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Abstract
Background: Diabetes mellitus increases smooth muscle tone and causes tissue remodelling that can
affect interstitial matrix proteins, including elastin and collagen. Since the lung structure is dominated by
these elements, diabetes is expected to modify the airway function and respiratory tissue mechanics.
Therefore, we characterized the respiratory function in patients with diabetes. Since obesity has a
multifactorial biasing effect on the respiratory consequences of diabetes, these common pathologies
were studied separately.

Methods: Mechanically ventilated cardiac surgery patients with normal body shapes were divided into the
control non-diabetic (C-N, n = 73) and diabetic (D-N, n = 31) groups. The other two groups included obese
patients without diabetes (C-O, n = 43) or with diabetes (D-O, n = 30). The mechanical properties of the
respiratory system were determined by forced oscillation technique. Airway resistance (Raw), tissue
damping (G), and tissue elastance (H) were assessed by forced oscillation. Time and volumetric
capnography were applied to determine phase 3 slopes and dead space indices. The intrapulmonary
shunt fraction (Qs/Qt) and the lung oxygenation index (PaO2/FiO2) were estimated from arterial and
central venous blood samples. All measurements were performed before surgery.

Results: Compared with the corresponding control groups, diabetes alone increased the Raw (7.6 ± 6
cmH2O.s/l vs. 3.1 ± 1.9 cmH2O.s/l), G (11.7 ± 5.5 cmH2O/l vs. 6.5 ± 2.8 cmH2O/l), and H (31.5 ± 11.8
cmH2O/l vs. 24.2 ± 7.2 cmH2O/l, (p < 0.001 for all). The differences in respiratory tissue stiffness were
less apparent in the compliance values obtained at end inspiration. Moreover, diabetes increased the
capnographic phase 3 slopes, whereas it had no effect on PaO2/FiO2 or Qs/Qt. Obesity alone caused
similar detrimental changes in respiratory mechanics and alveolar heterogeneity, but these alterations
were likewise re�ected in the compromised gas exchange.

Conclusions: Diabetes-induced intrinsic mechanical abnormalities are counterbalanced by more
pronounced hypoxic pulmonary vasoconstriction, which maintained the normal intrapulmonary shunt
fraction and oxygenation ability of the lungs. Conversely, deteriorations in the global respiratory
mechanics in obesity worsened gas exchange. The greater differences in respiratory elastance than in
compliance suggested enhanced collapsibility of the alveolar compartments in patients with diabetes.

Trial registration: NCT03768973

Introduction
Diabetes mellitus presents major public health concerns and poses a global challenge for health care
providers [1–3]. Type 2 diabetes (T2DM) is the largest subtype (90–95%) and is a consequence of
relative or absolute insulin de�ciency. The number of patients with diagnosed or undiagnosed diabetes
requiring critical care management is continuously increasing, with incidence reaching 25–40%, and has
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continued to expand rapidly in the past decade [4–7]. Therefore, there is a particular need for an
increased awareness on diabetes in critically ill patients.

Pathologic metabolic processes converge to endothelial cell dysfunction, which is caused by increased
oxidative stress [8], and result in an imbalance between constrictor and dilator mechanisms that are
characterized by overexpression of the vasoconstrictor endothelin-1 (ET-1) and diminished nitric oxide
(NO) bioavailability and prostaglandin I2 synthesis [5, 9, 10]. Furthermore, persistent hyperglycaemia
leads to an elevated level of advanced glycation end products (AGEs) [5, 6, 11, 12]. In addition, the
contractile tone of vascular smooth muscle is further elevated by direct mechanisms related to the Rho-
kinase pathway, resulting in increased phosphorylation of myosin light chains [4, 13]. All these cellular
mechanisms manifest at an organ level as increased apoptosis, vascular permeability, vascular tone,
extracellular matrix proliferation, and prothrombotic and proin�ammatory tendencies [4–6, 8–11].

These pathophysiological changes are also expected to affect the lungs. The endocrine and paracrine
consequences of endothelial dysfunction may trigger airway and lung parenchymal remodelling related
to AGEs, oxidative stress, imbalance between NO and ET-1 pathways, and decreased prostaglandin I2
level [6, 9, 11]. All these processes may contribute to deterioration of lung function at the organ level [14].
Since the pulmonary vessels and extracellular matrix cells express glucose transporter 1 [15], glucose
in�ux from the blood to the interstitium is not limited.

In an attempt to clarify the pulmonary effects of diabetes, spirometric studies have revealed
deteriorations in lung function indices [16–19]. Nevertheless, lack of detrimental changes in spirometric
outcomes was also reported [20–23]. The well-established methodological limitation of spirometry [24,
25] and the substantial differences among study populations (e.g. type and severity of diabetes, age and
comorbidities) may have contributed to this discrepancy. Furthermore, the effect of obesity as a potential
confounding factor was not assessed separately, and this may have further confused the �ndings.

We aimed to characterize the effects of diabetes and obesity separately on the airway function and
viscoelastic properties of the respiratory tissues. Moreover, we sought to establish how diabetes alone
would affect ventilation heterogeneity, ventilation–perfusion matching, and gas exchange in cardiac
surgery patients, with particular focus on the applicability of the �ndings in intensive care clinical
practice.

Materials And Methods

Patients and study groups
This was a prospective study that enrolled 177 patients who underwent elective cardiac surgery (trial
registration No. NCT03768973). Patients were assigned into four groups based on the metabolic status.
Study subjects with body mass index (BMI) < 30 kg/m2 were divided into the control non-diabetic (C-N, n 
= 73) and diabetic (D-N, n = 31) groups. Obese patients (BMI ≥ 30 kg/m2) were divided according to the
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presence (D-O, n = 30) or absence (C-O, n = 43) of diabetes. T2DM was de�ned if the medical history of the
patient included a diagnosis of T2DM and/ or the haemoglobin A1c (HbA1c) level was > 6.4%. The
following exclusion criteria were applied for this study: older than 80 years of age, poor ejection fraction
(< 40%), and medical history of smoking or chronic obstructive pulmonary disease (COPD). The study
protocol was approved by the Human Research Ethics Committee of University of Szeged, Hungary (no.
WHO 2788), and the patients gave their informed consent to participate in the study. The study was
performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its
later amendments. The study followed the applicable CONSORT guidelines, and the patient �ow chart is
shown on Fig. 1.

Anaesthesia and patient monitoring
One hour before the surgery, patients were premedicated with lorazepam (per os, 2.5 mg). Anaesthesia
was induced by intravenous (iv) administration of midazolam (30 µg/kg), sufentanil (0.4–0.5 µg/kg), and
propofol (0.3–0.5 mg/kg) and was maintained with iv propofol (50 mg/kg/min). Neuromuscular
blockade was ensured by intravenous boluses of rocuronium (0.8 mg/kg for induction and 0.2 mg/kg
every 30 minutes for maintenance). Endotracheal intubation was performed using a cuffed endotracheal
(ET) tube with an internal diameter of 7, 8, or 9 mm. Patients were mechanically ventilated (Dräger Zeus,
Lübeck, Germany) in volume-controlled mode with a tidal volume (VT) of 7 ml/kg and a positive end-
expiratory pressure (PEEP) of 4 cmH2O with decelerating �ow. The ventilation frequency was adjusted to
12–14 breaths/min to achieve an end-tidal carbon dioxide (ETCO2) partial pressure of 36–40 mmHg and
the fraction of inspired oxygen was maintained at 0.5 during the study period. As a standard part of the
cardiac anaesthesia procedure, oesophageal and rectal temperature probes were introduced, and a
central venous line was secured in the right jugular vein. The left radial artery was also cannulated for
monitoring systolic, diastolic and mean arterial (MAP) blood pressures and taking arterial blood gas
samples.

Measurement of airway and respiratory tissue mechanics
The low-frequency forced oscillatory technique was used to characterize the mechanical properties of the
airways and respiratory tissues separately. Measurement and analyses of the input impedance of the
respiratory system (Zrs) have been previously described in detail [26]. Brie�y, a loudspeaker-in-box system
was used with a collapsible T-piece connected to the ET tube. This system allowed switching of the
respiratory circuit to the forced oscillatory setup during the measurement. Before the measurements, the
lung was in�ated with a pressure of 30 cmH2O to standardize its volume status. Low frequency (0.2–
6 Hz) forcing oscillatory signal was applied into the lungs during short (15 seconds) apnoeic periods at
end-expiration. Tracheal air�ow (V’) was measured with a 28-mm ID screen pneumotachograph
connected to a differential pressure transducer (ICS model 33NA002D; ICSensors, Milpitas, CA, USA). The
airway opening pressure (Pao) was detected with an identical pressure transducer. The Zrs) was
computed from the power spectra of the airway opening pressure (Pao) and tracheal air�ow (V’). A model
that contained a frequency-independent airway resistance (Raw) and inertance (Iaw) and a constant-
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phase tissue compartment characterized by the coe�cients of damping (G) and elastance (H) was �tted
to the mean Zrs data [27]. Tissue hysteresivity (η), which re�ects the coupling between the resistive and
elastic properties of the respiratory tissues, was calculated as G/H [28]. The total respiratory resistance
(R) and dynamic compliance (C) displayed by the respirator were registered. The resistance of the
measurement apparatus, including the ET-tube was measured, and used to correct the reported Raw.

Recording and analyses of the volumetric capnogram
Changes in the CO2 partial pressure in the exhaled gas during mechanical ventilation were measured with
a calibrated mainstream capnograph (Capnogard Model 1265, Novametrix, Andover, MA). The measured
15-second long signals were digitized at a sampling rate of 102.4 Hz, stored on a computer and analysed
with a custom-made software, as detailed previously [29].

The slopes of phase III of the time (S3T) and volumetric (S3V) capnograms were determined by �tting a
linear regression line to the last 60% of phase 3 [29]. S3T expresses the change in in the partial CO2

pressure of the exhaled gas per unit time [mmHg/s] and S3V per unit in the exhaled gas volume
(mmHg/l).

Ventilation dead space parameters were calculated from the volumetric capnograms and their values
were related to the VT. The anatomical dead space according to Fowler (VDF), which re�ects the volume
of the conducting airways [30], was assessed by taking the volume expired up to the in�ection point of
phase 2 of the volumetric capnogram [31]. The physiological dead space according to Bohr (VDB), which
also includes the alveolar volume with decreased or no perfusion, was calculated as follows:

VDB/ VT = (PACO2 − PĒCO2)/ PACO2

where PACO2 is the mean alveolar partial pressure of CO2 determined from the midpoint of phase 3 [32]
and PĒCO2 is the mixed expired CO2 partial pressure, calculated as integrating the area under the
volumetric capnogram curves, and dividing the resulting values by the VT.

To estimate the ventilation-perfusion mismatch, the Enghoff dead space (VDE) was determined.
Compared to Bohr’s dead space the VDE contains, in addition, the alveoli with maintained perfusion but
decreased or no ventilation (i.e. alveolar shunt) and was calculated as follows:

VDE/ VT = (PaCO2 − PĒCO2)/ PaCO2

where PaCO2 is the partial pressure of CO2 in arterial blood. The differences between the Enghoff and
Bohr dead-space parameters (VDE − VDB) were calculated as a surrogate of the intrapulmonary shunt [31,
33].

Blood gas analyses and gas exchange parameters
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The PaO2/FiO2 ratio was calculated as the partial pressure of oxygen determined from arterial blood gas
samples divided by the 50% of inspired fraction of oxygen. The intrapulmonary shunt fraction (Qs/Qt)
was determined using the Berggren equation:

Qs/ Qt = (CcO2 − CaO2)/ (CcO2 − CvO2)

where CcO2, CaO2, and CvO2 are the oxygen contents of the pulmonary capillary, arterial, and central
venous blood, respectively. CcO2 was calculated from the alveolar gas equation:

CcO2 = 1.34 mL/g × Hb + Sol × (FiO2 × 713 mmHg − PaCO2/ 0.8)

where 1.34 mL/g is the Hüfner’s constant, Hb is the haemoglobin concentration in grams, Sol is the
solubility coe�cient expressed as 0.0031 ml/100 ml/mmHg, 713 mmHg is the total dry gas pressure, and
PaCO2 is the partial pressure of CO2. The oxygen saturation of haemoglobin in the pulmonary capillaries
is assumed to be 100%.

Measurement protocol
Before starting the surgical procedure, the measurements were carried out on the mechanically ventilated
patients under general anaesthesia and muscle relaxants. After securing the invasive and non-invasive
monitoring equipment, lung recruitment was performed to standardize the volume history by in�ating the
lungs to an intratracheal pressure of 30 cmH2O. A �ve-minute period was then allowed to reach steady-
state hemodynamic and respiratory mechanical conditions while the PEEP was maintained at a level of 4
cmH2O. Arterial and central venous blood gas samples were taken, and the R and C were registered from
the display of the respirator. Registration of the �rst capnogram data was followed by recording of the
�rst Zrs data epoch. At least two more technically acceptable capnographic and Zrs measurements were
carried out in alternating sequence in 60 s intervals.

Statistical analyses
For numerically reported data, the scatters in the measured variables are expressed as the half width of
the 95% con�dence interval for the mean. The normality of the data was tested with the Shapiro–Wilk
test. Two-way analysis of variance (ANOVA) with factors of diabetes and obesity was used to assess the
effects of these disorders on the measured variables. The Holm–Sidak multiple comparison method was
used to test pairwise differences between the protocol groups. Sample sizes were estimated to enable
detection of a clinically relevant 25% difference in the primary outcome parameter Raw. Accordingly,
sample size estimation based on an ANOVA test with four groups of patients indicated that at least 28
patients were required in each group to detect a statistically signi�cant difference between the protocol
groups, with assumed variability of 10%, power of 80%, and a signi�cance level of 5%. The statistical
tests were performed with a SigmaPlot statistical software package (Version 13, Systat Software, Inc.
Chicago, IL, USA), with a signi�cance level of p < 0.05. All reported p values were two-sided.

Results
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Table 1 summarises the demographic, anthropometric and the main clinical characteristics of the
patients in the four protocol groups. The study groups had no differences in height, age, and ejection
fraction. As expected, body weight was signi�cantly higher in the obese patients than in non-obese
patients (p < 0.001). Elevated levels of serum glucose (p < 0.001) and HbA1c (p < 0.001) were observed in
patients with diabetes.

Table 1
C–N: no diabetes, no obesity; D–N: diabetes, no obesity, C–O: no diabetes, obesity; D–O: diabetes,

obesity; HbA1c: Hemoglobin-A1c.

  Group C-
N

(n = 73)

Group D-N (n = 
31)

Group C-O (n = 
43)

Group D-O (n = 
30)

p

Weight (kg) 71.4 ± 
12.9

74.0 ± 9.1 97.2 ± 17.1 93.3 ± 16.1 < 
0.001

Height (cm) 167.3 ± 
8.9

168.0 ± 6.2 167.7 ± 11.5 162.6 ± 6.2 0.088

Age (years) 68.2 ± 
10.9

69.9 ± 7.3 67.1 ± 10.7 69.9 ± 7.4 0.53

Ejection fraction (%) 62.2 ± 
6.1

60.1 ± 7.4 61.9 ± 6.4 59.2 ± 7.6 0.14

Glucose (mmol/L) 6.17 ± 
1.1

8.62 ± 3.36 6.65 ± 1.66 8.16 ± 2.92 < 
0.001

HbA1c (%) 5.63 ± 
0.37

7.12 ± 1.39 5.62 ± 0.43 7.19 ± 1.06 < 
0.001

Duration of T2DM
(years)

- 9.5 ± 8.5 - 11.0 ± 8.8 0.5

The airway (Raw and R) and respiratory tissue (G, H, η and C) mechanical parameters obtained in the
protocol groups are summarized in Fig. 2. Patients with T2DM exhibited signi�cantly elevated airway
resistance in the D-N group compared to the C-N group (p < 0.001 for Raw) and forced oscillatory
mechanical parameters re�ecting the dissipative (p < 0.001 for G) and elastic properties of the respiratory
tissues (p < 0.001 for H) in both T2DM groups. These changes were also re�ected in the elevated η in the
presence of T2DM with normal BMI (p < 0.01). In the patients with diabetes, no difference in the ventilator-
derived R was evidenced, whereas the ventilator-derived C showed a strong tendency for statistical
signi�cance (p = 0.052). Obesity caused signi�cant elevations in all mechanical parameters (p < 0.001 for
Raw, G, H, η, and C; p < 0.005 for R and C). The statistical analyses revealed signi�cant interaction
between T2DM and obesity for Raw (p < 0.02), demonstrating that the presence of T2DM had signi�cant
effects on the obesity-related changes in airway resistance.

Shape factor and dead space parameters obtained by capnography in the four protocol groups are
demonstrated in Fig. 3. Signi�cantly elevated levels of S3T and S3V were obtained for patients with
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T2DM alone (p < 0.05 for both). On the other hand, diabetes had no signi�cant effects on the ventilation
dead space parameters or intrapulmonary shunt (VDE–VDB). Both time domain and volumetric phase 3
slope parameters were signi�cantly greater in obese patients than in non-obese patients (p < 0.001 for
S3T and S3V), whereas VDF (p < 0.001) and VDB (p < 0.001) decreased with obesity. Obesity had no
effect on the VDE, but it signi�cantly increased the VDE–VDB (p < 0.005).

The gas exchange parameters in the four protocol groups are depicted in Fig. 4. The presence of diabetes
had no signi�cant effects on PaO2/FiO2 and Qs/Qt. Conversely, obesity signi�cantly diminished
PaO2/FiO2 and Qs/Qt (p < 0.001 for both).

Discussion
In this large cohort of mechanically ventilated patients, the separate effects of diabetes and obesity on
the preoperative respiratory mechanics, lung ventilation, and ventilation–perfusion matching were
characterised. In patients with diabetes, forced oscillatory measurements revealed deterioration of the
airway function and viscoelastic properties of the respiratory tissues and development of ventilation
heterogeneities. This inhomogeneous alveolar emptying was con�rmed by the elevated capnographic
phase 3 slope. Interestingly, these adverse mechanical changes did not result in pathologic gas exchange,
in terms of ventilation dead space, intrapulmonary shunt or lung oxygenation index. Obesity caused
similar detrimental changes in respiratory mechanics and alveolar heterogeneity; however, these
alterations were re�ected in the compromised gas exchange.

Effects of diabetes on airway function

Markedly increased airway resistance was obtained in patients with diabetes, regardless of the presence
obesity (Fig. 2). Since forced oscillatory Raw primarily re�ects the overall diameter of the central
conducting airways [34], the elevations in this mechanical parameter suggest that airway narrowing may
develop in patients with diabetes. This result agrees with previous studies that demonstrated decline in
lung function indices obtained by spirometry [16–19] or plethysmography [20]. Several mechanisms may
contribute to this central airway abnormality, including excessive mucus production [35], activation of
in�ammatory pathways [36, 37], increased contractile tone or proliferation of airway smooth muscle cells
[4, 38, 39] and/or diminished vagal tone [40]. Involvement of the peripheral airways can be implied from
the elevations in the respiratory mechanical parameters re�ecting enhanced ventilation heterogeneities,
the tissue hysteresivity, and the phase 3 slopes obtained by time and volumetric capnography. Increased
Rho-associated kinase activity [4] and overexpression of α-smooth muscle actin [39], β-catenin [38], and/
or collagen [41] may be responsible for the increased contractile tone of bronchiolar smooth muscle cells,
with the potential further involvement of the in�ammatory pathways [36, 37, 42].

Effects of diabetes on respiratory tissue mechanics

Another remarkable �nding of the present study was the deterioration of the viscoelastic properties of the
respiratory tissues in patients with diabetes. This was manifested as worsening of the mechanical
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parameters that re�ect both energy dissipation (G: damping) and storage (H: elastance and C:
compliance) (Fig. 2). Remodelling of extracellular matrix that lead to adverse alterations in the elastin–
collagen network subsequent to formation of AGEs in the lung parenchyma may have been responsible
for this �nding [9, 11, 41–45].

The differences in the effects of diabetes on the parameters re�ecting respiratory tissue stiffness is worth
noting. The marked and highly signi�cant elevations in H were associated with smaller differences in C
(Fig. 2). This apparent discrepancy can be explained by the measurement conditions of these variables.
The forced oscillatory H was obtained during short end-expiratory pauses; therefore, it re�ects respiratory
tissue stiffness at end-expiration. Conversely, C re�ects the distensibility of the respiratory system
through the entire respiratory cycle and was calculated by the ventilator as the ratio of VT and driving
pressure (i.e. difference between end-inspiratory plateau pressure and PEEP). Accordingly, the more
pronounced differences in H can be explained by excessive lung volume loss toward end-expiration,
which suggests enhanced collapsibility of the alveolar compartments in patients with diabetes. This
mechanical �nding in patients with diabetes was in accordance with type II pneumocyte damage, which
results in decreased surfactant biosynthesis and secretion [46, 47].

Effects of diabetes on gas exchange

Interestingly, the marked deteriorations in respiratory mechanics in patients with diabetes were not
followed by adverse alterations in gas exchange parameters, such as ventilation dead space obtained by
volumetric capnography (Fig. 3), or in blood gas outcomes that re�ect lung oxygenation and
intrapulmonary shunt (Fig. 4). The underlying mechanisms responsible for the maintained gas exchange
despite the compromised respiratory mechanics were not completely clear. Patients with diabetes are
prone to enhanced general vasoconstrictive response due to endothelial dysfunction [5, 6, 9–11, 42]. This
pathology is supposed to be present in and enhance pulmonary vasculature contractility in a hypoxic
environment (i.e. hypoxic pulmonary vasoconstriction). More rigorous and effective redirection of
intrapulmonary blood into the ventilated lung regions may occur subsequently, thereby, reducing
ventilation–perfusion mismatch. This relatively effective compensatory mechanism was supported by
the lack of difference between the indices of intrapulmonary shunt expressed by capnography (VDE–
VDB, Fig. 3) and blood gas (Qs/Qt, Fig. 4).

Effects of obesity on respiratory function

In the present study, obesity as a potential confounding factor was assessed separately from diabetes to
gain distinct insights into the respiratory consequences of these frequent pathologies. This approach
revealed identical direction and comparable magnitudes of changes in the respiratory mechanical
parameters that re�ect airway function, respiratory tissue mechanics, and alveolar heterogeneity in
obesity and diabetes. The respiratory mechanical changes in obesity were in accordance with previous
results that demonstrated impaired airway and tissue mechanics [48, 49] and inhomogeneous lung
emptying [50, 51] in obese patients. The underlying mechanisms responsible for such mechanical
changes in obesity are markedly different from those in diabetes and primary involve regional atelectasis
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development and lung volume loss, which are caused by the external mechanical load exerted by cranial
displacement of the diaphragm.

Unlike in diabetes, the decline in respiratory mechanics in obesity was re�ected in the compromised gas
exchange. The somewhat smaller anatomical dead space (VDF) may be attributed to compression of the
lung parenchyma, which leads to loss of gas volume in the conducting airways. The slightly reduced
physiological (VDB) dead space in obese patients can be explained by the cranial shift of the lung and
the heart, resulting in possible reduction of lung regions with West I zones. Furthermore, the reduced
PaO2/FiO2 in obese patients demonstrates the compromised oxygenation ability of the lung (Fig. 4),
which is consistent with abnormal pulmonary vascular contractility [52].

Some limitations warrant discussion. The patients involved in the present study underwent elective
cardiac surgery, which may have affected the lung function outcomes. However, the distribution of heart
diseases was homogenous among the protocol groups in this relatively large cohort of patients.
Therefore, cardiopulmonary interactions were unlikely to have caused biases in the differences between
the study groups. In addition, we made efforts to homogenize the study population in each group by
excluding factors, such as smoking and COPD, which can affect basal lung function. Another
methodological factor may have been related to the involvement of chest wall mechanics in the forced
oscillatory parameters G, H, and η. This approach may have underestimated the real differences in the
lung mechanical properties. However, measurements in intact chest conditions provide more valid
representations of ventilation and ventilation–perfusion matching.

Summary And Conclusions
In summary, diabetes affected central and peripheral airway function and the dissipative and elastic
properties of the respiratory tissues, leading to ventilation heterogeneities and enhanced lung
collapsibility. These intrinsic mechanical abnormalities were counterbalanced by the increased contractile
response of the pulmonary vasculature to hypoxic stimuli, which was able to maintain the normal
intrapulmonary shunt fraction and oxygenation ability of the lungs. On the other hand, obesity
deteriorated the global respiratory mechanics in a similar manner, and the external trigger worsened gas
exchange. The simultaneous presence of diabetes and obesity had additive effects on the worsened
airway and respiratory tissue mechanical indices, whereas obesity led to gas exchange abnormalities.
These pathophysiological changes highlight the importance of lung protective ventilation with high PEEP
and low VTs to compensate for lung collapsibility in patients with diabetes.

List Of Abbreviations



Page 11/20

AGEs: Advanced glycation end products

ANOVA: Analysis of variance

C: Dynamic compliance

CaO2: Oxygen content of arterial blood

CcO2: Oxygen content of pulmonary capillary blood

CO2: Carbon dioxide

COPD: Chronic Obstructive pulmonary disease

CvO2: Oxygen content of venous blood

ET: Endotracheal

ET-1: Endothelin-1

ETCO2: End-tidal carbon dioxide

FiO2: Fraction of oxygen in the inspired gas

G: Tissue damping

H: Tissue elastance

Hb: Haemoglobin

HbA1c: Haemoglobin A1c

Iaw: Airway inertance

η: Tissue histeresivity

NO: Nitric oxide

PACO2: Mean alveolar partial pressure of carbon dioxide

PaCO2: Partial pressure of carbon dioxide in the arterial blood

Pao: Airway opening pressure

PaO2/FiO2: Lung oxygenation index

PECO2: Mixed expired partial pressure of carbon dioxide

PEEP: Positive end expiratory pressure

Qs/Qt: Intrapulmonary shunt fraction

R: Total respiratory resistance

Raw: Airway resistance
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S3T: Phase III slope of time capnogram

S3V: Phase III slope of volumetric capnogram

Sol: Solubility coe�cient

T2DM: Type 2 diabetes

V': Tracheal air�ow

VDB: Bohr dead space

VDE: Enghoff dead space

VDF: Anatomical dead space

VT: Tidal volume

Zrs: Input impedance of the respiratory system
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Figure 1

Patient �ow chart
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Figure 2

Airway (Raw and R) and respiratory tissue (G, H,  and C) mechanical parameters obtained in patients
without (C) and with (D) type 2 diabetes mellitus associated with normal body shape (N) or obesity (O).
C–N: no diabetes, no obesity; D–N: diabetes, no obesity, C–O: no diabetes, obesity; D–O: diabetes,
obesity. *: p<0.05 for diabetes; #: p<0.05 for obesity.
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Figure 3

Phase 3 slope obtained by time (S3T) and volumetric (S3V) capnography, ventilation dead space
fractions relative to the tidal volume according to Fowler (VDF), Bohr (VDB) and Enghoff (VDE), and the
intrapulmonary shunt assessed as VDE–VDB. Capnographic outcomes were obtained in patients without
(C) and with (D) type 2 diabetes mellitus associated with normal body shape (N) or obesity (O). C–N: no
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diabetes, no obesity; D–N: diabetes, no obesity, C–O: no diabetes, obesity; D–O: diabetes, obesity. *:
p<0.05 for diabetes; #: p<0.05 for obesity.

Figure 4

Gas exchange parameters obtained in patients without (C) and with (D) type 2 diabetes mellitus
associated with normal body shape (N) or obesity (O). PaO2/FiO2: lung oxygenation index, Qs/Qt:
intrapulmonary shunt obtained by the Berggren equation. C–N: no diabetes, no obesity; D–N: diabetes, no
obesity, C–O: no diabetes, obesity; D–O: diabetes, obesity. *: p<0.05 for diabetes; #: p<0.05 for obesity.


