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Abstract

Diabetes mellitus is a chronic disease characterized by hyperglycemia causing damage to the
vascular system. The lungs with a large vascular network are also predisposed to diabetes’ vascular
damage. Diabetes may lead to pulmonary parenchymal damage besides alterations in the vascular
system and the alveolar-capillary membrane. Symptoms and damage caused by diabetes are usually
underdiagnosed because of the large pulmonary reserves. Pulmonary involvement in diabetes is an
area that draws attention in recent years. This attention increases especially with the new Coronavirus
disease-2019 (COVID-19) pandemic when worse prognosis is detected in diabetics. In this review,
possible mechanisms leading to pulmonary involvement and pulmonary function abnormalities
in diabetes, interaction between COVID-19 and diabetes concerning lungs and the basic effects of
antidiabetic drugs on the lungs are discussed in the view of the literature.
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Introduction

Diabetes mellitus is a chronic disease chara-
cterized by hyperglycemia. According to Inter-
national Diabetes Federation (IDF) approxima-
tely 463 million people are diabetic worldwide
currently and diabetes increases the risk of
early death. IDF estimated 4.2 million deaths
due to diabetes and it’s complications in 2019.!
Diabetes mellitusleadsto chroniccomplicationsand
damages the vascular system, heart, eyes, kidneys
and nerves that significantly contribute to morbi-
dity and mortality. The lungs are also predispo-
sed to diabetes’ vascular damage, since they have
a large vascular network. The alveolar capillary
network is the largest microvascular organ with a
surface area of 140 m?. Symptoms and disability
caused by diabetes develop later in the lungs com-
pared to other organs, because of the larger pulmo-
nary reserves.”> Pulmonary involvement in diabe-
tes is an area that draws attention in recent years.
Nowadays, with the new  Coronavirus
disease-2019 (COVID-19) pandemic, this atten-
tion rises prominently due to the worse progno-
sis reported in diabetics. In this review, possible
involvement  mechanisms and  functional
abnormalities in the lungs in diabetes, interacti-
on between COVID-19 and diabetes concerning
lungs and the basic effects of antidiabetic drugs on
the lungs are discussed in the view of the literature.

How can diabetes mellitus affect the
lungs?

There are some possible mechanisms
concerning pulmonary involvement in diabetes.

Chronic inflammation

Diabetes leads to chronic low-grade
inflammation which is associated with increased
levels of inflammatory mediators, such as
C-reactive protein (CRP) and interleukin (IL)-6,
that may affect the lungs. Inflammation can cause
impaired lung function. Type 2 diabetics with
inadequate glycemic control are shown to have
lower forced expiratory volume in one second
(FEV1) and forced vital capacity (FVC) compared
to subjects with adequate control, which might
be a result of inflammation aggravated with poor
glycemic control.>® Studies conducted in patients

with type 2 diabetes mellitus demonstrated that
hs-CRP associates negatively with lung function.®’

Insulin resistance and hyperinsulinemia

Insulin resistance, especially seen in type 2
diabetes, contributes to increased insulin levels
which leads to increased airway smooth muscle
(ASM) mass and contractility that decreases
muscle strength in the long run. Increased
respiratory smooth muscle mass also leads
to airway hypersensitivity and activation of
epithelial mesenchymal trophic unit leading to
airway remodeling.®'° Insulin resistance is also
thought to affect lung volume and mechanical
function via mediators such as leptin. Serum
leptin levels are shown to be inversely related to
FEV1.51112 High glucose concentrations in the
airways lead to enhanced responsiveness of ASM
to contractile agents. Different studies have shown
that hyperglycemia and insulin resistance are
closely related to idiopathic pulmonary fibrosis
and chronic obstructive pulmonary diseases.**

Advanced glycation end products

Because of prolonged hyperglycemia and
glucotoxicity, activation of nonenzymatic
glycosylation of lung collagen and elastin
by advanced glycation end  products
(AGEs) results in reduced lung elasticity.
Nonenzymatic glycosylation of collagen in the
lungs makes it less susceptible to proteolysis
which accumulates in lung connective tissue and
chest wall.>!* Collagen accumulation leads to
increased stiffness of both lung parenchyma and
chest wall and restrictive functional defects occur.
When elastic recoil capacity of the lung is lost, this
situation leadsto dynamiccollapse of small airways
during exhalation. AGEs may initiate adaptive
immune reactions and reactive oxygen species
(ROS) production, which leads to microvascular
damages and structural changes like thickening
of alveolar epithelial basal laminae. These
changes and damages impair lung function.’
AGE receptors are commonly found in
membranes and cytoplasms of pneumocytes
and macrophages in the lungs. When the AGE
receptors are stimulated inflammatory response,
cytokine production and endothelial vascular
permeability increase and lungs’ vascular network
is damaged.*
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Autonomic neuropathy

Autonomic neuropathy seen as a complication
of diabetes leads to neuroadrenergic denervation of
the lungs and respiratory muscles. Neuropathic as
well as myopathic changes of respiratory muscles
can impair the ventilatory pump efficiency which
may contribute to functional defects in the lungs.*?

Pulmonary infections

In  healthy individuals, the glucose
concentration in the respiratory tract is lower than
blood glucose at a rate of 1/12. Normal range
of blood glucose is 70-100 mg/dL. When blood
glucose exceeds 120 mg/dL, the airway glucose
concentration increases and creates a favorable
environment for bacterial growth. Besides, chronic
hyperglycemia impairs neutrophil function
leading to defects in phagocytosis. All of these
defects can facilitate development of pulmonary
infections and lung damage in diabetics.*™
Pulmonary  involvement in  new  Coronavirus
disease-2019

Diabetes mellitus leads to inflammation,
increased proinflammatory cytokine production
and endothelial dysfunction. These facts are
also reported in COVID-19 caused by acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2). COVID-19 mostly affects the lungs and
is often manifested by severe acute respiratory
syndrome. In diabetics, SARS-CoV-2 infection
often impairs glycemic control. Immune response
is disrupted due to hyperglycemia and viral
replication cannot be controlled. IL-6, CRP,
ferritin and D-dimer serum levels are shown to
be higher in diabetic patients with COVID-19
compared to non-diabetics. These findings may
explain the higher cytokine release and tendency
to thrombosis in diabetics. The large vascular
network in the lungs involved with thrombosis
together with cytokine storm may explain the
negative prognosis tendency seen in diabetics with
COVID-19. In these patients, pneumonia is often
more refractory to medical treatments and oxygen
support and intensive care monitoring are more
frequently required, leading to poor prognosis and
increased mortality.!>18

Histopathological changes
Diabetes can cause an injury in the pulmonary
microcirculation by increasing vessel wall

thickness, similar to vascular injuries seen in
other organs. Diabetic alveolar epithelial cells
and endothelial capillary basal lamina are shown
to be thicker compared to controls. The degree of
thickening was shown to correlate significantly
with the thickness of basal laminas in renal tubules
and muscle capillaries, but not with patient’s or
diabetes’ age.>"

What are the respiratory function
abnormalities seen in diabetes?
Reduced  diffusion  capacity  of  lungs  for

carbonmonoxide

Diffusion capacity of lungs for carbonmo-
noxide (DLCOQO) can be easily measured by lung
function tests. DLCO depends on alveolar-ca-
pillary membrane conductance and pulmonary
capillary blood volume. Diabetes is frequently
associated with histopathological alterations such
as the thickening of the pulmonary capillary ba-
sal lamina and alveolar epithelium both contri-
buting to reduced gas diffusion velocity through
the alveolar-capillary membrane.>?° A reduction
in the permeability of the alveolar-capillary base-
ment membrane was detected in diabetic patients
even without any evidence for DLCO reduction.?
Reduction of DLCO in diabetic patients
was shown to correlate with other vascular
complications of diabetes, like retinopathy and
nephropathy.?? Affected pulmonary vasculature
may leadtoredistribution of pulmonary circulation,
leading to ventilation/perfusion mismatch, which
impaires gas exchange. DLCO changes in diabetic
patients can also be due to the autonomic ner-
vous system dysfunction, seen in diabetes as a
complication. Reduced DLCO and cardiac auto-
nomic dysfunction are found to be significantly
associated which can be determined by heart rate
variability measurement.?* Lung capillary blood
volume was reported to be decreased in patients
with type 1 diabetes.?

Lung volume reductions

Diabetes may lead to parenchymal damages
as well as alterations in the pulmonary vascular
system and the alveolar-capillary membrane.?’
Inflammatory changes in hyperglycemia can
cause pulmonary fibrosis. In a study in which FVB
mice with streptozotocin induced type 1 diabetes
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were examined, alveolar septal thickening,
inflammatory cell infiltration and marked fibrosis
in the interstitium of the lungs were detected.
These changes were accompanied by an increase
in the markers associated with fibrosis like
connective tissue growth factor and fibronectin.
Besides an increase in the expression of mRNA
of the inflammation and coagulation markers
like PAI-1 and tumor necrosis factor (TNF)-a
were detected. Lung fibrosis with specific nodular
pattern are also reported in diabetic patients.>>?2
Lung volume reductions due to anatomic lung
abnormalities in patients with diabetes can
partly explain the pulmonary function defects.
Tests demonstrating lung mechanical function
include dynamic breathing changes in lung
elasticity, airflow resistance, and maximal forced
spirometric pulmonary function tests (PFT). In
practice, PFTs are influenced by different factors
like aging, loss of muscle strength from any cause
and obesity. Studies evaluating spirometric PFTs
in patients with diabetes have conflicting results

some showing decrease in PFTs in diabetics, some
not 20,24,27-30

Bronchomotor tone and control of ventilation

Diabetics are shown to have disorders in
bronchomotor tone and control of ventilation
due to autonomic neuropathy which can cause
functional impairment of the respiratory system
through damage to the bronchial neuroadrenergic
innervation. Defects in bronchial neuroadrenergic
innervation can change the ventilatory response
to central and peripheral stimuli. While
chemosensibility to hypoxia is shown to be
depressed in diabetic patients with autonomic
neuropathy®, there are conflicting results
regarding chemosensibility to hypercapnia.
The ventilatory response to hypercapnia is
reported to be reduced, normal or increased in
different diabetic populations with autonomic
neuropathy.?*3 This heterogenity may be due to
differencesin the patterns of the autonomic nervous
system disturbance, degrees of dysautonomia and
intensities of stimuli.** Dysfunction of autonomic
innervation and reduction of peripheral and
central chemosensibility may be involved in
altered perception of breathlessness -which is
generally the main symptom- and abnormality in
the ventilatory response to exercise.’

Respiratory muscle function

Respiratory muscle function defects may lead
to reduced lung volumes, leading to restrictive
functional impairment. The respiratory muscle
strength is reported to be weakened in diabetics.*
In a study conducted in type 2 diabetics,
reduction in respiratory muscle strength was
found to be inversely correlated with the degree
of glycemic control and more prevalent in those
with diabetic microvascular complications.* In
a study conducted in type 2 diabetics, restrictive
pulmonary function was found to be related to
glucose metabolism, and presence of nephropathy
was shown to increase the risk of restrictive lung
disease.’’

What are the possible effects of

antidiabetic agents on the lungs?

All antidiabetic agents control hyperglycemia
via different mechanisms, some of them
decreasing insulin resistance. Control of glycemic
parameters and metabolic control is important in
preventing or delaying diabetes related vascular
complications. Some antidiabetic agent groups
are thought to have positive effects on possible
pulmonary outcomes via different actions, mainly
through anti-inflammatory effects. Metformin
inhibits the release of proinflammatory cytokines
and activation of nuclear factor-kB (NF-«B)%®,
reduces CRP.* Glibenclamide is an inhibitor of
IL-1B in pancreatic islets.* Thiazolidinediones are
agonists for the peroxisome proliferator-activated
receptor-y (PPAR-y). They have potent anti-
inflammatory effects in the lungs* by inhibiting
NF-kB-mediated inflammatory pathways and
reducing levels of TNF-a and IL-6.*> Glucagon
like peptide 1 analogs stimulate vasodilation
and Dbronchodilation. Dipeptidylpeptidase 4
inhibitors inhibit AGE and receptor (RAGE) gene
expressions and proinflammatory pathways.*>*4

Insulin has anti-inflammatory effects by
suppressing the production of ROS and inhibiting
proinflammatory transcription factors like
NF-kB, activator protein-1, and early growth
response-1. Besides some concerns also exist
regarding the potential for pulmonary hazard with
chronic use of inhaled insulin due to immunogenic
and growth-promoting properties. Inhaled insulin
has the potential to induce a concentration-
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dependent ASM contraction via prostaglandins.
4,45,46

It seems necessary to conduct more clinical
studies evaluating the effects of antidiabetic
treatment options on the lungs to clarify the
specific pulmonary effects of antidiabetic agents,
other than glycemic control.

Conclusion

Diabetes mellitus is a chronic disease that
may lead to chronic micro and macrovascular
complications. The lungs are the largest
microvascular organs with their huge alveolar
capillary network. This property makes lungs
vulnerable to the harmful effects of diabetes
mellitus. Because of the larger pulmonary
reserves, symptoms and disability from diabetes
may not be diagnosed until subclinical pulmonary
dysfunction becomes overt with accompanying
situations like aging, smoking, cardiopulmonary
diseases and infections like SARS-CoV-2. Periodic
monitoring of the respiratory function in patients
with diabetes is important by keeping in mind the
possible presence of an assault of diabetes mellitus
on pulmonary vasculature and parenchyme.
Providing good glycemic control and controlling
hyperinsulinemia by reducing insulin resistance
will allow to reduce or prevent lung-related
problems in diabetic patients.
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