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■ Abstract 
Several abnormalities of the respiratory function have been 
reported in patients with type 1 and type 2 diabetes. These 
abnormalities concern lung volume, pulmonary diffusing 
capacity, control of ventilation, bronchomotor tone, and neu-
roadrenergic bronchial innervation. Many hypotheses have 
emerged, and characteristic histological changes have been 
described in the “diabetic lung”, which could explain this 
abnormal respiratory function. Given the specific abnormali-
ties in diabetic patients, the lung could thus be considered 
as a target organ in diabetes. Although the practical implica-
tions of these functional changes are mild, the presence of 
an associated acute or chronic pulmonary and/or cardiac 
disease could determine severe respiratory derangements in 
diabetic patients. Another clinical consequence of the pul-

monary involvement in diabetes is the accelerated decline in 
respiratory function. The rate of decline in respiratory func-
tion in diabetics has been found to be two-to-three times 
faster than in normal non-smoking subjects, as reported in 
longitudinal studies. This finding, together with the pres-
ence of anatomical and biological changes similar to those 
described in the aging lung, indicates that the “diabetic 
lung” could even be considered a model of accelerated ag-
ing. This review describes and analyses the current insight 
into the relationship of diabetes and lung disease, and sug-
gests intensifying research into the lung as a possible target 
organ in diabetes. 
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Introduction 
 

 iabetes is the most common of all endocrine 
 diseases and the fourth to fifth leading cause 
 of death in developed countries [1]. Reti-

nopathy, neuropathy, nephropathy, and cardiovas-
cular dysfunction are common diabetic complica-
tions, and contribute significantly to morbidity and 
mortality. These complications are basically 
caused by vascular damage, which has a central 
role in the pathophysiology of diabetes [2, 3]. De-
spite the presence of a large capillary network in 
the lung, pulmonary complications of diabetes are 

frequently disregarded. This is mainly because the 
alveolar-capillary system is characterized by a 
great microvascular reserve, and pulmonary ab-
normalities are commonly subclinical in diabetic 
patient [4]. However, the loss of microvascular re-
serve in the lung may become clinically important, 
with increased risk of hypoxia, in case of acute or 
chronic pathological lung conditions, including 
pneumonia, chronic obstructive pulmonary dis-
ease, and asthma, or fluid overload secondary to 
heart failure [5]. 

The association between diabetes and impaired 
lung function has been frequently observed. Vari-
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ous respiratory disorders have been described in 
patients with either type 1 and type 2 diabetes [4]. 
However, the potential clinical implications of this 
interrelationship have not yet been fully eluci-
dated. This drawback suggests that further re-
search into the lung as a possible target organ in 
diabetes is needed [6]. The following sections 
summarize the current state of knowledge on the 
association of diabetes and lung disease. We learn 
from the impressive arguments that diabetes can 
have a decisive influence on lung function, and 
this has led us to think about the “diabetic lung”, 
and to guide more attention to this important 
topic. 

Mechanisms of lung damage 

Mechanisms underlying lung damage in diabe-
tes are not fully clear. Conceivably, the nonenzy-
matic glycosylation of proteins in the lungs and 
chest wall makes the collagen less susceptible to 
proteolysis and leads to its accumulation in lung 
connective tissue [7, 8]. This process is mainly 
driven by hyperglycemia, and thus it is more pro-
nounced in patients with poor metabolic control 
[7]. In the course of collagen accumulation in the 
lung, the increased stiffness of both lung paren-
chyma and chest wall could explain the restrictive 
functional defect appearing in lung disease. 
Whereas, the loss of elastic recoil capacity in the 
lung leads to a dynamic collapse of small airways 
during exhalation. 

Another potential mechanism in lung disease is 
related to decreased muscle strength, a phenome-
non that is also related to insulin-resistance, sug-
gesting a relationship to diabetes [9]. Conse-
quently, myopathic and/or neuropathic changes af-
fecting respiratory muscles could impair the effi-
ciency of the ventilatory pump and thereby con-
tribute to functional lung defects. 

Some studies suggested that diabetes may in-
crease the patients’ susceptibility to the adverse 
pulmonary effects of tobacco smoking [10] and air-
borne particles [11]. Also, insulin resistance could 
alter lung volume and mechanical function via 
mediators such as leptin. Indeed, animal studies 
have provided evidence for leptin as a stimulant of 
ventilation, whereas researchers have also pro-
posed an important role for leptin in lung matura-
tion and development [5]. Studies further suggest 
a significant impact of leptin on specific respira-
tory diseases, including obstructive sleep apnoea-
hypopnoea syndrome, asthma, chronic obstructive 
pulmonary disease (COPD), and lung cancer [5]. 

Serum leptin levels are usually elevated in obesity, 
and associated with small lung volumes. In non-
obese subjects, serum leptin levels are inversely 
related to forced expiratory volume in one second 
(FEV1) [12, 13]. 

Another hypothesis points to systemic inflam-
mation as a link between diabetes and lung dys-
function. Abnormal regulation of inflammatory 
mechanisms could cause exaggerated inflamma-
tory responses in the lung, resulting in impaired 
lung function. Also, the lung can be the primary 
location of the activation of inflammatory proc-
esses, followed by the development of type 2 diabe-
tes. This hypothesis could explain the observation 
of diminished lung function several years before 
diabetes diagnosis [14-17]. Furthermore, subjects 
with type 2 diabetes and inadequate glycemic con-
trol had lower FEV1 and forced vital capacity 
(FVC) than subjects with adequate control, a dif-
ference not explained by usual determinants of 
lung function. Similarly, patients with inadequate 
control also had significantly higher levels of in-
flammation markers (TNF-alpha, ferritin, fibrino-
gen, and C-reactive protein), suggesting a poten-
tial involvement of inflammation in impaired lung 
function [18], in particular in lung fibrosis. In a 
prospective cohort study involving about 100,000 
women, it was found that subjects with COPD had 
a statistically significant increased risk of type 2 
diabetes, and inflammatory markers have been 
suggested to be the common link [19]. Thus, both 
systemic and pulmonary inflammation may be im-
plicated in the complex interplay between respira-
tory and metabolic dysfunction [20]. 

Abbreviations: 
 

99mTc-DTPA - technetium-99m diethylene triamine penta-
acetic acid aerosol 
ARIC - Atherosclerosis Risk in Communities 
BMI - body mass index 
CO - carbon monoxide 
COPD - chronic obstructive pulmonary disease 
DLCO - pulmonary diffusing capacity for carbon monoxide 
DLNO - pulmonary diffusing capacity for nitric oxide 
FEV1 - forced expiratory volume in one second 
FVC - forced vital capacity 
HbA1c - glycosylated hemoglobin levels 
HRV - heart rate variability 
MIBG - metaiodobenzylguanidine 
NHANES III - Third National Health And Nutrition Ex-
amination Survey 
OSA - obstructive sleep apnoea 
T1D - type 1 diabetes 
T2D - type 2 diabetes 
TNF-alpha - tumor necrose factor alpha 
TLC - total lung capacity 
VO2-peak - peak of oxygen uptake 



 

The Diabetic Lung  The Review of DIABETIC STUDIES  25 
  Vol. 9 ⋅ No. 1 ⋅ 2012 
 

www.The-RDS.org  Rev Diabet Stud (2012) 9:23-35  

Histopathological evidence 

In patients with diabetes, there is histopa-
thological evidence of thickened alveolar, epithe-
lial, and pulmonary capillary basal lamina. Ac-
cording to post mortem studies, epithelial and cap-
illary basal laminas of alveoli are significantly 
thicker in diabetics than in age-matched controls 
[21]. The degree of thickening did not correlate 
significantly with patient age or with duration of 
diabetes, but correlated significantly with the 
thickness of basal laminas in renal tubules and 
muscle capillaries [21, 22]. These microvascular 
abnormalities are frequently associated with histo-
logical changes in the lung parenchyma, such as 
nodular fibrosis [23], and with increased extracel-
lular matrix and connective tissue synthesis in the 
lung parenchyma of animals [24]. Experimental 
data obtained in rats with streptozotocin-induced 
diabetes have shown that hyperglycemia increased 
the content of collagen and elastin in the lung [24]. 
In this regard, the volume proportion of alveolar 
walls was increased at the expense of alveolar air, 
and air spaces were diminished in size [25]. 
Changes in collagen metabolism have been related 
to an apparent accelerated ageing of human colla-
gen in diabetes, probably because one or more 
properties of collagen could be altered in ways that 
simulate accelerated ageing [26]. 

Functional changes in the respira-
tory tract of diabetes patients and 
possible pathogenic mechanisms 

Several abnormalities in indices of respiratory 
function have been reported in patients with dia-
betes. The main functional changes in the respira-
tory tract are summarized in Table 1. 

Pulmonary diffusing capacity for carbon mon-
oxide (DLCO) 

The first demonstration of a deficit in lung 
function in diabetes was about 35 years ago. 
Schuyler et al. showed that, in a small number of 
young patients with type 1 diabetes, the elastic re-
coil of the lung was reduced compared with 
healthy controls [52]. The authors attributed this 
finding to the effects of diabetes on the elastic 
structures of the lung. The reduction of lung elas-
tic recoil in diabetic patients was later confirmed 
in another cross-sectional study [32]. It was also 
shown that the diabetes patients had a reduced 
pulmonary diffusing capacity for carbon monoxide 
(DLCO) [32]. This effect was attributed to vascular 
injury of pulmonary capillaries related to diabetic 
microangiopathy [30, 33, 34]. 

The reduction of DLCO in patients with both 
type 1 and type 2 diabetes has been detected in 

 

Table 1. Main changes in respiratory functional index in diabetes mellitus 
 

 

Functional index 

 

Changes 

 

Comments [reference] 

 

Lung volume 
 

Mild reduction Results not clear, poor clinical implication [27-31] 

Diffusing capacity for CO Reduction Largely homogenous results, mainly attributed to micro-
angiopathy [28, 30, 32-35] 

Gas exchange No significant abnormalities Thickening of alveolar-capillary membrane, with poor clinical im-
plication [21, 36] 

Bronchomotor tone Abnormal Depressed cholinergic tone, decreased bronchial response to 
methacoline, neuroadrenergic bronchial denervation [37-40] 

Ventilatory response to hypoxia Decreased Depressed peripheral chemosensitivity [41-43] 

Ventilatory response to hypercapnia Variable Central chemosensitivity: results not clear, particularly according 
to pattern of autonomic dysfunction [41, 42, 44-47]  

Respiratory muscles Reduction in strength Both in T1D and T2D [48-51] 
 

Legend: The table is adapted from: Guazzi M, Fuso L, European respiratory monograph, 2009, p. 217-239. Find references [27-51] in the ref-
erence list at the end of the article. Abbreviations: CO - carbon monoxide, T1D - type 1 diabetes, T2D - type 2 diabetes. 
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several studies. Today, there is agreement with 
this finding. DLCO is a parameter that is easily 
measured during lung function testing. It is influ-
enced by two main components: alveolar-capillary 
membrane conductance and pulmonary capillary 
blood volume. Several studies have shown that 
diabetes is frequently associated with histopa-
thological alterations acting on both determinants 
of DLCO. In particular, one of the most frequently 
described histopathological alterations is the 
thickening of the pulmonary capillary basal lam-
ina which, together with the alveolar epithelium 
thickening, contributes to reduced gas diffusion ve-
locity through the alveolar-capillary membrane 
[21, 36]. Using a sensitive method such as 99mTc-
DTPA aerosol scintigraphy, Ozsahin et al. demon-
strated a reduction in the permeability of the al-
veolar-capillary basement membrane in diabetic 
patients even without any evidence for DLCO re-
duction [53]. Ljubic et al. showed that the reduced 
alveolar-capillary permeability could be caused by 
changes in collagen and elastin [35]. Other authors 
emphasized the role of non-enzymatic protein gly-
cation in the extracellular matrix as the main 
cause of alteration in protein turnover [54]. For-
giarini et al. pointed out the role of local oxidative 
stress in endothelial dysfunction and alteration or 
thickening of lung interstitium via an increase in 
collagen protein synthesis and accelerated cross-
linking [55]. Therefore, similar as in other organs, 
diabetes seems to cause injury in the pulmonary 
microcirculation by increasing vessel wall thick-
ness. In fact, considering its large vascular net-
work and richness in collagen and elastin, the 
pulmonary system is susceptible to microvascular 
damage and non-enzymatic glycation in diabetes. 
The presence of these alterations could be re-
garded as the manifestation of diabetic microan-
giopathy. To confirm these considerations, it has 
been demonstrated that the reduction of DLCO in 
diabetic patients correlates with the severity of 
other vascular complications, such as retinopathy 
and renal microangiopathy [30, 34, 35, 56]. 

The increased thickness of the alveolar-
capillary barrier and the expansion of the inter-
stitium are associated with a reduction of alveolar 
space and a narrowing of the pulmonary capillary 
network [21, 36]. Pulmonary capillary blood vol-
ume represents the amount of blood in contact 
with the ventilated alveoli. Any alteration in pul-
monary vasculature may lead to redistribution of 
pulmonary circulation, potentially causing ventila-
tion/perfusion mismatch and impaired gas ex-
change. Recently, Wheatley et al. have demon-

strated that in diabetics the lung fails to recruit 
pulmonary capillaries in response to increased re-
quests, as during physical exercise or after pos-
tural changes [57]. The same authors measured 
both DLCO and the transfer of nitric oxide 
(DLNO) in these patients, to distinguish between 
the two effects, namely the reduced pulmonary 
capillary blood volume and the reduction of alveo-
lar-capillary membrane conductance. This was 
done as the high NO conductance in blood makes 
DLNO an independent measure of alveolar-
capillary transfer. The authors found that the re-
duction of DLCO in diabetic patients is a combina-
tion of a decrease in pulmonary capillary blood 
volume and alveolar-capillary membrane conduc-
tance, both expressions of diabetic microangiopa-
thy and lung involvement [58]. In this prospective 
study, DLCO could be used as a simple and non-
invasive test for the assessment of pulmonary vas-
cular damage in diabetic patients, even if this test 
is not very sensitive. 

A method to increase the diagnostic sensitivity 
of DLCO in the detection of severe diabetic micro-
angiopathy is to measure the postural changes in 
DLCO. It is well known that in normal subjects 
the increase in DLCO in the supine, compared to 
the sitting position, is related to the recruitment of 
the upper lobe pulmonary capillaries, thus increas-
ing the total volume of pulmonary blood volume 
[59, 60]. Although normal when measured in sit-
ting position, DLCO did not increase with a 
change from sitting to supine position in patients 
with type 1 diabetes, compared to healthy subjects 
[61]. This observation has been attributed to the 
lack of ability to increase capillary volume in the 
supine position because of diabetic microangiopa-
thy. Therefore, measurement of DLCO in postural 
changes could be a useful and a more sensitive tool 
than simple measurement of DLCO in sitting posi-
tion in the early diagnosis of diabetic lung compli-
cations [61]. 

Another possible explanation of the DLCO 
changes described in diabetic patients can also be 
related to the dysfunction in the autonomic nerv-
ous system, which is often reported in type 1 dia-
betes. Indeed, it was found very recently that re-
duced DLCO and cardiac autonomic dysfunction 
are significantly associated. This relationship was 
determined by the analysis of heart rate variabil-
ity (HRV), which is a very sensitive method [62]. 

Lung volumes 
There is substantial evidence of pulmonary vas-

cular damage related to diabetic microangiopathy, 
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which is responsible, at least in part, for the reduc-
tion in DLCO. However, conflicting data exists re-
garding the effects of diabetes on respiratory me-
chanics and lung volume [4]. Initially, it was re-
ported that patients with diabetes had reduced 
spirometric measures [28]. However, these find-
ings were not confirmed by subsequent studies, 
which found nearly normal lung volumes in dia-
betic patients, similar as in control subjects [61]. 
This led to the rejection of a correlation between 
lung function and glycemic control or duration of 
diabetes [30, 31]. 

On the other hand, Niranjan et al. later found a 
significant reduction in total lung capacity (TLC) 
in type 1 diabetic patients compared with healthy 
subjects. This reduction was more pronounced in 
the subgroup of patients with poor glycemic con-
trol [27]. However, lung volumes were expressed in 
absolute values instead of percentages of predicted 
values. Another epidemiological study has re-
ported a modest reduction in lung volumes of type 
2 diabetic patients, about 10% lower than the pre-
dicted values derived from a normal population 
[29]. Lung function was also measured in a cohort 
of 495 patients with type 2 diabetes without any 
history of pulmonary disease, where 125 of the pa-
tients repeated these measurements after a follow-
up of approximately 7 years [63]. FVC, FEV1, and 
vital capacity (VC) values measured at baseline 
were at the lower limits of the normally predicted 
values, but 29 of the 125 patients (23% of the pa-
tients who took part in the follow-up) had baseline 
FEV1 < 70% of the predicted value and/or a VC < 
80% of the predicted value, without evidence of as-
sociated lung disease [63]. 

The Third National Health And Nutrition Ex-
amination Survey (NHANES III 2005) [64] found 
that previously diagnosed diabetes patients had 
lower FEV1 than non-diabetics. Also, the Fram-
ingham Offspring Cohort and the Heart and 
Health Study reported a reduced FEV1 in diabetic 
patients in comparison to non-diabetics [10, 65]. In 
a cross-sectional analysis, the Atherosclerosis Risk 
in Communities (ARIC) study has reported that 
the values of FEV1 and FVC were significantly 
lower in type 2 diabetes than in healthy controls 
[66]. Using more sensitive functional tests to 
evaluate the respiratory mechanics such as the 
measurement of dynamic compliance, some au-
thors have demonstrated a reduction of this pa-
rameter in type 1 diabetes patients, thus indirectly 
detecting the presence of a peripheral airway ob-
struction in these patients [67, 68]. 

A recent meta-analysis pooled the data of 40 
studies related to the difference in mean respira-

tory function between a total of 3182 patients with 
diabetes and 27,070 controls. The authors found a 
moderate, but statistically significant, impaired 
lung function tending towards a restrictive pattern 
[69]. In sub-analyses, this association seemed to be 
more pronounced for type 2 diabetes. Although not 
clinically relevant under stable conditions, this 
impairment means a loss of pulmonary reserves 
which could eventually become problematic in case 
of increased pulmonary demands such as repeated 
respiratory infections. 

The pathogenic mechanisms leading to a re-
duced lung function in diabetic patients have not 
been fully revealed. It has been suggested that the 
glycosylation of proteins such as collagen in the 
bronchial tree can explain the deficit in lung func-
tion, especially in diabetic patients with poor con-
trol of blood glucose [7]. Data on anatomic lung 
abnormalities reported in patients with diabetes 
can, at least in part, explain the pulmonary func-
tional deficit. In addition to the alterations in the 
pulmonary vascular system and the alveolar-
capillary membrane, parenchymal damages to 
lungs of diabetes patients has also been reported 
[8, 23-25]. Farina et al. demonstrated the presence 
of areas of lung fibrosis with specific nodular fibro-
sis pattern [23]. To support the hypothesis of a 
link between diabetes and lung fibrosis, a case-
control study, estimating the odds ratio of diabetes 
as a risk factor for idiopathic fibrosis, found a cor-
relation between these two diseases [70]. 

It has also been suggested that diabetes pa-
tients are more susceptible to the adverse effects 
caused by tobacco smoke and environmental pol-
lutants [10, 11]. Another attractive hypothesis is 
that the systemic inflammation could be the link 
between diabetes and lung. In diabetic patients, 
systemic inflammation is associated with endothe-
lial dysfunction [71], and may contribute to the de-
velopment of diseases of the air passages, as in 
asthma and chronic obstructive pulmonary dis-
ease. In turn, systemic inflammation in chronic 
lung diseases may be responsible for the develop-
ment of comorbidities such as diabetes [15] and in-
sulin resistance [72]. Therefore, it is conceivable 
that inflammatory markers of reduced lung func-
tion in non-diabetic subjects, such as fibrinogen 
[73], are also associated with the development of 
diabetes [74]. 

Glycemic control appears to play a key role in 
the association of reduced lung function and diabe-
tes. This was evidenced by a cross-sectional study 
based on the Framingham Offspring Cohort which 
found significant correlations between diabetes, 
fasting plasma glucose levels, and lung function in 
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approximately 3,200 subjects [10]. However, there 
is disagreement on this hypothesis when the re-
sults of other longitudinal studies are considered. 
In two studies, the association between glycosy-
lated hemoglobin levels (HbA1c) and spirometric 
measurements was weak or not present [29, 75]. In 
another cross-sectional population study, a nega-
tive association between plasma glucose level and 
FVC and/or FEV1 was found [76]. Basically, it 
should be noted that a good glycemic control and 
regular administration of insulin could positively 
influence functional lung parameters. In fact, it 
has been shown that insulin infusion results in an 
acute improvement in alveolar-capillary mem-
brane conductance, suggesting a beneficial effect 
on lung diffusing capacity and gas exchange inde-
pendent of its metabolic effects [77]. 

Bronchomotor tone and control of ventilation 

Several authors have reported disorders in 
bronchomotor tone and control of ventilation 
among diabetic patients with autonomic neuropa-
thy, a complication which may affect up to 30% of 
the diabetic population, and which is associated 
with increased morbidity and mortality [37]. 
Noradrenergic dysfunction in bronchial innerva-
tion has been demonstrated in a group of patients 
with type 1 diabetes who underwent lung ventila-
tion scintigraphy with 123-I-
metaiodobenzylguanidine (MIBG) [40]. The radio-
tracer was taken up in the lung by the same 
mechanism that controls the uptake of norepi-
nephrine and selectively binds bronchial neu-
roadrenergic receptors [78]. Diabetic patients with 
autonomic neuropathy showed an increased lung 
uptake of 123-MIBG and a decreased rate of its 
clearance [40]. This result pointed to a dysfunction 
in bronchial neuroadrenergic innervation; the 
magnitude of which was directly related to the se-
verity of the autonomic defect. Autonomic neu-
ropathy can cause functional impairment of the 
respiratory system through damage to the bron-
chial neuroadrenergic innervation, thus altering 
the ventilatory response to central and peripheral 
stimuli. 

In particular, Bertherat et al. have reported 
about a reduced bronchoconstrictive response in-
duced by methacholine in 22 insulin-dependent 
diabetes patients with autonomic neuropathy [38, 
39]. In another study, bronchial responsiveness to 
methacholine was significantly correlated with 
several indices of cardiovascular autonomic control 
in patients with type 1 diabetes [39]. Fonseca et al. 

gave a possible explanation of these findings. They 
showed that the reduction of the parasympathetic 
bronchomotor tone may cause an increase in air-
way caliber at baseline in diabetic patients with 
autonomic neuropathy compared to those without 
autonomic disorders [79]. 

Non-univocal data are reported in the literature 
relating to the influence of diabetic dysautonomia 
on the control of ventilation. It has been shown 
that diabetes is associated with periodic breathing, 
a respiratory disorder induced by abnormal central 
respiratory control. However, even if there is a 
substantial homogeneity of findings regarding a 
depressed chemosensibility to hypoxia in diabetic 
patients with autonomic neuropathy [41, 42], con-
flicting data have been reported about the chemo-
sensibility to hypercapnia. In fact, the ventilatory 
response to hypercapnia was found increased, 
normal, or reduced in apparently comparable 
populations of diabetic patients with autonomic 
neuropathy [42, 44, 45]. It is possible that the dif-
ferences in the results regarding the response to 
hypercapnia are caused by different degrees of se-
verity of dysautonomia, different patterns of the 
autonomic nervous system disturbance, or differ-
ent stimulus intensity [47]. Indeed, Tantucci et al. 
demonstrated that the response to hypercapnia is 
reduced in diabetics with parasympathetic dy-
sautonomia, while hypercapnic drive was slightly 
increased in patients with both sympathetic and 
parasympathetic damage [46]. These findings sug-
gest that the sympathetic component seems to play 
an important role in modulating the response of 
the respiratory centers to hypercapnic stimulation 
[46]. It also shows that different patterns of auto-
nomic dysfunction in diabetes could influence the 
chemosensibility in various directions. Finally, at 
least a part of the ventilatory response to hyper-
capnia is dependent on peripheral chemoreceptors 
of carotid glomus [80], which may contribute to the 
heterogeneity of results reported in the literature. 

In partial contrast with these studies, it has re-
cently been shown that patients with type 1 diabe-
tes have a reduced ventilatory response to hyper-
capnia independent from the presence of auto-
nomic neuropathy [81]. This finding suggests that 
diabetes per se, and not dysautonomia, is the main 
cause of depressed hypercapnic chemosensibility. 
The same study has also demonstrated a signifi-
cant correlation between the reduction in ventila-
tory response to hypercapnia and DLCO, which 
could be used to identify diabetic patients with ab-
normal respiratory response to hypercapnia [81]. 
The latter finding seems to suggest that an altera-
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tion of cerebral microcirculation may contribute, at 
least in part, to reduced hypercapnic chemosensi-
bility in diabetic patients as the cerebral vascular 
reactivity to carbon dioxide partly mediates the 
ventilatory effects of carbon dioxide on the central 
chemoceptors. Together, these data provide sup-
port for the hypothesis that DLCO is a promising 
index of the severity of abnormal respiratory re-
sponse in diabetes. 

Respiratory muscle function testing 

Few studies have investigated the respiratory 
muscle function in diabetes, mainly in patients 
with type 1 diabetes. In these studies, the levels of 
respiratory muscle strength have been found to be 
generally low [48-50]. A recent study with type 2 
diabetic patients showed a modest reduction in 
respiratory muscle strength, inversely correlated 
to the degree of metabolic control, expressed by the 
HbA1c level [51]. In the same study, the endur-
ance of the respiratory muscles was reduced in 
more than one third of patients, and this deficit 
was prevalent in patients with diabetic microvas-
cular complications. These data may suggest that 
the respiratory muscular deficit in strength or en-
durance could have different related patterns of 
anatomical and/or physiological alteration [51]. 
Regardless of the pathogenetic mechanisms in-
volved, any deficit of respiratory muscle function 
may in turn lead to lower lung volumes, thus con-
tributing, at least in part, to the restrictive func-
tional impairment that is often seen in these pa-
tients. 

Cardiopulmonary exercise test 

Various authors have demonstrated that, dur-
ing the incremental exercise test, type 1 diabetic 
patients have a peak of oxygen uptake (VO2-peak), 
which is lower than in healthy controls [82, 83]. 
The VO2-peak indicates the maximum amount of 
oxygen that can be used by an individual during a 
physical activity involving large muscle groups. 
The peak gradually increases in intensity until ex-
haustion. It is an indicator of the maximum aero-
bic power, usually measured during a cardiopul-
monary incremental exercise test, which evaluates 
the combined cardiovascular, respiratory, muscu-
lar, and neurological responses to physical exer-
cise. The main factor reducing the peak exercise 
parameters in type 1 diabetic patients seems to be 
glycemic control, since VO2-peak, workload, heart 
rate, and cardiac output during exercise were 
worse in diabetic patients with elevated serum 
levels of HbA1c [84]. 

Komatsu et al. observed that individuals with 
type 1 diabetes were characterized by the same 
aerobic capacity as non-diabetic subjects if they 
were in training, although the anaerobic threshold 
was lower than non-diabetic athletes [85]. This 
could suggest that highly trained individuals with 
diabetes and good glycemic control can achieve the 
same cardiopulmonary exercise response as 
trained subjects without diabetes. Regarding the 
exercise capacity in type 2 diabetic patients, the 
same detrimental effects of diabetes on VO2 kinet-
ics, VO2 peak, and ventilatory threshold have been 
described [86-89]. However, the results of studies 
evaluating whether glycemic control could affect 
exercise tolerance in patients with type 2 diabetes 
are conflicting [86, 87, 90-92]. 

Overall, these findings emphasize the role of 
hyperglycemia in oxygen transport and utilization. 
In these studies, poor glycemic control seemed to 
have a stronger detrimental effect on chronotropic 
heart response during sub-maximal exercise, and 
on cardiovascular response to exercise, than on 
pulmonary response [93]. Nevertheless, the histo-
pathological changes in diabetic lung parenchyma, 
interstitium, and vasculature may be responsible 
for a small functional reserve of the lung which, 
generally sub-clinical, could become evident in 
situations of increased functional request such as 
during physical exercise. Also, the alteration of the 
ventilatory response related to diabetic dy-
sautonomia may explain a reduced tolerance to ex-
ercise in these patients. 

Decline in lung function over time 
and its clinical implication 

A significant time-related effect of lung injury 
caused by diabetes has been detected in several 
longitudinal studies, showing an accelerated de-
cline in lung function in patients with diabetes. 
However, data are not completely in agreement on 
this topic, as two other longitudinal studies, based 
on follow-up periods of 5 and 15 years, respec-
tively, have reported a similar decline in FVC and 
FEV1 in diabetic and in non-diabetic subjects [94, 
95]. However, these studies had some limitations. 
In the first one, 126 subjects who developed diabe-
tes during the follow-up showed a decline in lung 
function that was at least twice that of non-
diabetics [94]. The second study has limitations in 
the definition of diabetes, since the diagnosis was 
either self-reported by the patients or based on a 
single measurement of fasting blood glucose [95]. 
Subsequent studies have clearly demonstrated an 
accelerated decline in lung function in patients 
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with diabetes. Davis et al. followed 125 patients 
with type 2 diabetes for 7 years, and found a de-
cline of 71 ml/year in FEV1 [63], which is more 
than twice that expected in healthy subjects [96]. 
This accelerated decrease in lung function was re-
lated to poor glycemic control and independent of 
cigarette smoking. In the same study, a multivari-
ate analysis of the recorded data showed that the 
FEV1 decline was the only variable significantly 
associated with the overall mortality in these pa-
tients [63]. This evidence suggests that lung dys-
function in diabetes qualifies as an important 
marker of increased risk of mortality. A periodic 
monitoring of spirometric indices could be re-
garded as an important prognostic indicator [97]. 

A recent study in lung function in a smaller 
group of type 1 diabetic patients followed up for a 
period of 5 years showed similar results regarding 
the time-related decline [98]. In these patients, a 
decline of 68 ml/year in FEV1 was observed, which 
was very similar to the results obtained in the 
previous study. The FEV1 decline, unrelated to the 
quality of glycemic control, was almost equal in 
the subgroups of patients with or without auto-
nomic neuropathy. Also, it affected other func-
tional parameters, such as DLCO and neuroadren-
ergic bronchial innervation, measured by lung 
ventilation scintigraphy with MIBG [98]. Table 2 
shows an overview of the major longitudinal stud-
ies which found an accelerated decline in lung 
function in diabetic patients. Overall, the above-
mentioned studies showed that lung complications 
are a manifestation of a long-lasting hyperglyce-
mia, similar as other diabetes complications such 
as nephropathy and retinopathy. 

Potential effects of inhaled insulin on 
the respiratory tract 

It is known that inhaled insulin can be used to 
achieve better metabolic control in diabetes and 
increased compliance and adherence to treatment 
by the patient [101]. However, some questions 
need to be answered regarding this treatment op-
tion. The first is whether impaired lung function 
could result in a reduced effect of such a therapy. 
It can be assumed that the microangiopathy and 
the reduced diffusing capacity of the alveolar-
capillary membrane may have adverse effects on 
the efficacy of inhalation therapy [102]. The second 
issue is whether inhaled insulin could contribute 
to lung injury, and thus increase the accelerated 
decline in lung function in diabetic patients. To 
date, these questions have not been answered ade-
quately. Some recently published clinical trials 
have demonstrated greater efficacy of inhaled in-
sulin in achieving glycemic control than traditional 
therapy in both type 1 and type 2 diabetes, with-
out significant differences in major functional lung 
indices between the group treated with inhaled in-
sulin and that treated with subcutaneous admini-
stration of insulin [99, 100, 103, 104]. However, 
the follow-up in these studies was between 3 and 6 
months, probably too short to detect possible dif-
ferences between the groups. Other possible limi-
tations of the studies are the following: 

 
- The use of FEV1 alone as the main func-

tional index, which may not fully reflect 
changes in caliber of the distal airways. 

- The lack of measures on bronchial hyper-

 
 
Table 2. Major longitudinal studies demonstrating an accelerated decline in lung function in diabetes 
 

 

Study [reference] 

 

Follow-up 

 

Decline of FEV1 

 

Other results 

 

Lange et al. [94] 
 

5 years Double than in non-diabetic subjects - 

Davis et al. [63] 7 years 71 ml / year Decline related to poor glycaemic control; FEV1 re-
lated to mortality 

Antonelli Incalzi et al. [98] 5 years 68 ml / year Decline in DLCO and neuroadrenergic bronchial 
function 

Weiss et al. [99] 3 years Two-three times faster than in a 
normal non-smoking subjects 

The same decline in both groups treated with con-
ventional therapy and inhaled insulin 

Skyler et al. [100] 6 years Faster than normal DLCO declined faster in the group treated with in-
haled insulin 

 

Legend: Find references [63, 94, 98-100] in the reference list at the end of the article. Abbreviations: DLCO - pulmonary diffusing capacity for 
carbon monoxide, FEV1 - forced expiratory volume in one second. 
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responsiveness to inhaled insulin. 
- The absence of data, even in animal models, 

which exclude possible negative effects on 
the bronchial and parenchymal lung anat-
omy.  

- The involvement of highly selected patients, 
which may limit the extension of the results 
obtained in the general population [105]. 

 
These considerations do not support the use of 

inhaled insulin in the treatment of diabetes. 

Diabetes and obstructive sleep ap-
noea 

Subjects with obstructive sleep apnoea (OSA) 
are more likely to have diabetes than those with-
out OSA [106]. Moreover, OSA was shown to be 
independently associated with other neuroendo-
crine metabolic changes that might favor the de-
velopment of type 2 diabetes [107]. In particular, 
OSA is known to affect glucose metabolism, insulin 
sensitivity, pancreatic beta-cell function, and night 
sleep quality, resulting in daytime fatigue and 
sleepiness [108]. These effects can contribute to 
physical inactivity, which may predispose affected 
persons, directly and indirectly, to develop obesity 
and diabetes. 

Besides increasing the risk of type 2 diabetes, 
OSA may itself be affected by diabetes. A study 
found that 23% of the diabetes population had 
OSA. After correction for BMI, which explained 
13% of the variance in OSA, diabetes explained a 
further 8% [109]. Until recently, the prevailing 
opinion was that the conditions of OSA and diabe-
tes are linked by obesity. However, recent reports 
suggest that they may also be independently asso-
ciated. Consequently, the incidence of one is higher 
when the other is present, and both are aggra-
vated when in association with obesity. 

Conclusions 

Although not fully clarified, the consequences of 
abnormal lung function in patients with diabetes 
are clinically relevant. There is evidence that the 
lung is another target organ of diabetes. Several 
histopathological features of the lung seem to be 

related to diabetes [6]. However, the alteration of 
some spirometric indices does not identify a spe-
cific underlying disease, and does not appear to 
cause clinically significant alterations in these pa-
tients at rest. Also, pulmonary function tests such 
as spirometry performed routinely can be normal 
in diabetes patients, and do not need to reveal 
functional deficits which can only be revealed with 
more sensitive tests. 

Regarding diabetic microangiopathy, although 
a clinically significant consequence in pulmonary 
gas exchange resulting in respiratory failure has 
not been reported, the reduction in DLCO reflects 
the interplay of vascular and parenchymal factors. 
The sensitivity could be increased both in sitting 
and supine position when evaluating the DLCO 
parameter. 

Abnormal regulation of bronchomotor tone and 
neuroadrenergic dysfunction is widespread in pa-
tients with autonomic diabetes-related neuropa-
thy. It is possible that these changes negatively af-
fect the prognosis of respiratory infections which 
are more frequent and more severe in these pa-
tients. It is also conceivable that the abovemen-
tioned functional deficits can depress the host de-
fense of the airways and the mucociliary clearance, 
thereby helping to promote the development of 
lower respiratory tract infections and/or to delay 
healing. Finally, the derangements of the auto-
nomic innervation with consequent reduction of 
both peripheral and central chemosensibility may 
be involved in the altered perception of breath-
lessness and in anomalous patterns in the ventila-
tory response to exercise, as frequently observed in 
diabetic patients with dysautonomia [26, 59]. 
Therefore, periodic monitoring of the respiratory 
function in patients with diabetes is an appropri-
ate action, to measure the progression of systemic 
microangiopathy, and could have prognostic sig-
nificance since the reduction in some functional 
indices has been shown to correlate with mortality. 
On the other hand, if the respiratory function is 
normal, then it is necessary to preserve this condi-
tion of normality by identifying, controlling, or 
eliminating all risk factors that may worsen lung 
function such as cigarette smoking, poor glycemic 
control, and cardiopulmonary diseases. 
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