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Abstract: Preserved Ratio Impaired Spirometry (PRISm) manifests notable epidemiological disparities across the globe, with its
prevalence and influential factors showcasing pronounced diversities among various geographical territories and demographics. The
prevalence of PRISm fluctuates considerably among regions such as Latin America, the United States, and Asian nations, potentially
correlating with a myriad of determinants, including socioeconomic status, environmental factors, and lifestyle modalities.
Concurrently, the link between PRISm and health risks and other disorders, especially its distinction and interrelation with chronic
obstructive pulmonary disease (COPD), has become a pivotal subject of scientific enquiry. Radiographic anomalies, such as
perturbations in the pulmonary parenchyma and structural alterations, are posited as salient characteristics of PRISm. Furthermore,
PRISm unveils intricate associations with multiple comorbidities, inclusive of hypertension and type 2 diabetes, thereby amplifying the
intricacy in comprehending and managing this condition. In this review, we aim to holistically elucidate the epidemiological
peculiarities of PRISm, its potential aetiological contributors, its nexus with COPD, and its association with radiographic aberrations
and other comorbidities. An integrative understanding of these dimensions will provide pivotal insights for the formulation of more
precise and personalised preventative and therapeutic strategies.
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Introduction

Chronic obstructive pulmonary disease (COPD), which is particularly prevalent among older adults, is a significant
contributor to global mortality. A recent proposal suggests that impaired lung growth can lead to COPD, even in the
absence of a rapid decline in lung function, and preserved ratio impaired spirometry (PRISm) has been proposed as
a concept of low lung growth or early COPD."* PRISm is a condition characterised by a decline in the one-second ratio
with normal pulmonary function. PRISm represents a prevalent yet under-researched state of diminished lung function-
ality, defined by a forced expiratory volume in one second (FEV1) that is less than 80% of the predicted value, whilst
maintaining a FEV 1/forced vital capacity (FVC) ratio >0.7.* This pathological state, although common, has been sparsely
researched. Previous investigations have linked it to respiratory symptoms.*> Recently, PRISm has been identified as
a subtype that is more susceptible to developing COPD or experiencing acute exacerbations. Observational studies have
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reported that 32.6% of individuals with PRISm progressed to COPD within 4-5 years.®” However, it remains unknown
how PRISm influences the development of COPD.

In recent years, an increasing number of studies have been conducted on PRISm, especially in areas such as
epidemiology, disease progression, and subtyping. Several studies have indicated associations between PRISm and
diminished lung function, airway diseases, and emphysema.®® These findings hold significant implications for under-
standing the heterogeneity of COPD and the natural history of PRISm. PRISm has also been correlated with various
disorders, including obesity, diabetes, and hypertension.>'®!" The focal point of current research pivots on discerning
individual characteristics of PRISm, and subtyping patients with PRISm, all of which will be important to elucidate its
pathophysiological mechanism, optimise diagnosis, and deliver personalised treatment.

This review comprehensively encapsulates research pertaining to PRISm, spanning its epidemiology, actiological
factors, relationships with comorbidities, radiographic presentations, disease progression, and prognosis. The objective of
this review is to equip clinicians and researchers with a holistic and up-to-date understanding of PRISm to foster
improved diagnosis and therapeutic approaches.

Epidemiology of PRISm

Prevalence of PRISm
Globally, the global prevalence of PRISm, estimated at between 7%—13%, remains a focal point of interest.®!! !>
Nevertheless, this figure does not wholly represent the real situation of PRISm. Significant disparities in the prevalence of
PRISm emerge when contrasting regions and populations, such as certain Western countries and Asian nations. For
instance, reported studies from regions such as Latin America, the United States, Denmark, and Malawi indicate PRISm
prevalence of 5%,'° 17.3%,'” and 20.1%" respectively, whereas in Asia, the prevalence of PRISm reported in Korea and
Japan is 8.9%'% and 10%,’ respectively. Notably, there has yet to be a report on the prevalence of PRISm in China.
The epidemiological characteristics of PRISm display marked variations across different regions, predominantly
influenced by an array of determinants, including the natural environment, economic conditions, racial disparities, and
lifestyle choices. To elucidate, Japan, compared to Western nations, has a lower obesity rate but a higher smoking
prevalence, both of which are pivotal influencers of PRISm prevalence.”'® 2> Moreover, rural areas, often exposed to

23725 contrast with urban areas, which face heightened threats from indoor air

biomass combustion and pesticide exposure,
pollution and vehicular emissions.’®?” Research also indicates lung function variations among different ethnicities,
potentially attributed to environmental factors and lifestyle habits.**?° Additionally, the design and scope of different
studies can lead to disparities in reported PRISm rates. For instance, studies conducted in the US primarily involved
patients with myocardial infarction,'” where multiple complications, such as congestive heart failure, leading to fluid
accumulation in the lungs, or pulmonary embolism, resulting from thrombus detachment, can contribute to reduced lung
function, potentially inflating the prevalence of PRISm.*° Furthermore, the Danish research was conducted relatively
earlier,® and the pulmonary function tests of that period may not align with contemporary standards, possibly leading to
an overestimation of PRISm. Consequently, a simplistic, uniform assessment and management approach for PRISm is
infeasible. It is imperative that regions and nations delve into comprehensive PRISm research, taking into account their
unique environmental and cultural milieu, to secure more accurate data, which would, in turn, pave the way for devising
more precise and efficacious prevention and treatment strategies tailored for their respective populations.

Mortality Rates Associated with PRISm

PRISm exhibits considerable heterogeneity and its mortality rates are influenced by both region and sex. Given that risk
factors for PRISm, such as obesity and smoking, are closely associated with lifestyle, the mortality rates may show
notable differences between different territories and races, such as between Asia and the West.’ 18-22.28.29 Geveral studies
have demonstrated that PRISm is intricately linked with the overall health status and survival rate of patients.
Specifically, there has been a continuous rising trend in the all-cause mortality rates of patients with PRISm, and the
risk of death from associated cardiovascular diseases has also markedly increased.®**>' The COPDGene study showed
that the airway-predominant and emphysema-predominant subtypes of PRISm have different patterns of mortality risk.
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As disease characteristics worsen, the risk of death increases for patients with both subtypes, but this is more pronounced
in the airway-predominant subtype.***

In certain instances, the association of PRISm with specific mortality rates has been validated. Indeed, a previous
study found a significant correlation between PRISm and mortality rates related to respiratory systems.** Moreover, some
data have highlighted that PRISm is associated with higher all-cause mortality rates, respiratory system mortality rates,
and coronary heart disease mortality rate, as well as being linked to respiratory-related events and coronary heart disease-
related events (eg, hospitalizations and deaths).®®*> Compared to individuals with normal lung function, those with
PRISm face an elevated risk of all-cause mortality, cardiovascular death, and atrial flutter (AFL).>"'” Additionally, a study
focusing on the American population discerned that, in comparison to those diagnosed with obstructive pulmonary
diseases, patients with PRISm manifest significantly higher all-cause mortality rates, coronary heart disease-related death
rates, and both absolute and relative risks associated with coronary heart disease events.>* To be more precise, the risk of
all-cause death for patients with PRISm nearly doubled, while the risk of death from cardiovascular diseases increased by
almost two-fold. These research findings underline the significance of PRISm in relation to mortality rates and other
health outcomes, highlighting the need to delve deeper into the underlying mechanisms and formulate potential
intervention strategies.

Etiological Factors of PRISm
The factors leading to PRISm are multifaceted. Firstly, studies by Marott et al, Shiraishi et al, and Miura et al have
indicated that smoking is a crucial etiological factor.®'*3¢ Oxidative stress, inflammation, imbalance between protease

and antiprotease, and small airway diseases caused by smoking not only damage lung function directly,’’-"

increasing
the risk of PRISm, but may also lead to centrilobular emphysema (CLE) and peribronchial emphysema (PSE). CLE and
PSE can result in a decline in lung function, particularly in the FEV1, thereby causing PRISm.***° Research suggests
a higher proportion of patients with PRISm have a history of smoking or are current smokers.'? In the COPDGene cohort
study, PRISm was found to have a higher percentage of current smokers and a higher average pack-year.” In conclusion,
the prevalence of PRISm is higher among smokers, and smoking is an important etiological factor for PRISm.

An abnormal body mass index (BMI) is another significant factor triggering PRISm.'""'**! A high BMI can lead to
mechanical compression and systemic inflammation, and is associated with asthma.**** It is also worth noting that a low
BMI, which results in diminished respiratory muscle function, impaired lung development, and an increased risk of
infections, similarly elevates the risk of PRISm.**

Moreover, air pollutants, especially particulate matter, ozone, nitrogen oxides, and sulphur oxides have increased
substantially with the progression of industrialisation and urbanisation.*> Long-term exposure to these pollutants can
induce oxidative stress, inflammatory responses, and chronic damage effects, such as injury to the alveoli and airway
epithelial cells, leading to airway remodelling and functional impairment.**** Animal models have further confirmed the
correlation between pollution and PRISm, clarifying the relationship between inflammatory reactions from inhalation
exposure and compromised FVC.*®

Lastly, factors such as age, female sex, history of asthma, and educational level are also impactful determinants that
should not be overlooked.'"'®°

Additionally, the GWAS conducted in the COPDGene study did not identify direct genetic variants associated with
PRISm. However, the increased prevalence of PRISm in patients with Klinefelter syndrome hints at the potential
influence of genetic factors on its development. Furthermore, SNPs within the PLEKHAS and CACNB2 genes offer
clues for exploring the genetic mechanisms behind PRISm.?

PRISm and COPD

COPD stands as one of the primary causes of mortality worldwide. Complications and acute exacerbations resulting from
COPD have emerged as significant health concerns.’'-* Factors contributing to COPD extend beyond just smoking, with
poor lung development, respiratory infections, occupational exposures, and air pollution all known to be potential
causative agents.>>* According to the GOLD guidelines, COPD is typically diagnosed based on restricted airflow
indicated by an FEV1/FVC ratio < 0.7.>> However, PRISm represents a distinct pulmonary function state characterised
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by a proportional decline in both FEV1 and FVC, maintaining the FEV1/FVC ratio within the normal range.® This
condition is also referred to as “GOLD unclassified” or “restrictive lung function”. Even though PRISm does not initially
exhibit airflow obstruction, smokers with PRISm face a heightened risk of progressing to COPD compared to smokers
with normal lung volumes. A cohort study initiated in 1989 discovered that 32.6% of patients with PRISm developed
COPD within 4 to 5 years, and also exhibited a higher mortality rate.”®

PRISm is perceived as a transitional state to COPD and is also considered as a subtype that is prone to developing
COPD or experiencing its acute exacerbations. A study conducted in Japan reported evidence of PRISm as an
independent risk factor for progression to COPD. The research identified an optimal FEV1 cut-off point of 86% to
predict the progression of PRISm to COPD; below this threshold, the progression rate to COPD increases by 23.6%, even
if the FEV1/FVC ratio remains normal.*' In other words, an FEV1 < 86% is associated with a higher risk of developing
COPD, even if the FEV1/FVC ratio is within the normal range. PRISm subtypes reveal distinct COPD progression paths:
airway-predominant types may evolve from GOLD 0 through PRISm to GOLD 2-4, while emphysema-predominant
types can transition directly from GOLD 0 to GOLD 1 and beyond, highlighting the importance of early identification of
PRISm in COPD management.>*>* Additionally, PRISm is more common among males and smokers, both of whom are
high-risk groups for COPD.”"'® Smoking not only accelerates the decline in FEV1 and FVC but also increases the risk of
PRISm developing into COPD. The results of longitudinal studies have indicated that approximately one-third of patients
with PRISm eventually receive a COPD diagnosis.®’ Different subtypes of PRISm show varying disease trajectories, in
that patients with mild PRISm are more likely to revert to normal lung function, while those with severe PRISm tend to
progress to more advanced stages of COPD.®

Even if patients with PRISm do not exhibit obvious respiratory symptoms, their quality of life often suffers due to the
underlying constraints in lung function. As PRISm does not completely fit the pulmonary function standards for COPD,
these patients are frequently excluded from treatment plans, unquestionably disregarding their potential role in COPD
progression.” Incorporating PRISm within an expanded COPD definition has been proposed to identify individuals with
a high risk of rapid COPD progression during routine check-ups.’’” However, some PRISm cases are misclassified as
COPD. Indeed, a previous study verified that 7% of patients with PRISm received a presumptive COPD diagnosis. This
misclassification is common among the elderly and smokers, resulting in 82% of such patients enduring inappropriate
treatment with inhaled steroids.”®

Even though PRISm is not encompassed within the current COPD diagnostic pulmonary function criteria, it parallels
COPD in terms of FEVI1 decline. Similarly, PRISm is associated with the onset of respiratory symptoms, systemic
inflammation, and an increased incidence and mortality rate from cardiovascular diseases.>>’

In conclusion, PRISm holds significant relevance in the progression of COPD, accentuating the need for more
longitudinal research, including frequent pulmonary function tests and extended follow-ups, to comprehensively grasp

the clinical and pathological implications of this unique pulmonary function status.

Relationship Between PRISm and Radiological Abnormalities

Computed tomography (CT), as the primary imaging screening and research tool, provides a series of vital radi-
ological parameters. These parameters, including the emphysema index, air trapping percentage, average lung density,
10th percentile of airway perimeter (Pil0), airway wall thickness, airway wall area percentage, total lung capacity
measured by computed tomography (TLCCT), and parameters related to lung vasculature, are of great significance in
diagnosing and assessing the progression of pulmonary diseases. These radiological parameters can be analysed in
correlation with spirometry parameters or can be used directly as predictive tools to assess the progression of
associated lung diseases.

In the diagnosis of early-stage COPD, CT seems to be more sensitive than traditional pulmonary function tests
(PFTs).°%¢! Current PFTs are suboptimal in identifying early lung function impairments and no longer meet the clinical
demands for interventions in early-stage diseases. Therefore, we believe that it is crucial to delve into and summarise the
radiological characteristics of PRISm on CT scans.
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Radiological Features of PRISm on High-Resolution Computed Tomography (HRCT)
In a typological study addressing the distinct characteristics of PRISm via HRCT, researchers scrutinised parameters
pertaining to the lung parenchyma, airways, and pulmonary vasculature. The outcomes revealed that, in contrast to
patients with mild-to-moderate COPD, those with PRISm demonstrated notable disparities in parameters related to
parenchymal destruction but remained largely congruent in terms of the airway and the majority of vascular parameters.®°
This finding underscores the notion that individuals with PRISm exhibit parenchymal attenuation closer to that of the
healthy population, with the principal pathological changes manifesting within the small airways and small vessels. An
investigation into the mean lung density (MLD) revealed pronounced variations among the three cohorts (early-stage
COPD, PRISm, and normal group). The MLD of the early-stage COPD cluster was significantly reduced in comparison
to the other two, while the PRISm cohort exceeded the controls.®*®* The MLD exhibited marked deviations throughout
the spectrum from normal pulmonary function to mild and moderate COPD. The study also accentuated that pulmonary
function test maps (PRM) could effectively distinguish between the normal, PRISm, and mild-to-moderate COPD
groups, with the PRM pertinent to pulmonary emphysema emerging as an independent predictor for mild-to-moderate
COPD.®° The percentage of airway wall area was also pinpointed as an independent prognostic marker for PRISm status.
Intriguingly, this metric bore an inverse correlation with the predicted FEV1 percentage, thereby offering an indirect
reflection of pulmonary function status.>®>

Research from the Genetic Epidemiology of COPD (COPDGene) initiative proposed that certain radiological
parameters gauged via CT, including the percentage of pulmonary emphysema, gas trapping, and segmental wall area
percentage, could serve as radiographic predictors for the PRISm phenotype.® Another in-depth exploration by
COPDGene delineated the radiological traits of PRISm sub-groups, observing that in comparison to other pulmonary
functional categories and sub-groups, patients with PRISm were more predisposed to progress into the GOLD1-4 cohort,
with elevated TLC%, pulmonary emphysema percentage, and gas trapping percentage.” In summary, these studies
highlight the paramount significance of HRCT in diagnosing and stratifying PRISm, particularly with regard to
parenchymal and small airway alterations, providing valuable insights for subsequent clinical investigations and
therapeutic interventions.

Radiological Features of PRISm in Specific Populations

In patients with PRISm with chronic bronchitis, imaging studies have shown that the emphysema index, airway wall area
percentage, and lung volumes are similar to those of patients with chronic bronchitis but normal lung function, but
significantly different from those of patients with early-stage COPD.®* These findings emphasise the differences in
radiological features between PRISm and early-stage COPD.

Another study focusing on PRISm in smokers found that, compared to smoking controls, patients with PRISm (or
GOLD-Unclassified) exhibited increased airway wall thickness, but to a lesser extent than that observed in patients with
COPD. More importantly, both the total lung capacity (TLC) and degree of emphysema were reduced in patients with
PRISm compared to both groups.®®

Emphysematous Features of PRISm

Certain research narratives emphasise that®® patients with PRISm exhibit a higher prevalence of PSE compared to
individuals with normal lung function, while the prevalence of CLE remains similar to that of healthy smokers. However,
a multicentre inquiry'> found no significant difference in the prevalence of PSE and CLE between PRISm smokers and
those with preserved lung functionality. When compared to non-smoking individuals with PRISm, smokers within the
PRISm category showed a higher frequency of both PSE and CLE. Several reports have indicated that diminished ratios
of FVC/TLCct and FEV1/TLCct imply gas trapping.®> Consequently, these ratios may serve as prognostic indicators for
the exacerbation and progression of symptoms in smokers with PRISm, even heralding the transition to COPD.
Additionally, a multicentre analysis that examined the relationship between PRISm and emphysema subtypes observed
prevalent CLE and PSE in smokers with PRISm. Intriguingly, a unique correlation emerged between CLE and FVC/
TLCct, suggesting that in smokers with PRISm, CLE rather than PSE correlates with gas trapping.'? As a result, visual
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CT has been endorsed as a potent predictive tool for identifying high-risk CLE individuals within the smoking PRISm
cohort.'> By employing visual scores on baseline CT scans, one can foresee the longitudinal evolution of PRISm,
enabling a more tailored management approach for these smokers.’

Such scholarly revelations not only unveil the unique radiological attributes of PRISm across diverse cohorts (eg,
individuals with chronic bronchitis and smokers) but also enrich our comprehension of PRISm across varying COPD
stages. These radiological parameters serve a dual purpose: they refine the precision in diagnosing, evaluating, and
forecasting the trajectory of PRISm and COPD, and also offer compelling evidence for the value of imaging metrics as
prognostic tools for PRISm, furnishing pivotal insights for future clinical diagnoses and therapeutic endeavours.

Relationship Between PRISm and Concomitant Comorbidities

PRISm manifests significant associations with a myriad of health concerns, encompassing advanced age, obesity,
hypertension, diabetes, heart failure, coronary artery disease, stroke, and an estimated glomerular filtration rate (¢eGFR)
< 30 mL/min/1.73 m2*%3* A study from South Korea further substantiated that, when compared to other cohorts,
individuals with PRISm exhibit a markedly heightened frequency of these comorbidities.'® The exacerbation of these
concurrent conditions often correlates with an augmented mortality risk for the affected individuals. For instance, heart
failure is related to an increase in respiratory system-related mortality, whereas coronary artery disease corresponds to an
increased risk associated with the cardiac ailment itself.°**® Further research has indicated a rising trend in the number
of patients with PRISm being hospitalised due to cardiac complications.'?

Relationship Between PRISm and Obesity

Several studies have examined the link between respiratory function and obesity or fat distribution, discovering
a negative correlation between them. These associations mainly depend on various obesity metrics such as weight,
BMI, and indicators related to fat distribution, such as waist circumference, the ratio of waist circumference to body
surface area or height, body fat percentage, and skinfold measurements.'®’% "2 Some research has highlighted that in
males, pulmonary function is negatively correlated with the waist-hip ratio, although this relationship is less evident in
females.”® Whether the relationship between waist-hip ratio and respiratory function can be elucidated solely by BMI
requires further investigation.

Studies have reported that the prevalence of PRISm significantly escalates among patients with a higher BMI, which
resonates with the findings of the COPD gene cohort study.®’ Obesity can exert a direct impact on respiratory function
via multiple pathways. The accumulation of fat can mechanically interfere with the normal movement of the diaphragm,
either due to fat build-up on the chest or diaphragm or because the descent of the diaphragm during deep inhalation is
restricted.**”*"* Additionally, fat deposits between muscles and ribs can decrease chest wall compliance even at rest,
increasing the respiratory workload for obese individuals.”>’® Concurrently, individuals with chronic obesity have been
found to exhibit peripheral airway obstruction unrelated to smoking.”””® The resulting chronic hypoxia could activate the
sympathetic nervous system, escalating pulmonary vascular resistance and leading to a reduction in lung air capacity.”®"*

While obesity can physiologically explain PRISm, its relationship with PRISm onset seems contradictory. In Western
countries, the prevalence of PRISm is influenced by obesity, yet a Japanese study identified low BMI as a risk factor for
PRISm developing into COPD,>' in contrast to the former findings. This discrepancy between the findings may be due to
the fact that patients in British and European studies are often more obese and lack pulmonary emphysema, whereas in
East Asian countries, emphysematous and lean phenotypes are more prevalent. Furthermore, studies from both Venezuela

and the BOLD cohort found associations between PRISm and a lower BMI, as well as poverty.®'*?

Relationship Between PRISm and Diabetes
Epidemiological and clinical studies consistently indicate that lung function is diminished in adults with diabetes
compared to those without, potentially elevating the risk for PRISm.*

In recent years, studies have unveiled a correlation between type 2 diabetes (T2D) and various lung function
parameters, including FEV1, FVC, and the FEV1/FVC ratio.**® These studies have shown significant genetic correla-
tions between these lung function measures and T2D and its associated markers, including fasting insulin, fasting
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glucose, and haemoglobin Alc levels.®® Some studies have highlighted a notable correlation between higher genetically
predicted FEV1 and FVC values and a lower risk of T2D. Moreover, individuals with a higher genetic susceptibility to
T2D often show a close association with a decline in FEV1 and a heightened incidence of PRISm.*® Furthermore,
previous research has suggested potential causal relationships between fasting blood glucose and lung function, and
between lung function, fasting insulin, and proinsulin. Other research has detected a significant correlation between the
genetic predisposition to T2D and a reduction in FEV1 and FVC, along with an increase in the FEV1/FVC ratio.*®
The mechanisms by which T2D could lead to PRISm may encompass lung parenchymal damage due to oxidative
stress caused by diabetes, subsequently resulting in pulmonary fibrosis and structural alterations.* In patients with T2D,
additional contributing factors may include microvascular changes in the alveolar capillaries and pulmonary arterioles,
chronic low-grade inflammation, autonomous nervous system dysfunction of the respiratory muscles, and a reduction in

elastic recoil due to pulmonary collagen glycation.”®**

Relationship Between PRISm and Hypertension

While the physiological mechanisms between the respiratory and cardiovascular systems remain not fully elucidated,
mounting evidence suggests that chronic systemic and pulmonary inflammation plays a pivotal role in this interplay.
Several studies have illuminated a conspicuous link between lung function and cardiovascular diseases.” '°' Research
has shown a connection between declines in FEV1 and arteriosclerosis.'°* The Framingham study highlighted a negative
correlation between FVC and risks of cardiovascular diseases and mortality, which was particularly pronounced in
women. Additional research has revealed a relationship between declines in lung function, notably reductions in FVC

93:96.99 with the most pronounced reductions in FEV1 and FVC

and FEV1, with coronary artery disease and hypertension,
noted among those with stage 3 hypertension.*> Moreover, hypertension coupled with low FEV1 has been linked to
elevated risks of, and mortality rates from cardiovascular diseases.”””> However, some studies have reported a negative
correlation between hypertension and a decline in lung function,”>%1°!

The pressing question remains whether it is hypertension itself that causes a reduction in lung function, thus
triggering PRISm, or whether the effects originate from the antihypertensive medications. It is challenging to differ-
entiate between the two in observational studies. One theory posits that chronic hypertension might lead to left
ventricular dysfunction, increasing left atrial pressures. In turn, this may raise pulmonary arterial pressures and lead to
pulmonary interstitial oedema, thereby impacting lung compliance, elevating the functional residual capacity, and
ultimately causing reductions in FEV and FVC. Pertaining to antihypertensive medications, B-blockers, even those
with relatively higher cardiac selectivity, might induce bronchospasm, exacerbating respiratory issues, especially among
asthmatics.'%*'%* Furthermore, other categories of antihypertensive drugs, such as diuretics, calcium channel blockers,
and ACE inhibitors, may also have adverse effects on lung function.

In summary, diabetes impacts lung function mainly through microvascular changes, chronic inflammation, autonomic
neuropathy, and the loss of pulmonary elasticity due to collagen glycation. Hypertension affects lung function by
compromising left ventricular function and augmenting pulmonary interstitial oedema and pulmonary arterial pressures,
thereby impacting lung compliance and function. Moreover, antihypertensive drugs, particularly B-blockers, can intensify
changes in respiratory function and may be linked to a decline in lung function, consequently affecting PRISm. However,
US research has shown that, while the prevalence of PRISm has remained stable over the past half-century, that of
obesity and diabetes has been rising,** indicating divergent long-term trends and suggesting that a direct causal
relationship may not necessarily exist between obesity, diabetes, and PRISm. Therefore, whether the associations of
obesity, diabetes, and hypertension with PRISm are mediated through shared metabolic pathways or other systemic
processes requires further exploration in future studies. Such studies will help to elucidate the mechanisms underpinning
worsened outcomes in PRISm and optimise the management and treatment of these patients to enhance their lung
function and overall health.

Prevention and Treatment of PRISm
Although the current literature on PRISm primarily focuses on epidemiology, aetiology, and its relationships with other
diseases, there remain no established guidelines for the diagnostic evaluation and management of PRISm. Treatment for
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PRISm subtypes may include anti-inflammatory and bronchodilator therapies for airway-predominant types, and pul-
monary rehabilitation and appropriate nutritional support for emphysema-predominant types.>**> Bronchodilators can
improve airway constriction by relaxing the airway smooth muscles, thereby alleviating symptoms and enhancing
respiratory function.'? Anti-inflammatory drugs and inhaled corticosteroids help maintain or increase airway dilation
due to their anti-inflammatory and anti-allergic effects.'®> Moreover, while biologics have shown potential efficacy in the
treatment of PRISm, there is a lack of definitive research confirming their therapeutic effects. Future treatment strategies
should delve deeper into targeted drug therapies and the potential application of immunosuppressants. Quitting smoking
has also been shown to improve the prognosis of patients with PRISm as it can significantly reduce the risk of mortality
and the progression of airflow limitation (AFL).>”° Additionally, regular medical check-ups and proactive physical
exercise are crucial measures for enhancing the quality of life of such patients.®* When diagnosing PRISm, physicians
must exercise caution to avoid misdiagnosing patients with PRISm as having COPD, which is especially common among
elderly patients and smokers. Indeed, it has been reported that such misclassifications result in up to 82% of patients

continuing to inappropriately use inhaled corticosteroids and bronchodilators for treatment.>*

Outlook

While PRISm has an estimated global prevalence of approximately 10% and is gaining increasing recognition, it often
goes unnoticed or misdiagnosed in the real world. This is largely due to its clinical heterogeneity and the fact that its
early symptoms tend to be subtle, potentially overlooked, or confused with other common respiratory diseases.'®
Additionally, many patients do not routinely undergo pulmonary function tests until symptoms become pronounced,
leading to missed early diagnostic opportunities. Moreover, the definition of PRISm may be somewhat ambiguous as it
primarily relies on specific parameters from lung function tests, such as the FEV1/FVC ratio and the predicted FEV1.
This definition can overlap with many other respiratory issues, making it difficult for doctors to identify PRISm clearly in
daily practice.®® Therefore, enhancing the early recognition and diagnosis of PRISm, strengthening education and
training on PRISm, and encouraging regular lung function screenings are vital to reduce its prevalence and improve
patient outcomes. Quitting smoking is also crucial for lowering the mortality risk associated with PRISm and preventing
its progression to COPD.

PRISm exhibits unique radiological characteristics in different populations, which can be used to reduce the rates of
COPD progression and improve the precise diagnosis, evaluation, and prognosis of PRISm, allowing for more perso-
nalised treatment approaches. Additionally, CT findings of centrilobular emphysema may serve as an indicator to identify
high-risk individuals among smokers with PRISm. However, whether bronchodilators can improve gas retention and
prevent the progression of patients with PRISm with CLE to COPD requires further research.

Lung function is closely related to various physiological and pathological states. Obesity, diabetes, and hypertension
have significant impacts on adults. Future studies need to delve deeper into the potential relationships between PRISm
and these comorbidities to decide how to better manage and treat these patients, with the aim to enhance their pulmonary
function status and optimise their overall health. In summary, maintaining good lung function and cardiovascular health
is of paramount importance for patients with diabetes and hypertension.

While PRISm has an estimated global prevalence of approximately 10% and is gaining increasing recognition, it often
goes unnoticed or misdiagnosed in the real world. This is largely due to its clinical heterogeneity and the fact that its
early symptoms tend to be subtle, potentially overlooked, or confused with other common respiratory diseases.'®®
Additionally, many patients do not routinely undergo pulmonary function tests until symptoms become pronounced,
leading to missed early diagnostic opportunities. Moreover, the definition of PRISm may be somewhat ambiguous as it
primarily relies on specific parameters from lung function tests, such as the FEV1/FVC ratio and the predicted FEV1.
This definition can overlap with many other respiratory issues, making it difficult for doctors to clearly identify PRISm in
daily practice.®® Therefore, enhancing the early recognition and diagnosis of PRISm, strengthening education and
training on PRISm, and encouraging regular lung function screenings are vital to reduce its prevalence and improve
patient outcomes. Quitting smoking is also crucial for lowering the mortality risk associated with PRISm and preventing
its progression to COPD.
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PRISm exhibits unique radiological characteristics in different populations, which can be employed to reduce the
rates of COPD progression and improve the precise diagnosis, evaluation, and prognosis of PRISm, allowing for more
personalised treatment approaches. Additionally, CT findings of centrilobular emphysema may serve as an indicator to
identify high-risk individuals among smokers with PRISm. However, whether bronchodilators can improve gas retention
and prevent the progression of patients with PRISm with CLE to COPD requires further research.

Lung function is closely related to various physiological and pathological states. Obesity, diabetes, and hypertension
have significant impacts on adults. Future studies need to delve deeper into the potential relationships between PRISm
and these comorbidities to decide how to better manage and treat these patients, with the aim to enhance their pulmonary
function status and optimise their overall health. In summary, for patients with diabetes and hypertension, maintaining
good lung function and cardiovascular health is of paramount importance.

Conclusions

This review aims to comprehensively explore the multifaceted characteristics of PRISm, including its epidemiology,
aetiology, comorbid relationships, radiographic presentation, disease progression and prognosis. However, the methodo-
logical limitations of narrative reviews, particularly potential selection bias, may limit our findings and conclusions.
Future research should use systematic review methods to more comprehensively and objectively evaluate PRISm,
thereby facilitating a deeper understanding and development of management strategies.

Funding

This research was financially supported by the following projects: 1. Cuiying Scholar Research Cultivation Program of
The Second Hospital of Lanzhou University, Project No: CYXZ2023-53. 2. Clinical excellence project of The Second
Hospital of Lanzhou University, Project No: CY2022-BJ-09. The funding bodies provided financial support only and did
not participate in any stage of the research, from the design to submission of the manuscript for publication.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Lange P, Celli B, Agusti A, et al. Lung-function trajectories leading to chronic obstructive pulmonary disease. N Engl J Med. 2015;373
(2):111-122. doi:10.1056/NEJMoal411532
2. Celli BR, Wedzicha JA, Drazen JM. Update on clinical aspects of chronic Obstructive pulmonary disease. N Engl J Med. 2019;381
(13):1257-1266. doi:10.1056/NEJMra1900500
3. Wan ES, Castaldi PJ, Cho MH, et al. Epidemiology, genetics, and subtyping of preserved ratio impaired spirometry (PRISm) in COPDGene.
Respir Res. 2014;15(1):89. doi:10.1186/s12931-014-0089-y
4. Kaise T, Sakihara E, Tamaki K, et al. Prevalence and characteristics of individuals with preserved ratio impaired spirometry (PRISm) and/or
impaired lung function in Japan: the OCEAN study. Int J Chron Obstruct Pulmon Dis. 2021;16:2665-2675. doi:10.2147/COPD.S322041
5. Washio Y, Sakata S, Fukuyama S, et al. Risks of mortality and airflow limitation in Japanese individuals with preserved ratio impaired
spirometry. Am J Respir Crit Care Med. 2022;206(5):563-572. doi:10.1164/rccm.202110-23020C
6. Wijnant SRA, De Roos E, Kavousi M, et al. Trajectory and mortality of preserved ratio impaired spirometry: the Rotterdam Study. Eur Respir J.
2020;55(1):1901217. doi:10.1183/13993003.01217-2019
7. Wan ES, Fortis S, Regan EA, et al. Longitudinal phenotypes and mortality in preserved ratio impaired spirometry in the COPDGene study. Am
J Respir Crit Care Med. 2018;198(11):1397-1405. doi:10.1164/rccm.201804-06630C
8. Marott JL, Ingebrigtsen TS, Colak Y, Vestbo J, Lange P. Trajectory of preserved ratio impaired spirometry: natural history and long-term
prognosis. Am J Respir Crit Care Med. 2021;204(8):910-920. doi:10.1164/rccm.202102-05170C
9. Higbee DH, Granell R, Davey Smith G, Dodd JW. Prevalence, risk factors, and clinical implications of preserved ratio impaired spirometry:
a UK Biobank cohort analysis. Lancet Respir Med. 2022;10(2):149—-157. doi:10.1016/S2213-2600(21)00369-6
10. Xiao T, Wijnant SRA, Licher S, et al. Lung function impairment and the risk of incident dementia: the Rotterdam Study. J Alzheimers Dis.
2021;82(2):621-630. doi:10.3233/JAD-210162
11. Ariza-Prota MA, Pando-Sandoval A, Garcia-Clemente M, et al. Primary pulmonary botryomycosis: a bacterial lung infection mimicking lung
cancer [Case study]. Int J Tuberc Lung Dis. 2013;17(7):992-994. doi:10.5588/ijtld.12.0054
12. Shiraishi Y, Shimada T, Tanabe N, et al. The prevalence and physiological impacts of centrilobular and paraseptal emphysema on computed
tomography in smokers with preserved ratio impaired spirometry. ERJ Open Res. 2022;8(2):00063-2022. doi:10.1183/23120541.00063-2022
13. Kim J, Lee CH, Lee HY, Kim H. Association between comorbidities and preserved ratio impaired spirometry: using the Korean national health
and nutrition examination survey IV-VI. Respiration. 2022;101(1):25-33. doi:10.1159/000517599

International Journal of Chronic Obstructive Pulmonary Disease 2024:19 https: 761
Dove!


https://doi.org/10.1056/NEJMoa1411532
https://doi.org/10.1056/NEJMra1900500
https://doi.org/10.1186/s12931-014-0089-y
https://doi.org/10.2147/COPD.S322041
https://doi.org/10.1164/rccm.202110-2302OC
https://doi.org/10.1183/13993003.01217-2019
https://doi.org/10.1164/rccm.201804-0663OC
https://doi.org/10.1164/rccm.202102-0517OC
https://doi.org/10.1016/S2213-2600(21)00369-6
https://doi.org/10.3233/JAD-210162
https://doi.org/10.5588/ijtld.12.0054
https://doi.org/10.1183/23120541.00063-2022
https://doi.org/10.1159/000517599
https://www.dovepress.com
https://www.dovepress.com

Huang et al Dove

14

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.
26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

. Wan ES, Hokanson JE, Regan EA, et al. Significant spirometric transitions and preserved ratio impaired spirometry among ever smokers. Chest.
2022;161(3):651-661. doi:10.1016/j.chest.2021.09.021

Mkorombindo T, Balkissoon R. Journal club-respiratory impairment with a preserved spirometric ratio. Chronic Obstr Pulm Dis. 2022;9
(1):103-110. doi:10.15326/jcopdf.2022.0285

Perez-Padilla R, Montes de Oca M, Thirion-Romero I, et al. Trajectories of spirometric patterns, obstructive and PRISm, in a population-based
cohort in Latin America. Int J Chron Obstruct Pulmon Dis. 2023;18:1277-1285. doi:10.2147/COPD.S406208

Li D, Ruan Z, Xie S, Xuan S, Zhao H, Wu B. The relationship between preserved ratio impaired spirometry and mortality in the myocardial
infarction survivors: a population-based cohort study. BMC Cardiovasc Disord. 2023;23(1):331. doi:10.1186/s12872-023-03352-2

Chen Y, Horne SL, Dosman JA. Body weight and weight gain related to pulmonary function decline in adults: a six year follow up study.
Thorax. 1993;48(4):375-380. doi:10.1136/thx.48.4.375

Sun C, Kovacs P, Guiu-Jurado E. Genetics of obesity in East Asians. Front Genet. 2020;11:575049. doi:10.3389/fgene.2020.575049

Ogden CL, Carroll MD, Fryar CD, Flegal KM. Prevalence of obesity among adults and youth: United States, 2011-2014. NCHS Data Brief.
2015;219:1-8.

Yang JJ, Yu D, Wen W, et al. Tobacco smoking and mortality in Asia: a pooled meta-analysis. JAMA Network Open. 2019;2(3):e191474.
doi:10.1001/jamanetworkopen.2019.1474

Reitsma MB, Fullman N, Ng M; Collaborators GBDT. Smoking prevalence and attributable disease burden in 195 countries and territories,
1990-2015: a systematic analysis from the Global Burden of Disease Study 2015. Lancet. 2017;389(10082):1885-1906. doi:10.1016/S0140-
6736(17)30819-X

Ratanachina J, De Matteis S, Cullinan P, Burney P. Pesticide exposure and lung function: a systematic review and meta-analysis. Occup Med.
2020;70(1):14-23. doi:10.1093/occmed/kqz161

van Horne YO, Farzan SF, Razafy M, Johnston JE. Respiratory and allergic health effects in children living near agriculture: a review. Sci Total
Environ. 2022;832:155009. doi:10.1016/j.scitotenv.2022.155009

Nordgren TM, Bailey KL. Pulmonary health effects of agriculture. Curr Opin Pulm Med. 2016;22(2):144-149. doi:10.1097/MCP.0000000000000247
Al-Qerem W, Ling J. Pulmonary function tests in Egyptian schoolchildren in rural and urban areas. East Mediterr Health J. 2018;24
(4):325-332. doi:10.26719/2018.24.4.325

Priftis KN, Mantzouranis EC, Anthracopoulos MB. Asthma symptoms and airway narrowing in children growing up in an urban versus rural
environment. J Asthma. 2009;46(3):244-251. doi:10.1080/02770900802647516

Whitrow MJ, Harding S. Ethnic differences in adolescent lung function: anthropometric, socioeconomic, and psychosocial factors. Am J Respir
Crit Care Med. 2008;177(11):1262—1267. doi:10.1164/rccm.200706-8670C

Korotzer B, Ong S, Hansen JE. Ethnic differences in pulmonary function in healthy nonsmoking Asian-Americans and European-Americans.
Am J Respir Crit Care Med. 2000;161(4 Pt 1):1101-1108. doi:10.1164/ajrccm.161.4.9902063

Gray BA, Hyde RW, Hodges M, Yu PN. Alterations in lung volume and pulmonary function in relation to hemodynamic changes in acute
myocardial infarction. Circulation. 1979;59(3):551-559. doi:10.1161/01.CIR.59.3.551

Kanetake R, Takamatsu K, Park K, Yokoyama A. Prevalence and risk factors for COPD in subjects with preserved ratio impaired spirometry.
BMJ Open Respir Res. 2022;9(1). doi:10.1136/bmjresp-2022-001298

Young KA, Strand M, Ragland MF, et al. Pulmonary subtypes exhibit differential global initiative for chronic obstructive lung disease
spirometry stage progression: the COPDGene(R) study. Chronic Obstr Pulm Dis. 2019;6(5):414—429. doi:10.15326/jcopdf.6.5.2019.0155
Young KA, Regan EA, Han MK, et al. Subtypes of COPD have unique distributions and differential risk of mortality. Chronic Obstr Pulm Dis.
2019;6(5):400—413. doi:10.15326/jcopdf.6.5.2019.0150

Wan ES, Balte P, Schwartz JE, et al. Association between preserved ratio impaired spirometry and clinical outcomes in US adults. J Am Med
Assoc. 2021;326(22):2287-2298. doi:10.1001/jama.2021.20939

Guerra S, Sherrill DL, Venker C, Ceccato CM, Halonen M, Martinez FD. Morbidity and mortality associated with the restrictive spirometric
pattern: a longitudinal study. Thorax. 2010;65(6):499-504. doi:10.1136/thx.2009.126052

Miura S, Iwamoto H, Omori K, et al. Preserved ratio impaired spirometry with or without restrictive spirometric abnormality. Sci Rep. 2023;13
(1):2988. doi:10.1038/s41598-023-29922-0

Gold DR, Wang X, Wypij D, Speizer FE, Ware JH, Dockery DW. Effects of cigarette smoking on lung function in adolescent boys and girls.
N Engl J Med. 1996;335(13):931-937. doi:10.1056/NEJM199609263351304

Allinson JP, Hardy R, Donaldson GC, Shaheen SO, Kuh D, Wedzicha JA. Combined impact of smoking and early-life exposures on adult lung
function trajectories. Am J Respir Crit Care Med. 2017;196(8):1021-1030. doi:10.1164/rccm.201703-05060C

Evans MD, Pryor WA. Cigarette smoking, emphysema, and damage to alpha 1-proteinase inhibitor. Am J Physiol. 1994;266(6 Pt 1):L593-L611.
Erratum in: Am J Physiol. 1995;268(1 Pt 1):section L following table of contents. Erratum in: Am J Physiol. 1995;268(6 Pt 3). doi:10.1152/
ajplung.1994.266.6.L.593

Lugg ST, Scott A, Parekh D, Naidu B, Thickett DR. Cigarette smoke exposure and alveolar macrophages: mechanisms for lung disease. Thorax.
2022;77(1):94-101. doi:10.1136/thoraxjnl-2020-216296

Tang X, Lei J, Li W, et al. The relationship between BMI and lung function in populations with different characteristics: a cross-sectional study
based on the enjoying breathing program in China. Int J Chron Obstruct Pulmon Dis. 2022;17:2677-2692. doi:10.2147/COPD.S378247
Mafort TT, Rufino R, Costa CH, Lopes AJ. Obesity: systemic and pulmonary complications, biochemical abnormalities, and impairment of lung
function. Multidiscip Respir Med. 2016;11(1):28. doi:10.1186/s40248-016-0066-z

Brazzale DJ, Pretto JJ, Schachter LM. Optimizing respiratory function assessments to elucidate the impact of obesity on respiratory health.
Respirology. 2015;20(5):715-721. doi:10.1111/resp.12563

Grigsby MR, Siddharthan T, Pollard SL, et al. Low body mass index is associated with higher odds of COPD and lower lung function in low-
and middle-income countries. COPD. 2019;16(1):58-65. doi:10.1080/15412555.2019.1589443

Zhang Q, Qiu M, Lai K, Zhong N. Cough and environmental air pollution in China. Pulm Pharmacol Ther. 2015;35:132—136. doi:10.1016/j.
pupt.2015.10.003

Jackson P, Siddharthan T. The global significance of PRISm: how data from low- and middle-income countries link physiology to inflammation.
Eur Respir J. 2020;55(4):2000184. doi:10.1183/13993003.00184-2020

762

https: International Journal of Chronic Obstructive Pulmonary Disease 2024:19
Dove!


https://doi.org/10.1016/j.chest.2021.09.021
https://doi.org/10.15326/jcopdf.2022.0285
https://doi.org/10.2147/COPD.S406208
https://doi.org/10.1186/s12872-023-03352-2
https://doi.org/10.1136/thx.48.4.375
https://doi.org/10.3389/fgene.2020.575049
https://doi.org/10.1001/jamanetworkopen.2019.1474
https://doi.org/10.1016/S0140-6736(17)30819-X
https://doi.org/10.1016/S0140-6736(17)30819-X
https://doi.org/10.1093/occmed/kqz161
https://doi.org/10.1016/j.scitotenv.2022.155009
https://doi.org/10.1097/MCP.0000000000000247
https://doi.org/10.26719/2018.24.4.325
https://doi.org/10.1080/02770900802647516
https://doi.org/10.1164/rccm.200706-867OC
https://doi.org/10.1164/ajrccm.161.4.9902063
https://doi.org/10.1161/01.CIR.59.3.551
https://doi.org/10.1136/bmjresp-2022-001298
https://doi.org/10.15326/jcopdf.6.5.2019.0155
https://doi.org/10.15326/jcopdf.6.5.2019.0150
https://doi.org/10.1001/jama.2021.20939
https://doi.org/10.1136/thx.2009.126052
https://doi.org/10.1038/s41598-023-29922-0
https://doi.org/10.1056/NEJM199609263351304
https://doi.org/10.1164/rccm.201703-0506OC
https://doi.org/10.1152/ajplung.1994.266.6.L593
https://doi.org/10.1152/ajplung.1994.266.6.L593
https://doi.org/10.1136/thoraxjnl-2020-216296
https://doi.org/10.2147/COPD.S378247
https://doi.org/10.1186/s40248-016-0066-z
https://doi.org/10.1111/resp.12563
https://doi.org/10.1080/15412555.2019.1589443
https://doi.org/10.1016/j.pupt.2015.10.003
https://doi.org/10.1016/j.pupt.2015.10.003
https://doi.org/10.1183/13993003.00184-2020
https://www.dovepress.com
https://www.dovepress.com

Dove

Huang et al

47.

48.

49.

Godfrey MS, Jankowich MD. The vital capacity is vital: epidemiology and clinical significance of the restrictive spirometry pattern. Chest.
2016;149(1):238-251. doi:10.1378/chest.15-1045

de Barros Mendes Lopes T, Groth EE, Veras M, et al. Pre- and postnatal exposure of mice to concentrated urban PM2.5 decreases the number of
alveoli and leads to altered lung function at an early stage of life. Environ Pollut. 2018;241:511-520. doi:10.1016/j.envpol.2018.05.055

Hou D, Ge Y, Chen C, et al. Associations of long-term exposure to ambient fine particulate matter and nitrogen dioxide with lung function: a
cross-sectional study in China. Environ Int. 2020;144:105977. doi:10.1016/j.envint.2020.105977

50. Miura S, Iwamoto H, Omori K, et al. Clinical characteristics of preserved ratio impaired spirometry in Japan. Respirology. 2021;26(Suppl 3):81-82.

51. Raherison C, Girodet PO. Epidemiology of COPD. Eur Respir Rev. 2009;18(114):213-221. doi:10.1183/09059180.00003609

52. Lopez-Campos JL, Tan W, Soriano JB. Global burden of COPD. Respirology. 2016;21(1):14-23. doi:10.1111/resp.12660

53. Ritchie Al, Wedzicha JA. Definition, causes, pathogenesis, and consequences of chronic obstructive pulmonary disease exacerbations. Clin
Chest Med. 2020;41(3):421-438.

54. Salvi S. Tobacco smoking and environmental risk factors for chronic obstructive pulmonary disease. Clin Chest Med. 2014;35(1):17-27.
doi:10.1016/j.ccm.2013.09.011

55. Vogelmeier CF, Criner GJ, Martinez FJ, et al. Global strategy for the diagnosis, management, and prevention of chronic obstructive lung disease
2017 report. GOLD executive summary. Am J Respir Crit Care Med. 2017;195(5):557-582. doi:10.1164/rccm.201701-0218PP

56. He D, Sun Y, Gao M, et al. Different risks of mortality and longitudinal transition trajectories in new potential subtypes of the preserved ratio
impaired spirometry: evidence from the English longitudinal study of aging. Front Med. 2021;8:755855. doi:10.3389/fmed.2021.755855

57. Lowe KE, Regan EA, Anzueto A, et al. COPDGene® 2019: redefining the diagnosis of chronic obstructive pulmonary disease. Chronic Obstr
Pulm Dis. 2019;6(5):384-399. doi:10.15326/jcopdf.6.5.2019.0149

58. Fortis S, Corazalla EO, Jacobs DR, Kim HJ. Persistent empiric COPD diagnosis and treatment after pulmonary function test showed no
obstruction. Respir Care. 2016;61(9):1192—-1200. doi:10.4187/respcare.04647

59. Adibi A, Sadatsafavi M. Looking at the COPD spectrum through “PRISm”. Eur Respir J. 2020;55(1):1902217. doi:10.1183/13993003.02217-2019

60. Lu J, Ge H, Qi L, et al. Subtyping preserved ratio impaired spirometry (PRISm) by using quantitative HRCT imaging characteristics. Respir
Res. 2022;23(1):309. doi:10.1186/512931-022-02113-7

61. Serifoglu I, Ulubay G. The methods other than spirometry in the early diagnosis of COPD. Tuberk Toraks. 2019;67(1):63—70. doi:10.5578/tt.68162

62. Wei X, Ding Q, Yu N, et al. Imaging features of chronic bronchitis with preserved ratio and impaired spirometry (PRISm). Lung. 2018;196
(6):649-658. doi:10.1007/s00408-018-0162-2

63. Wan ES, Hokanson JE, Murphy JR, et al. Clinical and radiographic predictors of GOLD-unclassified smokers in the COPDGene study. 4m
J Respir Crit Care Med. 2011;184(1):57-63. doi:10.1164/rccm.201101-00210C

64. Kim SS, Yagihashi K, Stinson DS, et al. Visual assessment of CT findings in smokers with nonobstructed spirometric abnormalities in the
COPDGene® study. Chronic Obstr Pulm Dis. 2014;1(1):88-96. doi:10.15326/jcopdf.1.1.2013.0001#sthash.LOatdpjM.dpuf

65. Fortis S, Comellas A, Kim V, et al. Low FVC/TLC in Preserved Ratio Impaired Spirometry (PRISm) is associated with features of and
progression to obstructive lung disease. Sci Rep. 2020;10(1):5169. doi:10.1038/s41598-020-61932-0

66. Douillet D, Chouihed T, Bertoletti L, Roy PM. Pulmonary embolism and respiratory deterioration in chronic cardiopulmonary disease:
a narrative review. Diagnostics. 2023;13(1):141. doi:10.3390/diagnostics13010141

67. Silvestre OM, Nadruz W, Querejeta Roca G, et al. Declining lung function and cardiovascular risk: the ARIC study. J Am Coll Cardiol. 2018;72
(10):1109-1122. doi:10.1016/j.jacc.2018.06.049

68. Katta N, Loethen T, Lavie CJ, Alpert MA. Obesity and coronary heart disease: epidemiology, pathology, and coronary artery imaging. Curr
Probl Cardiol. 2021;46(3):100655. doi:10.1016/j.cpcardiol.2020.100655

69. Shah N, Kelly AM, Cox N, Wong C, Soon K. Myocardial infarction in the “Young™: risk factors, presentation, management and prognosis.
Heart Lung Circ. 2016;25(10):955-960. doi:10.1016/j.h1c.2016.04.015

70. Thomas PS, Cowen ER, Hulands G, Milledge JS. Respiratory function in the morbidly obese before and after weight loss. Thorax. 1989;44
(5):382-386. doi:10.1136/thx.44.5.382

71. Talaminos Barroso A, Marquez Martin E, Roa Romero LM, Ortega Ruiz F. Factors affecting lung function: a review of the literature. Arch
Bronconeumol. 2018;54(6):327-332. doi:10.1016/j.arbres.2018.01.030

72. Collins LC, Hoberty PD, Walker JF, Fletcher EC, Peiris AN. The effect of body fat distribution on pulmonary function tests. Chest. 1995;107
(5):1298-1302. doi:10.1378/chest.107.5.1298

73. Lazarus R, Gore CJ, Booth M, Owen N. Effects of body composition and fat distribution on ventilatory function in adults. Am J Clin Nutr.
1998;68(1):35-41. doi:10.1093/ajcn/68.1.35

74. Ray CS, Sue DY, Bray G, Hansen JE, Wasserman K. Effects of obesity on respiratory function. Am Rev Respir Dis. 1983;128(3):501-506.
doi:10.1164/arrd.1983.128.3.501

75. Carey IM, Cook DG, Strachan DP. The effects of adiposity and weight change on forced expiratory volume decline in a longitudinal study of
adults. Int J Obes Relat Metab Disord. 1999;23(9):979-985. doi:10.1038/sj.ij0.0801029

76. Pankow W, Podszus T, Gutheil T, Penzel T, Peter J, Von Wichert P. Expiratory flow limitation and intrinsic positive end-expiratory pressure in
obesity. J Appl Physiol. 1998;85(4):1236—1243. doi:10.1152/jappl.1998.85.4.1236

77. Mancuso P. Obesity and lung inflammation. J Appl Physiol. 2010;108(3):722—728. doi:10.1152/japplphysiol.00781.2009

78. Arismendi E, Bantula M, Perpina M, Picado C. Effects of obesity and asthma on lung function and airway dysanapsis in adults and children.
J Clin Med. 2020;9(11):3762. doi:10.3390/jcm9113762

79. Gilmartin GS, Tamisier R, Curley M, Weiss JW. Ventilatory, hemodynamic, sympathetic nervous system, and vascular reactivity changes after
recurrent nocturnal sustained hypoxia in humans. 4m J Physiol Heart Circ Physiol. 2008;295(2):H778-H785. doi:10.1152/ajpheart.00653.2007

80. Calbet JA. Chronic hypoxia increases blood pressure and noradrenaline spillover in healthy humans. J Physiol. 2003;551(Pt 1):379-386.
doi:10.1113/jphysiol.2003.045112

81. Mannino DM, McBurnie MA, Tan W, et al.; BOLD Collaborative Research Group. Restricted spirometry in the burden of lung disease study.
Int J Tuberc Lung Dis. 2012;16(10):1405-1411.

82. Meghji J, Nadeau G, Davis KJ, et al. Noncommunicable lung disease in sub-Saharan Africa. A community-based cross-sectional study of
Adults in Urban Malawi. Am J Respir Crit Care Med. 2016;194(1):67-76. doi:10.1164/rccm.201509-18070C

International Journal of Chronic Obstructive Pulmonary Disease 2024:19 https: 763

Dove:


https://doi.org/10.1378/chest.15-1045
https://doi.org/10.1016/j.envpol.2018.05.055
https://doi.org/10.1016/j.envint.2020.105977
https://doi.org/10.1183/09059180.00003609
https://doi.org/10.1111/resp.12660
https://doi.org/10.1016/j.ccm.2013.09.011
https://doi.org/10.1164/rccm.201701-0218PP
https://doi.org/10.3389/fmed.2021.755855
https://doi.org/10.15326/jcopdf.6.5.2019.0149
https://doi.org/10.4187/respcare.04647
https://doi.org/10.1183/13993003.02217-2019
https://doi.org/10.1186/s12931-022-02113-7
https://doi.org/10.5578/tt.68162
https://doi.org/10.1007/s00408-018-0162-2
https://doi.org/10.1164/rccm.201101-0021OC
https://doi.org/10.15326/jcopdf.1.1.2013.0001%23sthash.L0atdpjM.dpuf
https://doi.org/10.1038/s41598-020-61932-0
https://doi.org/10.3390/diagnostics13010141
https://doi.org/10.1016/j.jacc.2018.06.049
https://doi.org/10.1016/j.cpcardiol.2020.100655
https://doi.org/10.1016/j.hlc.2016.04.015
https://doi.org/10.1136/thx.44.5.382
https://doi.org/10.1016/j.arbres.2018.01.030
https://doi.org/10.1378/chest.107.5.1298
https://doi.org/10.1093/ajcn/68.1.35
https://doi.org/10.1164/arrd.1983.128.3.501
https://doi.org/10.1038/sj.ijo.0801029
https://doi.org/10.1152/jappl.1998.85.4.1236
https://doi.org/10.1152/japplphysiol.00781.2009
https://doi.org/10.3390/jcm9113762
https://doi.org/10.1152/ajpheart.00653.2007
https://doi.org/10.1113/jphysiol.2003.045112
https://doi.org/10.1164/rccm.201509-1807OC
https://www.dovepress.com
https://www.dovepress.com

Huang et al Dove

83. Klein OL, Krishnan JA, Glick S, Smith LJ. Systematic review of the association between lung function and Type 2 diabetes mellitus. Diabet
Med. 2010;27(9):977-987. doi:10.1111/j.1464-5491.2010.03073.x
84. Walter RE, Beiser A, Givelber RJ, O’Connor GT, Gottlieb DJ. Association between glycemic state and lung function: the Framingham Heart
Study. Am J Respir Crit Care Med. 2003;167(6):911-916. doi:10.1164/rccm.2203022
85. Lawlor DA, Ebrahim S, Smith GD. Associations of measures of lung function with insulin resistance and Type 2 diabetes: findings from the
British Women’s Heart and Health Study. Diabetologia. 2004;47(2):195-203. doi:10.1007/s00125-003-1310-6
86. Yeh F, Dixon AE, Marion S, et al. Obesity in adults is associated with reduced lung function in metabolic syndrome and diabetes: the Strong
Heart Study. Diabetes Care. 2011;34(10):2306-2313. doi:10.2337/dc11-0682
87. Klein OL, Kalhan R, Williams MV, et al. Lung spirometry parameters and diffusion capacity are decreased in patients with Type 2 diabetes.
Diabet Med. 2012;29(2):212-219. doi:10.1111/j.1464-5491.2011.03394.x
88. Zhu J, Zhao H, Chen D, Tse LA, Kinra S, Li Y. Genetic correlation and bidirectional causal association between Type 2 diabetes and pulmonary
function. Front Endocrinol. 2021;12:777487. doi:10.3389/fendo.2021.777487
89. Hsia CC, Raskin P. Lung function changes related to diabetes mellitus. Diabetes Technol Ther. 2007;9(Suppl 1):S-73-S-82. doi:10.1089/dia.2007.0227
90. Liu L, Feng Q, Wang Y, et al. Interaction of polycyclic aromatic hydrocarbon exposure and high-fasting plasma glucose on lung function
decline in coke oven workers: a cross-lagged panel analysis. Environ Toxicol Pharmacol. 2022;90:103811. doi:10.1016/j.etap.2022.103811
91. Shin J, Toyoda S, Nishitani S, et al. SARS-CoV-2 infection impairs the insulin/IGF signaling pathway in the lung, liver, adipose tissue, and
pancreatic cells via IRF1. Metabolism. 2022;133:155236. doi:10.1016/j.metabol.2022.155236
92. Hoffmann C, Gerber PA, Cavelti-Weder C, et al. Liver, NAFLD and COVID-19. Horm Metab Res. 2022;54(8):522-531. doi:10.1055/a-1834-9008
93. Torres RM, Souza MDS, Coelho ACC, de Mello LM, Souza-Machado C, Leroyer C. Association between Asthma and Type 2 diabetes mellitus:
mechanisms and impact on asthma control-A literature review. Can Respir J. 2021;2021:8830439. doi:10.1155/2021/8830439
94. Kotlyarov S, Bulgakov A. Lipid metabolism disorders in the comorbid course of nonalcoholic fatty liver disease and chronic obstructive
pulmonary disease. Cells. 2021;10(11):2978. doi:10.3390/cells10112978
95. Margretardottir OB, Thorleifsson SJ, Gudmundsson G, et al. Hypertension, systemic inflammation and body weight in relation to lung function
impairment-an epidemiological study. COPD. 2009;6(4):250-255. doi:10.1080/15412550903049157
96. Enright PL, Kronmal RA, Smith VE, Gardin JM, Schenker MB, Manolio TA. Reduced vital capacity in elderly persons with hypertension,
coronary heart disease, or left ventricular hypertrophy. The Cardiovascular Health Study. Chest. 1995;107(1):28-35. doi:10.1378/chest.107.1.28
97. Engstréom G, Hedblad B, Valind S, Janzon L. Increased incidence of myocardial infarction and stroke in hypertensive men with reduced lung
function. J Hypertens. 2001;19(2):295-301. doi:10.1097/00004872-200102000-00017
98. Kannel WB, Hubert H, Lew EA. Vital capacity as a predictor of cardiovascular disease: the Framingham study. 4m Heart J. 1983;105
(2):311-315. doi:10.1016/0002-8703(83)90532-X
99. Wannamethee SG, Shaper AG, Ebrahim S. Respiratory function and risk of stroke. Stroke. 1995;26(11):2004-2010. doi:10.1161/01.STR.26.11.2004
100. Selby JV, Friedman GD, Quesenberry CP. Precursors of essential hypertension: pulmonary function, heart rate, uric acid, serum cholesterol, and
other serum chemistries. Am J Epidemiol. 1990;131(6):1017-1027. doi:10.1093/oxfordjournals.aje.al15593
101. Wu 'Y, Vollmer WM, Buist AS, et al. Relationship between lung function and blood pressure in Chinese men and women of Beijing and Guangzhou.
PRC-USA Cardiovascular and Cardiopulmonary Epidemiology Research Group. Int J Epidemiol. 1998;27(1):49-56. doi:10.1093/ije/27.1.49
102. Jankowich MD, Taveira T, Wu WC. Decreased lung function is associated with increased arterial stiffness as measured by peripheral pulse
pressure: data from NHANES III. Am J Hypertens. 2010;23(6):614-619. doi:10.1038/ajh.2010.37
103. Doshan HD, Rosenthal RR, Brown R, Slutsky A, Applin WJ, Caruso FS. Celiprolol, atenolol and propranolol: a comparison of pulmonary
effects in asthmatic patients. J Cardiovasc Pharmacol. 1986;8(Suppl 4):S105-S108.
104. van Zyl Al, Jennings AA, Bateman ED, Opie LH. Comparison of respiratory effects of two cardioselective beta-blockers, celiprolol and
atenolol, in asthmatics with mild to moderate hypertension. Chest. 1989;95(1):209-213. doi:10.1378/chest.95.1.209
105. Williams DM. Clinical pharmacology of corticosteroids. Respir Care. 2018;63(6):655-670. doi:10.4187/respcare.06314
106. Washko GR, Hunninghake GM, Fernandez IE, et al. Lung volumes and emphysema in smokers with interstitial lung abnormalities. N Engl
J Med. 2011;364(10):897-906. doi:10.1056/NEJMoal007285

International Journal of Chronic Obstructive Pulmonary Disease Dove

Publish your work in this journal

The International Journal of COPD is an international, peer-reviewed journal of therapeutics and pharmacology focusing on concise rapid reporting
of clinical studies and reviews in COPD. Special focus is given to the pathophysiological processes underlying the disease, intervention programs,
patient focused education, and self management protocols. This journal is indexed on PubMed Central, MedLine and CAS. The manuscript
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-chronic-obstructive-pulmonary-disease-journal

. International Journal of Chronic Obstructive Pulmonary Disease 2024:19
764 n ' In u Dove J Y


https://doi.org/10.1111/j.1464-5491.2010.03073.x
https://doi.org/10.1164/rccm.2203022
https://doi.org/10.1007/s00125-003-1310-6
https://doi.org/10.2337/dc11-0682
https://doi.org/10.1111/j.1464-5491.2011.03394.x
https://doi.org/10.3389/fendo.2021.777487
https://doi.org/10.1089/dia.2007.0227
https://doi.org/10.1016/j.etap.2022.103811
https://doi.org/10.1016/j.metabol.2022.155236
https://doi.org/10.1055/a-1834-9008
https://doi.org/10.1155/2021/8830439
https://doi.org/10.3390/cells10112978
https://doi.org/10.1080/15412550903049157
https://doi.org/10.1378/chest.107.1.28
https://doi.org/10.1097/00004872-200102000-00017
https://doi.org/10.1016/0002-8703(83)90532-X
https://doi.org/10.1161/01.STR.26.11.2004
https://doi.org/10.1093/oxfordjournals.aje.a115593
https://doi.org/10.1093/ije/27.1.49
https://doi.org/10.1038/ajh.2010.37
https://doi.org/10.1378/chest.95.1.209
https://doi.org/10.4187/respcare.06314
https://doi.org/10.1056/NEJMoa1007285
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Epidemiology of PRISm
	Prevalence of PRISm
	Mortality Rates Associated with PRISm

	Etiological Factors of PRISm
	PRISm and COPD
	Relationship Between PRISm and Radiological Abnormalities
	Radiological Features of PRISm on High-Resolution Computed Tomography (HRCT)
	Radiological Features of PRISm in Specific Populations
	Emphysematous Features of PRISm

	Relationship Between PRISm and Concomitant Comorbidities
	Relationship Between PRISm and Obesity
	Relationship Between PRISm and Diabetes
	Relationship Between PRISm and Hypertension

	Prevention and Treatment of PRISm
	Outlook
	Conclusions
	Funding
	Disclosure

