The Lancet Regional Health - Western Pacific 13 (2021) 100188

THE LANCET Regional Health
Western Pacific

Contents lists available at ScienceDirect

The Lancet Regional Health - Western Pacific

journal homepage: www.elsevier.com/locate/lanwpc

Research paper

Associations between lung function and future cardiovascular
morbidity and overall mortality in a predominantly First Nations
population: a cohort study.

Andrew ] Collaro'**, Anne B Chang'*># Julie M Marchant 2, Mark D Chatfield >,
Annette Dent*®, Tamara Blake??, Patsi Mawn* Kwun Fong*°° Margaret S McElrea>*

1 Australian Centre for Health Services Innovation, Queensland University of Technology, Brisbane, Queensland, Australia

2 Department of Respiratory and Sleep Medicine, Queensland Children’s Hospital, Brisbane, Queensland, Australia

3 Child Health Division, Menzies School of Health Research, Charles Darwin University, Darwin, Northern Territory, Australia
4Indigenous Respiratory Outreach Care, The Prince Charles Hospital, Brisbane, Queensland, Australia

5 Faculty of Medicine, The University of Queensland, Brisbane, Queensland, Australia

6 Thoracic Medicine, The Prince Charles Hospital, Brisbane, Queensland, Australia

ARTICLE INFO ABSTRACT

Article history: Background: Spirometric lung function impairment is an independent predictor of respiratory and car-

Received 18 February 2021 diovascular disease, and mortality across a broad range of socioeconomic backgrounds and environmental

ii‘c”:;tceldlzy“”&};;%lz] settings. No contemporary studies have explored these relationships in a predominantly regional/remote

Available online 5 July 2021 First Nations population, whose health outcomes are worse than for non-First Nations populations, and
First Nations people living in urban centres.

Keywords: Methods: This was a retrospective cohort study of 1,734 adults (1,113 First Nations) referred to specialist
Respiratory Medicine respiratory outreach clinics in the state of Queensland, Australia from February 2012 to March 2020. Re-
First Nations gression modelling was used to test associations between lung function and mortality and cardiovascular
Cardiovascular Disease disease.

lung function Findings: At the time of analysis (August 2020), 189 patients had died: 88 (47%) from respiratory causes
gﬂ:gg;ggy and 38 (20%) from cardiovascular causes. When compared to patients with forced expiratory volume in

one second (FEV,) and forced vital capacity (FVC) Z-scores of >0 to -1, patients with Z-scores <-1 were
at elevated mortality risk (HR=3+2, 95%CI 1+4-74; HR=2+6, 95%CI 1+3-5¢1), and elevated cardiovascular
disease risk (OR=1-5, 95%CI 1+1-2-2; OR=1+6, 95%CI 1-2-2-3). FEV;/FVC% Z-scores <-1 were associated
with increased overall mortality (HR=1+6, 95%CI 1-1-2+3), but not cardiovascular disease (OR=1-1, 95%CI
0-8-1-4). These associations were not affected by First Nations status.
Interpretation: Reduced lung function even within the clinically normal range is associated with increased
mortality, and cardiovascular disease in First Nations Australians. These findings highlight the importance
of lung function optimisation and inform the need for future investment to improve outcomes in First
Nations populations.
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Research in context

tion and cardiovascular disease, and mortality. We searched
for articles published between database inception to Febru-
ary 2020, using search terms “spirometr*”, “lung function”,
“cardiovascular”, “mortality”, and “survival”. We found anal-
yses of data from large-scale cohort studies, literature re-
views, and a meta-analysis that examined these associations.
One large-scale cohort study included participants from a
diverse range of socioeconomic backgrounds and environ-
ments. Across all studies, strong associations between FEV;

Evidence before this study: We searched PubMed for rele-
vant publications exploring associations between lung func-
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and FVC indices were found. Individually, however, there is
disagreement as to whether only FEVy, FVC, or both, inde-
pendently predict mortality and cardiovascular disease. No-
tably, we found only one study published in 1988 that in-
cluded predominantly First Nations participants; this was the
only study to have found any association between FEV;/FVC%
and mortality, but not for other spirometry lung indices. Lim-
itations of that study include that it is no longer contempo-
rary (spirometry data collected in 1970/71), reference values
applied were not reported, and other likely confounders (e.g.,
tobacco smoking, co-morbidities) were not accounted for.

Added value of this study: In this cohort of predomi-
nantly First Nations Australians, we found that any lung func-
tion impairment, even within the clinical normal range of
0 to -1-64 Z-scores, is associated with increased respiratory
and cardiovascular disease risk, and mortality. We provide
supportive evidence that both FEV; and FVC independently
predict these outcomes, and to our knowledge, this is only
the second study to find a significant association between
FEV;/FVC% and mortality. Furthermore, this is the only study
to establish this association while correcting for factors such
as smoking, BMI, and co-morbidities.

Implications of all the available evidence: Our findings
highlight the importance of lung function optimisation, par-
ticularly in the First Nations Australian population, who like
other global First Nations populations, are at heightened risk
of chronic respiratory and cardiovascular diseases, and early
mortality. In the context of recent research findings which
show that lung function catch-up growth is possible in chil-
dren, it is vital that preservation and optimisation of lung
function occurs in First Nations children to alter lung func-
tion trajectories and prevent adverse outcomes in adulthood.

1. Introduction

It is increasingly accepted that lung function is an independent
prognostic marker not only of respiratory conditions but also of
cardiovascular disease and overall mortality [1,2] even in asymp-
tomatic people without respiratory disease [3]. The relationship
between forced expiratory volume in 1 second (FEV;) and car-
diovascular disease mortality has been explored in several large
population-based cohort studies [1,2,4,5]. The prospective urban
rural epidemiology (PURE) study with lung function data from
126,359 people from 17 countries found that reduced FEV; (even
within the clinically normal range) was associated with increased
mortality and cardiovascular disease, with an effect size greater
than conventional risk factors such as smoking and hypertension
[6]. Similar correlations have been observed with forced vital ca-
pacity (FVC) measurements, but only rarely with the FEV,/FVC ra-
tio [1,3,5,6].

Several mechanisms have been put forward to explain the re-
lationship between lung function and cardiovascular disease. Sys-
temic inflammation, [2] when associated with chronic lung condi-
tions such as chronic bronchitis, [7] has emerged as the most likely
mechanism. Furthermore, airflow limitation is an independent pre-
dictor of vascular injury and atherosclerosis [4,8]. The strong asso-
ciations of both FEV; and FVC impairments with coronary artery
disease are present even among lifetime non-smokers [9]. More
recently, lung function impairment has also been associated with
congestive heart failure after adjusting for left ventricular function
and cardiac stress [1].

Several large population-based cohort studies have included
participants from a range of socioeconomic backgrounds and envi-
ronmental settings [2,6]. While the PURE study [6] included partic-
ipants from high and low income countriesacross urban and rural
areas, only one previously published study has specifically exam-
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ined data from First Nations populations [10]. This is particularly
important as First Nations people are among the most disadvan-
taged groups [11] and First Nations Australians are more affected
by chronic disease than their non-First Nations counterparts [12].
Chronic respiratory disease among First Nations peoples is approx-
imately 2+5 times higher than for non-First Nations, [13] while car-
diovascular disease burden is 1-2 times higher and cardiovascular-
related mortality 1-6 times higher [12]. The relative poorer health
of First Nations Australians is further worsened with increasing ge-
ographical remoteness [14]. Thus, it is important to confirm the
prognostic value of lung function in First Nations people, partic-
ularly those in regional and remote areas.

Since 2011, we have been part of the Indigenous Respiratory
Outreach Care (IROC) program, a specialist respiratory outreach
service in Queensland that delivers care directly to regional and re-
mote communities with high First Nations populations. The visiting
specialist teams consist of a First Nations project officer, respiratory
physician, nurse, and respiratory scientist. Lung function testing is
routinely performed by patients at IROC clinics before physician
consultation. Using data of adults treated at IROC clinics, we eval-
uated spirometric measures of lung function, co-morbidities, and
demographic factors as predictors of cardiovascular and respiratory
morbidity and mortality of the cohort. Our study’s aims were to,
firstly, determine what demographic and disease factors are asso-
ciated with reduced lung function, and secondly, to evaluate the
prognostic value of spirometric lung function with future cardio-
vascular disease and mortality.

2. Methods
2.1. Study design, setting, and participants

This is an eight-year retrospective cohort study (February 2012-
March 2020) of adults referred to the IROC service through their
primary care physicians, First Nations health workers or self-
referral. Clinics were held in regional and remote Queensland com-
munities. Inclusion criteria were adults aged 18 years at IROC
clinic visit, who were medically reviewed and had spirometry per-
formed by a trained respiratory scientist. Ethical approval and a
waiver of patient consent for this study was granted by The Prince
Charles Hospital Human Research Ethics Committee (reference:
HREC/2019/QPCH/58452).

2.2. Lung function testing

Spirometry was performed according to American Thoracic So-
ciety (ATS) and European Respiratory Society (ERS) criteria [15] us-
ing an EasyOne Pro or EasyOne Pro Lab (ndd Medizintechnik)
portable machine. Patients were tested with a nose clip while
seated. Global Lung Function Initiative (GLI) 2012 reference values
[16] were applied to spirometry tests to derive Z-scores for each
patient. For patients who self-identified as First Nations, the GLI
2012 “Other/mixed” classification was chosen, [17] while the “Cau-
casian” classification was used for non-First Nations patients.

2.3. Data verification

Patient demographics, lung function data, respiratory diagno-
sis, smoking and household smoking status, and comorbidities
recorded by a respiratory physician for each patient were collected.
Data for mortality and cause of death data was censored in August
2020 and collected from electronic medical records, using death
certificates where available, or discharge summaries. Where cause
of death was unclear or no information was available, cause of
death was flagged as “unknown”. All information was transferred
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into a separate study database, and missing information was com-
pleted where possible using electronic and paper chart medical
records.

2.4. Definitions and statistical analysis

Pre-bronchodilator spirometry at first visit to IROC was used
as the baseline for this study. We analysed the data using cate-
gories described by the PURE study [6] where FEV; Z-scores >0
are grouped as “no impairment”, <0 to -1 as “mild impairment”,
<-1 to -2 as “moderate impairment”, and <-2 as “severe impair-
ment”. We note that only Z-scores <-1+64 (lowest 5% of the refer-
ence population) are considered clinically abnormal [16].

Ever-smoker status was assigned to patients who indicated
they had smoked in their lifetime, and together with household
smoke exposure status were determined using clinic question-
naires completed during their clinic visit. Chronic respiratory dis-
ease includes respiratory physician diagnoses of chronic obstruc-
tive pulmonary disease (COPD), asthma, bronchiectasis, or other
chronic pulmonary disease. Cardiovascular disease includes is-
chaemic heart disease, congestive heart failure, stroke or transient
ischaemic attack (TIA), and cardiac valve disease.

Adjusted hazard ratios (HRs) for mortality were calculated for
patient demographics, baseline lung function status, arterial hyper-
tension, and type 2 diabetes using a multivariable Cox proportional
hazards model after testing the proportional hazards assumption.
Due to the small event numbers, patients within the no impair-
ment and mild impairment groups were combined into a single
category for the survival analysis. Multivariable logistic regression
modelling was used to generate odds ratios (ORs) for respiratory
and cardiovascular disease. Main effects were fit for age, sex, First
Nations status, body mass index (BMI), smoking status, lung func-
tion, hypertension, and type 2 diabetes. Interaction terms (First Na-
tions status and FEV; or FVC impairment) were used in each model
to explore effect modification of First Nations status on associa-
tions between lung function status and outcomes. Stata16+1 (Stata-
Corp LLC) was used for statistical analyses; 2-tailed p-values <0-05
were considered significant.

Role of funding sources: The funding source had no role in
the study design, secondary data analysis, data interpretation or
manuscript writing.

3. Results

Of the 1,853 patients with lung function data, we were unable
to obtain medical records for 76 patients while 43 patients had
lung function data that was incomplete or did not include spirom-
etry (Figure 1). Spirometry, demographic, chronic respiratory dis-
ease, and comorbidity data for the cohort included in this analy-
sis are summarised in Table 1 and categorised by FEV; Z-scores.
The median age of the remaining patients included in this co-
hort (n=1,734) was 57 years (IQR 48-67) (First Nations=55 years,
IQR 46-64; non-First Nations=63 years, IQR 53-72); 1,013 (58%)
were females and 1,113 (64%) First Nations Australians. The median
follow-up time was 4 years (IQR 2-5) from the time patients were
first seen at IROC, to the time of collation and verification (August
2020) of the data. During this period, 189 (11%) patients died; 88
(47%) from respiratory causes, 38 (20%) from cardiovascular causes,
38 (20%) from other causes including renal disease, non-pulmonary
cancers, and 25 (13%) from unknown causes.

With worsening lung function (lower Z-score categories), the
proportion of patients with chronic respiratory disease and car-
diovascular disease increased, as well as the number of deaths
(Table 2). The frequency of cardiovascular disease (ischaemic heart,
heart failure) and mortality (all, respiratory, and cardiovascular)
based on baseline FEV; categories depict graded increases with
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decreasing FEV; (Figure 2). Likewise, there were graded increases
with decreasing FVC (Supplement Figure S1).

Cox regression analyses of baseline spirometry data (FEV;, FVC,
and FEV/FVC%) relating to mortality are presented in Table 3. Like
the data for frequency of disease, there were graded increases in
mortality with decreasing FEVy, FVC, and FEV;/FVC% Z-scores. As-
sociations with mortality were still evident in additional modelling
for FEV,/FVC% that included adjustment for the presence of res-
piratory disease (p=0+04). Risk of death for First Nations patients
was similar to their non-First Nations counterparts for FEV; (p for
interaction=0+70), FVC (p for interaction=0-89), and FEV{/FVC% (p
for interaction=084).

Adjusted HRs (Table 3) also depict a significant reduction in risk
for patients who were overweight or obese, while underweight
patients and patients with type 2 diabetes were at significantly
increased mortality risk. When compared to a combined normal-
to-mild group (>0 to-1 Z-scores), patients in a combined moder-
ate/severe group (<-1 Z-scores) for FEV; and FVC were at >2+5
times higher risk of mortality (HR 32, 95%Cl 1-4-7-4; HR=2.6,
95%CI 1-3-5-1), and 16 times higher risk with moderate/severe
impairment in FEV;/FVC% (HR=1-6, 95%CI 1-1-2-3).

For respiratory disease, logistic regression (Tables 4 and 5)
showed increased risk in patients with any FEV;, FVC, or
FEV;/FVC% (Supplement Table S1) impairment. Adjusted risk of
cardiovascular disease was higher for all patients with any FEV,
or FVC impairment, current and former smokers, and patients
with hypertension and/or type 2 diabetes. First Nations pa-
tients were at similar risk for both cardiovascular disease (FEV;
p for interaction=0:38, FVC p for interaction=0-43, FEV;/FVC%
p for interaction=0-34) and respiratory disease (FEV; p for
interaction=0-16, FVC p for interaction=027, FEV{/FVC% p for
interaction=0+73) as their non-First Nations counterparts. We also
found females were at significantly reduced risk of cardiovascular
disease. When compared to a combined normal/mild group (>=-
1 Z-score), patients in a combined moderate/severe group (<-1 Z-
scores) were at greater risk of cardiovascular disease for both FEV,
and FVC (OR 1+5, 95%CI 1+1-2+2; OR=1+6, 95%CI 1-2-2-3). We found
no relationship between impaired FEV;/FVC% and cardiovascular
disease (OR=1-1, 95%CI 08-1-4).

4. Discussion

In our study of 1,734 adults (approximately two-thirds First Na-
tions Australians), we found that any FEV,, FVC, and FEV;/FVC%
impairment, even within clinically normal ranges, was associated
with significantly increased risk of all-cause mortality. Type 2 di-
abetes (T2DM) and being underweight were associated with in-
creased risk, while obesity was associated with decreased risk of
overall mortality. In multivariable regression of respiratory and car-
diovascular disease, we found that FEV,, FVC, and FEV{/FVC% im-
pairment were associated with increased risk of respiratory dis-
ease, whilst FEV; and FVC impairment, male seX, ever-smoker sta-
tus, and co-morbidities (T2DM and hypertension) were associated
with increased cardiovascular disease risk. First Nations status did
not alter risk of respiratory or cardiovascular disease, or mortality.
Notably, in our unique cohort, our findings were similar to that
of the recent PURE study, which suggested FEV; and FVC, even
within the clinically normal ranges, were associated with mortality
and cardiovascular disease risk in their large prospective cohort of
126,359 adults [6].

Our study is novel for several reasons. Firstly, our data confirms
the applicability of the PURE study [6] findings of the relationship
of lung function to future cardiovascular and respiratory morbidity,
and mortality in a predominantly First Nations population in a re-
gional/remote setting. Secondly, we also found that in addition to
the well-known importance of FEV; and FVC, the FEV;/FVC ratio
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Data Collation and
Verification

Collation of lung function data from outreach service
testing equipment into study database

Addition and verification of patient (n=1853)
demographics, diagnosis and outcomes using:
- outreach service database

- electronic records

- paper chart records

Excluded (n=119) due to:
- no medical records (n=76)

Description and > - incomplete lung function data (n=12)
analysis - non-spirometric testing (n=31)

\

Data description and analysis (n=1734) of:

- demographics

- spirometric lung function

- multivariable modelling of outcomes (mortality and
respiratory, and cardiovascular disease)

Figure 1. Flow diagram of study data collection, verification, and analysis.

Table 1
Summary of patient demographics by zFEV;.
Clinically normal range Clinically abnormal range
ZFEV; >0 (n=173) zFEV; <0 to -1 (n=326)  zFEV; <-1to -2 (n=469)  zFEV; <-2 (n=766)
Median (IQR)
FEV; (% predicted) 1070 (1028-1123)  91+4 (88:5-95-2) 787 (74+8-82:2) 54+0 (40-9-63+7)
FVC (% predicted) 1074 (100+6-1126)  93-3 (88-1-98-9) 82+2 (76+8-88:6) 669 (56¢7-75-9)
FEV, [FVC 0-82 (0-78-0-86) 080 (0-75-0-83) 077 (0-70-0-82) 0465 (0+52-0+75)
n (%) < LLN (Z <-1.64) 3 (<1%) 20 (<1%) 76 (16%) 450 (59%)
n (%)
Sex
Female 108 (62%) 192 (59%) 281 (59-9%) 432 (56%)
Male 65 (38%) 134 (41%) 188 (40-1%) 334 (44%)
First Nations 97 (56%) 200 (61%) 319 (68-0%) 497 (65%)
Age (years) 53 (40-63) 55 (45-66) 57 (46-68) 59 (51-68)
BMI (kg/m?)
Underweight (<185) 1 (<0-1%) 10 (<1%) 21 (5%) 49 (6%)
Healthy (18-5-24-9)
33 (19%) 63 (19%) 70 (15%) 167 (22%)
Overweight (25-29-9)
49 (28%) 75 (23%) 111 (24%) 182 (24%)
Obese (>30)
90 (52%) 178 (55%) 267 (57%) 368 (48%)
Smoking (n=1571)
Current 27 (16%) 97 (30%) 175 (37%) 303 (40%)
Former
43 (25%) 98 (30%) 151 (32%) 270 (35%)
Never 76 (44%) 93 (29%) 115 (25%) 123 (16%)
Household smoke (n=1396)
Yes
43 (25%) 96 (29%) 150 (32%) 280 (37%)
No 88 (51%) 158 (49%) 247 (53%) 330 (43%)
Hypertension 40 (23%) 101 (31%) 174 (37%) 307 (40%)
Chronic respiratory disease 104 (60%) 218 (67%) 360 (77%) 663 (87%)
Cardiovascular disease 29 (17%) 48 (15%) 96 (21%) 218 (29%)
Cancers 13 (6%) 14 (4%) 14 (<1%) 44 (6%)
Deaths 1 (<1%) 15 (5%) 32 (7%) 141 (18%)

Clinically normal range encompasses Z-scores >=-1.64.
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Table 2
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Summary of outcomes by First Nations status by FEV, category.

Clinically normal range

Clinically abnormal range

zFEV; >0 ZFEV; <0to -1  zFEV; <-1to -2  zFEV; <-2
n (%)
Deceased
First Nations 0/97 (0%) 9/200 (5%) 20/319 (6%) 77/497 (15%)
Non-First Nations 176 (1%) 5/125 (5%) 12/150 (8%) 64/269 (24%)

Respiratory disease
First Nations
Non-First Nations
Cardiovascular disease
First Nations
Non-First Nations

33/97 (34%)
40/76 (54%)

10/97 (10%)
9/76 (12%)

134/200 (67%)
84/126 (67%)

26/200 (13%)
22/126 (17%)

242319 (76%)
118/150 (79%)

427/497 (86%)
236/269 (88%)

69/319 (22%)
27/150 (18%)

133/497 (27%)
85/269 (32%)

18%

10%

7%

5%
3%

2% 4o, 29, 2%

28%

4% 4%

3% 3%

Deaths Deaths Deaths Disease Ischaemic Congestive Stroke/transient
(All) (Respiratory) (Cardiovascular) (All cardiovascular)  heart disease heart failure ischaemic attack
[T ] None (zFEV1 20) [ mild (zFEV1 <0 to -1)
I Voderate (zFEV1 <-1 to -2) I scvere (zZFEV1 <-2)
Figure 2. Percentages of patients within zFEV; impairment categories assigned to each outcome.
Table 3
Hazard ratios (HR) for mortality in three multivariable models.
FEV, FvC FEV, [FVC%
HR (95%CI) p HR (95%CI) p HR (95%CI) p
Age (per 10-year increase) 1-85 (1+61, 2-11) <0-01 1-89 (1465, 2+17) <001 185 (1+61, 2-11) <001
Sex Female 075 (0-56, 1-01)  0-06 075 (0-56, 1-01)  0-06 0-81 (0-60, 1-09)  0-17
First Nations status 1-38 (0-51, 3+75)  0-53 1-00 (044, 2-26)  1-00 110 (065, 1-86) 073
BMI Underweight  1-82 (1-07, 3.09) <001 180 (1+06, 3:07) <001 185 (1-09, 3:14) <001
Normal Reference Reference Reference
Overweight 0+77 (0-53, 1-12) 080 (0-54, 1-16) 072 (0-50, 1-05)
Obese 0445 (0-31, 0+65) 043 (0-29, 0-62) 045 (0-31, 0-66)
Smoking* Current 1+56 (098, 2.49)  0-14 1+62 (102, 2:58)  0-09 172 (1-07, 2-76)  0-06
(n=1571) Former 1-49 (0-96, 2+33) 158 (101, 2+46) 161 (103, 2+53)
Never Reference Reference Reference
Spirometry Z-score
Clinically normal >0 to -1 Reference <001 Reference <001 Reference 0-02
<-1to -2 2.11 (0-83, 5.38) 257 (1-31, 5.05) 171 (0.93, 3-14)
Clinically abnormal <-2 5.05 (230, 11.1) 4.99 (2-97, 9.30) 210 (123, 3+57)
Hypertension 1-37 (1.01, 1-86)  0-045 1-35 (1-00, 1-84) 005 1-31 (0-96, 1-79)  0-09
Type 2 diabetes 167 (119, 2:36) <001 151 (1-08, 2:13)  0-02 1-80 (127, 2+55)  <0-01

*Patients with missing smoking data (n=163) included in modelling but excluded from global Wald test.

has an equally significant association with mortality in First Na-
tions Australians. Finally, our study is one of the first, and the only
contemporaneous study, to be largely based on a First Nations pop-
ulation. This is important as the burden of chronic illness among
First Nations Australians is high and cardiovascular illness is the
largest cause of mortality [6]. Confirming the applicability of inter-
national studies to First Nations Australians is evidence that may

promote strategic resource allocation to improve outcomes for this
population.

Our findings are concordant with data from the Whitehall II
Study (n=4,817) in which mean baseline FEV; and FVC were sig-
nificantly lower (-0+4 litres, p<0001; -0+5 litres, p<0-001) among
those participants who were deceased at census [2]. While FEV4
often receives greater attention within the literature, FVC has also
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Table 4
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Odds ratios (ORs) for respiratory and cardiovascular disease in two multivariable models with FEV;.

Respiratory disease

Cardiovascular disease

OR (95%CI) p OR (95%CI) p
Age (per 10-year increase) 121 (1-11, 1-33) <001 157 (1-41, 1-76) <001
Sex Female 0499 (0-77, 128) 0-95 069 (0-54, 0-89)  <0-01
First Nations status 1-87 (0+96, 3+66) 0-07 0-98 (0-35, 2:77)  0-59
BMI Underweight 099 (0-54, 1-82) 0-42 1-01 (053, 1-91)  0-15
Normal Reference Reference
Overweight 1+10 (0+76, 1-59) 1+45 (098, 2-15)
Obese 1+29 (093, 1-80) 1:07 (074, 1-55)
Smoking* Current 107 (0+76, 1-50) 0-27 171 (117, 250) 0-02
(n=1571) Former 1-31 (092, 1-86) 1:52 (106, 2-19)
Never Reference Reference
FEV, Z-score
Clinically normal >0 Reference <001 Reference 0-02
<0 to -1 1+64 (087, 3+12) 1+29 (053, 3-15)
<-1to-2 279 (1+46, 5:33) 1-07 (046, 2-48)
Clinically abnormal <-2 602 (3-17, 11+42) 215 (0-98, 4-71)
Hypertension 126 (093, 1-71) 0-14 215 (1+63, 2:83)  <0-01
Type 2 diabetes 095 (0-69, 1:33) 0-78 2444 (1-82, 3:27)  <0-01

*Patients with missing smoking data (n=163) included in modelling but excluded from global Wald

test.

Table 5

Odds ratios (ORs) for respiratory and cardiovascular disease in two multivariable models with FVC.

Respiratory disease

Cardiovascular disease

OR (95%CI) p OR (95%CI) p
Age (per 10-year increase) 125 (1+14, 1-36) <001 1-61 (144, 1-80) <001
Sex Female 1+06 (058, 1:92) 085 068 (0-53, 0-.88)  <0-01
First Nations status 1+52 (0+85, 2:70)  0-16 071 (0-31, 1-59)  0-40
BMI Underweight 1-06 (0-58, 1-92)  0-61 0-97 (0-49, 1-:90)  0-11
Normal Reference Reference
Overweight 1:07 (074, 1:54) 1+45 (098, 2-14)
Obese 1-23 (0-89, 1-70) 1-03 (071, 1-49)
Smoking* Current 1:21 (0-87, 1-68) 011 177 (122, 2-58) <001
(n=1571) Former 1+45 (102, 2:06) 1+55 (108, 2+22)
Never Reference Reference
FvC Z-score
Clinically normal >0 Reference <0-01 Reference <0-01
<0 to -1 1-64 (092, 2:90) 081 (0-38, 1-74)
<-1to-2 207 (1-15, 3:73) 1-09 (052, 2-28)
Clinically abnormal <-2 3461 (1-89, 6-88) 218 (1-07, 4-44)
Hypertension 1229 (096, 1:75)  0-09 219 (1+66, 2:88)  <0-01
Type 2 diabetes 092 (0-66, 1-28)  0-62 2426 (1+68, 3:03)  <0-01

*Patients with missing smoking data (n=163) included in modelling but excluded from global Wald

test.

been strongly associated with survival outcomes [3,10,18,19]. An
analysis of 7,489 participants in the Atherosclerosis Risk in Com-
munities (ARIC) study by Burney et al. found higher FVC signif-
icantly reduced mortality risk (HR 0490, 95%CI 0-81-1-00), while
higher FEV; (HR 0-98, 95%CI 0-80-1-07) did not [3]. The relation-
ship between FEV;/FVC% and mortality is often unexplored except
for a small number of studies. An analysis of 12,703 participants
from the Gutenberg Health Study by Magnussen et al, found no
association between FEV{/FVC% with survival (HR 0-94, 0-85-1-04)
[1]. To our knowledge, the only study that has demonstrated a sig-
nificant association between FEV;/FVC% and mortality was a study
of two First Nations populations in Papua New Guinea, where the
mean FEV;/FVC% was significantly greater at baseline in those par-
ticipants who were still alive at census versus those who had died
(difference=6-5%, p<0-001) [10]. One explanation for this finding
is that our data is from a respiratory service, where airway ob-
struction is a common element to many diseases seen and treated.
When we re-analysed the data, adding adjustment for the presence
of respiratory disease to our modelling, our findings remained the
same, thus, we are confident that respiratory disease is not the un-
derlying reason.

We observed similar results when analysing cardiovascular out-
comes, where any FEV; or FVC impairment, even within the clin-
ically normal range, significantly increased cardiovascular disease
risk, independent of other factors such as age, sex, smoking sta-
tus, and BMI. This relationship is now well supported by nu-
merous studies, summarised in a recent review [5]. The Coro-
nary Artery Risk Development in Young Adults (CARDIA) study
(n=3,000) found that subclinical lung function decline was asso-
ciated with two distinct cardiopulmonary disease states at follow-
up [20]. FEV; and FVC decline with preserved FEV;/FVC%, a re-
strictive spirometry pattern, was associated with left ventricular
(LV) hypertrophy (LV mass in grams, $=3+84, p<0-0001) at year
25 of follow-up [20]. Decline in FEV;, with associated FEV;/FVC%
decline, was associated with lowered cardiac output at year 5 (LV
cardiac output in litres/minute, f=-0+07, p=003) and lowered left
atrial internal dimension (LAID) at year 25 (LAID in cm, $=-0-034,
p=0-0001) of follow-up [20]. Our data are consistent with the no-
tion that graded increases in cardiovascular disease prevalence oc-
cur with increasing FEV; and FVC impairment. Indeed, a meta-
analysis of 12 datasets found that patients with COPD were more
likely to have cardiovascular disease than controls or the general
population (OR 246, 95%CI 2-02-3-00) [21].
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Findings for First Nations patients within this cohort were sim-
ilar to the whole group, confirming the applicability of lung func-
tion as a predictor of future outcomes to the First Nations popu-
lation of Australia. First Nations status did not significantly influ-
ence mortality, nor cardiovascular or respiratory disease risk. This
is likely due to First Nations individuals making up most of the
whole group. For this study we used the “Other/mixed” GLI cat-
egory to produce reference values and Z-scores, based on previ-
ous findings that this is the most suitable ethnic category for First
Nations children [17]. Currently, this category has yet to be val-
idated for use in the adult First Nations population and so lung
function interpretation within this population is more difficult. We
also note that First Nations representation increased with worsen-
ing FEV,; impairment and was highest in the moderate and severe
FEV; categories of impairment.

Our study supports existing evidence within the literature that
spirometric lung function is an independent predictor of future
mortality and cardiovascular disease risk and provides up-to-date
evidence that these findings are applicable in First Nations popu-
lations. This highlights the importance of lung function optimisa-
tion, particularly in First Nations populations that continue to be at
heightened risk of respiratory and cardiovascular diseases, and re-
duced life expectancies [12]. Recent research in lung function tra-
jectories suggests that impaired (but still clinically normal) FEV,
in childhood or young adulthood are associated with lower lung
function in adulthood, and associated increased cardiopulmonary
and all-cause mortality [22-25]. Importantly, there is now evidence
that early identification and management of respiratory illness in
early life may precipitate catch-up growth, and alter the lung func-
tion trajectories of children treated [25,26]. We have previously
shown that specialist respiratory outreach services that are tailored
to the needs of target communities can significantly improve the
lung function of children in First Nations communities [27]. Con-
tinued optimisation of lung function in children and adults in First
Nations populations through services such as these, while concur-
rently addressing other risk factors such as those identified in our
study (e.g. smoking, hypertension, type 2 diabetes) are important
to improve future outcomes for this at-risk population.

Our study has several limitations. Firstly, our analysis is lim-
ited somewhat by a smaller sample size when compared to other
larger-scale epidemiological studies discussed above. Secondly, our
analysis is of data from a clinical service, and so selection bias
may limit the applicability of our findings to wider regional and
remote First Nations and non-First Nations Australian populations.
While the IROC service allows self-referral, the proportion of pa-
tients who were self-referred is unknown. Thirdly, data for amount
of smoking were low quality and often incomplete, and so were
not included in our model, thus limiting the ability of our analysis
to determine the impact of smoking on outcomes. Fourthly, while
all lung function testing was performed by experienced respiratory
scientists, these results are clinically reported values and a minor-
ity may not meet full ATS/ERS criteria [15]. Inclusion of these tests
may alter associations between lung function impairment and out-
comes. Finally, death certificate data was not available for most pa-
tients via electronic medical records, and so discharge summaries
(discharge due to patient death) were used for these patients in-
stead. While each of these discharge summaries were considered
by medical doctors involved in this study, it is possible the true
cause of death may have been misassigned in a minority of cases,
which may affect our results.

Our findings suggest that reduced FEV;, FVC, and FEV/FVC%,
even within the clinically normal range, are independently asso-
ciated with increased mortality for both First Nations and non-
First Nations Australians living in regional and remote areas. Re-
duced FEV; and FVC were also independently associated with
increased cardiovascular disease risk in both groups. We con-
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clude that known associations between lung function and both in-
creased mortality and cardiovascular disease risk are applicable to
First Nations and non-First Nations Australians living in regional
and remote areas. Further, we found a novel association between
FEV;/FVC% and mortality risk in both First Nations and non-First
Nations Australians that persisted after adjusting for the presence
of respiratory disease. In the content of recent research into lung
function trajectories, these findings highlight a need for signifi-
cant emphasis to be placed on lung function optimisation in chil-
dren and young adults, particularly in First Nations populations
who have a substantially heightened risk of chronic lung and heart
disease, and early mortality, in adulthood. ‘Closing the gap’ for
First Nations Australians requires a broad socioeconomic approach,
[28] as well as attention to factors that influence lung trajectories,
much of which occurs in utero and early childhood [25].
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