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Abstract 

Interstitial lung abnormalities and aging 

Gísli Þór Axelsson 

Introduction: Idiopathic pulmonary fibrosis (IPF) is an incurable disease characterized by fibrotic 

changes in the pulmonary interstitium leading to death due to respiratory failure. Interstitial lung 

abnormalities (ILA) are radiological changes similar to IPF, but less prominent and most often in 

asymptomatic individuals. They are perceived to be a precursor of IPF in a small proportion of ILA cases, 

since their prevalence is much greater than of IPF. Increasing age is one of the main risk factors for 

both these conditions, prompting the question of whether processes related to aging could be related to 

the pathogenesis of ILA and IPF. The aim of the thesis was to examine the associations of biomarkers 

of aging with ILA to better understand the relationship of aging and fibrosis of the lungs. 

Materials and methods: Data were used from the AGES-Reykjavik study, a prospective, 

epidemiological study of 5,764 elderly people in Iceland designed to improve understanding of aging. 

CT scans of the participants had been previously evaluated for ILA status by readers blinded to 

participant information. The proposed biomarkers of aging were the inflammatory markers; CRP and 

albumin and markers of red blood cells; red blood cell count, hemoglobin and hematocrit. In addition, 

markers of physical function; grip strength, knee extension strength, usual gait speed, the timed up and 

go test and thigh muscle mass were included. The associations of these variables to ILA and subtypes 

of ILA were examined using logistic regression modelling. In addition, the associations of ILA with 

markers of participants’ health; independence in activities of daily living (ADL), general health status and 

physical activity, were explored. 

Results: In models adjusted for all covariates, both inflammation markers, CRP and albumin, were 

associated with ILA, as well as all the functional markers except for the timed up and go test. Markers 

of red blood cells were not associated with ILA. CRP and albumin had a slightly larger effect on ILA 

status than the functional markers, as measured by ORs between the first and third quartiles of 

explanatory variables. Of subtypes of ILA, most of the significant markers were associated with 

subpleural abnormalities and mixed abnormalities. All markers of participants’ health were associated 

with ILA, with the largest OR being that of poor general health status. 

Conclusions: This study found an association between ILA and markers of aging such as CRP, 

albumin and various functional markers in addition to several markers of health status. These data 

suggest an association between ILA and aging. However, no association was found with other 

suggested markers of aging. This could be because of the complicated nature of aging and the lack of 

consensus on biomarkers of aging. Still, the findings presented here indicate that people with ILA have 

worse physical health than their peers, thus implying that ILA is a pathological condition and adding to 

the body of evidence suggesting that the early stages of interstitial lung disease are an ideal target for 

research aimed at finding ways of their treatment and prevention. 
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Millivefslungnabreytingar og öldrun 

Gísli Þór Axelsson 

Inngangur: Sjálfvakin lungnatrefjun er ólæknanlegur sjúkdómur sem einkennist af bandvefsmyndun 

í millivef lungna og leiðir til dauða vegna öndunarbilunar. Millivefslungnabreytingar eru skilgreindar með 

myndgreiningu og líkjast lungnatrefjun en eru ekki jafn útbreiddar og eru oftast í einkennalausum 

einstaklingum. Þær eru taldar vera forveri lungnatrefjunar, en í hlutfallslega fáum tilvikum, því tíðni 

millivefslungnabreytinga er mun hærri en tíðni lungnatrefjunar. Hækkandi aldur er áhættuþáttur beggja 

þessara fyrirbæra og vakti það þá tilgátu að ferlar tengdir öldrun væru tengdir meingerð þeirra. Tilgangur 

ritgerðarinnar var að kanna tengsl lífvísa öldrunar og millivefslungnabreytinga til að auka skilning á 

sambandi öldrunar og lungnatrefjunar.  

Efniviður og aðferðir: Gögn úr AGES-Reykjavik rannsókninni voru notuð. Hún er framskyggn 

faraldsfræðirannsókn á 5.764 Íslendingum gerð til að auka skilning á öldrun. Millivefslungnabreytingar 

höfðu áður verið greindar með tölvusneiðmyndum, og voru rannsakendur ókunnugir öðrum upplýsingum 

um þátttakendur. Þeir lífvísar öldrunar sem notast var við voru þættir tengdir bólgu; CRP og albúmín og 

þættir tengdir rauðum blóðkornum; fjöldi rauðra blóðkorna, hemóglóbín og hematókrít. Til viðbótar voru 

notaðir lífvísar öldrunar tengdir líkamlegri færni; gripstyrkur, styrkur við réttingu um hné, gönguhraði, 

tímasett upp og gakk próf og vöðvamassi læris. Tengsl þessara breyta við millivefslungnabreytingar og 

undirgerðir þeirra voru prófuð með tvíkosta aðhvarfsgreiningu. Að auki voru könnuð tengsl 

millivefslungnabreytinga við þætti tengda heilsu þátttakenda. Þeir þættir voru sjálfstæði við athafnir 

daglegs lífs, eigið mat á almennri heilsu og líkamleg virkni á síðustum 12 mánuðum. 

Niðurstöður: Í líkönum leiðréttum fyrir helstu meðvirkandi þáttum höfðu CRP og albúmín tengsl við 

millivefslungnabreytingar, ásamt öllum þáttum tengdum líkamlegri færni fyrir utan tímasett upp og gakk 

próf. Þættir tengdir rauðum blóðkornum höfðu ekki tengsl við millivefslungnabreytingar. CRP og albúmín 

höfðu meiri áhrif á millivefslungnabreytingar en þættir tengdir líkamlegri færni. Af undirgerðum 

millivefslungnabreytinga höfðu flestir þáttanna tengsl við breytingar undir fleiðru og blandaðar 

breytingar. Allir þættir tengdir heilsu þátttakenda höfðu tengsl við ILA, og var mesta áhættan tengd lélegri 

almennri heilsu. 

Ályktanir: Í þessari ritgerð fundust tengsl milli millivefslungnabreytinga og fjölmargra lífvísa öldrunar, 

til að mynda CRP, albúmíns og margra þátta sem varða líkamlega frammistöðu og almenna heilsu. 

Þessar niðurstöður benda til tengsla milli millivefslungnabreytinga og öldrunar. Engin tengsl fundust hins 

vegar við aðra lífvísa öldrunar. Það gæti verið vegna flókinnar meingerðar öldrunar og skorts á samstöðu 

um lífvísa öldrunar. Engu að síður gefa þessar niðurstöður til kynna að einstaklingar með 

millivefslungnabreytingar hafi verri líkamlega heilsu en aðrir. Þetta bendir til þess að 

millivefslungnabreytingar hafi skaðleg áhrif og bætir við fyrri rannsóknir sem leggja til frumstig 

millivefslungnasjúkdóma sem rannsóknarefni til að bæta meðferð og forvarnir slíkra sjúkdóma. 
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1 Introduction 

1.1 Idiopathic pulmonary fibrosis 

The idiopathic interstitial pneumonias (IIPs) are a group of parenchymal lung diseases characterized 

by diffuse damage to the lung parenchyma because of inflammation and fibrosis (1). Their cause is 

largely unknown, hence the term “idiopathic”. According to most recent classifications, this disease 

group consists of 6 ‘major’ disease entities (2). They are listed in Table 1 below: 

Table 1. The major idiopathic interstitial pneumonias  

DISEASE ENTITY ACRONYM 

Idiopathic pulmonary fibrosis IPF 

Idiopathic nonspecific interstitial pneumonia NSIP 

Respiratory bronchiolitis-interstitial lung disease RB-ILD 

Desquamative interstitial pneumonia DIP 

Cryptogenic organizing pneumonia COP 

Acute interstitial pneumonia AIP 

 

These conditions share many clinical, radiological and pathological features while differing sufficiently 

from one another to be considered disease entities of their own (1). 

The most common disease among the chronic idiopathic interstitial pneumonias which also has the 

worst prognosis is idiopathic pulmonary fibrosis (IPF) (1). The median survival time of IPF patients is 

suggested to range from 2.5-3.5 years (3), shorter than that of many malignant diseases (4). Survival is 

nonetheless highly variable and some articles suggest that this survival range is a slight underestimate 

(5, 6). Even if that is the case, studies have shown the 5-year survival rates of patients with IPF to be 

as poor as 20-30% (3). In order for that number to someday improve, improving our understanding of 

the etiology of this disease is vital.  

IPF is primarily a disease of the elderly. At diagnosis, patients are most often over 50 years of age 

(1). The incidence of the disease increases with age, with the median age at diagnosis reported at 66 

years (7). The annual incidence of IPF between countries has been hard to assess retrospectively since 

international diagnostic criteria were only established as recently as 2000 (8). Therefore, the reported 

incidence varies substantially between studies and the areas in which they were conducted. A literature 

review by Nalysnyk et al. estimates that the annual incidence in the USA is 6.8–8.8 cases per 100,000 

people using narrow case-finding criteria and 16.3–17.4 per 100,000 population using broad case-

finding criteria (9). When these numbers are compared to malignant diseases using the broad case-

finding criteria estimates, the incidence of IPF would rank ninth among cancers in the USA (10). The 

same review states that the incidence in Europe has been found to vary from 0.22-7.94 cases per 

100,000 people, with the difference primarily arising from differences in diagnostic capabilities. Studies 

also state that the incidence of IPF seems to be increasing and that the incidence is higher in males 

than in females (7, 9). The main known risk factor for IPF is smoking, which is strongly associated with 

the disease (6, 11). Among other proposed environmental risk factors are exposure to metal and wooden 

dust, farming, exposure to livestock, exposure to various infectious agents and gastroesophageal reflux 
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(6). As for genetic risk factors, several genetic polymorphisms have been suggested as risk factors for 

IPF, with the best-established ones being polymorphisms of the MUC5B gene and mutations of 

telomerase-encoding genes (12, 13). 

Clinically, IPF presents with chronic, progressive dyspnea, often accompanied by dry cough and 

bibasilar inspiratory crackles on auscultation (6) with symptoms beginning a median of 1-2 years before 

diagnosis (3). Finger clubbing is present in 25-50% of cases (14). A restrictive pattern is typically shown 

in pulmonary function tests with reductions in forced vital capacity (FVC) and total lung capacity (TLC) 

(1, 14). Gas exchange is also often impaired as measured by reduced lung diffusion capacity of carbon 

monoxide (14). In patients, whose clinical presentation is suggestive of idiopathic pulmonary fibrosis, 

diagnosis of IPF is only made after other causes of interstitial lung disease (e.g. 

environmental/occupational exposures and drug toxicity) have been excluded, radiologic criteria have 

been met using high resolution computed tomography (HRCT) and, when necessary, histopathological 

patterns have been confirmed after surgical lung biopsy (6). These criteria are listed in Table 2.  

Table 2. Diagnostic criteria for idiopathic pulmonary fibrosis 

DIAGNOSTIC CRITERIA 

Exclusion of known causes of ILD (e.g. environmental exposures, drug toxicity) 

Presence of UIP pattern on HRCT in patients if lung biopsy is not performed 

Specific combinations of HRCT and histopathological patterns if lung biopsy is performed 

Based on a consensus statement by Raghu et al. (6) 

The clinical course after IPF diagnosis is variable. Figure 1 is a schematic representation of it, based 

on work published by Ley et al (3). After onset of symptoms, the classic presentation (Figure 1, 

presentation A) is one of slowly deteriorating lung function causing death in several years’ time (3) while 

a considerable number of patients suffer periods of acute exacerbations (Figure 1, presentation B) with 

rapid worsening of lung function and radiographic appearance (3, 15). Episodes of acute exacerbations 

are predictors of poor survival for IPF patients (16). Another subset of patients shows a rapidly 

progressive clinical course (Figure 1, presentation C) with shortened survival (3). The cause of death 

for most IPF patients is respiratory failure due to the disease itself (17). As for treatment of IPF, recent 

treatment guidelines recommend nintedanib, a tyrosine kinase inhibitor, and pirfenidone, an antifibrotic 

drug that is a regulator of fibroblasts, while immunosuppressive therapy such as corticosteroids is not 

recommended (18). These specialized recommendations are reflective of the complex 

immunopathology of IPF, in which fibroblasts are reported to play a key role (19). 
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Figure 1. The clinical course of IPF. Based on a publication by Ley et al. (3) 

The radiological and pathological features that are necessary for IPF diagnosis are defined as the 

pattern of usual interstitial pneumonia (UIP).  On HRCT, the main features characterizing the UIP pattern 

are reticular patterned abnormalities that are predominantly peripherally and basally located (1, 6). 

‘Ground-glass’ opacities are commonly found but they are not as widespread as the reticular 

abnormalities (1). Associated with this is the honeycombing of the lung, defined as clustered cystic 

airspaces, usually of relatively small diameter (3-10 mm) (20), often with traction bronchiectasis (6). An 

example of the UIP pattern on CT imaging is shown in Figure 2. Histopathologically, the UIP pattern is 

heterogenic. That is, areas of fibrosis and honeycombing alternate with areas of the lung less damaged 

by the disease (6). The fibrotic areas are marked by dense collagen, foci of proliferating myofibroblasts 

(fibroblast foci), abundant smooth muscle and the cystic fibrotic spaces known as honeycomb changes 

(6, 21). These changes are illustrated in Figure 3 and Figure 4. The changes of the UIP pattern are most 

prominent in the basal periphery of the lung (21). Thus, a well-defined radiological and histological 

pattern, UIP, is a component of idiopathic pulmonary fibrosis.  

 
Figure 2. A computed tomography image of usual interstitial pneumonia. Image copyright: Yale 

Rosen / Wikimedia Commons / CC-BY-SA-2.0 

Reticular abnormalities 

Traction bronchiectasis 

Honeycomb fibrosis 
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Figure 3. Histopathological image of honeycomb fibrosis. Image courtesy of 

PathologyOutlines.com 

 

Figure 4. Low magnification image of the UIP histopathological pattern. Image courtesy of 

PathologyOutlines.com. 

1.2 Interstitial lung abnormalities 

It was mentioned above that the symptoms of IPF precede diagnosis by a median of 1-2 years (7). 

The fibrotic changes that were described above and define the pathology of the disease are also of such 

great extent that it is intuitive to presume that they are preceded by smaller changes, i.e. some kind of 

precursory phase of the disease. Therefore, it is not surprising that radiographic evidence of 

asymptomatic parenchymal changes has been found in family members of people with familial interstitial 

pneumonia, the familial variant of IPF, and/or people with known mutations causing interstitial lung 

disease (22-24). Furthermore, evidence of early interstitial lung disease in asymptomatic individuals in 

the general population has been obtained by CT imaging in several cohort studies or screening 

programmes (25-27). Such changes have been referred to by a variety of terms, such as ‘dirty lung’ 

(28), ‘subclinical interstitial lung disease’ (29) and ‘subclinical parenchymal lung disease’ (27). In the last 

few years, however, the term ‘interstitial lung abnormalities’ (ILA) has gained foothold in the literature 

(30, 31) and that is the term used in this thesis when referring to evidence of early interstitial lung 

disease. When visually determined in participants of the COPDGene Study, Framingham Heart Study 

and the AGES-Reykjavik Study, ILA has been defined as “nondependent changes affecting more than 

5% of any lung zone and included nondependent ground-glass or reticular abnormalities, diffuse 

Honeycomb cysts 

Alternating areas of dense fibrosis 

and less damaged lung tissue 

Fibroblastic focus 
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centrilobular nodularity, nonemphysematous cysts, honeycombing, and traction bronchiectasis” (31-33). 

In the same studies “focal or unilateral ground-glass attenuation, focal or unilateral reticulation, and 

patchy ground-glass abnormalities (present in <5% of the lung)” (31) have been evaluated as 

indeterminate findings. These definitions are used in this thesis. An example of ILA on CT imaging is 

shown in Figure 5. Ground-glass and reticular abnormalities are the most common radiologic features 

found in subjects with ILA, while traction bronchiectasis and honeycombing are less common, especially 

when their high prevalence in patients with IPF is considered (30).  

 

Figure 5. Computed tomographic image of interstitial lung abnormalities. Image courtesy of 

Hunninghake et al. (32) 

Other methods of identifying subclinical interstitial lung disease (ILD) have been used. One such 

method, employing quantitative measures, is the measurement of high attenuation areas (HAAs) on CT 

imaging to identify dense areas within the lungs (34, 35). Studies using this method define HAAs as 

areas with attenuation between -600 and -250 Hounsfield Units (HU) (34, 35). Subclinical ILD as defined 

by these measures has been associated with some of the same measures as the visually defined ILA, 

such as smoking and reduced total lung capacity, and is significantly associated with ILA (34, 36, 37). 

However, this method of measuring lung density is not strongly predictive of ILA and, if it were used 

alone, would not detect most people with ILA (34). In addition, unlike ILA, subclinical ILD as defined by 

HAAs has not been associated with the most prominent genotypes of IPF (34). So, visually detecting 

ILA remains the preferred method of detecting and defining subclinical ILD (34).  

Articles examining the association of interstitial lung abnormalities and emphysema as well as 

reduced 6-minute walk distance have categorised ILA into four radiologic subtypes (31, 38). This was 

done with data from participants in the COPDGene study (31, 38). In these articles, the four subtypes 

of ILA were defined as: “predominant centrilobular or peribronchial ground-glass opacities sparing the 

peripheral lung parenchyma; reticular, nodular, or ground-glass opacities in a predominantly subpleural 

distribution; mixed centrilobular and subpleural abnormalities; and extensive radiographic changes 

consistent with firm radiographic evidence of interstitial lung disease” (31). The four subtypes are listed 

in Table 3 below and examples of them are shown in Figure 6. 

 

 

 

Reticular abnormalities 
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Table 3. The radiologic subtypes of ILA 

RADIOLOGIC SUBTYPES OF ILA 

Predominantly centrilobular or peribronchial abnormalities 

Predominantly subpleural abnormalities 

Mixed centrilobular and subpleural abnormalities 

Radiographic interstitial lung disease 

 

 

Figure 6. Computed tomographic images of the radiologic subtypes of ILA. Images are at the 

level of the carina and the right inferior pulmonary vein, respectively, and are courtesy of 

Washko et al. (31).  

The articles using this classification found that the associations of ILA to the measures examined 

differed significantly between subtypes. When reduction in lung volume was considered, as a measure 

of restrictive lung disease, people with centrilobular abnormalities did not have a statistically significant 

reduction (31). People with subpleural abnormalities and people with mixed abnormalities had similar 

reductions in lung volume while the group with radiographic interstitial lung disease had the greatest 

reduction (31). When 6-minute walk distance was examined, a similar pattern emerged. The group with 

centrilobular ILA did not have a significant reduction in 6-minute walk distance while the group with 

subpleural ILA had a significant reduction and the group with radiographic interstitial lung disease had 

the greatest reduction (38). These results point to the rather logical conclusion that people with 

radiographic interstitial lung disease, the most extensive radiological changes, have more severe 

Centrilobular abnormalities 

Subpleural abnormalities 

Mixed abnormalities 

Radiographic interstitial lung disease 
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physiological and clinical changes due to ILA than do other people with ILA. They also suggest that 

centrilobular ILA is possibly not associated with the same factors as ILA in general, or at least that the 

physiologic and clinical impact of centrilobular ILA is less than that of the other subtypes.  

Similar HRCT findings in subjects with ILA and patients with IPF do not confirm that ILA is a precursor 

of IPF. However, there are a number of clinical, physiological and genetic similarities between ILA and 

IPF apart from the radiographic parallels. Several cohort studies have shown people with ILA to be 

significantly older than healthy subjects (26, 31, 32). Subjects with ILA also have, on average, a greater 

amount of cigarette smoking pack-years than subjects without ILA (26, 31). This parallels IPF because 

smoking is the main risk factor for IPF and the incidence of IPF increases with age (6, 11). One study 

has also indicated that people with ILA are more likely to have shortness of breath on exertion and 

chronic cough (32), two of the main clinical symptoms of IPF (6). When effects on lung function are 

examined, ILA seems to increase the odds of people having a decreased total lung capacity (TLC), as 

determined by CT imaging (31, 32). However, only some studies show a statistically significant increase 

in the frequency of spirometric restriction among people with ILA and studies have not shown a 

considerable decrease in FVC for this group (31, 32). Still, ILA decreases odds of COPD (32) and the 

diffusion capacity of carbon monoxide has been shown to be lowered among people with ILA (32). 

These measurements are relevant because, as mentioned above, patients with IPF exhibit restrictive 

pulmonary function marked by decreases in TLC and FVC and a decrease in CO diffusion capacity (1). 

Furthermore, polymorphisms in the MUC5B gene, a well-established risk factor for IPF (12, 13), have 

been found to increase risk of ILA (32). Thus, there are similarities between the risk factors and 

physiological symptoms of IPF and ILA and at least some of the genetic factors underlying the two 

conditions are the same. 

What’s more, progressive worsening of ILA has been shown (26, 39-41) and, in some cases, 

progression to the UIP pattern compatible with IPF diagnosis (26). ILA progression has also been 

associated with worsening pulmonary function and increased mortality (41). However, in a substantial 

proportion of subjects, the condition remains unchanged or even improves (26, 39, 40). The potential of 

ILA to progress and worsen, in the most extreme cases to the UIP pattern, provides good arguments to 

the case that ILA can be a precursor of IPF when added to the previously mentioned radiologic and 

physiologic similarities between ILA and IPF. Still, the number of people with ILA that do not show 

progression, or even improve, is substantially higher than the number of people who show progression 

of ILA (26, 39, 40). The conclusion that more possible end-points of ILA exist than progression to IPF or 

a worsened clinical state is supported by the most profound difference between ILA and IPF, the 

difference in prevalence. IPF, as stated above, is a relatively rare disease with estimates of its 

prevalence in the USA ranging from 14 to 63 cases per 100,000 people depending on studies and 

criteria used (9, 42). The prevalence of ILA in the cohorts in which it has been studied, on the other hand 

ranges from 2.6% to 7% (26, 32) and from 3.8% to 9.7% in cohorts of smokers (31, 33, 39, 40). The 

prevalence of ILA is therefore of a much larger degree than the prevalence of IPF. From this difference 

it is obvious that not all people with ILA progress to IPF, most likely only a small minority of them do 

(30). Figure 7 is a schematic representation of possible ILA endpoints per current understanding, based 

on a figure published by Putman et al (30). 
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Figure 7. The assumed possible outcomes of ILA. Based on a figure published by Putman et al. 

(30) 

Despite the number of people with ILA that progress to IPF being a fraction of the total number of people 

with ILA, people with ILA have greater all-cause mortality than people without ILA (33). This adds weight 

to the suggestion that ILA is indeed a pathological condition. Still, further investigation of ILA could shed 

light on the pathogenesis of IPF and possibly even allow for earlier interventions in its disease pathway 

in the future, especially with ever-increasing use of CT imaging in the clinical setting and in screening 

programs (29).  

Apart from the common risk factors for IPF and ILA, ILA has been associated with many properties, 

improved understanding of which could help improve knowledge of the etiology of both ILA and IPF. ILA 

has been associated with several other medical conditions, i.e. increased risk of paraseptal emphysema 

(43) and acute respiratory distress syndrome (44) as well as shortened survival in lung cancer patients 

(45). The use of statins has been linked with ILA (46) and recent research suggests that an increase in 

high attenuation areas (HAAs), the previously mentioned quantitative automated measure of subclinical 

interstitial lung disease, has an inverse association with HDL-C (47). In addition, as previously stated, 

ILA is associated with reductions in exercise capacity as measured by 6-minute walk distance (38). 

Numerous studies have linked ILA with measures of rheumatoid arthritis; ILA has been associated with 

RA-associated antibodies (RF and anti-CCP) (48), been found to have increased prevalence among RA 

patients (49) and that RA patients with ILA have more severe RA symptoms than other RA patients as 

well as higher levels of RA-associated antibodies (50). As well as rheumatoid arthritis, ILA has also been 

linked to aging-related changes. Telomere shortening, discussed in more detail below, is a marker of 

cellular senescence (51, 52) and has been proposed as one of the main mechanisms of aging (53, 54). 

People with TERT mutations resulting in premature telomere shortening have been found to frequently 
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have symptoms of subclinical interstitial lung disease (24). Thus, ILA has been linked to many factors, 

biochemical, physiological and genetic.  

1.3 The role of aging 

The relations of both IPF and ILA to aging-related genetic factors and the fact that the incidence of 

both these conditions increases with age brings up the question whether they could be related to, or 

even a result of, the aging process. Such speculations introduce the topic of aging, what it is, which 

factors are related to it, and how it can be measured by other metrics than age, since health and physical 

function vary significantly among individuals of the same chronological age. According to modern 

theories of the biology of aging, there seems to be a consensus that aging is a process driven by events 

at the molecular and cellular levels (55-57). The physiological decline and following clinical 

manifestations are perceived to be a consequence of this multifaceted microscopic process (55). The 

main aspects of this very complex and intricate process are currently thought to be accumulation of DNA 

mutations, telomere shortening, changes in epigenetic patterns and protein homeostasis, high ROS 

levels, mitochondrial dysfunction, altered inflammation function and cellular senescence (55, 57-59). In 

the aging process, these factors are assumed to be especially important in stem cells (57, 58, 60). Some 

research exists on the association of IPF and abnormal or accelerated aging. In fact, pulmonary fibrosis 

has been linked to abnormalities in several of the proposed elements of aging and cell senescence (61, 

62). Most notably, these are telomere shortening (63), oxidative stress (64), impact of senescent T cells 

(65) and altered inflammation status as evaluated by increased TNF-α (66). The best established of 

these connections is the one to short telomeres and mutations causing telomere shortening (63, 67-69). 

Telomeres are the protective ‘caps’ found at chromosomal ends composed of DNA and protein (70). 

Telomere DNA is composed of a repetitive, often guanine-rich, sequence and a specialized reverse 

transcriptase, telomerase, is required for synthesis of this telomeric DNA sequence (70). In somatic 

cells, telomeres shorten with each cell division so telomerase activity is necessary to sustain telomere 

length in cell types that are to have extensive replicative capacity, such as stem cells (52, 70). Still, even 

in stem cells, telomerase activity is not enough to compensate for the effect of cell division; making 

telomere shortening a marker of cellular senescence (51, 52). Multiple reports connect mutations in 

telomerase that cause acceleration of this process, such as the previously mentioned TERT mutations, 

to familial and idiopathic pulmonary fibrosis (63, 67-69). Pulmonary fibrosis is also a feature of 

dyskeratosis congenita, a disease caused by short telomeres due to genetic defects (71). In addition, 

TERT mutations have been associated with subclinical interstitial lung disease, as mentioned above 

(24). Therefore, there seems to be at least some experimental evidence behind the intuitive association 

between IPF and the complex, microscopic process of aging. 

However, these changes at the molecular and cellular levels are not easy to measure, especially at 

the level of cohort studies. Thus, to attempt to measure the association of interstitial lung disease and 

aging in a relatively large cohort study, the use of proxies of these factors is necessary by using 

biomarkers measuring the physiological and functional decline due to aging. Defining distinct biomarkers 

of aging is complicated, because it is not easy to untangle which of the changes that occur with increased 

age arise from aging and which arise from the various diseases associated with aging (72). Since the 
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process of aging is synonymous with degeneration and loss of function, it could even be argued that 

separating aging from loss of health, or disease, is impossible (72, 73). Still, this subject has been the 

focus of a considerable amount of research (72) and thus an extensive amount of information has been 

collected on the topic. Still, no consensus on routine assessment of either one or several biomarkers for 

this purpose has been achieved (74-76) so the most preferable way to measure aging is likely to assess 

a panel of potential biomarkers of aging. Two ways to obtain such markers are by measuring 

biochemical factors in blood and by measuring functional decline of muscles as well as muscle wasting 

by radiological imaging.  

1.4 Biomarkers of aging 

When it comes to measuring biochemical factors in blood, changes in factors related to inflammation 

and the immune system have shown relations to aging and age-related disease (77, 78). These are 

complex changes that occur in both the innate and adaptive parts of the immune system and decrease 

responsiveness to pathogens, both new and previously encountered (79, 80). These changes have 

been termed ‘immunosenescence’ (79, 80). Immunosenescence induces a state of chronic, low-grade 

inflammation, which has been called ‘inflammaging’ (79, 81). This chronic inflammatory state has been 

hypothesized to play a role in some of the major chronic diseases related to aging, such as 

atherosclerosis and neurogenerative disorders (80). The existence of this ‘inflammaging’ phenomenon 

has been supported by numerous studies showing elevation of inflammatory proteins such as IL-6, CRP 

and TNF-α with age (82, 83). They have also been related to a variety of chronic diseases, increased 

mortality and a decline in cognitive and physical function (82, 84-86). Elevated CRP has also been linked 

to telomere shortening (87) which is, as earlier stated, a marker of cellular aging and potentially one of 

the drivers of the aging process (51, 53). Low albumin level is another marker of this chronic 

inflammation state that has been related to aging and disease (88-92). Thus, the aforementioned 

molecules are good candidates for biomarkers of aging that are relatively easily obtained in large cohort 

studies. 

Several other markers of aging measurable in blood have been proposed. Some studies suggest low 

red blood cell count as a blood-derived marker of aging (74, 93, 94). It has also been linked with cognitive 

decline (95) and, interestingly, correlates with telomere shortening which again links it to the aging 

process (96, 97). Hematocrit and hemoglobin have also been proposed as biomarkers of aging (74, 98, 

99) and these markers have been shown to significantly decrease with age (100, 101). It is likely that 

these markers are reflective of the same biological processes so these hematological parameters could 

be good candidates for aging biomarkers, making it possible to view the aging process from another 

perspective. 

Measuring functional decline of muscles and the motor system by exercise testing (and radiographic 

imaging) is a recognised way of measuring biomarkers of aging (102). The state driving this decline is 

termed sarcopenia, the age-related pathological loss of muscle mass and function (103, 104). It is a 

complex cellular process in which, put simply, the balance between anabolic and catabolic processes is 

defective, with catabolic processes surpassing the anabolic (104, 105). Sarcopenia is related to, and 

overlaps with, the physical aspect of a clinically recognizable syndrome that reflects the physiological 
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change occurring with age, termed frailty (106, 107). So, measurement of sarcopenia is a logical choice 

for a physiological parameter for measurement of aging. A European consensus on definition and 

diagnosis of sarcopenia states that the best way to estimate sarcopenia is to measure muscle mass as 

well as muscle function, with measurements of muscle function preferably being measures of both 

strength and performance (108). Among the markers recommended in this consensus for estimation of 

sarcopenia are muscle mass determined by computed tomography imaging (a “gold standard”), hand 

grip strength, lower extremity strength as measured by knee flexion or extension, gait speed and timed 

up and go tests (108). Three of these markers have been utilized as markers for sarcopenia in previous 

studies of participants in the AGES-Reykjavik study (109). In addition, these markers have been shown 

to have various relations to aging and its consequences. Hand grip strength declines with age (110) and 

is a predictor of mortality (111, 112) as well as disease and cognitive decline (113, 114). Knee extension 

strength also decreases with age (115) and is associated with mobility limitations and mortality (116, 

117). Furthermore, gait speed declines with age (118) and is associated with cognitive decline and 

mortality (112, 119) and worse performances in the timed up and go test are associated with age (118) 

and have been associated with both increased frailty and mortality (120-122). Lastly, like the other 

markers mentioned, thigh muscle mass decreases with age (123) and decreasing thigh muscle mass 

has been linked to increased mortality risk (124). With regards to these information, it is conceivable 

that these markers of functional decline can be utilized as biomarkers of aging.  

As well as being the primary driver of mortality in humans, aging also causes a decline in health and 

physical independence of older individuals (57, 125). Due to this relationship, and the relation of ILA to 

aging proposed in this paper, it is interesting to examine whether there is a relation between ILA and 

people’s overall health. This is also of interest because of the increased risk of mortality that people with 

ILA have been found to have (33). One rather obvious measure of physical health shown to be relevant 

is self-perceived health status (126, 127). A more objective measure, although self-reported, is the 

assessment of Activities of daily living (ADL). Such assessments are a widely-used tool for evaluation 

of independence of older people (128-130). Inspecting the association of these metrics and ILA would 

provide good indication of ILA’s effect on health status. Another measure to consider in this context is 

physical activity. It is associated with better health among the elderly (131) in addition to its obvious 

relation to functional status and physical decline (132-134). Thus, information on physical activity could 

provide additional information on the functional status of people as well as adding weight to the 

aforementioned metrics of health. 
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2 Goals of the study 

Data from the Age, Gene/Environment Susceptibility - Reykjavik Study (AGES-Reykjavik Study) 

were used. It is a multidisciplinary cohort study of individuals born between 1907-1935 carried out by 

the Icelandic Heart Association. The individuals in question have been followed since 1967, originally 

as part of the Reykjavik study, also done by the Icelandic Heart Association. The AGES-Reykjavik Study 

is described in more detail in Materials and methods below as well as elsewhere (135).  

Several factors related to aging were assessed, i.e. blood-derived markers, functional assessment 

markers, and physiological and radiographic measurements. Measures of health, obtained from 

questionnaires were also examined. The markers measured in blood were high-sensitivity CRP, 

albumin, red blood cell count, hemoglobin, and hematocrit. The functional assessment markers used 

were hand grip strength, isometric knee extension strength, gait speed as measured by a 6-meter walk 

test, the timed up and go test and muscle mass as determined by CT imaging. Lastly, the self-reported 

measures of health were answers to questions regarding Activities of daily living (ADL), health status 

and physical activity in the last 12 months. The factors that were assessed are shown in Table 4 below. 

Table 4. Measures whose association with ILA were assessed 

 MEASURES 

Markers of inflammation C-reactive protein (as measured by high sensitivity assay) 

 Albumin 

Blood-derived markers Red blood cell count 

 Hemoglobin 

 Hematocrit 

Functional markers Hand grip strength 

 Knee extension strength 

 Usual gait speed 

 Timed up and go test 

 Thigh muscle mass 

Health measures Activities of daily living 

 General health status 

 Physical activity in the last 12 months 

 

 

 

 

 

 

 



15 
 

2.1 Specific aims of the project 

The goal of this paper was to investigate the association of factors related to aging to interstitial lung 

abnormalities. This was done because of the strong association of both ILA and IPF to chronological 

age which is the basis of the suggestion that ILA, and possibly IPF, are consequences of biological 

aging. This was done hoping to shed light on the etiology of ILA and IPF. So, the cardinal scientific aim 

of this proposal is to determine the role that aging plays in development of early stages of pulmonary 

fibrosis. 

2.2 Research hypotheses 

The following hypotheses are to be tested specifically: 

Hypothesis I: Markers of aging will be associated with interstitial lung abnormalities in the general elderly 

Icelandic population 

Specific aim I: Markers of aging in participants of the AGES–Reykjavik Study will be analysed for 

association with interstitial lung abnormalities.  

Hypothesis II: Markers of aging will be associated with interstitial lung abnormalities irrespective of age, 

gender, BMI, history of smoking and smoking status. 

Specific aim II: The relationship between ILA and markers of aging will be evaluated for a modification 

of effect according to age, gender, BMI, history of smoking and smoking status. 

Hypothesis III: Those with more advanced markers of aging will have different types of interstitial lung 

abnormalities. 

Specific aim III: The relationship between different radiologic subtypes of interstitial lung abnormalities 

and markers of aging will be evaluated. 

Hypothesis IV: Those with interstitial lung abnormalities will more commonly have decreased measures 

of health. 

Specific aim IV: The relationship between health measures and interstitial lung abnormalities will be 

evaluated. 
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3 Materials and methods 

3.1 Study population and design 

Data from the Age, Gene/Environment Susceptibility-Reykjavik Study (AGES-Reykjavik Study), 

carried out by the Icelandic Heart Association (Hjartavernd), were used. AGES-Reykjavik is a single-

center, prospective, epidemiological study aiming to examine risk factors of disease and disability in old 

age. The study uses a multidisciplinary approach to improve understanding of aging and its causes as 

well as improving treatment and prevention programs (135). The rationale of this multidisciplinary 

approach is, among other things, that diseases that primarily occur in old age have shared risk factors 

and that better classification and exploration of midlife data and subclinical disease could reveal how 

these risk factors are associated with disease (135). This approach corresponds well to the idea of 

studying ILA to better understand the etiology of IPF. In its multidisciplinary approach, the AGES-

Reykjavik Study mainly focuses on four biological systems; the vascular, neurocognitive, 

musculoskeletal and metabolic systems. These systems were chosen because they have similar risk 

factors for functional decline and disease onset with aging. The participants of the AGES-Reykjavik 

study were former participants in the Icelandic Heart Association’s Reykjavik study, a prospective cohort 

study initiated in 1967 to study risk factors of cardiovascular disease. The participants in the Reykjavik 

study were 30,795 people randomly selected from the residents of Reykjavik that were born in the years 

ranging from 1907 to 1935. Thus, in the AGES-Reykjavik study, health data from mid-life were also 

available. In AGES-Reykjavik, data were collected from 5,764 participants randomly recruited from the 

pool of 11,549 Reykjavik study participants still alive. The range of participants’ age was 66-98 years. 

Participants were not sampled within gender so the number of female participants in the cohort was 

greater than that of males (58 percent female). The data collection in the AGES-Reykjavik study began 

in 2002 and ended in 2006. Participants were examined and their data collected during three clinic visits 

conducted in a four to six-week time window. The data collection included a blood draw, 

electrocardiography, anthropometric measures, various physical and cognitive tests, imaging protocols 

using MRI and CT imaging, hearing and vision tests and the assessment of intraocular pressure.  Details 

of the study designs of both the AGES-Reykjavik study and the Reykjavik study have been previously 

published (135).  

Informed consent was obtained from all participants. AGES-Reykjavik was approved by the National 

Bioethics Committee in Iceland (VSN: 00-063) and by the National Institute on Aging Intramural 

institutional Review board (135).  

3.2 Acquisition of data 

3.2.1 Evaluation of thoracic CT scans 

Computed tomography imaging of the thorax was performed by two separate scans with a four-row 

CT scanner (Sensation, Siemens Medical System, Erlangen, Germany), using 2.5 mm thick slices, 140 

kVp, 50 mAs and 0.361 second scan time.  Each scan was acquired during suspended breathing after 

maximum inhalation. The two scans covered about 95% of the lungs, omitting only the superior part of 

the lung apexes.  
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CT scans of the thoracic aorta and cardiac CT scans were jointly evaluated to determine ILA status 

(33). The analyses were performed by three readers (including one pulmonologist and two chest 

radiologists) that were blinded to participant specific information (33). The readers were dr. Gary M. 

Hunninghake1,2, dr. Hiroto Hatabo2,3 and dr. Tetsuro Araki2. The CT scans were read using AZE 

VirtualPlace Fujin Raijin workstations (AZE, Tokyo, Japan) using axial images with a window level of -

700 HU and a window width of 1500 HU using a sequential reading method. As previously noted, ILA 

was defined as “nondependent changes affecting more than 5% of any lung zone, including reticular or 

ground-glass abnormalities, diffuse centrilobular nodularity, nonemphysematous cysts, honeycombing, 

or traction bronchiectasis” while “focal or unilateral ground-glass attenuation, focal or unilateral 

reticulation, or patchy ground-glass abnormalities (<5% of any lung zone)” were defined as 

indeterminate changes (33). These definitions and methods of ILA determination were identical to those 

used in ILA determination of subjects from other cohort studies, i.e. the COPDGene Study, the 

Framingham Heart Study and the ECLIPSE Study (31-33). ILA status on CT scans was obtained for 

5,320 of the 5,764 participants in the AGES-Reykjavik Study. The remaining 444 were excluded from 

all analyses in this thesis. The scans from the participants with ILA were categorised into the four ILA 

subtypes described in the introduction (Table 3) based on the consensus of the three readers of the CT 

scans. The four subtypes were: Predominantly centrilobular or peribronchial abnormalities, 

predominantly subpleural abnormalities, mixed centrilobular and subpleural abnormalities and 

radiographic interstitial lung disease. The methods used for this subtyping were identical to those used 

in analyses of data from the COPDGene Study that are previously published (31).  

3.2.2 Measurements of muscle area and function 

Muscle mass was assessed with computed tomography imaging using a four-row detector system 

(Sensation, Siemens Medical System, Erlangen, Germany) (124). A single axial 10-mm thick section 

through the mid-thigh using a peak of 120 kV was used to quantify total muscle area (in cm2) of the thigh 

(124). The exact position of the center of the thigh was determined by using an anterior-posterior scout 

image to measure the maximum length of the femur to find the center of its long axis (124). The average 

muscle area of both thighs, measured in cm2, was used for analyses. Isometric knee extension strength 

was measured on participants’ dominant side, using an adjustable dynamometer chair (Good Strength 

Software, Metitur, Palokka, Finland). The participants were fastened to the chair by a seat belt to prevent 

body movement and the ankle was fastened by a belt to a strain-gauge transducer. Knee extension 

strength in Newtons was measured with the knee angle at 60° from flexion toward full extension. Three 

maximal efforts were made by participants with 30 seconds of rest in between and the highest value 

was used for analyses. Before the three maximal efforts, one trial was made to ensure that the 

participants understood the instructions (136, 137). Hand grip strength of the dominant hand was 

                                                      
1 Center for Pulmonary Functional Imaging, Brigham and Women's Hospital, Harvard Medical School, 
Boston, Massachusetts. 
2 Pulmonary and Critical Care Division, Brigham and Women's Hospital, Harvard Medical School, 
Boston, Massachusetts. 
3 Department of Radiology, Brigham and Women's Hospital, Harvard Medical School, Boston, 
Massachusetts. 
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measured by a computerised dynamometer fixed to a special chair (Good Strength Software, Metitur, 

Palokka, Finland). Elbows of participants were flexed at 90° with armrests adjusted for height so that 

participants’ shoulders were relaxed. Three maximal efforts were made by the participant with 30 

seconds of rest in between and the highest value was used for analyses. Participants were verbally 

encouraged in a standardised manner throughout the test (109). For both knee extension strength and 

grip strength, one outlier was removed from analyses due to an inconceivably high value, likely due to 

an error during data collection. Gait speed was measured over a 6 meter long course with the duration 

of the walk measured in seconds with a stopwatch (137). Participants were instructed to walk at their 

usual walking pace. Participants performed the test twice and the average time from the two attempts 

was used for analyses. The timed up and go test consisted of participants standing up from an arm 

chair, walking three meters, walking back to the chair and sitting down again, as previously described 

(122, 138). The time it took participants to complete this test was measured. Each participant performed 

this test twice. The average time of these attempts was calculated and used for analyses.  

3.2.3 Blood component analysis and acquisition of questionnaire data 

Anthropometric measurements, blood draws and completion of questionnaires were performed 

during participants’ clinic visits (135). Measurements of height and weight were performed with a Seca 

Stadiometer and a digital weight (Marel, Iceland) (136). BMI was calculated as weight (in kilograms) 

divided by height (in meters) squared. Chemical measurements of blood components were done in the 

laboratory of the Icelandic Heart Association using reagents from Roche Diagnostics (Mannheim, 

Germany) on a Hitachi 912 analyser (Hitachi Ltd., Tokyo, Japan), according to independent external 

standards (124, 135). The data on smoking, ADL, health status and physical activity were obtained from 

questionnaires that participants answered during their clinic visits (135). To be registered as an ever 

smoker people had to have smoked either 20 packs of cigarettes or more over their lifetime (400 

cigarettes or more), or one cigarette per day for a whole year (365 cigarettes or more). Activities of daily 

living were assessed by asking participants whether they had difficulties performing the following 

activities: bathing, dressing, walking from room to room, transferring out of bed/chair and eating (138). 

The answers were aggregated in to a total score of 0-5 with a lower score associated with independence. 

In statistical analysis, the participants were grouped into three categories based on their answers to 

maintain sufficient group sizes. These categories were; people that were independent in all ADLs (a 

score of 0), people that were independent in four ADLs (a score of 1) and people that were independent 

in three or fewer ADLs (a score of 2-5). Health status was assessed by the question “In general, how 

would you say your health is?”. The possible answers were on a five-point scale ranging from 1 

(“excellent”) to 5 (“poor”). Physical activity in the past 12 months was assessed by a single question in 

which participants were asked how many hours per week in the last 12 months they participated in 

moderate-vigorous intense physical activity. The examples of such physical activity that were provided 

were badminton, biking, golf, swimming, weight lifting, heavy gardening, hiking or mountain climbing, 

fast walking or heavy housework, aerobics, rowing, aerobics, running and jogging. The possible answers 

were never, rarely, every week but less than one hour, 1-3 hours per week, 4-7 hours per week and 

more than seven hours per week. To maintain sufficient group sizes, participants were classified into 
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two groups for statistical analysis; participants that never or rarely exercised and participants that 

exercised on a regular basis (exercised at least weekly). 

3.3 Statistical analyses 

All statistical analyses were done using R, version 3.3.2 (139), with p-values lower than 0.05 

regarded as statistically significant in all analyses. For baseline characteristics comparisons (Table 5), 

associations between pairs of categorical variables were calculated using chi-square tests and 

associations between pairs of continuous variables were calculated using t-tests. There was one 

exception to this, the calculations for pack-years were carried out using Wilcoxon signed-rank tests due 

to the severely non-normal distribution of the pack-year variable. In Table 5, the notations of statistical 

significance in the first column (a) are for the comparison of participants without ILA and participants with 

radiographic findings classified as indeterminate. In the second column (b) they are for the comparison 

of participants with indeterminate findings and those with ILA and in the third column (c) they are for the 

comparison of participants without ILA and those with ILA. Participants with indeterminate findings 

(n=1,726) were excluded from all other analyses, as were participants for which CT data was not 

available (n=444). Hence, the following analyses were performed with data from participants without ILA 

and participants with ILA (n=3,594).  

If the proposed relationship of any variable to ILA is to strengthen the argument that ILA is related to 

the aging process it is integral that the variable in question is associated with age. Therefore, the 

association of explanatory variables with age (Table 6) were tested using a univariate linear regression 

model of the association of ILA status and age. Logistic regression modelling was used for evaluation 

of the association of ILA to the explanatory variables. For initial evaluation of the association of ILA to 

the proposed blood-derived markers of aging (Table 7) the explanatory variables were set as continuous 

and three logistic regression models were constructed. In analysis of CRP, the variable was transformed 

using the natural logarithm, as previously done in analysis of CRP in the AGES-Reykjavik cohort (140, 

141). This Model 1 is a univariate model of the association of the explanatory variable in question with 

ILA. Model 2 is a multivariate model of the same association, adjusted for age as a covariate. Model 3 

is also a multivariate model of this association, but adjusted for age, sex, pack-years of smoking, BMI 

and current smoking status as covariates. The models were constructed in this order to better grasp the 

interaction between the explanatory variables, ILA status and age. For the evaluation of the association 

of ILA with the functional test markers of aging (Table 8) similar logistic regression modelling was done, 

except with four models instead of three. Model 1 is a univariate model of the association of the indicated 

explanatory variable with ILA status. Model 2 is a multivariate model of this association, adjusted for sex 

and BMI as covariates. Age is added as a covariate in Model 3 and Model 4 includes pack-years of 

smoking and current smoking status as covariates, as well as sex, BMI and age. As with the blood-

derived markers, these models were constructed to be able to examine the interplay of age, ILA status 

and the explanatory variables. However, since the functional tests are highly correlated with sex and 

physique (as measured by BMI), they had to be adjusted for to properly analyse the interaction with age 

and ILA status.  
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The results of the models shown in Table 7 and Table 8 indicate whether the chosen variables are 

associated with ILA. Yet, the odds ratios (ORs) returned by these models are dependent on the units in 

which the described variable is measured. Therefore, they were hard to interpret and did not reveal in 

full the magnitude of any proposed association. Because the units of measure differ between variables, 

it was also difficult to compare the ORs between variables and to determine which variable had the 

strongest association with ILA. So, to better quantify the proposed associations, the ORs between the 

first and the third quartile (25th and 75th percentile) were calculated, i.e. the ratio of the odds of a person 

in the 75th percentile of an explanatory variable having ILA and the odds of a person in the 25th percentile 

of an explanatory variable having ILA. These ORs are comparable between explanatory variables. The 

calculations were done using β-values from the final logistic regression models (Model 3 in Table 7 and 

Model 4 in Table 8), i.e. models that were adjusted for age, sex, BMI, pack-years of smoking and current 

smoking status as covariates. To calculate the ORs, the β-values were multiplied by the number of units 

between the first and third quartile of each variable and e raised to the power of the outcome. Linearity 

was tested by creating generalized additive models identical to the final models used in the analyses, 

except with a smooth curve fitted to the explanatory variables using smoothing splines, and confirming 

that these models did not significantly differ from the models used in the thesis using analysis of 

variance. The generalized additive models were created using the ‘gam’ package in R (142). The ORs 

between the first and third quartile of explanatory variables are shown in Table 9. 

The associations of significant markers to subtypes of ILA were also of interest, as mentioned in the 

Introduction. To investigate them, logistic regression models were constructed. The results of these 

models are shown in Table 10 and Table 11. These models were similar to the final models shown in 

Table 7 and Table 8. The difference is that in the analysis for each subtype, people with other subtypes 

of ILA were excluded from the respective model. E.g., the logistic regression models for the ‘centrilobular 

abnormalities’ subtype of ILA included only the participants with that subtype of ILA and the participants 

without ILA. The same applied to the models of the other subtypes of ILA. So, these logistic regression 

models were of the association of the marker in question to the specified ILA subtype. They were 

adjusted for age, sex, BMI, pack-years of smoking and current smoking status.  

To examine whether the associations of significant variables in each category were independent 

from one another, models were constructed for each category that included all previously significant 

variables as well as the relevant covariates. E.g. the model for inflammatory markers included CRP, 

albumin, age, sex, BMI, pack-years of smoking and current smoking status. A model for the functional 

tests was constructed in an identical manner. The results of these models are shown in Table 12.  

The association of self-reported measures of health to ILA status was also explored. Like the 

analyses of the aging markers, these analyses were carried out with logistic regression modelling. The 

models were multivariate models, adjusted for the same covariates as the final models in the analysis 

of aging markers, i.e., age, sex, BMI, pack-years of smoking and current smoking status. Due to the 

non-linear nature of these variables they were assigned to the models as categorical. The results of the 

analyses of measures of health are shown in Table 13.  



21 
 

4 Results 

4.1 Baseline characteristics 

The baseline characteristics of the participants in the AGES-Reykjavik cohort for which CT imaging 

data were available (5320 of 5764, 92% of the cohort) are shown in Table 5 below: 

Table 5. Baseline characteristics of participants categorized by interstitial lung abnormalities 

(ILA) status 

PARTICIPANTS WITHOUT ILAa INDETERMINATE CTb ILAc 

Total number (%) 3216 (60.5) 1726 (32.4) 378 (7.1) 

Mean age (IQR) 75.9 (72-80) ** 77.4 (73-81) 77.8 (73-82)** 

Women – No. (%) 1910 (59) 962 (56)** 172 (46)** 

Mean BMI (IQR) 27.2 (24.3-29.7)* 26.8 (23.8-29.4) 27.1 (24.0-29.8) 

History of smoking – No. (%) 1750 (54)* 1021 (59)** 271 (72)** 

Median pack-years (IQR) 0 (0-16)** 2.5 (0-22.5)** 11.0 (0-28.5)** 

Current smoker – No. (%) 374 (12) 205 (12)* 69 (18)** 

* P-value < 0.05, ** P-value < 0.0001, when comparing:  
a: participants without ILA and participants with indeterminate CT findings. 

b: participants with indeterminate CT findings and participants with ILA. 

c: participants without ILA and participants with ILA.  

 

As shown in Table 5, the baseline characteristics of people with ILA differed in many aspects from 

people without ILA. They were significantly older and more often of male gender. Their smoking habits 

throughout life also seemed to differ from the control group, i.e. people with ILA more often had a history 

of smoking and had smoked a greater number of cigarettes through life as witnessed by their greater 

amount of pack-years. They were also more often current smokers than people without ILA. However, 

there was not a significant difference in BMI between the group with ILA and the group without ILA. As 

shown in the table, people with indeterminate CT scans significantly differed from the other groups in 

several baseline characteristics.  

Participants with ILA were further categorised by the four radiologic subtypes described in the 

introduction (Table 3). Using this classification, 40 participants (10.6% of people with ILA) were 

determined to have the centrilobular abnormalities subtype, 236 (62.4%) had subpleural abnormalities, 

85 (22.5%) had mixed abnormalities and 17 (4.5%) had the radiographic interstitial lung disease 

subtype. Thus, most of the participants with ILA had abnormalities that were predominantly subpleurally 

distributed and the most extensive abnormalities among people with ILA were also the least frequent, 

i.e. the ‘radiographic interstitial lung disease’ subtype. 

4.2 Associations of markers of aging 

The proposed explanatory variables’ relationships with age were examined with a linear regression 

model. The results are shown in Table 6 below: 
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Table 6. The associations of explanatory variables to age 

  (95% CI) R2 

Markers related to inflammation   

  CRP 0.00796 (0.00166 - 0.0143)* 0.002 

  Albumin -0.00665 (-0.00882 - -0.00448)** 0.017 

Other blood-derived markers   

  RBC count -0.0130 (-0.0155 - -0.0105)** 0.029 

  Hemoglobin -0.0432 (-0.0503 -  -0.0361)** 0.038 

  Hematocrit -0.00115 (-0.00136 -  -0.00094)** 0.031 

Functional markers   

  Grip strength -4.89 (-5.58 -  -4.19)** 0.054 

  Knee extension strength -5.61 (-6.33 -  -4.88)** 0.064 

  Timed up and go test 0.21 (0.185 - 0.234)** 0.112 

  Usual gait speed 0.12 (0.108 - 0.130)** 0.109 

  Thigh muscle mass -1.10 (-1.24 - -0.952)** 0.058 

* P-value < 0.05, ** P-value < 0.0001 
Results are calculated with a linear regression model and given as  coefficient (the average unit change of the explanatory 

variable per year of age) with 95% confidence intervals (95% CI) and coefficient of determination (R2). 

As can be seen in Table 6, all proposed explanatory variables had a highly significant correlation 

with age. Most of the coefficients of determination ranged from 0.01 to 0.07 and the highest value was 

0.112, that of the timed up and go test.  

Table 7 shows the relationships of the proposed blood-derived markers of aging and ILA as 

evaluated by logistic regression models, yielding ORs of having ILA per unit of change of the blood-

derived markers. The units of the markers are shown in the table.   

Table 7. The associations of ILA with the proposed blood-derived markers of aging. 

  OR (95% CI)  

 Model 1 Model 2 Model 3 

Markers related to inflammation 

  CRP (mg/L) 1.37 (1.23 -1.51)** 1.35 (1.22 - 1.49)** 1.33 (1.19 -  1.48)** 

  Albumin (g/dL) 0.39 (0.22 - 0.69)* 0.44 (0.25 -0.78)* 0.41 (0.23 -  0.74)* 

Markers of red blood cells 

  RBC count (106/L) 0.93 (0.72 -1.20) 1.07 (0.83 -  1.38) 0.85 (0.65 -  1.12) 

  Hemoglobin (g/dL) 1.01 (0.92 -1.10) 1.07 (0.98 - 1.17) 0.95 (0.87 -  1.05) 

  Hematocrit (L/L) 4.88 (0.25 -96.0) 28.1 (1.38 - 576)* 0.73 (0.029 - 18.9) 

* P-value < 0.05, ** P-value < 0.0001 

Associations were estimated with logistic regression models. Results are given as odds ratios (OR) given with 95% confidence 

intervals (95% CI). 

Model 1:  A univariate model of the association of ILA status to the explanatory variable. 

Model 2:  A multivariate model adjusted for age as a covariate. 

Model 3:  A multivariate model adjusted for age, sex, pack-years, current smoking status and BMI as covariates. 

 

Two of the proposed blood-derived markers of markers of aging showed a significant association 

with ILA status when adjusted for covariates of known relevance (Model 3). These markers were the 

inflammation markers CRP and albumin, which were significantly associated to ILA status in all three 



23 
 

models. The red blood cell-related markers, red blood cell count, hemoglobin and hematocrit did not 

show a significant association in any of the models, except for hematocrit in Model 2. That association, 

however, disappeared in Model 3 as more covariates were adjusted for. Apart from showing the direction 

of the relationship with ILA, these odds ratios are not very easy to interpret as they are dependent on 

the unit of measurement for each explanatory variable.  

As for the functional tests, Table 8 shows the associations of the functional tests that were used as 

markers of aging and ILA, as evaluated by logistic regression.  

Table 8. The associations of ILA with the proposed functional markers of aging. 

 OR (95% CI) 

 Model 1 Model 2 Model 3 Model 4 

Grip strength (N) 

 1.00 (0.999-1.00) 0.997 (0.995-0.998)** 0.998 (0.996-0.999)* 0.998 (0.996-1.00)* 

Knee extension strength (N) 

 1.00 (0.999-1.00) 0.997 (0.996-0.998)** 0.998 (0.996-0.999)* 0.998 (0.997-0.999)* 

Timed up and go test (s) 

 1.06 (1.03-1.10)* 1.07 (1.04-1.10)** 1.04 (0.999-1.07) 1.03 (0.997-1.07) 

Usual gait speed (s) 

 1.09 (1.04-1.14)* 1.11 (1.05-1.16)** 1.07 (1.01-1.12)* 1.06 (1.01-1.12)* 

Thigh muscle mass (cm2) 

 1.00 (0.995-1.00) 0.980 (0.973-0.987)** 0.985 (0.978-0.992)** 0.987 (0.980-0.995)* 

* P-value < 0.05, ** P value < 0.0001 

Associations were estimated with logistic regression models. Results are given as odds ratios (OR) given with 95% confidence 

intervals (95% CI). 

Model 1: A univariate model of the association of ILA status to the explanatory variable. 

Model 2: A multivariate model adjusted for sex and BMI as covariates. 

Model 3: A multivariate model adjusted for sex, BMI and age as covariates. 

Model 4: A multivariate model adjusted for sex, BMI, age, pack-years and current smoking status as covariates. 

 

When all covariates were adjusted for, four of five functional test markers were significantly 

associated with ILA. The association of the timed up and go test with ILA was not significant in the final 

model. Only two of five functional test markers, the timed up and go test and usual gait speed were 

associated with ILA in Model 1, when sex and BMI had not been adjusted for. The associations of all 

markers were strongest in Model 2, with adjustments for those two variables. The strength of the 

associations decreased from there as more covariates are added, but all the associations, except the 

one for the timed up and go test, remained significant in the final model (Model 4). The odds ratios show 

that the directions of the relationships were as expected and in concordance with the relationships with 

age (Table 6).  

The explanatory variables included in Table 9 are the ones which had a statistically significant 

association to ILA after adjustment for all covariates had been performed in the models shown in Table 

7 and Table 8. Table 9 shows the odds ratios of having ILA between the first and third quartile marks 

(75th and 25th percentile). 
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Table 9. Odds ratios of having ILA between first and third quartiles of significant variables 

 OR 

Inflammatory markers 

  CRP 1.45** 

  Albumin 0.70* 

Functional test markers 

  Grip strength 0.75* 

  Knee extension strength 0.73*  

  Usual gait speed 1.11*  

  Thigh muscle mass 0.83* 

* P-value < 0.05, ** P value < 0.0001 

Associations were estimated with a logistic regression model adjusted for age, sex, BMI, pack-years of smoking and smoking 

status as covariates. Results are given as odds ratios (OR). 

This analysis allowed for comparable quantification of ILA risk associated to each variable across 

the explanatory variables, independent of the units of measurement for the explanatory variables. The 

odds ratios in Table 9 show that the odds ratios between the first and third quartiles ranged from 0.70 

for albumin to 1.45 for CRP. The magnitude of the associations of the explanatory variables to ILA 

status, as determined by the ORs, generally seemed to be greater for the inflammatory markers than 

the functional test markers. Among the functional test markers, knee extension strength and grip 

strength had a slightly greater association to ILA than the other functional markers.  

4.3 Subtype analyses 

Table 10 shows a breakdown of the associations of the blood-derived markers of aging that were 

statistically significant in previous analyses with subtypes of ILA. 

Table 10. The associations of significant blood-derived markers with ILA subtypes: centrilobular 

abnormalities, subpleural abnormalities, mixed abnormalities and radiographic interstitial lung 

disease (radiographic ILD). 

 OR (95% CI) 

 Centrilobular Subpleural Mixed 
Radiographic 

ILD 

CRP (mg/L) 1.26 (0.92-1.71) 1.25 (1.09-1.42)* 1.55 (1.27-1.89)** 1.73 (1.12-2.63)* 

Albumin (g/dL) 0.22 (0.044-1.23) 0.45 (0.22-0.92)* 0.31 (0.10-1.00)* 1.28 (1.14-10.0) 

* P-value < 0.05, ** P value < 0.0001 

Associations were estimated with a logistic regression model, adjusted for sex, BMI, age, pack-years and current smoking 

status as covariates. Results are given as odds ratios (OR) with 95% confidence intervals (95% CI). 

Both inflammatory markers were significantly associated to the subpleural and mixed subtypes of 

ILA while only CRP was associated to radiographic ILD. Neither marker was significantly associated to 

the centrilobular abnormalities subtype.  

Table 11 shows the same breakdown by subtypes of ILA, but the explanatory variables examined 

are the functional markers of aging that were statistically significant in the previous analyses. 
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Table 11. The associations of significant functional markers with ILA subtypes: centrilobular 

abnormalities, subpleural abnormalities, mixed abnormalities and radiographic interstitial lung 

disease (radiographic ILD). 

 OR (95% CI) 

 Centrilobular Subpleural Mixed Radiographic ILD 

Grip strength (N) 

 1.00 (0.995-1.01) 0.998 (0.996-1.00)* 0.998 (0.995-1.00) 0.998 (0.992-1.00) 

Knee extension strength (N) 

 0.999 (0.996-1.00) 0.998 (0.996-0.999)* 0.998 (0.995-1.00) 1.00 (0.995-1.01) 

Usual gait speed (s) 

 0.95 (0.73-1.13) 1.03 (0.95-1.10) 1.12 (1.02-1.20)* 1.16 (0.99-1.29)* 

Thigh muscle mass (cm2) 

 1.00 (0.98-1.03) 0.99 (0.98-0.99)* 0.99 (0.98-1.01) 0.99 (0.96-1.03) 

* P-value < 0.05, ** P value < 0.0001 
Associations were estimated with a logistic regression model adjusted for sex, BMI, age, pack-years and current smoking status 
as covariates. Results are given as odds ratios (OR) with 95% confidence intervals (95% CI).  
 

Of the previously significant functional test markers of aging, none had a significant association with 

centrilobular abnormalities. Three out of four markers, grip strength, knee extension strength and thigh 

muscle mass, were significantly associated with the subpleural abnormalities subtype but no other 

subtype. The marker that was not significantly associated with subpleural abnormalities, usual gait 

speed, was also the only functional test marker significantly associated with both mixed abnormalities 

and radiographic ILD.  

Logistic regression models for each category that included all previously significant markers in that 

category were also constructed. The results of these models are shown in Table 12. 

Table 12. The associations of aging markers with ILA in analyses adjusting for all variables in 

each category 

 OR (95% CI) 

Inflammatory markers 

  CRP 1.28 (1.11 – 1.46)* 

  Albumin 0.494 (0.27 – 0.89)* 

Functional test markers 

  Grip strength 0.999 (0.997 – 1.00) 

  Knee extension strength 0.999 (0.997 – 1.00) 

  Usual gait speed 1.03 (0.967 – 1.10) 

  Thigh muscle mass 0.992 (0.983 – 1.00) 

* P-value < 0.05, ** P value < 0.0001 
Associations were estimated with logistic regression models adjusted for all variables in each category in addition to sex, BMI, 
age, pack-years and current smoking status as covariates. Results are given as odds ratios (OR) with 95% confidence intervals 
(95% CI). 
 

In these analyses, the results varied compared to the analyses of the same variables with relevant 

covariates only (See Table 7 and Table 8 for results of such analyses). When the inflammatory markers 

were analysed together, the associations of both inflammatory markers remained independently 
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significant. However, when the functional markers were analysed in the same way, none of them had 

an independently significant association.  

4.4 Associations to measures of health 

As stated above, understanding the associations of ILA to measures of health status could also 

improve the understanding of its etiology and could shed light on whether ILA influences general health 

and quality of life. The results of logistic regression analyses exploring these associations are shown in 

Table 13: 

Table 13. The associations of measures of health status with ILA  

 OR (95% CI) 

Activities of daily living  

  Independence in all 5 ADLs 1.00 

  Independence in 4 ADLs 1.41 (1.03 – 1.90)* 

  Independence in 3 or less ADLs 1.44 (1.03 – 2.00)* 

Health status  

  Health described as “excellent” 1.00 

  Health described as “very good” 0.85 (0.55 – 1.28) 

  Health described as “good” 1.09 (0.80 – 1.52) 

  Health described as “fair” 1.52 (1.11 – 2.09)* 

  Health described as “poor” 1.83 (1.14 – 2.90)* 

Physical activity in the past 12 months  

  No or rare physical activity 1.00 

  Weekly physical activity 0.70 (0.55 – 0.90)* 

* P-value < 0.05, ** P value < 0.0001 

Estimated with a logistic regression model, adjusted for sex, BMI, age, pack-years and current smoking status as covariates. 

Odds ratios (OR) and 95% confidence intervals (95% CI) were calculated with respect to the best outcomes in each category; 

i.e. independence in all 5 ADLs, excellent health and no or rare physical activity. 

As shown in Table 13, these measures of health status were all significantly associated with ILA. 

When compared with people independent in all five ADLs, dependence in either one ADL or two or more 

was associated with a similar increase in the odds of having ILA. Self-reported “poor” or “fair” health 

status was also significantly associated with ILA. Lastly, weekly physical activity was associated with 

decreased odds of ILA. Of these three variables, the association of poor health status to ILA seemed to 

be of the greatest magnitude, as witnessed by an OR of 1.83.  
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The results shown in Table 13 are demonstrated graphically in Figure 8 below: 

 

Figure 8. The associations of measures of health with ILA. Statistically significant differences 

are denoted with * 
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5 Discussion 

In this paper, associations between interstitial lung abnormalities and several markers of aging are 

proposed and tested with logistic regression modelling, with adjustments for relevant covariates. Novel 

findings in the paper include associations of several markers of physical function; grip strength, knee 

extension strength, usual gait speed and thigh muscle mass, to ILA status and distinct subtypes of ILA 

as well as associations of activities of daily living, self-reported general health status and physical activity 

to ILA status. Other noteworthy findings are associations of the inflammatory markers CRP and albumin 

to ILA and its subtypes with ILA.  

5.1 Markers related to aging 

5.1.1 Inflammatory markers 

The data presented here suggest that the inflammatory markers CRP and albumin have a 

relationship with ILA status. Their associations to ILA status were highly statistically significant in all 

statistical models constructed (Table 7). The ORs between the first and third quartiles of these markers 

were 1.45 for CRP and 0.70 for albumin, implying that the magnitude of this effect is substantial (Table 

9). In addition, the analyses of these markers’ relationships to subtypes of ILA largely follow similar 

patterns as previous associations of the same subtypes to metrics of disease (Table 10) (31, 38). Both 

markers were associated with the subpleural abnormalities and mixed abnormalities subtypes. CRP 

was also associated with the radiographic ILD subtype. Previously, it had been suggested that the 

radiographic ILD subtype had the greatest effect on health metrics, followed by subpleural abnormalities 

(31, 38). The mixed abnormalities subtype is reported as having a similar effect as the subpleural 

subtype but these results are often not significant, possibly due to this subtype being rarer (31, 38). 

Thus, the subtype associations discussed here are for most part in concordance with the subtype 

associations formerly published which supports the suggestion of a relationship between the 

inflammatory markers and ILA.  

Although there are some discrepancies with formerly published results, they mainly involve the 

radiographic ILD subtype and have plausible explanations. First and foremost, the radiographic ILD 

subtype is rare in the AGES-Reykjavik cohort (17 individuals, 4.5% of people with ILA). This impairs the 

power of analyses of this subtype and is a possible explanation of unexpected results in analyses 

involving radiographic ILD, such as it not being associated with albumin. Another factor to keep in mind 

when interpreting these subtype analyses is that the metrics of disease previously associated to ILA 

subtypes, reduced lung volume and reduced exercise capacity (31, 38), are different from CRP and 

albumin. It is conceivable that a possible biological relationship between these physiological measures 

and ILA is based on a different mechanism than any relationship to the biochemical markers CRP and 

albumin and thus that the relationship with ILA subtypes could somewhat differ as well.  

In addition to analysis by subtypes, the inflammatory markers were analysed together (Table 12). 

Even though both markers are reported to be markers of inflammation (89, 90), both markers remained 

significant when analysed together, suggesting that their associations are largely independent of each 

other. A possible reason for this is that the mechanisms behind those associations could be different, at 
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least in part, and so that the associations of these markers could be partly influenced by other 

mechanisms than inflammation. This is plausible for albumin in particular, given its association with other 

biological factors such as nutrition (92, 143). Nevertheless, when all data are considered, the results 

presented in this thesis are suggestive of an association of CRP and albumin with ILA status. 

5.1.2 Blood-derived markers 

Contrary to the inflammatory markers, the red blood cell-related markers of aging did not show 

evidence of a relationship with ILA. Despite all measures having strong associations to age (Table 6), 

only one statistical model of these variables’ association with ILA showed a significant association (Table 

7) and that model was not adjusted for all relevant covariates. No models adjusted for all covariates 

showed a significant association to ILA (Table 7). Therefore, these data show no suggestion of a 

relationship between these markers of red blood cells and ILA status.  

5.1.3 Functional markers 

This thesis provides evidence that point to a relationship between ILA status and markers of 

diminished physical function. As shown in Table 8, four of five functional markers had a significant 

association to ILA in covariate-adjusted models. When the ORs between the first and third quartiles 

were calculated for significant markers (Table 9) the interquartile OR with the largest deviation from 1 

was that of knee extension strength, 0.73, an OR of considerable magnitude, while the one that deviated 

the least from 1 was that of usual gait speed 1.11. This difference is small enough to argue that the 

effect of these variables on ILA risk was similar. When the previously significant functional test variables 

were analysed together (Table 12), their associations to ILA became insignificant. This indicates that 

their previous associations are dependent of each other, supporting the classification of these variables 

in the same category and implying that their previous associations stem from the same underlying 

processes. The data involving ILA status in general are supported by analyses of the association of ILA 

subtypes with functional markers (Table 11). They show that three out of four previously significant 

markers are significantly associated with the subpleural abnormalities subtype, and the one that isn’t, 

usual gait speed, is associated with the radiographic ILD and mixed abnormalities subtypes. As 

mentioned above, metrics of disease are mainly associated with subpleural abnormalities and 

radiographic ILD in previous reports of ILA subtypes. (31, 38). Thus, the results presented in this paper 

are in concordance with these previously published data, except for the limited effect of radiographic 

ILD in the results presented here. Still, as noted above, the low prevalence of the radiographic ILD 

subtype (4.5%) among people with ILA in the AGES-Reykjavik cohort, is a possible explanation for that. 

Therefore, the data presented in this paper support the notion that performance in functional tests is 

related to ILA status. 

5.2 The relationship of aging and ILA 

When looking at these relationships together to assess whether ILA is related to biological aging, a 

heterogenous picture emerges. Many of the proposed biomarkers of aging have convincing associations 

to ILA while the data show no signs of correlation for others. Several explanations are possible for such 

a variation. First off, it is possible to explain the associations to the markers above, even if a possible 



30 
 

association of ILA to the aging process is not the principal mechanism. The immunology of IPF is 

complex, involving a variety of cell types and molecules (19) and it is likely that the immune system 

plays a role in the biological mechanism of ILA. The characteristics of such a mechanism are unknown 

but an immunological mechanism, either caused by or causing ILA, could nevertheless be an 

explanation for the observed association of inflammatory markers with ILA, irrespective of aging. The 

reduced performance of functional tests could then be an example of reverse causality, i.e. that ILA is 

causing functional decline and muscle wasting through some physiological pathway, instead of both 

these phenomena being caused by aging. Second, no consensus exists on which biomarkers of aging 

and its underlying processes are to be used in studies such as this one (75, 76). So even though the 

red blood cell markers, for instance, strongly correlate with age (Table 6) and have been proposed as 

biomarkers of aging (74, 93, 98), the possibility still exists that changes to red blood cells are not a good 

marker of the underlying molecular processes of aging. Thus, they may be unrelated to ILA, even if ILA 

is a result of aging-related mechanisms. Third, even if ILA is related to aging, processes related to it 

could influence the explanatory variables to mask a potential relationship between them and ILA. One 

such mechanism possible is that ILA could affect the number of red blood cells, e.g. by causing hypoxia 

which would cause an increase in the production of red blood cells. Fourth, as previously discussed, the 

aging phenomenon is likely caused by several underlying processes at the molecular and/or cellular 

levels (55, 56). Possibly, different consequences of aging, e.g. dysfunction of different organs, have 

different relations to each of the underlying processes of aging. For instance, carcinogenesis is most 

often linked to genomic instability and oxidative stress while telomere shortening is more readily 

associated to bone marrow failure and pulmonary fibrosis (144, 145). In such a case, a given aging-

related disease could be caused by some aging processes while other aging-related diseases would be 

caused by other aging processes. This disease would then be related to only some markers of aging, 

i.e. those that are caused by the same underlying processes. This could apply to ILA and thus explain 

why it is associated with some markers of aging but not others. Fifth, although covariates known to be 

relevant were adjusted for, unknown confounders or confounders that are difficult to adjust for in the 

data could have an effect, such as nutritional status for the red blood cell-related markers (146, 147). 

This is especially relevant considering the low coefficients of determination (Table 6) of the explanatory 

variables, indicating that the variation of the age of participants explains only a small part of the variation 

of the explanatory variables. This suggests that the explanatory variables are unspecific markers of age 

and that other factors could have a substantial effect on their value. Therefore, the discrepancy in the 

association of ILA to the proposed markers of aging has many plausible explanations.  

5.3 Measures of health 

As shown in Table 13, three markers of health obtained from questionnaires; ADL, general health 

status and physical activity in the last 12 months, were significantly associated with ILA status when 

relevant covariates were adjusted for. For all measures of health, increased odds of ILA were associated 

with poorer outcomes. While all three markers were significantly associated to ILA, poor general health 

status was associated with the greatest odds of having ILA. That is interesting, given that general health 

status is the most subjective of the three measures of health, revealing the most about participants’ 

sense of their own health. However, all three results are of interest, mainly since they all imply that 
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people with ILA have poorer physical capabilities and/or health than their peers. The aforementioned 

association to decline in physical function adds weight to this reasoning, as does a previous report of 

people with ILA having greater mortality than people without it (33). These findings could, if validated by 

further studies, be significant to the field and further research. Such implications are further discussed 

below.  

5.4 Limitations of the study 

This study has several limitations. To begin with, the exclusion of people with indeterminate 

radiographic findings from the analyses is a limitation due to the exclusion of a considerable proportion 

of the cohort from the analyses. Second, ILA and its subtypes are, despite the existing literature 

describing them, arbitrarily created terms in mostly asymptomatic patients from radiological measures 

(31-33, 38). Such definitions can always be disputed. For instance, results from the existing articles on 

ILA subtypes, in part supported by results of this paper, suggest that the ‘centrilobular abnormalities’ 

subtype may have different characteristics and consequences than other types of ILA (31, 38). Third, 

the cohort from which the data are collected is homogenous in terms of factors such as genetics and 

race, since it is originally sampled from the inhabitants of a single city in a then relatively isolated country 

(135). This decreases the generalizability of the findings of the study. Other limitations related to the 

study design include the cross-sectional nature of most of the data which brings up the possibility of 

reverse causality and that the cohort is sampled from survivors of the Reykjavik study, bringing up the 

possibility that the participants in the cohort were healthier than the general population (135). Fourth, 

the data on general health, physical activity and activities of daily living was collected by questionnaires. 

Collection of data by self-report is a limitation although the nature of these variables makes them hard 

to assess objectively. Fifth, the lack of consensus on certain biomarkers of aging (75, 76) decreases the 

capacity to draw definite conclusions on the relationship of ILA to aging, as mentioned previously and 

discussed above and below. Sixth, the possibility exists that the findings can be explained by either 

unknown or unmeasured confounders, e.g. other lung disease metrics, even though known confounders 

were adjusted for in the analyses. These are the main limitations of the study.  

5.5 Strengths of the study 

However, the study has a number of strengths as well. Although the homogeneity of the study 

population is detrimental to the generalizability of the study results it adds to its internal validity. For 

instance, the racial and genetic homogeneity of study participants reduces the probability of unknown 

confounders (e.g. genetic) affecting the results. The same applies to environmental exposures since all 

participants are originally recruited from a pool of inhabitants of one city, Reykjavik. An additional feature 

of the study population is that Iceland has low levels of air pollution, minimizing the confounding effect 

of environmental exposures (135), a known cause of interstitial lung disease (6). Another strength of the 

study is that the data used are collected in a single center for research purposes and intended for use 

in studies such as this one. Thus, data for all biomarkers were collected in a highly standardized and 

internally comparable manner. Additionally, the cohort study design allows for adjustment of a wealth of 

covariates in a standardized way. Among the cohort studies in which ILA status has been characterized, 

the AGES-Reykjavik cohort is well suited for studies such as this one that analyse ILA’s associated 
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factors. This is due to AGES-Reykjavik being the largest of these cohorts (33) and due to the participants 

being a group of community-dwelling people who have been extensively characterized, in which people 

of both sexes and both smokers and non-smokers are included. Furthermore, the exact definition of ILA 

added to its identification being carried out by more than one qualified reader should have prevented 

the misclassification of subjects with regards to ILA status as much as possible. Lastly, using ILA instead 

of other definitions of subclinical lung disease can be called a strength in itself since this method of 

identifying subclinical interstitial lung disease has been shown to be more sensitive than other, 

quantitative, measures (34).  

5.6 What this study adds to the field and future directions 

As witnessed by the several possible interpretations of the associations and non-associations of ILA 

to biomarkers of aging, it is hard to conclude in a decisive manner from this study whether ILA is a 

consequence of aging or not. Some of the results presented here support this proposal, i.e. the relations 

of ILA to inflammatory markers and functional tests, while others, the results regarding red blood cell-

related markers, do not. So, this question remains mostly unanswered and requires further study, even 

though some of the results presented here support the association of ILA to at least some of the 

processes of aging. Most of the uncertainty regarding the interpretation of the results stems from the 

very complex and, in many aspects, poorly understood phenomenon of aging and the already often-

mentioned lack of consensus regarding its measurement by biomarkers. This makes it very hard, 

arguably not even possible, to decisively conclude that ILA is a consequence of aging by using this 

methodology, i.e. associating ILA to relatively easily obtained biomarkers of aging in a large cohort 

study. This is due to the uncertainty of which biomarkers are good estimates of the actual rate of 

biological aging (72, 76). To establish this relationship in a way that is beyond such criticism, it would 

be necessary to associate ILA with the molecular processes of aging themselves, e.g. telomere attrition 

or other molecular markers. In addition, any such measurements would preferably have to be done with 

lung tissue, to compare the aging of the lung cells themselves to ILA. Data that require such detailed 

molecular measurements, and possibly invasive sampling techniques, are of course rarely, if ever, 

collected in cohort studies such as the AGES-Reykjavik study. Methodological limitations and the 

complexity of the aging phenomenon therefore play a role in limiting the conclusiveness of the results 

presented in this thesis. 

Still, many of the associations presented in this paper are novel and notable findings, irrespective of 

their affiliation to aging. They are highlighted by the associations of ILA to decreased performance in 

functional tests and the associations of ILA to diminished health as measured by self-report. These 

findings, if confirmed by future studies, are important since ILA is a radiologically defined condition in 

people not diagnosed with interstitial lung disease (33). Thus, results that point toward the conclusion 

that people with ILA have poorer health and physical capabilities than their counterparts are very 

interesting. Such findings add weight to a previous report of increased all-cause mortality among people 

with ILA (33) and so implicate that ILA may be a pathological finding on its own. The results also imply 

that research efforts aimed at improving treatment of IPF could benefit from being directed toward ILA 

or early stages of IPF, adding to earlier claims thereof (33). Longitudinal studies which explore the 
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characteristics of the group in which ILA regresses (Figure 7) could be interesting in that context. Ever-

increasing use of HRCT imaging in the clinical setting and screening make treatment and research 

efforts for early-stage interstitial lung disease possible and thus make this method for detecting 

subclinical lung disease feasible (29). The findings in this report thus indicate that ILA could one day 

become a relevant finding for clinical and/or monitoring purposes, even in the group that does not 

progress to IPF (Figure 7). The proposed association of ILA to a raised inflammatory state as measured 

by CRP and albumin is an interesting and novel finding as well. However, there are several ways to 

explain such a finding. The mechanism proposed in this paper, that this is due to accelerated aging in 

people with ILA, is one explanation, but this is hard to assert since little is known about the specific 

biological mechanisms underlying the radiologic changes termed ILA. Nevertheless, these results 

provide a glimpse into the manifestations of the biology of ILA and may provide ideas for future research 

in that field. Thus, the results presented in this paper are thought-provoking in many ways. 

More research is needed on the topics presented in this paper. The validation of the results presented 

here in other, more heterogenous, populations is required to improve the generalizability of the findings. 

In that context, longitudinal follow-up studies are necessary to firmly establish the direction of any 

proposed causal relationships, e.g. of ILA and diminished physical function. Such studies would also be 

valuable to establish which factors influence the development of ILA, i.e. what determines which people 

with ILA have progression of their condition, which remain unchanged and, perhaps most interestingly, 

which people regress. In addition, more work is needed to better characterize ILA and how the group of 

people with ILA differs from the general population. This could be done by further exploring relations to 

changes that occur with aging or by seeking a different perspective, e.g. by exploring the proposed 

relation of ILA to rheumatic diseases and the mechanisms associated with them (48-50). Lastly, 

experimental studies exploring the biological mechanism behind ILA could shed light on the 

pathogenesis of interstitial lung diseases. Results from epidemiological studies such as this one can 

provide clues of such mechanisms and suggestions for aims of experimental studies.  

5.7 Reevaluation of research hypotheses 

Considering the results presented here, the conclusions on the research hypotheses are as follows: 

Hypothesis I: Markers of aging will be associated with interstitial lung abnormalities in the general elderly 

Icelandic population 

The association to interstitial lung abnormalities varied among markers of aging. Markers of 

inflammation and functional markers were significantly associated with ILA when adjusted for covariates. 

Markers related to red blood cells were not associated with ILA. 

Hypothesis II: Markers of aging will be associated with interstitial lung abnormalities irrespective of age, 

gender, BMI, history of smoking and smoking status. 

The markers of inflammation were significantly associated with ILA regardless of these covariates. The 

associations of all the functional markers were modified by gender and BMI and the associations for 

four of five markers remained significant when all covariates were adjusted for.  Markers of red blood 

cells were not associated to ILA irrespective of covariate adjustment.  
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Hypothesis III: Those with more advanced markers of aging will have different types of interstitial lung 

abnormalities. 

The associations to ILA subtype varied among markers of aging associated to ILA. Elevated 

inflammatory markers were associated to the subpleural abnormalities and mixed abnormalities ILA 

subtypes as well as radiographic ILD in the case of CRP. Three functional test markers were associated 

to the subpleural abnormalities subtype. The fourth, usual gait speed, was associated to the mixed 

abnormalities and radiographic ILD subtypes.  

Hypothesis IV: Those with interstitial lung abnormalities will have decreased health measures. 

This held true for the health measures explored here. Decreased independence in performing activities 

of daily living, diminished self-reported general health status and decreased physical activity in the last 

12 months were all associated with ILA status.  

5.8 Conclusion 

Here, explanation of the nature of the relationship between the processes of aging and interstitial 

lung abnormalities was pursued by exploring the association of proposed markers of aging and 

interstitial lung abnormalities. The existence of such an association varied between markers of aging, 

limiting any conclusions on aging as a causal mechanism. This is in part due to a lack of consensus on 

biomarkers of aging which was a methodological drawback. Still, the associations of decreased 

functional capabilities, decreased health measures and inflammatory markers with ILA are notable 

findings that suggest that people with ILA have worse health than their peers. These findings improve 

understanding of the characteristics of ILA and have future research implications. 
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