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ABSTRACT

Background: Pulmonary function tests may predict future outcomes; however, they are not
often performed in middle aged individuals at risk for future airway obstruction. We
examined whether smokers with low lung function have increased risk of developing health
problems and mortality over time.

Methods: Current and ever smokers (n=830) from the Lovelace Cohort aged 40-60 years
without baseline airway obstruction and with at least two spirometry measurements over 18
months were included. Participants were divided into high (HLF) and low (LLF) lung
function tertiles based on percent predicted forced expiratory volume in 1 second (FEV%p).
Lung function, health status, and comorbidities were compared at baseline and over 17 years;
mortality at 17 years was also assessed. From these participants, 61 HLF (baseline FEV%p
>99%) and 26 LLF (baseline FEV1%p <88%) were examined at 17 years follow-up using
logistic regression.

Results: Baseline demographic and clinical characteristics were generally similar between the
LLF and HLF tertiles, except for age, sex, body mass index and lung function. In the overall
cohort (LLF, n=277; HLF, n=277), survival of the HLF versus LLF cohort showed a HR of
0.49 (p=0.02). At the 17-year follow-up, LLF was associated with increased prevalence of
wheeze, cardiovascular diseases, chronic lung diseases, diabetes and worse health status.
Conclusions: Smokers with LLF without airflow obstruction exhibited reduced survival and
an increased risk for development of chronic morbidities. Thus, spirometry may be used to
identify at-risk individuals, allowing for early preventative interventions that can improve
long-term health outcome.

Take home message
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Among ever smokers without airflow obstruction, LLF is associated with increased mortality
and poor health status. Spirometry may identify at-risk patients enabling early emphasis on

interventions with the potential to improve long-term health outcomes.
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INTRODUCTION

The presence and severity of lung disease is often determined by measuring lung function.
First systematically studied by Hutchinson in 1846 using the spirometer and referred to as
vital capacity !, the modified forced manoeuvre of vital capacity (forced vital capacity
[FVC)) relates well to future risk of death 3. From spirometry, the ratio of forced expiratory
volume in 1 second (FEV1) to FVC (FEV1/FVC) is used to confirm the presence of airway
obstruction *, which can be caused by diseases such as asthma or chronic obstructive

pulmonary disease (COPD) °.

Lung function measurements (e.g., FEV1 and FVC obtained from spirometry) are not
typically performed in younger individuals suspected to be at risk for obstruction, but several
studies have shown that these measures may be predictive of health outcomes later in life > ¢
%, In a study of three separate patient cohorts, Agusti et al. reported patients aged 25-40 years
with a FEV percent predicted normal (FEV%p) <80% had higher prevalence of respiratory,
cardiovascular, and metabolomic abnormalities in early adulthood; higher and earlier
incidence of comorbidities during follow-ups; and greater all-cause mortality risk compared
with patients with an FEV1%p >80% at 2540 years of age °. Importantly, the relationship
between low FEV%p and all-cause mortality risk was independent of, but additive to,
cumulative smoking exposure in the Framingham Offspring Cohort 6. However, patient-
related measures of health-related quality of life (HRQoL) were not reported in that study. In
2022, Labaki et al. analysed the association between cause of death and the degree of lung
function impairment in smokers aged approximately 60 years (+ 9 years) enrolled in
COPDGene '°. Over a 17-year median observation period, certain comorbidities, particularly
cardiovascular diseases and lung cancer, were reported to be more frequent in smokers with
mild spirometry abnormalities than in smokers with normal spirometry '°. However,
information regarding the individual’s perception of their health status is limited.
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Additionally, longitudinal incidence of new comorbidities has not been reported and there is a
lack of longitudinal studies examining relationships between lung function and tobacco

smoking at younger ages on long-term health outcomes in those at-risk for COPD.

We hypothesised that lung function, as measured by FEV; and FVC, may be associated with
pulmonary and non-pulmonary morbidities and impaired HRQoL, and could be predictive of
long-term mortality risk in middle aged smokers. As such, we leveraged a sub-population of
participants aged 40—60 years (the youngest age group of smokers commonly having
spirometry results) from the Lovelace Smokers’ Cohort (LSC), a unique longitudinal cohort
of current or former smokers from a broad community setting. In this cohort, we evaluated
long-term outcomes in middle aged current or former smokers with low versus high lung

function, as indexed by the FEV| %p.

METHODS

Population

This study included participants from the previously described LSC 7112 In brief, the LSC
recruited current or ever smokers with a smoking history of >10 pack-years aged 40—75 years
from a broad community setting in Albuquerque, NM (and surrounding communities) from
20012011 7. The LSC began recruiting female smokers in 2001, expanding to male smokers
in 2004 '*. Female ever smokers were favoured in the LSC to study female susceptibility to
the adverse effects of smoking, given they are under-represented in most COPD studies 4.
Participants were generally recruited through newspaper or television advertisements and
were paid for their participation 2. All participants signed an institutional review board (IRB)
approved informed consent form prior to any study related procedures. The IRB of record for
study conduct was Advarra IRB. Assessments and measures regularly conducted/obtained

from LSC participants included HRQoL assessments (the 36-Item Short Form Health Survey
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[SF-36]; exacerbation history, medication history, modified Medical Research Council
(mMRC) dyspnoea score, comorbidities, and smoking status. Spirometry was performed by
trained technicians following European Respiratory Society/American Thoracic Society

standards '°. The St George’s Respiratory Questionnaire (SGRQ) was used to score HRQoL

16

These analyses included male and female participants from the LSC aged 40-60 years at
baseline, without airway obstruction (obstruction was defined as FEV/FVC <0.7) and with at
least two follow-up visits. The GOLD 2024 report classifies younger adults with COPD as
those aged <50 years !”. For this analysis, the age range of 40—60 years was selected to
account for the 17-year follow up period and to allow for a sufficient population size for
analysis. Participants were assigned to the overall cohort and subsequently grouped into lung
function tertiles based on baseline FEV1%p (low lung function tertile [LLF], baseline
FEV1%p <88%; moderate lung function [MLF], baseline FEV%p ranging from 88%—99%;
high lung function [HLF], baseline FEV1%p >99%). As this study aimed to compare
participants with low versus high lung function, only the LLF and HLF tertiles were included
in these analyses. In addition, a subset of participants from the LLF and HLF tertiles were
recruited for a single clinical visit completed during 2021 and 2022, and comprised the 17-

year long-term follow-up cohort.

Study variables and outcomes

Baseline demographics, anthropometrics (including body mass index [BMI]), and clinical
characteristics (including smoking history, lung function measures [based on FEV FEV%p,
and FVC], HRQoL, and comorbidities) were assessed in the LLF and HLF tertiles for the

overall cohort and 17-year long-term follow-up cohort. Chronic bronchitis was defined by
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self-reported cough and phlegm for at least three months over two years. All-cause mortality

was determined by contacting the household and by searches of the National Death Index.

Data analysis

Baseline characteristics in the LLF and HLF tertiles are reported using descriptive statistics.
Between-tertile differences in comorbidities at baseline and mortality are reported using odds
ratios (ORs) with 95% confidence intervals (CIs), as previously published for this cohort '8,
We used the Cox model to compare survival between the LLF and HLF groups after
adjusting for age, sex, BMI, pack years, current smoking, and the comorbidities, wheeze,
CVD, respiratory diseases, and diabetes. Logistic regression analyzed associations between
baseline lung function and self-reported baseline comorbidities, both of which were adjusted
for age, sex, BMI, race, pack-years of smoking, smoking status. Differences in comorbidities,
lung function and health status over time between the cohorts are reported using descriptive
statistics, with between-group comparisons examined using Chi-squared tests. P-values are

nominal and not adjusted for Type I error.

RESULTS

Participant disposition

Figure 1 reports participant disposition. In total, from 2273 LSC participants, 830 met the
eligibility criteria and were included in the analysis. Of these, 277 participants comprised
each of the tertiles. Eighty-seven participants (LLF, n=26; HLF, n=61) were recruited to a
follow-up clinical visit in 2021-2022 and were included in the 17-year long-term follow-up

cohort.

Participant demographics and clinical characteristics
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Table 1 reports baseline demographics and clinical characteristics for the overall and 17-year
long-term follow-up cohorts. Except for lung function and BMI, The baseline demographic
and clinical characteristics show that LLF group was more likely to be older, female, have
more pack years, and have a higher BMI than the HLF group (table 1).. Mean age at baseline
was 51 and 49 years, 86% and 79% of participants were female, and 71% and 67% were non-
Hispanic White in the LLF and HLF tertiles, respectively. Mean BMI was 30 kg/m?in the
LLF tertile and 28 kg/m? in the HLF tertile. As expected, mean lung function measures (as
determined by FEV%p) were lower in the LLF tertile versus the HLF tertile: FEV(2.33 L

vs 3.28 L), FEV 1% (79% vs 108%), and FVC (3.02 L vs 4.09 L).

In the long-term follow-up cohort, baseline demographics and clinical characteristics were
generally similar to the overall cohort (table 1). In the LLF and HLF tertiles, mean baseline
age was 50 and 49 years, 81% and 79% of participants were female, and 62% and 74% of
participants were non-Hispanic White, respectively. Mean BMI was approximately 11%
higher in the LLF tertile (31 kg/m?) versus the HLF tertile (28 kg/m?). Lung function
measures were consistently lower in the LLF versus HLF tertile, with mean FEV1, FEV1%p,

and FVC being 2.22 L and 3.24 L, 75% and 105%, and 2.89 L and 4.03 L, respectively.

Risk of all-cause mortality

In the overall cohort, LLF at baseline was associated significantly higher all-cause mortality
rate versus HLF (16.3% vs 6.5%). The OR (95% CI]) for LLF relative to HLF was 2.29 (1.22,
4.46); p=0.01. The Kaplan Meier survival curve shown in figure 2 confirms this difference
over time after adjusting for age, sex, and, BMI, race, and pack-years, current smoking status,

and co-morbidities (p= <0.02).
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Self-reported comorbidities

Baseline and long-term follow-up cohort

In the overall cohort, at baseline the proportion of participants reporting baseline CVD was
better in the LLF compared with the HLF group, while all other comorbidities were worse in
the LLF versus HLF tertile, although these differences failed to reach statistical significance
(Figure 3). At baseline, the LLF relative to HLF, the self-reported diabetes (OR [95% CI]:
6.88 [0.73, 153.2]; p=0.10) and calculated chronic bronchitis and COPD (OR [95% CI]: 1.65
[0.30, 8.85]; p=0.55), CVD (OR [95% CI: 0.63 [0.17, 2.04], and wheeze CVD (OR [95% CI:
6.51 [0.96, 60.02]. At the 17-year follow-up, the LLF relative to HLF, the self-reported
diabetes (OR [95% CI]: 6.73 [1.05, 51.56]; p=0.05) and calculated chronic bronchitis and
COPD (OR [95% CI]: 7.74 [1.51, 56.02]; p=0.02), CVD (OR [95% CI: 1.58 [0.36, 7.51], and

wheeze CVD (OR [95% CI: 2.78 [0,52, 16.34].

After the 17 years, most self-reported comorbidities were more prevalent in the LLF tertile
versus the HLF tertile. The greatest numerical differences at follow-up were observed for
chronic bronchitis, COPD and lung disease (LLF, 46.2%; HLF, 27.9%; difference, 18.3%)

and diabetes (LLF, 38.5%; HLF, 13.1%; difference, 25.4%), as shown in figure 3.

SGRQ score

Baseline

In the overall cohort, the LLF tertile had worse baseline health status, as indicated by higher
SGRQ total (p<0.001) and domain scores (all p<0.003) versus the HLF tertile (table 1). In the
17-year follow-up cohort, mean SGRQ total scores were approximately 24 in the LLF tertile

and 17 in the HLF tertile (table 1).
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Long-term follow-up cohort

In the long-term follow-up cohort, SGRQ score changes were analysed in 71 participants
with SGRQ data at baseline and follow-up (LLF, n=23 and HLF, n=48). As in the overall
cohort, baseline SGRQ total (p<0.001) and domain scores (all p<0.003) were higher in the
long-term follow-up cohort, indicating worse health status with LLF versus HLF (table 1);
mean total SGRQ scores were approximately 27 and 13, respectively in the LLF and HLF
tertiles. When assessing SGRQ changes over time, total and domain scores improved from
baseline to follow-up in the LLF tertile (mean SGRQ total score decreased from
approximately 28 to 23; figure 5), whereas in the HLF tertile scores worsened (mean SGRQ
total score increased from approximately 15 to 17; figure 5). In general, mean SGRQ total
and domain scores remained numerically higher in the LLF tertile versus the HLF tertile at

follow-up (figure 4).

Lung function

Long-term follow-up cohort

Lung function measures, including FEV, FEV%p, and FVC were lower in the LLF tertile
versus the HLF tertile in the 17-year long-term follow-up cohort at baseline and follow-up
(table 2). Mean FVC decreased in the LLF and HLF tertiles, with reductions of 0.23 L and
0.43 L, respectively. The decline in FEV was similar in both groups over the 17 years of
observation (Figure 5) In the HLF and LLF groups, 21% and 49% transitioned into

FEV1/FVC <70, respectively, over this time period.

DISCUSSION

In this middle aged cohort (aged 40—60 years) current or ever smokers without baseline lung

airflow obstruction, participants with lower lung function (based on FEV%p) were at
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increased all-cause mortality risk versus those with higher lung function. Participants with
LLF also had significantly worse baseline HRQoL (both clinically and statistically) versus
those with HLF, with SGRQ total score differences exceeding minimally important clinical
differences (MCID) !° by nearly 2-fold in the overall cohort and more than 3-fold in the 17-
year long-term follow-up cohort. Additionally, participants with LLF had a greater
prevalence of multiple clinically important comorbidities versus participants with HLF.
Importantly, differences in comorbidity prevalence between participants with LLF versus
HLF widened over time. These findings indicate that LLF was a predictor of health outcomes
independent of smoking history in this middle aged cohort of current or ever smokers. We
have used the Global Lung Function Initiative (GLI) equations and we did not see any
difference in outcomes. This is consistent with the findings of the study of longitudinal data
from 369,077 participants in the National Health and Nutrition Examination Survey, U.K.
Biobank, the Multi-Ethnic Study of Atherosclerosis, and the Organ Procurement and
Transplantation Network. In that study race-based and race-neutral equations generated

similarly accurate predictions of respiratory outcomes 2°.

The findings of increased risk of all-cause mortality in middle aged smokers with LLF versus
HLF expands on previously published findings from Agusti ef al in a transgenerational cohort
study, which reported greater mortality risk in young adults with lower versus higher lung
function 6. However, in that study, cigarette smoking exposure and the proportion of current
or ever smokers was significantly higher in participants with LLF. Although corrections for
tobacco exposure were made by Agusti et al, these differences may have partially explained
the difference in mortality between the study populations. This was not the case in the current
study, where smoking history was similar between the LLF and HLF tertiles, as all LSC
participants were current or ever smokers and percentages of current smokers were roughly

comparable between tertiles. It is worth noting that Ashley et al. previously reported FVC
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was a predictor of survival in participants from the original Framingham Heart Study cohort,
but further associations between FVC and comorbidities or HRQoL were not described .
Together, our study strongly supports the concept that lower spirometry values (specifically
lower FEV1%p) within the normal range in participants without airway obstruction are

associated with increased mortality risk, independent of smoking history (Figure 2).

A novel finding of this study is the higher baseline SGRQ scores in participants with LLF
versus HLF (Figure 4). The absolute difference of approximately 13 points in the 17-year
follow-up cohort is more than 3 times the estimated MCID of 4 points for SGRQ total score
19 and thus indicative of worse baseline HRQoL in participants with LLF. Interestingly,
SGRAQ scores increased from baseline to follow-up in the HLF tertile, but the difference
between tertiles remained larger than the MCID for SGRQ total score, even though there
were more deaths in the LLF tertile, which likely selected out participants with the highest
(i.e., worst) SGRQ scores. While it is known that more severe airflow obstruction is
associated with higher SGRQ scores in patients with COPD 2!:22, airway obstruction is
unlikely the primary factor driving the association between LLF and higher SGRQ observed
in this study, as mean FEV/FVC was only slightly lower in the LLF versus the HLF tertile.
The substantial difference of approximatively 1 L in FVC and FEV and the 2.6 kg/mg?
difference in BMI between the tertiles may have contributed to SGRQ score differences.
However, the small difference in BMI is not likely to alter the mortality risk in smokers, even

if they have COPD, in which higher BMI can protect against mortality 2> 2%,

A further important finding is the greater prevalence of several important comorbidities in
participants with LLF versus HLF, which could explain the increased mortality risk and
worse HRQoL in participants with LLF. These results are consistent with greater baseline

prevalence and future incidence of respiratory, cardiovascular, or metabolic abnormalities in
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young adults aged 25—40 years with lower versus normal lung function observed in two non-
overlapping young adult cohorts, reported by Agusti et al. ®. In that study, a significantly
greater proportion of participants with LLF had baseline respiratory or cardiovascular
abnormalities relative to participants with normal lung function, with a numerically greater
proportion of participants with LLF also having metabolic abnormalities ¢. At follow-up,
participants with LLF had a greater incidence and earlier occurrence (by approximately a
decade) of morbidities relative to participants with normal lung function 6. As in this study,
baseline LLF was associated with a greater mortality risk (hazard ratio [95% CI]: 2.3 [1.4,
3.7]) in Augusti et al. 6, but no HRQoL measurements were reported. The significant
differences in SGRQ scores observed in this study may be partially driven by a difference in
the prevalence of baseline comorbidities between participants with HLF and LLF, given they

are unlikely to be explained solely by lung function differences.

Previous studies have suggested COPD represents a disease of accelerated aging,
characterised by genomic instability, telomere attrition, premature cellular senescence, and
other hallmarks of aging >>-%%. One study reported patients with confirmed COPD aged 56—65
years had a similar number of comorbid diseases associated with aging as those without
COPD 15 to 20 years older, irrespective of smoking history 2°. For example, the prevalence
of atherosclerosis and osteoporosis in patients with COPD aged 56—65 was 1.22% and 9.67%,
respectively, versus 0.23% and 5.85% in similarly aged people without COPD and 1.12% and
6.58% in people aged >85 years without COPD 2°. Similar results were observed for other
comorbidities associated with aging, including chronic renal failure, coronary artery disease,
and hearing loss 2¢. This study suggests LLF in ever smokers without COPD may similarly
predict accelerated aging, as participants with baseline LLF had a greater prevalence of
chronic diseases than those with HLF, including hypertension, heart or cardiovascular

disease, chronic bronchitis, and diabetes.
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While it is known smoking is associated with lung function decline, the rate of FEV decline
in male and female smokers who quit before the age of 30 is indistinguishable from that of
healthy never smokers 2. In contrast, smokers who quit after the age of 40 have significantly
higher rates of FEV decline compared with healthy never smokers and early quitters 2’.
Therefore, early clinical assessment and intervention with the aim of encouraging smoking
cessation at an early age before development of long-term lung function decline or symptoms
of COPD is warranted. Indeed, pre-COPD—which identifies patients at any age with
respiratory symptoms or other structural/functional pulmonary abnormalities without airflow
obstruction 2*—was raised in the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) 2024 report '7, emphasising the importance of acknowledging the risk of developing

COPD in smokers with LLF and other relevant clinical characteristics.

This study has several strengths, including the use of a large population of smokers without
airflow obstruction, of which a substantial proportion were female. Additionally, participants
were very well phenotyped, helping evaluate pulmonary and extra-pulmonary domains,
including self-reported morbidities and HRQoL. Importantly, 87 participants provided 17-
year follow-up data, thus providing longitudinal data to evaluate the long-term effects of low
versus high lung function on outcomes. There are also some limitations to consider. First,
relative to participants with HLF, notably fewer participants with LLF returned for the 17-
year follow-up visit. The lower number of participants with LLF who returned for follow up
may have minimized true differences between LLF and HLF tertiles, as those with LLF had
more severe illness. Second, the high proportion of women may limit the applicability of
these results to males. However, the similar findings reported in other studies comprising

primarily men suggest the results are valid for both sexes.
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CONCLUSIONS

These results indicate that LLF, relative to HLF, in ever smokers without COPD is associated
with increased all-cause mortality risk, clinically significant worse HRQoL, and the
development of chronic morbidities indicative of accelerated aging. These data suggest the
use of a simple spirometry test to detect lower than normal lung function can help identify at-
risk patients in clinical practice, allowing for an earlier emphasis on interventions, such as
smoking cessation, which can improve long-term health outcomes in this understudied
population. Discussion of pre-COPD in the GOLD 2024 report !” emphasises the importance
of acknowledging the risk of developing COPD in smokers with reduced lung function but
without airway obstruction. Indeed, these middle aged smokers may benefit substantially
from intervention, given smoking cessation significantly improve long-term rates of lung-

function decline.
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TABLE 1 Baseline demographics and clinical characteristics, overall cohort and the 10-year long-term follow-up cohort

Characteristic
Age, mean (SD)
Female, n (%)
White, n (%)
Hispanic
Non-Hispanic
BMI, kg/m?, mean (SD)
Smoking status, n (%)
Current
Former
Pack years, mean (SD)
FEV1, L, mean (SD)
FEV1%p, mean (SD)
FVC, L, mean (SD)

FEV1/FVC, mean (SD)

Overall cohort (N=830) 10-year long-term follow-up cohort (N=87)

LLF HLF P values LLF HLF P values
(n=277) (n=277) (n=26) (n=61)

51 (6) 49 (6) <0.001 50 (5) 49 (6) 0.30
238 (86) 219 (79) 0.034 21 (81) 48 (79) 0.83
253 (91) 258 (93) 0.55 24 (92) 60 (98) 0.16
57 (21) 72 (26) 0.13 8(31) 15 (25) 0.55
196 (71) 186 (67) 0.35 16 (62) 45 (74) 0.25
30.4 (7.6) 27.8(5.7) <0.001 30.6 (6.9) 27.9 (4.8) 0.09

54 (19) 45 (16) 0.32 3(12) 11 (18) 0.45
223 (81) 232 (84) 0.55 23 (89) 50 (82) 0.45

38 (18) 32 (14) <0.001 32 (11) 29 (11) 0.32

2.33(0.42) 3.28 (0.63) <0.001 2.22(0.37) 3.24 (0.62) <0.001

79 (8) 108 (7) <0.001 75 (6) 105 (8) <0.001

3.02 (0.56) 4.09 (0.84) <0.001 2.89 (0.54) 4.03 (0.80) <0.001

78 (4) 80 (4) <0.001 77 (3) 80 (4) <0.001
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FEF25-75%, L per second

D) 2.15 (0.67) 3.38 (0.84) <0.001 2.01 (0.45) 3.44 (0.96) <0.001
SGRAQ total score 23.5 (18.6) 16.8 (15.6) <0.001 26.7(17.2) 13.3 (12.3) <0.001
Activity domain 34.9 (25.6) 24.5 (23.0) <0.001 40.2 (22.0) 20.7 (20.4) <0.001
Impact domain 12.9 (15.4) 8.4 (12.5) <0.001 13.9 (15.2) 5.7(9.3) 0.003
Symptoms domain 31.9 (23.6) 25.9 (21.7) 0.003 38.0 (21.8) 21.6 (18.9) 0.001

Includes participants from the moderate lung function tertile. BMI, body mass index; FEF25-75%, percent forced expiratory flow between 25%
and 75% of vital capacity of the predicted normal value in litres/second; FEV, forced expiratory volume in 1 second; FEV1%, percent forced
expiratory volume in 1 second of the predicted normal; FVC, forced vital capacity; HLF, high lung function; LLF, low lung function; NC, not

calculated; SD, standard deviation; SGRQ, St. George’s Respiratory Questionnare.
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TABLE 2 Change in lung function over time, 10-year long-term follow-up cohort

10-year long-term follow-up cohort

(N=87)
Pa”m(est]e)r)’ mean Baseline 10-year follow-up visit (2022)
LLF HLF LLF HLF
(n=26) (n=61) (n=26) (n=61)
FEV, L 2.22(0.37) 3.24(0.62) 1.91 (0.46) 2.70 (0.70)
FEV1%p 75 (6) 105 (8) 78 (14) 104 (12)
FVC, L 2.89 (0.54) 4.03 (0.80) 2.66 (0.65) 3.60 (0.91)
FVC% 89 (5) 114 (10) 82 (11) 105 (11)
FEV/FVC, % 77 (3) 80 (4) 72 (8) 75 (7)
FEF25-75, L/sec 2.01 (0.45) 3.44 (0.96) 1.50 (0.86) 2.34 (1.00)

FEF25-75%, percent forced expiratory flow between 25% and 75% of vital capacity of the predicted normal value in litres/second; FEV, forced
expiratory volume in 1 second; FEV1%p, percent forced expiratory volume in 1 second of the predicted normal; FVC, forced vital capacity;

HLF, high lung function; LLF, low lung function; SD, standard deviation.
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FIGURES

FIGURE 1 Participant disposition, overall cohort.

Recruited
(n=2273)

Excluded: aged <39 or =60 years at baseline P
(n=730)

h 4

Aged 40-60 years at baseline

(n=1543)
Excluded: FEV /FVC <0.7 <
(n=322)
v
FEV,/FVC =0.7 at baseline
(n=1221)
Excluded: <2 visits -
(n=391)
=2 visits
(n=830)
v r
Post-bronchodilator FEV. %p Post-bronchodilator FEVW%p Post-bronchodilator FEV, %p
<88% at baseline (LLF) =88% to =99% at baseline (MLF)? >99% at baseline (HLF)
(n=277) (n=276) (n=277)

¥The MLF tertile was not analysed. FEV, forced expiratory volume in 1 second; FEV%p,
percent forced expiratory volume in 1 second of the predicted normal; FVC, forced vital

capacity; HLF, high lung function; LLF, low lung function; MLF, moderate lung function.
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FIGURE 2: Kaplan Meier curve adjusted for age, sex, BMI, race, and pack-years, current
smoking status, and co-morbidities, showing that survival is significantly reduced in the LLF

versus HLF tertiles(p=0.02)..

1.00+

<

©

3]
1

o

[{e]

o
L

o

)

I3}
f

mulLLF wmHLF

Adjusted Survival Probabili

0.801

0 7] 10 15

Years Since Baseline

Copyright Chronic Obstructive Pulmonary Diseases: Journal of the COPD Foundation ©2025
Published online August 1, 2025 https://doi.org/10.15326/jcopdf.2025.0605



https://journal.copdfoundation.org/
https://journal.copdfoundation.org/
https://doi.org/10.15326/jcopdf.2025.0605

PRE-PROOF Chronic Obstructive Pulmonary Diseases: Journal of the COPD Foundation PRE-PROOF

FIGURE 3 Comorbidities in participants with baseline LLF versus HLF at baseline (initial

evaluation) and at 17-year follow-up in 2022, 17-year long-term follow-up cohort.
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COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; HLF, high lung
function,;

LLF, low lung function.
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FIGURE 4 SGRQ total score and domain scores at baseline and in 2022 in the LLF versus

HLF tertiles, 17-year long-term follow-up cohort?.
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**p<0.01; ***p<0.001. p-values are reported only for between-tertile comparisons at baseline
and 2022 and are not reported for comparisons within tertiles between baseline and 2022;
Mann-Whitney U Test is for non-normally distributed data. *Based on 71 participants with
SGRQ measurements at both baseline and follow-up. HLF, high lung function; LLF, low

lung function; SD, standard deviation; SGRQ, St. George’s Respiratory Questionnaire.
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FIGURE 5 Decline in lung function over 20 years in participants with HLF and LLF. The

dots on the lines represent the visits of each individual over the years.
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