written informed consent, age �18 years,
and self-reported Caucasian ethnicity [16]. Exclusion criteria were
chronic renal replacement therapy (hemodialysis, peritoneal
dialysis, or transplantation), history of active malignancy within
the past five years, presence of autoimmune-disease potentially
affecting kidney function, hemochromatosis, known pan-
creoprivic or self-reported type 1 diabetes, acute infection, fever,
pregnancy, chronic viral hepatitis, or human immunodeficiency
virus (HIV) [16]. For the DIACORE-SDB sub-study, patients were
included if they were from the Regensburg recruitment region
and consented to SDB screening; patients were excluded if they
currently used continuous positive airway pressure (CPAP) ther-
apy [16e18]. The participants were subjected to a standardized
online survey, asked for their medical history (eg, smoking
behaviour, time of onset of DM2), and former operations, in-
terventions, or hospitalizations.

2.3. Assessment of coronary artery disease and antihypertensive
treatment

Coronary heart disease (defined as coronary intervention, cor-
onary bypass surgery or myocardial infarction) was assessed by
self-report and validated from medical records and direct contact
with local physicians. Drug intake was obtained via medical reports
and self-report. Antihypertensive treatment was defined as intake
of at least one agent out of diuretics, beta blockers, calcium an-
tagonists, ACE inhibitors, angiotensin-receptor inhibitors or renin
inhibitors.

2.4. Assessment of blood pressure and heart rate

BP was assessed using a GE Dinamap vital signs monitor, model
V100 (CareScape, Germany). The BP cuff was chosen according to
the patient's upper arm circumference (either 23e33 cm or
31e40 cm) at heart level on the dominant arm [16]. Patients had to
rest for at least 5 min, before three measurements of heart rate and
BP were conducted every 2 min. The third measurement of heart
rate and the mean value of the second and the third BP mea-
surement were used for analyses. In the case of systolic BP greater
than 180 mm Hg/less than 90 mm Hg or diastolic BP greater than
110 mm Hg/less than 50 mm Hg, and heart rate greater than 90/
min or less than 50/min, this was reported to the patient at the end
of detection [16]. For DM2 patients, current European Society of
Cardiology (ESC)/European Society of Hypertension (ESH)-Guide-
lines recommend a BP target of systolic <130 mm Hg and diastolic
<80 mm Hg [5].

2.5. Assessment of sleep disordered breathing

Nasal flow and pulse oximetry were measured with the
ApneaLink device (ResMed, Australia, Sydney) that has been vali-
dated in several studies on monitoring SDB as described previously
[19e21]. Trained study personnel instructed participants in the use
of the device in a standardized fashion [16]. Comparing ApneaLink
to the gold standard polysomnography, other studies have yielded a
sensitivity rate of 73e94% and a specificity rate of 85e95% using an
apnea-hypopnea-index (apneas þ hypopneas/hour: AHI) cut-off
value of 15/h [19,22]. AHI, oxygen desaturation index, mean oxy-
gen saturation, and minimum SpO2, time with oxygen saturation
less than 90% (time SaO2<90%) were documented. The default
settings of the screening device were used for defining apnea,
hypopnea, and oxygen desaturation: apnea was defined as a �80%
decrease in airflow for �10 s and hypopnea as a decrease in airflow



Table 1
Clinical characteristics of the 679 analysed subjects [17,18].

Characteristic Distribution

Age [years] 65.6 ± 8.8
Sex (male), n (%) 412 (61)
Body-mass index [kg/m2] 31.0 ± 5.4
Waist-hip ratio 0.96 ± 0.08
Estimated glomerular filtration rate [ml/min/1.73 m2] 78.1 ± 19.3
Low density lipoproteins [mg/dl] 117.6 ± 35.7
High density lipoproteins [mg/dl] 52.8 ± 14.9
Haemoglobin A1c [%] 6.6 [6.1; 7.2]
Diabetes duration [years] 7.6 [3.9; 13.5]
Current smoker, n (%) 68 (11)
Former smoker, n (%) 310 (47)
Coronary heart disease, n (%) 149 (22)
Periodic breathing (�1%TRT), n (%) 77 (11)
Sleep disordered breathing (AHI � 15/h), n (%) 228 (34)

Results are provided as n (%), mean ± standard deviation ormedian [25th percentile;
75th percentile]. TRT: total recording time, AHI: apnea-hypopnea index.
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by 50e80% versus baseline for �10 s followed by a �4% decrease in
oxygen saturation. No or mild SDB was defined as AHI <15/h (‘no or
mild SDB group’) and clinically relevant SDB as AHI �15/h (‘SDB
group’) [17,18].

2.6. Assessment of periodic breathing

Periodic breathing was detected by automatic pattern recogni-
tion at a sensitivity rate of 75e99% and a specificity rate of
88e100%, compared to gold standard polysomnography [23].
Pattern recognition was based on a classifier algorithm using the
features cycle length (including apnea-hypopnea- and hyperpnea-
length), shape of hyperpnea (waxing/waning) and the jump feature
(moderate flow increase in periodic breathing vs. sudden in
obstructive sleep apnea) [23]. For a high probability score, periodic
breathing was assumed in epochs of 30 min and displayed in % of
total recording time (TRT) [23]. Present periodic breathing was
defined as �1%TRT and absent as <1%TRT, as median was 0%.

2.7. Statistical analysis

We analyzed the association of periodic breathing with sys-
tolic BP/diastolic BP using a two-sided Student's t-test and with
the currently recommended BP target of 130/80 mmHg for pa-
tients with diabetes using a c2 test. To investigate whether this
association would hold when adjusting for known risk factors for
arterial hypertension (which were significantly different in
groups of periodic breathing) multivariable linear regression
analysis was applied to evaluate the association of periodic
breathing with systolic BP and logistic regression analysis for the
association for periodic breathing with the currently recom-
mended BP target of 130/80 mm Hg for patients with diabetes.
The regression analyses were adjusted for sex, age, high density
lipoproteins, renal function, coronary heart disease and antihy-
pertensive treatment. P-values <0.05 were considered as statis-
tically significant. The data was analysed using the commercial
statistics program IBM® SPSS® Statistics Version 23.0 (IBM Corp.,
Armonk, USA).
Fig. 1. Study flow chart [17,18]
3. Results

3.1. Patient characteristics

Of the 721 patients with DM2 tested for SDB, 42 (6%) had
incomplete or no records of SDB parameters due to technical
problems, such as loss of the oximeter during sleep or failure to
switch the device on at night. Thus, 679 patients entered the
analysis (Fig. 1) as reported previously [17,18]. This patient group
exhibited rather elderly patients, mostly male gender, visceral
obesity and dyslipidemia. More than the half were current or
former smokers and about one fourth suffered from coronary heart
disease (Table 1) [17,18].
3.2. Risk factors for systemic hypertension according to the
presence of periodic breathing and sleep disordered breathing (SDB)

Of the 679 analyzed patients, 77 (11.3%) had periodic breathing.
These showed an absolute time of periodic breathing ranging from
. TRT: total recording time.
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3 to 334 min (2e72 %TRT) with a median of 31 min (7%TRT). They
were predominantly male, of higher age, higher waist-hip ratio
(WHR) and had lower high-density lipoprotein (HDL). They had a
lower estimated glomerular filtration rate (eGFR) and suffered
more often from coronary heart disease (Table 2).

No or mild SDB (defined as AHI < 15/h) was found in 451 patients
(66.4%), and 228 (33.6%) had SDB (AHI � 15/h) [17,18]. Patients with
SDB had higher systolic BP (140.5 ± 18.2 mmHg vs.
136.7 ± 18.1 mmHg, p ¼ 0.011) (Fig. 2), whereas no significant dif-
ferences in diastolic BP could be found (p¼ 0.178). Patients with SDB
were predominantly more obese men and were older, had a higher
BMI with higher WHR, and a longer history of DM2 (eTable 1 and
eTable 2, online supplement).

3.3. Association of periodic breathing and blood pressure

Of the 679 analyzed patients, 462 (68%) did not meet the
currently recommended BP target of 130/80 mm Hg for patients
with diabetes [5]. The 679 patients had a mean systolic BP of
138 ± 18.2 mm Hg and a mean diastolic BP of 74.6 ± 10.1 mm Hg.
Patients with periodic breathing did more often not meet the
currently recommended BP for patients with diabetes than those
without periodic breathing (p ¼ 0.003), although they were more
frequently treated with antihypertensive drugs (Table 3). Patients
with periodic breathing had higher systolic BP than those without
(p ¼ 0.002, Table 3, Fig. 2). No significant differences in diastolic BP
Table 2
Risk factors for systemic hypertension according to periodic breathing category.

Characteristic Periodic br

n (%) 77 (11)
Age [years] 68.9 ± 7
Sex (male), n (%) 60 (78)
Body mass index [kg/m2] 31.0 ± 5
Waist-hip ratio 0.98 ± 0.08
Estimated glomerular filtration rate [ml/min/1.73 m2] 67.8 ± 20
Low density lipoproteins [mg/dl] 115 ± 34
High density lipoproteins [mg/dl] 49 ± 14
Haemoglobin A1c [%] 6.5 [6.1; 7.
Diabetes duration [years] 6.7 [4.2; 15
Current smoker, n (%) 6 (8)
Former smoker, n (%) 39 (52)
Coronary heart disease, n (%) 26 (34)

Results are provided as n (%), mean ± standard deviation or median [25th percentile; 75
a c2 test.
b Two-sided Student's t-test.
c Mann-Whitney U rank sum test.

Fig. 2. Bar charts indicating the systolic blood pressure between groups with and wit
could be found (p ¼ 0.189, Table 3). Effective antihypertensive
treatment seemed to be more challenging in patients with periodic
breathing as a higher percentage used �3 antihypertensive drugs
or BP was above the currently recommended BP target for patients
with diabetes. Accordingly, they were more frequently treated with
beta-blockers and had a lower heart rate (Table 3).

Periodic breathing was strongly associated with BP above the
currently recommended BP target for patients with diabetes
(p ¼ 0.003) and higher systolic BP values (p ¼ 0.002) (Table 3).

Since age, sex, WHR, HDL, eGFR, coronary heart disease, and
antihypertensive treatment differ significantly between periodic
breathing groups, we analyzed the association of periodic breath-
ing with systolic BP with linear regression analysis and the asso-
ciation of periodic breathing with BP above the currently
recommended BP target for patients with diabetes with logistic
regression analysis. Age, sex, WHR and antihypertensive treatment
were significantly associated with BP above the currently recom-
mended BP target for patients with diabetes and with systolic BP in
univariable regression analysis (eTable 3, online supplement). The
association between periodic breathingwith BP above the currently
recommended BP target for patients with diabetes (OR [95%CI] 2.1
[1.1; 4.0], p ¼ 0.026) and systolic BP (B [95%CI] 4.4 [0.1; 8.7] mmHg,
p ¼ 0.043) was independent of other risk factors in multivariable
regression analysis models, respectively (Table 4).

In the same multivariable regression analysis model using the
binary exposure variable SDB instead of periodic breathing, SDB
eathing No Periodic breathing p-value

602 (89)
65.0 ± 9 <0.001b

352 (59) 0.001a

31.0 ± 5 0.989b

0.96 ± 0.08 0.039b

79.2 ± 19 <0.001b

118 ± 36 0.551b

53 ± 15 0.006b

2] 6.6 [6.1; 7.2] 0.543c

.3] 7.8 [3.9; 13.2] 0.884c

62 (10) 0.490a

271 (46) 0.361a

123 (21) 0.008a

th percentile].

hout periodic breathing as well as with and without sleep-disordered breathing.



Table 3
Blood pressure, heart rate and antihypertensive treatment according to periodic breathing category.

Characteristic Periodic breathing No Periodic breathing p-value

n (%) 77 (11) 602 (89)
Blood pressure above target (systolic �130 or diastolic �80 mmHg), n (%)a 64 (83) 398 (66) 0.003b

Systolic blood pressure [mmHg] 144.1 ± 18.9 137.2 ± 18.0 0.002c

Diastolic blood pressure [mmHg] 76.0 ± 11.8 74.4 ± 9.9 0.189c

Mean heart rate [/min] 62.3 ± 10.1 66.5 ± 9.3 <0.001c

Antihypertensive treatment, n (%) 71 (92) 475 (79) 0.006b

Beta-blocker treatment, n (%) 52 (68) 268 (45) <0.001b

� 3 antihypertensive drugs, n (%) 34 (44) 182 (30) 0.014b

Results are provided as n (%) or mean ± standard deviation.
a According to ESC/ESH-Guideline 2018 [5].
b c2 test.
c Two-sided Student's t-test.
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was not independently associated with BP above the currently
recommended BP target for patients with diabetes (OR [95%CI] 1.2
[0.8; 1.8], p ¼ 0.298) or systolic BP (B [95%CI] 1.7 [-1.2; 4.6],
p ¼ 0.257) or diastolic BP (B [95%CI] 0.3 [-1.3; 1.9], p ¼ 0.698)
(eTable 4, online supplement). Duration of arterial oxygen satura-
tion <90% and self-reported sleeping timewere not associated with
BP above the currently recommended BP target for patients with
diabetes, systolic BP or diastolic BP (eTables 5a/b, online
supplement).

After stratification for coronary heart disease, therewas nomore
significant difference of systolic BP between periodic breathing
groups in those patients with coronary heart disease (p ¼ 0.634).
Patients without coronary heart disease had a significantly higher
systolic BP when they had periodic breathing (146.7 ± 17.8 vs.
136.4 ± 17.7 mmHg, p < 0.001; eFig. 1, online supplement).

4. Discussion

The present cross-sectional analysis in patients with DM2 yiel-
ded the following novel findings: Periodic breathing and SDB
(defined as AHI>15/h) were significantly associated with BP above
the currently recommended BP target of 130/80 mmHg for patients
with diabetes (ESC/ESH) and higher systolic BP. This associationwas
independent of other risk factors such as age, sex, WHR, HDL, eGFR,
coronary heart disease, and antihypertensive treatment. Despite
the use of more antihypertensive drugs in those patients, periodic
breathing was independently associated with BP above the target
range in patients with DM2.

The association of SDB with arterial hypertension/higher sys-
tolic BP in the general population has been reported before [24,25]
and was confirmed in this sample of DM2 outpatients [17,18]. There
are several studies on the association between obstructive sleep
Table 4
Association between periodic breathing and blood pressure in dependence of other risk

Variable Multivariable Analysis

Blood pressure above t

OR (95% CI)

Periodic breathing (�1%TRT) 2.1 (1.1; 4.0)
Age [/years] 1.02 (1.00; 1.05)
male Sex 1.3 (0.9; 2.1)
Waist-hip ratio [/0.1] 1.4 (1; 1.8)
High density lipoproteins [/10 mg/dl] 1.1 (0.9; 1.2)
Estimated glomerular filtration rate [/10 ml/min/1.73 m2] 1.0 (0.9; 1.1)
Coronary heart disease 0.7 (0.5; 1.1)
Antihypertensive treatment 1.9 (1.3; 3.0)

Multivariable regression models of periodic breathing and BP above currently recommen
respectively. B ¼ linear regression coefficient. 95% CI ¼ 95% confidence interval. OR ¼ O

a Systolic �130 mm Hg or diastolic �80 mm Hg according to ESC/ESH-Guideline 2018
apnea and BP [26]. Treatment of obstructive sleep apnea with CPAP
leads to a significant reduction of BP, at least in patients with good
adherence to the device [27,28].

Data on the association of periodic breathing and BP are scarce.
Only acute night time effects of periodic breathing were reported
[8]. BP fluctuations during periodic breathing were shown to be
primarily related to oscillations in ventilation during the periodic
breathing cycle and partially occur in the absence of arousals [8].
Therefore, intermittent hypoxia, and not recurrent arousals,
seems to be the dominant cause of daytime increases in BP [30]. In
patients with systolic heart failure (ejection fraction � 45%),
central sleep apnea appears to have little or slightly positive ef-
fects on stroke volume [29]. Although the bi-directional relation
between arterial hypertension and chronic heart failure is well
known [31,32], there are no applicable epidemiologic studies on
the association between periodic breathing and daytime BP. Our
study is the first to examine and to find such an association in
patients with DM2.

The standardized manner of measuring of BP in DIACORE [16]
ensures a sufficient comparability of values in DIACORE. Usually,
measurements have been taken during morning or until earlier
afternoon, which provides a higher probability to observe sleep
related BP effects prolonged to daytime [33]. However, no direct
association between nocturnal BP and prolonged daytime BP in-
creases can be evaluated, as no nighttime BP measurement has
been conducted in this study.

Assuming that at least part of the observed difference in sys-
tolic BP among DM2 patients with and without periodic breath-
ing (4.4 [95% CI: 0.1; 8.7] mmHg) is reversible by treatment,
findings might have prognostic significance. Positive airway
pressure may contribute to reach the target BP in 0%e25% of DM2
patients with BP above the target. According to a recent meta-
factors.

argeta Systolic blood pressure Diastolic blood pressure

p-value B (95% CI) p-value B (95% CI) p-value

0.026 4.4 (0.1; 8.7) 0.043 2.2 (�0.1; 4.5) 0.063
0.041 0.5 (0.3; 0.6) <0.001 �0.1 (�0.2; �0.03) 0.011
0.182 �0.5 (�4.0; 3.0) 0.768 3.9 (2.0; 5.7) <0.001
0.030 3.6 (1.4; 5.8) 0.001 2.3 (1.1; 3.5) <0.001
0.255 0.4 (�0.6; 1.3) 0.481 0.5 (�0.04; 1.0) 0.069
0.565 0.3 (�0.5; 1.1) 0.509 0.6 (0.1; 1.0) 0.012
0.145 �2.7 (�6.1; 0.7) 0.124 �2.7 (�4,5; �0,8) 0.005
0.003 5.3 (1.7; 8.8) 0.004 0.7 (�1.2; 2.6) 0.481

ded BP target for patients with diabetes (logistic)/systolic and diastolic BP (linear),
dds-Ratio. TRT: total recording time.
[5].
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analysis, a sufficient control of BP in target in DM2 patients ac-
cording to current ESC/ESH guidelines [5] accounts for a signifi-
cant risk reduction of major cardiovascular events to 0.82 [95% CI:
0.73; 0.92] [34].

In the present analysis, patients with periodic breathing had a
lower heart rate, probably due to more frequent beta-blocker
intake as part of antihypertensive treatment. In patients with cor-
onary heart disease, there was no significant difference in systolic
BP between those with and those without periodic breathing.

For diastolic BP, no significant association with periodic
breathing (or SDB in general) could be established in the present
study. Most studies on SDB did not distinguish between isolated
systolic hypertension and arterial hypertension [35]. Isolated
systolic hypertension is more common in older patients (>60
years) and related to arterial stiffness, whereas arterial hyper-
tension is more common in middle-aged patients and related to
sympathetic activation [36,37]. The association of SDB and BP is
stronger in middle-aged patients via the common pathway of
sympathetic activation [35]. Accordingly, SDB and systolic BP
were not independently associated from other risk factors in the
present study in older DM2 patients; and diastolic BP levels were
mostly normal.

The strengths of the present study include the large sample size
of DM2 patients and high-resolution phenotyping with regard to
the association between sleep parameters and BP. The following
limitations warrant discussion: first, no causal relationship of the
underlying mechanism can be concluded; specifically, it is unclear
whether periodic breathing or systolic BP causes BP above target/
higher systolic BP or vice versa, or whether there is an association
without a causal relationship. Longitudinal and physiological
studies are needed to establish a better understanding of devel-
opment and pathophysiological mechanism of the association be-
tween periodic breathing and BP in patients with andwithout DM2.
Second, although the technique of pattern recognition for the
detection of periodic breathing was described before [23], we could
not formally verify the presence of periodic breathing as there was
no polysomnography performed. Third, lack of nocturnal BP mea-
surement disables statements on the direct effects of periodic
breathing on nocturnal BP values in our study as reported before
[8,29]. Therefore, no direct relationship of such effects and its as-
sociation with our finding of periodic breathing and daytime BP
above target/systolic BP can be deducted. Forth, our data provide no
statement whether the currently recommended ESC/ESH BP target
of 130/80 mmHg for patients with diabetes was pursued in this
study sample. Notably, guideline recommendations on BP targets
are subject to a continuous change and differ even in current rec-
ommendations among the different societies (eTable 6, online
supplement).

5. Conclusion

In summary, our findings in this large sample of patients with
DM2 show that the presence of periodic breathing and SDB are
associated with BP values above the currently recommended ESC/
ESH BP target for diabetes patients and higher systolic BP levels. BP
above the currently recommended target is highly prevalent in
patients with DM2 and periodic breathing despite the frequent and
extensive use of antihypertensive drugs. Periodic breathing is
associated with BP above the currently recommended target for
diabetes patients/higher systolic BP independently from other risk
factors.

Further studies on periodic breathing in patients with DM2
including direct nocturnal BP measurement, longitudinal and
physiological analyses are warranted to improve the understanding
of the underlying pathophysiology, especially the role of periodic
breathing in BP above the target. Interventional studies are needed
to investigate whether CPAP or adaptive servo-ventilation might be
a therapeutic option, particularly in respect of preventing cardio-
vascular morbidity.
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