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Abstract: Diabetes mellitus is a chronic metabolic disease that affects various organs, including the lungs. 

The morphological changes of the macro- and microvascular systems of lung tissue in diabetes mellitus 

remain largely unknown, which affects our understanding of the pathogenesis of diabetic lung diseases. 

This article aims to review recent research on morphological assessments of changes in the macro- and 

microvascular system of lung tissue in diabetes mellitus, with a focus on the available techniques and their 

limitations, as well as their potential applications in preventing and treating diabetic lung diseases. 
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Introduction 

Diabetes mellitus (DM) is a common metabolic disease characterized by hyperglycemia resulting from 

insulin insufficiency or resistance, which can cause various complications such as neuropathy, retinopathy, 

and nephropathy. The respiratory system is also affected by DM, leading to diabetic lung diseases such as 

pulmonary infections, obstructive airway diseases, and interstitial lung diseases (1, 2). However, despite the 

growing awareness of lung complications in DM, the precise mechanisms are still poorly understood. 

One of the potential ways DM affects the lungs is through vascular changes. DM has been associated 

with vascular complications in various organs, including the heart, kidneys, and eyes, due to the damage done 

to the macro- and microvascular systems. Similarly, lung tissue can experience significant structural changes 

in the macro- and microvasculature in DM, leading to impaired lung function and respiratory diseases (1). 

These morphological alterations can include thickening and fibrosis of the pulmonary vessel walls, an increase 

in the number and size of alveolar capillaries, and a reduced number of peripheral pulmonary vessels. 

To better understand the morphological changes in the macro- and microvascular systems of lung 

tissue in DM, various imaging techniques have been utilized, including computed tomography (CT) scans, 

magnetic resonance imaging (MRI), and histopathologic assessments. CT scans and MRI provide non-

invasive methods to assess lung morphology and function but may lack the ability to detect finer features of 

the vasculature. Microscopic examination of lung tissue is still the gold standard for morphological analysis, 

but it is invasive and subject to sampling bias due to the heterogeneity of the lung (1). Practical non-invasive 

imaging techniques are therefore needed to understand and diagnose diabetic lung disease. 
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Several studies have attempted to investigate the morphological changes of the macro- and 

microvascular systems of lung tissue in DM using these imaging techniques. In a study using contrast-

enhanced CT scans, researchers found that diabetic patients had significant vascular abnormalities, including 

vascular obstruction, segmental pulmonary artery enlargement, and increased bronchial artery diameters, 

compared to non-diabetic individuals. Similarly, a study using endobronchial ultrasound (EBUS) found that 

diabetic patients had significantly increased thickness of the bronchial wall and the submucosa of the central 

and peripheral bronchi, which may indicate morphological changes in the small airways consistent with 

diabetic lung disease (2). These findings suggest that morphological assessment of the macro- and 

microvascular system of lung tissue could provide valuable diagnostic information in DM and contribute to 

the early detection and treatment of diabetic lung disease. 

However, while these imaging techniques can be informative, they still have limitations. For instance, 

CT scans and MRI may be affected by motion artifacts or respiratory motion, which may lead to image 

degradation and inaccuracies in the analysis. There may also be variations in the MRI signal intensity 

depending on the field strength and pulse sequences used (3). Histopathologic analysis, on the other hand, is 

invasive and may not be feasible for some patients, particularly those with severe respiratory disease. 

Furthermore, the potential confounding effect of other comorbidities on lung morphology in DM needs to be 

considered (8). 

Despite these limitations, morphological assessment of the macro- and microvascular system of lung 

tissue in DM is a growing field of study that has the potential to improve our understanding of the pathogenesis 

of diabetic lung disease. This article aims to review recent research on morphological assessments of changes 

in the macro- and microvascular system of lung tissue in DM, with a focus on technique limitations and their 

potential applications in diagnosing and treating diabetic lung diseases. 

 

Methods 

Diabetes mellitus is a metabolic disorder characterized by hyperglycemia that affects various organs, 

including the lungs. The lung tissue macro- and microvascular systems undergo structural and functional 

alterations in diabetes mellitus. Morphological assessment of these changes in the lung tissue micro- and 

macrovasculature is essential to understand the mechanisms underlying the development of lung 

complications in diabetes mellitus. 

A histomorphometric study could help to evaluate the lung tissue's morphological alterations in 

patients with diabetes mellitus. This study examines structural changes in the lung tissue microvascular system 

using various techniques to determine the alveolar surface area density, alveolar septal thickness, vascular 

density, and the arterial wall thickness. Alveolar septal thickness and alveolar surface area density could be 

measured using morphometric analysis by the ImageJ program (10, 11). Vascular density and arterial wall 

thickness could be determined by hematoxylin and eosin (H&E) staining and quantitative analysis by the 

ImageJ program. This technique has been widely used to evaluate morphometric alterations in the lung tissue 

of rats with diabetes mellitus (4). 

Transmission electron microscopy (TEM) could also help to assess ultrastructural changes in the lung 

tissue microvascular system. TEM can visualize the morphology of lung tissue cells and extracellular matrix, 

enabling researchers to describe and quantify morphological changes in the basement membrane and capillary 

endothelium of the lung tissue. TEM has been used to evaluate ultrastructural changes in the lung tissue of 

rats with diabetes mellitus (5). 

Moreover, vascular corrosion casting is a method used to produce a three-dimensional replica of the 

lung microvasculature. This technique utilizes a transparent resin injection that fills the vascular network, 

followed by digestion of the tissue to expose the vascular structures. The resin cast of the microvasculature 

shows the branching patterns and structure of the lung microvasculature, and the morphology of the alveolar 

capillaries, which provide gas exchange between alveolar air and blood. This technique allows researchers to 

analyze the effects of diabetes mellitus on the lung tissue macrovasculature (4, 7). 

Animal models have been widely used to investigate the mechanisms, pathologies, and therapeutic 

strategies in diabetes mellitus. Transgenic mouse models of diabetes mellitus, such as streptozotocin-induced 

diabetes, could be utilized to conduct preclinical studies on lung tissue morphology. These models show the 

pathological changes, mortality rates, and complications akin to human diabetes mellitus (6). Animal models 
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could be used to study changes in the lung tissue's micro- and macrovascular systems in diabetes mellitus 

through histomorphometric analysis, TEM, vascular corrosion casting, and confocal microscopy. 

Finally, in addition to morphological assessments, functional assessments could be carried out to 

complement these analyses. Pulmonary function tests could be used to evaluate the lung's functional changes 

resulting from the morphological alterations. This assessment could also help to determine the effects of 

diabetes mellitus on lung function and evaluate the efficacy of the therapeutic agents deployed to reduce lung 

complications in diabetes mellitus. 

To conclude, morphological assessment of changes in the macro- and microvascular system of lung 

tissue in diabetes mellitus could provide critical insights into the mechanisms underlying diabetic lung 

complications. These morphological assessments could help researchers to identify new therapeutic agents or 

modify existing therapies. Studies targeting lung complications in diabetes mellitus could benefit from the 

application of various techniques of lung tissue morphometry, such as histomorphometric analysis, TEM, 

vascular corrosion casting, confocal microscopy, and pulmonary function tests (9). These techniques could 

contribute to the generation of knowledge with the potential to reduce significant morbidity and mortality rates 

in diabetes mellitus patients. 

 

Conclusion 

In conclusion, diabetes mellitus is a disease that has significant and diverse effects on various organ 

systems in the body, including the lung macro- and microvascular systems. These changes manifest in the 

form of alterations in the lung parenchyma and airway architecture, and impaired blood supply to the lung 

tissue. These changes ultimately lead to lung damage, respiratory failure and other pulmonary complications 

in diabetic patients. 

Morphological analysis of the lung tissue, involving the use of high-resolution imaging techniques, 

has provided crucial insights into the pathophysiological mechanisms underlying diabetic lung disease. The 

studies reviewed in this article have highlighted the complex interplay between metabolic imbalances, 

systemic inflammation, and oxidative stress in the development of diabetic lung disease. Understanding these 

mechanisms can help in the development of targeted therapeutics that can prevent, delay or even reverse the 

onset and progression of diabetic lung disease. 

Moreover, the assessment of morphological changes in the macro- and microvascular structure of lung 

tissue is a valuable diagnostic and prognostic tool for diabetic patients with respiratory symptoms. The use of 

advanced imaging techniques, such as CT scans and MRI, can help in the early detection and monitoring of 

lung damage in diabetes mellitus. Further studies are needed to determine the optimal imaging protocols and 

biomarkers for the precise identification and quantification of lung disease in diabetic patients. 

In conclusion, morphological assessment of the lung tissue in diabetes mellitus is a rapidly evolving 

field with significant implications for early diagnosis, prognosis, and targeted therapy. The application of 

advanced imaging techniques and the integration of morphological data with clinical and biochemical 

parameters can offer new insights into the pathophysiology of diabetic lung disease, and provide a rational 

basis for the development of effective intervention strategies. 
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