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ABSTRACT
Efforts to grasp the significance of radiologic changes similar to interstitial lung disease (ILD) in 
undiagnosed individuals have intensified in the recent decade. The term interstitial lung abnorm-
alities (ILA) is an emerging definition of such changes, defined by visual examination of computed 
tomography scans. Substantial insights have been made in the origins and clinical consequences 
of these changes, as well as automated measures of early lung fibrosis, which will likely lead to 
increased recognition of early fibrotic lung changes among clinicians and researchers alike.

Interstitial lung abnormalities have an estimated prevalence of 7–10% in elderly populations. 
They correlate with many ILD risk factors, both epidemiologic and genetic. Additionally, histo-
pathological similarities with IPF exist in those with ILA. While no established blood biomarker of 
ILA exists, several have been suggested. Distinct imaging patterns indicating advanced fibrosis 
correlate with worse clinical outcomes. ILA are also linked with adverse clinical outcomes such as 
increased mortality and risk of lung cancer.

Progression of ILA has been noted in a significant portion of those with ILA and is associated 
with many of the same features as ILD, including advanced fibrosis. Those with ILA progression 
are at risk of accelerated FVC decline and increased mortality. Radiologic changes resembling ILD 
have also been attained by automated measures. Such measures associate with some, but not all 
the same factors as ILA.

ILA and similar radiologic changes are in many ways analogous to ILD and likely represent a 
precursor of ILD in some cases. While warranting an evaluation for ILD, they are associated with 
poor clinical outcomes beyond possible ILD development and thus are by themselves a signifi-
cant finding. Among the present objectives of this field are the stratification of patients with 
regards to progression and the discovery of biomarkers with predictive value for clinical 
outcomes.
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Introduction

The radiologic changes and physiologic changes seen in 
interstitial lung diseases such as idiopathic pulmonary 
fibrosis are extensive [1]. This has bred the theory that 
a pathophysiological process of pulmonary fibrosis pre-
cedes clinical symptoms or full-blown disease, which is 
a theory that is at least several decades old [2]. Efforts 
to identify people with abnormalities suggestive of 
early forms of interstitial lung disease (ILD) have 
been made possible by the advent and greatly increas-
ing use of CT imaging. Such abnormalities were first 
searched for, and found in, asymptomatic relatives of 
patients with familial pulmonary fibrosis [3]. Later, 
efforts were made to identify similar abnormalities in 
population cohort studies [4,5]. Various terms have 
been used to describe these radiographic abnormalities; 
‘the dirty lung’, ‘preclinical interstitial lung disease’, 

and ‘subclinical interstitial lung disease’ are all terms 
that have been used in this purpose. [4,6,7] The term 
‘interstitial lung abnormalities’ (ILA), first used in this 
purpose by Washko et al. in 2011 [5], has however 
gained a foothold in the literature in the last decade 
as a term for visually detected changes of this sort [8– 
11]. Automated measures have also been used to detect 
early forms of fibrotic lung changes, with the term 
‘high attenuation areas’ (HAA), most often used for 
such endeavours [4,12]. An increasing number of 
cohort-based studies has been published in the years 
since that examine the significance of radiologic 
changes suggestive of early ILD. This has been done 
in a variety of cohorts, both general population-based 
and cohorts of smokers or lung cancer screening 
cohorts. This led to the Fleischner Society publishing 
a uniform definition of interstitial lung abnormalities 
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in a Position paper by Hatabu et al. [13]. This defini-
tion and increased recognition of early forms of inter-
stitial lung disease, in tandem with the ever-increasing 
use of CT scans in disease diagnosis and screening, will 
likely lead to more reports of such changes to clinicians 
and more awareness among researchers of ILD. Here, a 
review of the current status of knowledge of interstitial 
lung abnormalities and related radiologic markers of 
early pulmonary fibrosis is presented.

Definition and prevalence of interstitial lung 
abnormalities

While precise definitions of ILA have varied between 
studies [5,11,14–16], the definition proposed by 
Washko et al. [5] defined ILA as non-dependent 
changes that affect more than 5% of any lung zone 
that include ground-glass or reticular abnormalities, 
diffuse centrilobular nodularity, non-emphysematous 
cysts, honeycombing, and traction bronchiectasis [5,8] 
with areas meeting criteria for emphysema not 
included in these estimations. Changes present in less 
than 5% of lung zones consisting of focal or unilateral 
ground-glass attenuations, focal or unilateral reticula-
tion, and patchy ground-glass abnormalities have been 
defined as indeterminate for ILA [5]. The significance 
of these indeterminate changes is unclear since these 
participants are not regarded as having ILA and are 
most often excluded from studies of ILA. However, 
indeterminate changes have been found to be more 
common than changes meeting criteria for ILA [5,8]. 
Other definitions of ILA are based on similar radiolo-
gic criteria counting areas with fibrosis, honeycombing, 
traction bronchiectasis, ground-glass, reticular 
abnormalities, centrilobular nodules, and more, but 
precise definitions of extent and reading methods 
somewhat varied [11,14–16]. Many such papers also 
reported more minor changes with unclear signifi-
cance, entitling them as ‘indeterminate’ or ‘equivocal’ 
[14,15]. Recently, a uniform definition for ILA has 
been accepted in a Fleischner Society position paper, 
which largely complies with the definition used by 
Washko et al. in 2011, with the exception that centri-
lobular nodules have been excluded from the term [13]. 
Dependent lung atelectasis, interstitial oedema, focal 
paraspinal fibrosis, and mild focal abnormalities such 
as findings of aspiration are not included in the ILA 
term [13].

The prevalence of interstitial lung abnormalities is 
variable and related to the age of the population exam-
ined as well as the frequency of smoking. In general 
population-based cohorts in which the mean age of 
participants with ILA was 70 years or older, the 

prevalence of ILA has been reported between 7 and 
10% [8,16,17]. Among cohorts of smokers or lung 
cancer screening cohorts, however, the prevalence of 
ILA has been found to range from 4 to 20% 
[5,8,14,15,18–20]. While these numbers are similar to 
prevalence rates in the general population-based 
cohorts it should be noted that the mean age of parti-
cipants with ILA in the cohorts of smokers ranged 
from 60 to 66 years, approximately 10 years younger 
than in the general population-based cohorts.

Epidemiological associations and parallels with 
interstitial lung disease

Studies of interstitial lung abnormalities have estab-
lished many parallels of ILA with advanced ILD. Age 
is a cardinal risk factor of ILD and participants with 
ILA are older than participants without abnormalities 
[5,8]. Cigarette smoking, which is also strongly related 
to idiopathic pulmonary fibrosis (IPF) risk is associated 
with ILA, i.e. both smoking at time of examination and 
amount of smoking over participants’ lifetimes [8], as 
well as reduced diffusion capacity for carbon monoxide 
(DLCO) and reduced oxygen saturation [17]. Smokers 
with ILA also have increased odds of a restrictive lung 
deficit, decreased lung volumes, and decreased emphy-
sema compared to their peers [5]. Still, COPD patients 
with ILA have higher rate of COPD exacerbations and 
accelerated lung function decline compared to others 
[21]. Measures of airway thickness are increased in 
both ILA and IPF [22] and CT detected vascular prun-
ing, an indicator of decreased volume of pulmonary 
blood vessels, is associated with increased odds of ILA 
[23]. Furthermore, ILA is associated with several risk 
factors for IPF. Among those is obstructive sleep 
apnoea [24], air pollution due to elemental carbon 
and nitrogen oxides and occupational exposure to 
vapours, gas, dust, and fumes [11,25,26]. Lastly, while 
IPF has been associated with herpesvirus infections 
[27], infection with human immunodeficiency virus 
(HIV) has been associated with ILA [28].

In terms of genetics, the rs35705950 promoter poly-
morphism of the MUC5B gene, the best-established 
single genetic risk factor for IPF [29], has been shown 
to be strongly associated with ILA [30,31]. In addition, 
ILA and/or subpleural ILA have been linked with poly-
morphisms in DPP9, DSP, FAM13A, MAPT, and IVD, 
all previously associated with IPF, as well as poly-
morphisms near IPO11, FCF1P3, and HTRE1 [31]. 
Supporting these genetic associations, ILA are much 
more common in relatives of patients with both famil-
ial pulmonary fibrosis and sporadic pulmonary fibrosis 
than in the general population [32]. In addition, the 
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histopathological appearance of lung tissue in patients 
with ILA has been evaluated, using tissue samples from 
lung nodule resections. Patients with ILA were shown 
to be more likely to have several types of histopatho-
logical changes commonly seen in IPF [33]; i.e. sub-
pleural fibrosis, fibroblastic foci, honeycombing, and 
the usual interstitial pneumonia pattern in addition to 
atypical adenomatous hyperplasia [34]. In a similar 
study, it was demonstrated that patients with patholo-
gical abnormalities are more likely to have radiologic 
ILA than others [35]. Therefore, ILA have been asso-
ciated with the main epidemiological and genetic risk 
factors of pulmonary fibrosis and share histopatholo-
gical features with these conditions.

Potential IPF biomarkers have been found to be 
related with ILA. Matrix metalloproteases (MMPs) 
and Galectin-3, markers elevated in IPF patients, are 
elevated in cohort study participants with ILA [17,36– 
39]. In addition, among familial interstitial pneumonia 
patients, those with ILA have been found to have 
shorter telomeres in peripheral blood than those with-
out ILA [40]. Among other possible biomarkers, the 
adhesion molecule sICAM-1 has been associated with 
ILA [41] as well as pro-inflammatory molecule resistin 
[17]. Additionally, leptin and the metabolites phospha-
tidylcholine, phosphatidic acid, betaine aldehyde, phos-
phatidylethanolamine, and 1- 
acylglycerophosphocholine [42–44] have been linked 
with ILA and certain microRNAs, in particular miR- 
193a-5p and miR–502–5p, have been shown to be 
upregulated in ILA and suggested as ILA biomarkers 
[45]. Rheumatoid arthritis (RA) related autoantibodies 
and anti-cyclic citrullinated peptide have been asso-
ciated with ILA among smokers and rheumatoid factor 
IgA are associated with ILA regardless of smoking 
history [46]. Lastly, vitamin D deficiency and the use 
of hydrophilic HMG-CoA reductase inhibitors (statins) 
has been linked with ILA, while the omega-3 polyun-
saturated fatty acid docosahexaenoic acid is negatively 
associated with ILA [44,47,48].

Imaging patterns

Participants with ILA have also been evaluated for 
certain imaging patterns such as the definite fibrosis 
pattern and the usual interstitial pneumonia (UIP) 
pattern, and important associations of ILA differ 
depending on those patterns. In these studies, the defi-
nite fibrosis pattern was defined as the presence of 
pulmonary parenchymal architectural distortion (such 
as traction bronchiectasis and/or honeycombing) that 
are consistent with a fibrotic lung disease. The defini-
tion used for the UIP pattern was the same as 

published by the Fleischner Society [49,50]. The asso-
ciation of ILA with the definite fibrosis pattern with the 
rs35705950 promoter polymorphism of the MUC5B 
gene is stronger than that of ILA without definite 
fibrosis. This association is also stronger among 
patients with ILA and possible UIP or UIP patterns 
than among patients with ILA that are inconsistent 
with the UIP pattern [51]. In a longitudinal study, 
both definite fibrosis and the UIP pattern were asso-
ciated with increased risk of mortality. The same can be 
said for certain imaging features; that is non-emphyse-
matous cysts and traction bronchiectasis [50].

Clinical outcomes

In addition to risk factors and biomarkers, ILA have 
been linked with poor health outcomes. First and fore-
most, ILA have been associated with increased risk of 
mortality of all causes in several research cohorts 
[8,10]. In one of these cohorts, ILA were related with 
an increased risk of death from a respiratory cause and, 
among those, with an increased risk of death from 
pulmonary fibrosis [8]. In addition to mortality, ILA 
have been associated with several disease processes. A 
lung cancer screening study has found an increased 
risk of ILD diagnosis among participants with ILA 
[19]. Patients with ILA have been found to have 
decreased odds of COPD and decreased COPD severity 
in a cohort study [5]. Still, a later case-control study 
among smokers failed to show a significant association 
with COPD and a lung cancer screening study has 
suggested increased risk of COPD diagnoses among 
participants with ILA [19,52]. Another study has asso-
ciated ILA with Group B of the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) classifica-
tion of COPD [53]. While associations with COPD 
differ, ILA have been positively associated with para-
septal emphysema, a subtype of emphysema that is not 
associated with airflow obstruction and is of largely 
unknown clinical significance [54]. What’s more, an 
increased risk of acute respiratory distress syndrome 
(ARDS) among critically ill patients in the intensive 
care setting has been linked with ILA [55], smokers 
with ILA have been shown to have decreased 6-minute 
walking distance [56] and participants with ILA in a 
general-population cohort had worse performance in 
various tests of decreased physical function and worse 
self-reported health and functional status than their 
peers [57,58].

Lung cancer screening studies or retrospective stu-
dies of lung cancer patients have consistently found 
participants with ILA to be at increased risk of lung 
cancer and lung cancer mortality [10,19,20,59–64]. 
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Findings from a general-population cohort support 
these findings [65]. While ILA and lung cancer share 
certain risk factors, such as age and smoking, the 
association between these conditions has been estab-
lished even after correction for those factors. 
Additionally, although no definitive mechanisms con-
necting ILA and lung cancer have been elucidated, 
similarities in the pathogenesis of lung cancer and 
interstitial lung disease have been pointed out. Thus, 
the reasons for the association of ILA and lung cancer 
are not fully clear and future research must clarify 
whether it is a result of residual confounding or biolo-
gical mechanisms [20,65]. On that note, ILA have been 
found to be a risk factor for postoperative complica-
tions after lung cancer surgery, such as ARDS, pneu-
monia and respiratory failure [66] as well as severe 
radiation pneumonitis after radiation for small cell 
lung cancer [67,68] and immune checkpoint inhibi-
tor-induced interstitial lung disease among patients 
with lung cancer and other malignancies [69,70]. 
Among other outcomes associated with ILA in lung 
cancer screening studies are diagnoses of pneumonia, 
pleural empyema or lung abscesses, and respiratory 
failure [19]. Rheumatoid arthritis (RA) is another 
major disease associated with the prevalence of ILA 
and their progression. In this group, patients with 
ILA have had more respiratory symptoms, more severe 
RA, a restrictive pattern on pulmonary function testing 
and reduced exercise capacity [71–73]. These associa-
tions of ILA with various clinical outcomes are listed in 
Table 1 along with other known associations of ILA.

Progression of ILA

Longitudinal studies exist that examine imaging pro-
gression of ILA over time. Progression of ILA has been 
noted in 73–76% of participants with ILA over 5 years 
of follow up [50,74]. Still, studies with a follow up of 
2 years, albeit with younger participants and a slightly 
differing definition of ILA, have found that a much 
lower proportion of participants progress over that 
time [14,18]. Progression to ILD has been found to 
be common among relatives of familial interstitial 
pneumonia patients with ILA [40].

Risk of ILA progression is positively associated with 
several features such as age, smoking at the time of the 
study, and the rs35705950 promoter polymorphism of 
the MUC5B gene [50,74] while the directionality of the 
relationship of body mass index with ILA progression 
has varied between studies [50,74]. In addition, expo-
sure to elemental carbon has been associated with ILA 
progression as well as gastroesophageal reflux [17,25]. 
In terms of imaging patterns, the definite fibrosis 

pattern, and both probable and definite UIP patterns 
are strongly associated with ILA progression [14,50]. In 
terms of imaging patterns, the definite fibrosis pattern, 
and both probable and definite UIP patterns are 
strongly associated with ILA progression [14,50]. 
Distinct features such as subpleural reticular markings, 
non-emphysematous cysts, changes predominantly in 
the lower lobe, and traction bronchiectasis are them-
selves associated with progression and progression of 
traction bronchiectasis is associated with poorer survi-
val among those with ILA [50,75]. As with ILA odds in 
general, pruning of pulmonary vessels on CT is linked 
with greater odds of progression [23]. As for the pos-
sible consequences of ILA progression, participants 
with progression have accelerated FVC decline over 
time and increased mortality compared with both par-
ticipants without ILA and participants with ILA but 
without progression [50,74]. Table 2 contains a list of 
the known associations of ILA progression.

Other definitions of ILD precursors

Assessment of changes on CT imaging believed to be 
precursors of interstitial lung disease that are defined 
using automated measures has also been undertaken. 
One such measure are high attenuation areas (HAA), 
defined as areas within the lung fields with a CT 
attenuation value between −600 and −250 Hounsfield 
Units (HU) [4]. Changes resembling early ILD found 
using this quantitative assessment have been associated 
with some of the same factors as the qualitatively 
assessed ILA. Some of the major factors associated 
with HAA are cigarette smoking, lower forced vital 
capacity, exertional dyspnoea, air pollutants in form 
of nitrogen oxides, shorter 6-minute walk distance 
and higher all cause-mortality [4,26,76,77]. In a gen-
ome-wide association study, genes related to obesity 
(GNPDA2, ZNF664, FAM101A, PFKP, SAMD4A), gly-
coproteins, carbohydrate metabolism, and glycosyla-
tion (GYPC, FUT10, GNPDA2, PFKP, SLC45A), 
embryonic development (FOXP4), and cell adhesion 
(ALCAM) have been associated with HAA [78].

HAA have been linked with proposed biomarkers of 
lung fibrosis as well as other biochemical measure-
ments. The markers that have been associated with 
these changes are higher levels of matrix metallopro-
tease-7, inflammatory cytokine IL-6, and collagen bio-
markers, carboxy-terminal telopeptide of collagen type 
I, and amino-terminal propeptide of type III procolla-
gen in serum [76,79]. In addition, the adhesion mole-
cules sICAM-1, sVCAM-1, and P-selectin have been 
associated with HAA. Moreover, RA-related autoanti-
bodies, rheumatoid factor IgM and IgA, have also been 
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associated with HAA, with associations modified by 
cigarette smoking. Similarly, another RA-related auto-
antibody, anti-cyclic citrullinated peptide, has been 
associated with HAA in the subgroup of smokers 
[46]. As with ILA, vitamin-D deficiency has been asso-
ciated with HAA and HAA progression [47] and HAA 
have been related to lower HDL-C, ApoA-1, and serum 
adipokines [43,80]. Amounts of rice in diet, a proposed 
surrogate for arsenic exposure among urban residents, 

have been associated with HAA while an association 
with ILA was not shown [81]. The associations of HAA 
with MMP-7, all-cause mortality, and IL-6 have been 
validated and found to be consistent across all lung 
regions [82].

Efforts have been made to assess the relationship of 
HAA with qualitative measures of early ILD, ILD diag-
noses, and ILD-related outcomes. HAA correlate with 
qualitatively assessed ILA, although positive predictive 
values of HAA for ILA were not very high in a com-
parison study [9,76]. This is true for HAA independent 
of lung area [82]. In spite of this, HAA were not found 
to be associated with the rs35705950 variant in the 
MUC5B promoter polymorphism, the strongest 
known genetic risk factor for IPF [9]. Still, HAA have 
been associated with hospitalisations from ILD and 
ILD-specific mortality [82,83].

In addition to HAA, other attempts at automating 
ILA detection have been made. An automatic method 
involving local histogram analysis and distance from 
the pleura has been found to correlate decently with 
ILA (area under the receiver operating characteristic 
curve [AUROC] 0.82) and even better with ILA with 
definite fibrosis (AUROC 0.89) [84]. Amounts of inter-
stitial changes measured by this method are associated 
with FEV1 and FVC, quality of life, an increased risk of 
mortality and the rs35705950 promoter polymorphism 
in MUC5B [85]. Using yet another method, interstitial 
lung changes found with automated reading have been 
associated with worse disease-free survival in a cohort 
of patients that had undergone lung cancer resection 
[86]. In addition to measurements of lung tissue den-
sity, machine learning methods to detect early forms of 
pulmonary fibrosis seem to be on the horizon. A recent 
article has been published in which an ensemble of 
convolutional neural networks is used to detect ILA 
and does so with greater accuracy than other auto-
mated methods mentioned here. The AUROC for 

Table 1. The epidemiological associations of interstitial lung 
abnormalities.

Feature associated with interstitial lung abnormalities
Citation 

(s)

Risk factors of idiopathic pulmonary fibrosis
Age [5,8]

Pack-years of smoking [5,8]

The rs35705950 promoter polymorphism of the MUC5B gene [30,31]

Polymorphisms in DPP9, DSP, FAM13A, MAPT, and IVD [31]

Family relationship with pulmonary fibrosis patients [32]

Polymorphisms near IPO11, FCF1P3, and HTRE1 [31]

Obstructive sleep apnoea [24]

Airway pollution from elemental carbon [25]

Residential exposure to vapours and fumes [26]

Exposure to vapours/gas [11]

Biomarkers
Galectin-3 [37]

Matrix metalloproteases [17,39,9798]

Resistin [17]

Soluble intracellular adhesion molecule (sICAM)-1 [41]

Phosphatidylcholine, phosphatidic acid, betaine aldehyde, 
phosphatidylethanolamine, and downregulated 
phosphatidylethanolamine

[42]

Upregulation of certain microRNAs [45]

Rheumatoid factor IgA [46]

Rheumatoid factor IgM and anti-CCP among smokers [46]

Leptin among never smokers [43]

Clinical and pathologic findings
Histopathologic findings of fibrosis [34,35]

Reduced total lung capacity [5]

Lesser amount of emphysema [5]

Decreased physical function [56,58]

Worse functional status [57]

Paraseptal emphysema [54]

Increased airway wall thickness [22]

CT vascular pruning and lower pulmonary blood vessel 
volume

[23]

Vitamin D deficiency [47]

Statin use [48]

Lower levels of docosahexaenoic acid [44]

HIV infection [28]

Clinical outcomes
All-cause mortality [8,10,19]

Death from a respiratory cause [8]

ILD diagnosis [19]

Acute respiratory distress syndrome [55]

Lung cancer [20,59,62]

Mortality due to lung cancer among smokers [10,19,20]

Mortality from cancers other than lung cancer among 
smokers

[19]

Various respiratory outcomes (pneumonia, pleural empyema, 
lung abscesses, respiratory failure among smokers)

[10]

Increased rate of COPD exacerbations [21]

Lung volume decline in COPD patients [21]

Shorter survival among non-small cell lung cancer patients [60,61,63,64]

Treatment complications among lung cancer patients [66–69]

Rheumatoid arthritis [71–73]

More severe arthritis and respiratory symptoms among 
rheumatoid arthritis patients

[71,72]

Table 2. The associations with progression of interstitial lung 
abnormalities.

Feature associated with progression
Citation 

(s)

Age [50,74]

The rs35705950 promoter polymorphism of the MUC5B gene [50,74]

Smoking at the time of study [74]

Gastroesophageal reflux [17]

Imaging features (subpleural reticular markings, non- 
emphysematous cysts, traction bronchiectasis, lower lobe 
predominance, less centrilobular nodules)

[50]

The definite fibrosis and usual interstitial pneumonia imaging 
patterns

[50]

A decline in forced vital capacity (FVC) [74]

CT vascular pruning and lower pulmonary blood vessel 
volume

[23]

All-cause mortality [50,74]
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prediction of visually assessed ILA was 0.86 using this 
method [87]. Another study used a K-nearest neigh-
bour algorithm to identify areas of high attenuation 
that appeared normal in visual analysis. Smoking at 
the time of study, lower FEV1, lower FVC, shorter 6- 
minute walking distance, greater amounts of CRP and 
ICAM1, and increased mortality were associated with 
larger proportions of such normal-appearing high 
attenuation areas in the lungs of participants [88]. 
Known associations of HAA and other automated 
measures of early ILD are summarised in Table 3.

Summary and future directions

Interstitial lung abnormalities have many parallels with 
advanced forms of interstitial lung disease. They are 
associated with some of the cardinal epidemiologic, 
environmental, and genetic risk factors of ILD as well 
as some proposed biomarkers and histopathological 
features of ILD [5,25,31,34,37,39]. Associations have 
been found to differ among different imaging patterns, 
with stronger genetic associations and worse outcomes 

observed for imaging abnormalities that are extensive 
enough to meet criteria for ILD diagnosis among 
symptomatic people [5]. ILA progression has been 
observed and the odds of progression have been 
found to be increased with genetic risk factors of ILD 
and imaging features suggestive of more advanced 
fibrosis [50,74]. Aside from their relationship with 
ILD, ILA seem to give rise to adverse clinical outcomes, 
most notably lung malignancies and increased mortal-
ity [8,10,65]. So, the proposition that some or all of the 
changes that the ILA term encompasses represent pos-
sible precursors, or early stages, of ILD [91] are 
strengthened by the body of research reviewed here. 
In addition, the outcomes associated with ILA suggest 
that they can by themselves be a relevant clinical 
finding.

For this reason, calls have recently been made that 
the finding of ILA on CT in clinical practice warrants 
evaluation for ILD and a review of risk factors for 
progression of ILA. A Fleischner Society position 
paper recommends that patients in which ILA are 
identified are undergo a review of symptoms and ILD 
risk factors, a physical exam, and pulmonary function 
testing (PFT) to exclude clinically relevant ILD. 
Clinicians are encouraged to systematically follow-up 
patients with clinical or radiologic risk factors for ILA 
progression, re-evaluation based on symptoms is 
recommended for low-risk patients [13]. A recent sur-
vey among clinicians with ILD expertise adds to these 
recommendations. In this survey, a consensus is 
reached that the presence of ILA warrants evaluation 
with PFT and high-resolution CT imaging. 
Additionally, a consensus was reached that honey-
combing and traction bronchiectasis were indicative 
of a potentially progressive ILD and warrant an assess-
ment with a pulmonologist irrespective of PFT results. 
The survey recommends follow-up of patients with ILA 
but no PFT abnormalities, but consensus regarding the 
type was not reached. Additionally, a consensus was 
reached that radiologists reading lung cancer screening 
images should report honeycombing and traction 
bronchiectasis as a clinically significant or potentially 
significant finding (Lung Imaging Reporting and Data 
System S-modifier) and recommend a referral to a 
pulmonologist [92].

The current literature regarding ILA brings up sev-
eral possible applications of the ILA term. The poten-
tial for early detection or prevention of ILD is an 
obvious and compelling possibility that is a longstand-
ing focus among researchers of early radiologic changes 
resembling pulmonary fibrosis [91,93]. The dire prog-
nosis of the most common of interstitial lung diseases 
such as idiopathic pulmonary fibrosis highlights the 

Table 3. Epidemiological associations of automated measures 
of ILD precursors.

Feature associated with automated measures of ILD precursors
Citation 

(s)

High attenuation areas (HAAs)
Pack-years of smoking [4]

Lower forced vital capacity (FVC) [76,82]

All-cause mortality [76,82]

Hospitalisations from ILD [83]

ILD-specific mortality [82,83]

Interstitial lung abnormalities [76,82]

Exertional dyspnea [77]

Reduced exercise capacity [76]

Matrix metalloprotease-7 [76,82]

Interleukin-6 [76,82]

Carboxy-terminal telopeptide of collagen type I and amino- 
terminal propeptide of type III procollagen

[79]

ICAM-1, VCAM-1, and P-selectin [41]

Rheumatoid factor IgM and IgA and anti-CCP [46]

Lower levels of HDL-C and ApoA-1 [80]

Lower levels of adiponectin [43]

Higher levels of D-dimer [89]

Pericardial and visceral adipose tissue [90]

Resistin [43]

Genetic markers (GNPDA2, ZNF664, FAM101A, PFKP, SAMD4A, 
GYPC, FUT10, GNPDA2, PFKP, SLC45A, FOXP4, ALCAM)

[78]

Exposure to ambient nitrogen oxides [26]

Vitamin D deficiency [47]

Daily rice consumption [81]

Normal appearing areas of high attenuation
Lower forced expiratory volume (FEV1) [88]

Reduced exercise capacity [88]

All-cause mortality [88]

Higher C-reactive protein [88]

Higher ICAM-1 [88]

Other objective assessment methods of interstitial changes
Lower FVC, FEV1, and quality of life, increased all-cause 

mortality and the rs35705950 promoter polymorphism of 
MUC5B

[85]

ILA and worse disease-free survival among lung-cancer 
patients

[86]
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potential impact of this possibility [91] and adding 
weight to this is the relatively recent development of 
therapies that modify the disease progression of idio-
pathic pulmonary fibrosis [94,95]. However, the pre-
viously mentioned difference in incidence of ILA and 
ILD is a predictable obstacle to this approach, since it 
likely is not cost-effective or beneficial to treat, or aim 
preventive measures at, everyone with ILA. Therefore, 
finding factors that predict the progression of ILA to 
ILD will be vital for this approach. Although some 
work has been done in this respect, especially regarding 
radiographic features and patterns [50], the identifica-
tion of more epidemiological, genetic, and biochemical 
risk factors of ILA progression should prove essential. 
A blood-based biomarker of ILA progression would be 
especially valuable due to the ubiquity of biochemical 
measurements of blood samples in clinical work. Such 
work could pave the way for stratification or subtyping 
of people with ILA based on their risk of progression.

Another possible application is acquiring insights 
into the pathobiology and risk factors of the rare idio-
pathic interstitial pneumonias by exploring the rela-
tively common changes that are ILA. The rarity of 
diseases such as IPF, with estimates of prevalence ran-
ging from 14 to 63 per 100,000 [96,97], makes it diffi-
cult to study risk factors of these diseases in cohort 
studies. In comparison, ILA and other measures of 
preclinical ILD have been found to have a prevalence 
that is orders of magnitude greater than that of IPF 
[8,10]. Participants in major cohort studies, for which 
extensive genotypic and phenotypic information have 
been made available, have been characterized with 
regards to the presence of ILA or other measures of 
subclinical ILD [4,8]. This, in addition to a growing 
number of computed tomography-based lung cancer 
screening studies that have added ILA to their study of 
pulmonary nodules [10,14,18,20] allows for the study 
of genetic and epidemiological risk factors of fibrotic 
pulmonary disease in more research settings with more 
research subjects than previously possible.

There are several challenges in future research of 
ILA. The universal adoption of the definition of inter-
stitial lung abnormalities proposed recently by the 
Fleischner Society [13] is necessary for useful compar-
ison of different studies of ILA, not only ILA in general 
but also for different subtypes and imaging patterns. 
Research of different subtypes and patterns using such 
a classification is needed since ILA encompasses a non- 
uniform set of changes that are likely to confer risks of 
different endpoints. Because of this heterogeneity, 
reproduced studies that provide robust information 
on which epidemiological and radiographic 

characteristics confer increased risk of progression 
should prove vital in determining which patient popu-
lations are likely to progress. Clinical studies on how to 
best assess and follow-up patients with ILA, comple-
menting a recent expert survey [92], are also necessary. 
Biomarkers that could provide insight into which 
patients are at risk should be a priority of these studies, 
especially blood-based biomarkers due to the accessi-
bility of such markers and their ubiquitous use in 
clinical practice. It is possible that the usefulness of 
biomarker studies of ILA could, in addition to predict-
ing ILA progression and ILD-related mortality, extend 
to predicting other serious clinical outcomes associated 
with ILA, such as malignancies and all-cause mortality. 
This is important because the increased mortality risk 
among those with ILA is too great to be only explained 
by undiagnosed progressive ILD, urging the need for 
further research of clinical endpoints associated with 
ILA. An evaluation of the possible endpoints of auto-
mated measures of ILA precursors with regards to 
progression could also prove valuable as automated 
measures are easier to screen for en masse than ILA. 
On that note, machine learning could prove pivotal in 
automating both the diagnosis of radiologic signs such 
as ILA as well as the identification and risk stratifica-
tion of patients at risk of ILA progression, other mor-
bidities, or mortality.

In conclusion, ILA and related terms encompass a 
set of changes that are similar to ILD but have a much 
greater prevalence. They share risk factors of ILD and 
likely represent a precursor of ILD in some cases but by 
themselves they confer increased risk of mortality, 
malignant disease, and other morbidities as well as 
complications of medical treatment.
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