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HIGHLIGHTS

® Fried fish, but not other fish or PUFA intake, was negatively associated with lung function (FEV;% predicted).

® Cases and controls had similar fish and PUFA intakes, and PUFA levels in phospholipids.

® In case-control analyses, COPD risk was associated with total LCn-3PUFA levels in phospholipids.

® Overall, n-3PUFA intake and status are not determinants of improved lung function in this regional Australian population.

ARTICLE INFO ABSTRACT

Keywords: Chronic obstructive pulmonary disease (COPD) is a progressive disease of the airways, underpinned by in-
Lung function flammation and worsening lung function. Omega-3 polyunsaturated fatty acids (n-3PUFA) can modulate in-
Chronic obstructive pulmonary disease flammatory mechanisms and may therefore impact lung function in people with COPD. This observational, cross-
COPD

sectional study of 577 adults in the Whyalla Intergenerational Study of Health (WISH), conducted during
2008-09 in regional South Australia, explored associations between fish and PUFA intakes (from food frequency
questionnaires) and lung function (spirometry). It also included a nested case-control study which compared fish
and PUFA intakes and plasma phospholipid PUFA levels between 40 people with COPD and 80 age-sex matched
controls. In the whole population, linear regression models adjusted for age, sex, smoking status and education
demonstrated a weak negative association between lung function (FEV;% predicted) and consumption of fried
fish (OR -0.12, 95% CI -0.22, —0.01, P = 0.026) but not fish prepared by other cooking methods or estimated
intakes of PUFA. There was no association between fish or PUFA intakes and COPD risk. Compared to age and
sex matched controls, cases had poorer lung function and a higher rate of smoking prevalence but did not differ
in their intakes of fish or PUFA or their PUFA levels in plasma phospholipids. In this sub-population, we found a
marginally significant association between COPD risk and total long chain n-3PUFA levels in plasma phos-
pholipids (OR 1.22 95% CI 1.00-1.49, P = 0.046). Given the relatively small number of cases in this analysis,
this finding should be interpreted with caution, especially given the lack of association with other markers of n-
3PUFA intake or status. Taken together, our data suggest that n-3PUFA intake and status are not determinants of
improved lung function in this regional Australian population.
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Abbreviations

AA arachidonic acid

ALA alpha linoleic acid

BMI body mass index

CI confidence interval

COPD chronic obstructive pulmonary disease
DHA docosahexaenoic acid

DPA docosapentaenoic acid

EPA eicosapentaenoic acid

FEV1 Forced expiratory volume in 1s
FVC forced vital capacity

g grams

kJ kilojoule

LA linoleic acid

LCn-3PUFA long chain omega-3 polyunsaturated fatty acids
mg milligrams

n-3 omega-3

n-6 omega-6

OR odds ratio

PUFA polyunsaturated fatty acids

SPMs specialised pro-resolving mediators

Total E  Total energy

WISH Whyalla Intergenerational Study of Health

2LCn3PUFA =EPA + DPA + DHA

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a progressive
disease of the airways, characterised by airway obstruction that is not
fully reversible [1]. Symptoms of COPD (such as breathlessness, cough
and chest tightness) worsen as lung function declines and frequency of
exacerbations increases [1]. Inflammation and narrowing of the airway
restricts airflow leading to decreased lung function and destruction of
lung tissue, contributing to airflow limitation and gas transfer impair-
ment [1].

Polyunsaturated fatty acids (PUFA) play vital roles in many systems
in the body including inflammatory processes [2]. Metabolism of
omega-6 (n-6) and omega-3 (n-3) PUFA results in pro-inflammatory and
anti-inflammatory eicosanoid production [2] respectively. The long
chain omega-3 polyunsaturated fatty acids (LCn-3PUFA), eicosa-
pentaenoic acid (EPA) and docosahexaenoic acid (DHA), found pre-
dominately in marine sources such as fish and krill [3,4], also produce
specialised pro-resolving mediators (SPMs), viz. lipoxins, resolvins,
protectins and maresins, that can act to resolve inflammation [5,6].

Despite a strong biological rationale, epidemiologic and interven-
tional data demonstrating potential benefit of LCn-3PUFA supple-
mentation in inflammatory conditions is limited and often conflicting
[2,3,7-9]. In asthma, a number of studies have shown that LCn-3PUFA
(in particular DHA) are able to reduce eosinophilic infiltration (an
important modulator of the inflammatory response in asthma) and
leukocytes in the lungs, thereby reducing inflammation and improving
lung function [10]. In healthy people, the airway mucosa contains
DHA, which facilitates the production of SPMs in the lung when an
acute inflammatory response is required [6]. In people with chronic
lung diseases such as asthma and cystic fibrosis the levels of mucosal
DHA levels are decreased [11]. This reduction in mucosal DHA has
detrimental effects on the production of SPMs, with several studies
finding deficiencies in SPMs in asthma [6,12-14].

There is far less evidence for an effect of LCn-3PUFA supple-
mentation in COPD than in asthma. Hsiao et al. [15] found that when
lung tissue from patients with COPD was treated with Resolvin D1,
chronic inflammation was effectively controlled. Mice exposed to long-
term cigarette smoke were at lower risk of developing smoke-induced
emphysema, and had a reduction in inflammation, oxidative stress and
cell death when treated with Resolvin D1 treatment [15]. In a large
(n= > 120,000 participants) cross sectional study, Varraso et al. [8]
found that higher fish intake (=4 servings per week) was associated
with lower risk of COPD diagnosis; however, this relationship was no
longer significant when adjusted for overall dietary pattern. This sug-
gests that the benefits are a result of an overall healthier diet, rather
than fish intake independently. Two recent systematic reviews have
evaluated whether LCn-3PUFA intake can benefit individuals with
COPD [16,17]. Atlantis and Cochrane [16] found limited evidence to
support the use of LCn-3PUFA supplementation to reduce chronic in-
flammation and improve functional capacity. Similarly, we concluded

that there was insufficient evidence to establish whether a relationship
exists between LCn-3PUFA intake and prevalence or severity of COPD
[171.

Given the limited and conflicting evidence for a beneficial effect of
PUFA on lung function, this study had two aims: firstly, to explore the
associations between amount of self-reported fish and fatty acid intake
and lung function (including COPD diagnosis) in a regional Australian
population (cross-sectional study); and secondly, to compare the con-
sumption of fish (self-reported g/day) and blood levels of PUFA (plasma
phospholipids) between individuals meeting criteria for COPD and age-
sex matched controls (case control study).

2. Materials and methods

This was a cross sectional study with a nested case control study
using data collected as part of the Whyalla Intergenerational Study of
Health (WISH) conducted in 2008-09 in the regional South Australian
city of Whyalla. The original objectives of WISH were to describe the
health behaviours, issues and exposures of individuals and families in
Whyalla in relation to respiratory and metabolic fitness, mental well-
being, aging and men's health [18]. Whyalla was of interest because of
its higher prevalence of respiratory conditions compared to other re-
gional centres in South Australia [19]. One potential contributor may
have been the particulate matter associated with iron ore processing
and steel manufacturing that occurred in Whyalla in the years pre-
ceding the study, although evidence for this is inconclusive [19].

Ethics approval for this project was granted by the University of
South Australia Human Research Ethics Committee (project number
0000032145) and the Aboriginal Research Ethics Committee of South
Australia. Permission to access the data for this study was obtained
from the WISH data custodian prior to data analysis. Participants in the
WISH provided written consent at the time of enrolment for their data
to be stored and analysed for future potentially unrelated projects.

2.1. Study population

A random sample of houses (n = 2500) in Whyalla were selected
from the residential housing database of the State Planning Authority
[18]. Of the 2500 randomly selected houses, 722 people completed the
clinical protocol. Further details on the methodology of WISH have
been reported previously [18]. Those eligible for inclusion in this cross-
sectional study if they were aged =18 years and had completed a food
frequency questionnaire and tests of pulmonary function. The 2013
GOLD criteria for COPD severity were used to classify participants
(Forced expiratory volume in 1s/forced vital capacity FEV;/FVC <
0.70) [20].

The case control study included those from whom blood samples
were available for measurement of plasma phospholipid fatty acid le-
vels. Those who had significant post bronchodilator reversibility (an
increase in FEV; (L) of >12% and 200mls post short acting
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bronchodilator) [21], were pregnant at the time of data collection or
had a diagnosis of a disease that may alter the absorption of n-3PUFA
(e.g. Crohn's disease) were excluded. Two controls were individually
matched to each COPD case (1 case: 2 controls) by sex and age (years at
time of testing, within two years, except one participant aged 88 years
who was matched within 10 years due to lack of appropriate controls).
Where more than two controls were possible matches for a single case,
the control participants with the best lung function (highest FEV,%
predicted) were selected. Where possible, participants were matched
for smoking status as tobacco smoking is an important risk factor for
COPD.

2.2. Outcomes

A portable ultrasonic sensor spirometer (ndd Easy-one™) with a
laptop computer using EasyWare 2008 software (ndd Medizintech AG,
Zurish Switzerland) was used to determine post bronchodilator FEV,
(L) and FVC in accordance with the American Thoracic Society
Guidelines [22]. FEV; percent of predicted was determined by calcu-
lating the predicted FEV; (L) using prediction equations described by
Gore et al. [23] (participant age (years) and height (m) to predict
FEV;). The FEV;/FVC ratio was determined by dividing the post
bronchodilator FEV; (L) by post bronchodilator FVC (L).

2.3. Exposures

All participants completed a Cancer Council of Victoria Dietary
Questionnaire for Epidemiological studies (DQES) version 3.0 or 3.1.
Select data from the DQES were extracted: total energy (kJ/day),
macronutrients (g/day of protein, carbohydrate, fat and alcohol), fre-
quency of fish intake, g/day of fish and g/day of the following

WISH Study (n=722)

A

WISH Study
available data (n=717)

v

WISH COPD
cross sectional study (n=577)

v
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individual fatty acids: alpha linoleic acid (ALA), linoleic acid (LA),
arachidonic acid (AA), EPA, docosapentaenoic acid (DPA), and DHA.
The DQES has been shown to have good agreement with nutrient es-
timates from 24 h recalls (validation coefficients range 0.246-0.83),
and these are comparable to other food frequency questionnaires [24].
Fatty acid values for earlier versions of the DQES have been validated in
a sample of 4439 by Hodge et al. [25] who reported crude (un-
corrected) correlation coefficients in the range of 0.18-0.40 for EPA,
DHA and total n-3 FA,. In a comparatively smaller sample (n = 40)
Zhang and Downie [26] compared estimates from the DQES version 3.2
against fatty acid profiles obtained from dried blood spot testing. They
reported correlation coefficients of 0.12-0.40 for EPA, DPA, DHA, and
total LC n-3 PUFA.

Fatty acid levels were measured in plasma phospholipids of the
case-control subgroup only. Lipids were extracted from plasma ac-
cording to Folch et al. [27], spotted onto thin layer chromatography
plates and developed in a solvent system comprising of hexane:diethyl
ether:acetic acid (85:15:1, by volume) for the separation of phospho-
lipids from other lipid fractions. Phospholipid containing spots were
scraped off the plates, trans-methylated and analysed by gas chroma-
tography to determine fatty acid composition, expressed as a percen-
tage of total fatty acids, as detailed by Garg et al. [28]. Only fatty acids
with area > 0.1% were reported. Plasma phospholipids are a reliable
marker of fatty acid levels in tissues, indicating intake for the previous
two to three weeks [29], with reliability correlation coefficients for n-3
and n-6 fatty acids ranging from 0.62 to 0.72 [30]. LCn-3PUFA in
plasma phospholipids also correlate well with dietary intake of fatty
fish [31,32] and fish oil supplementation [33,34].

Excluded (n=140)
Lung function data N/A (n=131)
Age <18 or N/A (n=2)
Fish intake data N/A (n=4)
Education level N/A (n=3)

l

Excluded (n=457)
Blood sample not available

WISH COPD
case control study (n=120)

(40 cases + 80 age and sex matched controls)

Fig. 1. Flow diagram of sample selection and exclusion process for both the cross sectional and case-control studies.
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Table 1
Participant characteristics for the cross-sectional study, cases and controls.

Cross-sectional Cases (n = 40)  Controls (n = 80)

(n = 577)
Age, years 49.2 = 15.7 61.7 = 13.1 60.5 = 13.0
Sex M:F, n 244 : 333 15:25 32:48
BMI, kg/m? 28.8 + 6.3 28.5 + 6.4 30.5 + 5.7
COPD, n (%) 62 (10.7)
Lung Function
FEV,/FVC 0.79 = 0.08 0.63 + 0.08 0.83 + 0.05*
FEV,% Predicted 92.6 = 16.5 68.7 = 18.1 97.4 = 15.8*
Smoking status, n (%)
Never smoked 250 (43.3) 7 (17.5) 43 (53.8)*
Ex-smoker 197 (34.1) 18 (45.0) 28 (35.0)
Currently smokes 130 (22.5) 15 (37.5) 9 (11.3)*
Bachelor degree 88 (15.3) 1(2.5) 11 (13.8)

obtained, n (%)

Data are mean = SD.

*Significantly different to cases, P < 0.001.

BMI, body mass index; FEV,;/FVC: forced expiratory volume in 1 s/forced vital
capacity; FEV;% predicted: forced expiratory volume in 1s percent of pre-
dicted.

2.4. Descriptive variables (including covariates)

Demographic information (age, education, and smoking status) was
collected via a self-reported survey. Height was determined to within
1 mm using a wall stadiometer (Surgical and Medical Products No.
26SM, Mentone Education Supplies, Melbourne, Australia) and body
mass was measured to the nearest 100 g with an electronic scale (Tanita
BF-681). Body mass index was calculated using the formula mass (kg)/
height (m)?

2.5. Statistical analysis

All analyses were performed using the Statistical Package for the
Social Sciences (SPSS) (Version 25. Chicago, SPSS Inc.), Statistical
significance was set at a < 0.05. The normality of the data was vi-
sually inspected and evaluated using the Shapiro Wilk and Kolmogorov-
Smirnov tests.

The primary outcomes for the cross-sectional study were FEV;/FVC
(< 0.7 classified as COPD diagnosis) and FEV,% predicted (an indicator
of COPD severity). Linear regression analysis was used to examine the
associations between fish consumption (g/day), fatty acid intake (g or
mg/day) and the two continuous normally distributed lung function
measures (FEV;% predicted and FEV,/FVC). Logistic regression was
used to examine associations between fish consumption (g/day), fatty
acid intake (g or mg/day) and COPD diagnosis (COPD risk). All models
were adjusted for standard covariates known to impact COPD risk and
dietary intake: age, sex, education (whether a bachelor's degree was
obtained or not), and smoking status (never, ex-smoker and current
smoker).

Differences in lung function, self-reported fish (g/day) and in-
dividual fatty acid (g/day) intake, and plasma phospholipid content of
the following individual fatty acids LA, ALA, AA, EPA, DPA, DHA and
sum of LCn-3PUFA (EPA + DPA + DHA) were assessed between cases
and controls. Due to the non-normality of the data, Mann-Whitney U
tests were used to determine differences between cases and controls for
plasma phospholipid fatty acids, and consumption of fish, macro-
nutrients and n-3 and n-6 PUFA. Independent samples t-tests were used
to determine differences between cases and controls in the mean values
for FEV,/FVC, and FEV;% predicted. Differences between categorical
variables were assessed using the Chi-square test for independence. As
associations between fish consumption (g/day), fatty acid intake (g or
mg/day) and COPD diagnosis (COPD risk) were assessed in the larger
population, in the case-control analysis we explored associations
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between plasma phospholipid fatty acid levels (measured in this sub-
sample only) and COPD status (COPD risk) using logistic regression.
Models were adjusted for age, sex, education and smoking status.
Spearman's correlations were used to determine the relationship be-
tween fish and fatty acid intake (from FFQ) and fatty acid levels in
plasma phospholipids.

3. Results

Of the 722 participants who completed the WISH clinical protocol,
data were available for 717 (99.3%) adult participants. Of those 717
participants, 131 (18.3%) were excluded due to missing pulmonary
function data, one because age could not be determined (0.14%), and
one because they were less than 18 years of age (0.14%), leaving 584
(81.5%) eligible participants. Of those 584 participants, seven (1.2%)
were excluded due to missing fish intake or education data. A total of
577 participants were included in the cross-sectional study. As blood
samples were available from a proportion of these, 120 were included
in the case control study: 40 with COPD (as indicated by FEV,/
FVC < 0.7) and 80 matched controls (see Fig. 1).

3.1. Participant characteristics

Participant characteristics for both the cross-sectional study and the
case-control study are presented in Table 1. The mean age of partici-
pants in the cross-sectional study was younger than that of the cases or
controls. A similar proportion of cases and controls were male (37.5%
vs. 40% respectively), with no significant differences in age, indicating
effective matching by these characteristics. As expected, the COPD
group had significantly impaired lung function compared to controls
(both FEV;/FVC and FEV;% predicted). A greater proportion of cases
were current smokers, and fewer had never smoked.

3.2. Background diet, fish and omega-3 supplement consumption

Total energy, macronutrients (protein, carbohydrate and fat), al-
cohol and percent of total energy from individual macronutrients were
similar between the three groups (Table 2). Total fish consumption in
the cross-sectional study population was low, median daily consump-
tion was ~27 g (Table 2). A large proportion of the population reported
consuming fish less than once per week, including fried fish (76%),
steamed, grilled or baked fish (79%) and tinned fish (65%) (Table S1),
however ~30% reported consuming fish (of any type) two times per
week. Most participants reported that they never consumed cod liver oil
(96.4%) or fish oil supplements (74.5%, Table S1).; When combined,
~17% of the population reported consuming n-3 rich oil (from fish oil
or cod liver oil) at least daily.

There were no differences between cases and controls for any
dietary intake variables (Table 2), including frequency of fish con-
sumption (Table S1). Although not statistically significant, estimated
intake of total fish was higher in controls and likely contributed to the
higher intake of EPA and DHA, as well as the sum of LCn-3PUFA
(Table 2). Plasma phospholipid fatty acid levels were similar for cases
and controls (Table 2).

3.3. Cross sectional study

FEV,% predicted was inversely associated with intake of fried fish
(P = 0.026) but was not related to intake of other types of fish or fatty
acids (Table 3). To explain the relationship between fried fish and lung
function, an additional analysis including SFA in the model was con-
ducted, but this did not change the relationship substantially from that
presented in Table 3 (B value —0.12, 95% CI -0.23, —0.02, P = 0.024).
There were no statistically significant relationships between FEV;/FVC
or COPD risk (defined as FEV;/FVC < 0.7) and fish or fatty acid
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Table 2

Dietary intake and plasma phospholipid fatty acid levels for the cross-sectional

study, cases and controls.

Journal of Nutrition & Intermediary Metabolism 18 (2019) 100102

Table 4
Association between COPD and plasma phospholipid fatty acid levels
(n = 120).

Cross-sectional
(n =577)

Cases (n = 40)

Controls
(n = 80)

Total energy (kJ/day)
Macronutrients, g/day
Protein

Carbohydrate

Fat
Saturated fat
Monounsaturated fat
Polyunsaturated fat

Alcohol

Fish intake, g/day

8549.6 (3578.3)

94.7 (38.3),
18.7% total E
188.8 (80.8),
37.1% total E
86.7 (41.9),
38.0% total E
30.2 (15.1)
36.0 (17.6)
15.4 (9.0)
3.6 (15.5),
1.3% total E

8483.7 (2634.7)

93.2 (34.9),
18.0% total E
192.0 (76.2),
38.0% total E
88.4 (32.5),
39.3% total E
29.2 (15.9)
36.4 (12.3)
15.2 (8.4)
1.6 (15.5),
0.6% total E

8408.5 (3603.7)

99.6 (38.6),
18.2% total E
186.9 (63.4),
36.9% total E
89.6 (43.5),
38.0% total E
30.8 (13.7)
39.3 (18.3)
15.5 (9.0)
2.9 (14.0),
1.0% total E

Fried 3.0 (7.6) 6.8 (18.1) 10.5 (18.1)
Steamed 4.0 (15.5) 4.2(12.9) 4.1(23.3)
Tinned 7.9 (13.6) 7.9 (15.9) 7.9 (13.6)
Total fish 27.0 (41.0) 20.2 (36.7) 29.0 (44.7)
Fatty acid intake, mg/day

18:3n-3 ALA), g 1.8 (1.3) 1.7 (1.7) 1.8 (1.3)
18:2n-6 (LA), g 12.6 (8.0) 12.7 (7.6) 12.9 (7.4)
20:4n-6 (AA) 139.3 (87.8) 127.9 (86.4) 149.8 (83.8)
20:5n-3 (EPA) 71.7 (91.7) 56.3 (68.8) 78.6 (94.6)
22:5n-3 (DPA) 79.3 (62.8) 74.4 (51.4) 85.5 (76.2)
22:6n-3 (DHA) 127.4 (193.7) 93.8 (146.5) 130.9 (197.6)

~LCn3PUFA 272.5 (320.5)
Plasma phospholipid levels, % of total FA

230.9 (283.8) 315.0 (342.1)

C18:3n-3 0.3 (0.1) 0.3 (0.1)
C18:2n-6 15.1 (5.1) 17.0 (3.9)
C20:4n-6 15.5 (12.1) 14.9 (11.2)
C20:5n-3 1.4 (0.9) 1.3 (0.9)
C22:5n-3 1.1 (0.3) 1.1 (0.3)
C22:6n-3 3.6 (1.1) 3.8(1.8)
ZLCn3PUFA 6.1 (2.2) 6.4 (2.6)

Data are median (IQR), % are medians.

Note g/day data not available for cod liver or fish oil supplements.

AA, arachidonic acid; ALA, alpha linoleic acid, DHA: docosaheaxaneoic acid;
DPA: docosapentaenoic acid; EPA: eicosapentaenoic acid; g, grams; kJ, kilo-
joule; LA, linolenic acid; LCn-3PUFA: long chain omega-3 polyunsaturated fatty
acid; mg, milligrams; total E: total energy; TLCn3PUFA = EPA + DPA + DHA.

consumption (Table 3). Exclusion of smokers from the analysis did not

substantially change the findings other than reduce the precision of the
estimates due to a smaller sample size (n = 96).

Table 3

Exposure OR (95% CI) P-value
C18:3n-3 4.26 (0.02, 895.46) 0.595
C18:2n-6 0.90 (0.77, 1.06) 0.214
C20:4n-6 1.00 (0.93, 1.08) 0.995
C20:5n-3 1.48 (1.00, 2.19) 0.050
C22:5n-3 0.94 (0.17, 5.33) 0.946
C22:6n-3 1.43 (1.00, 2.04) 0.051
~LCn3PUFA 1.22 (1.00, 1.49) 0.046

Adjusted for age, sex, smoking status & education.
CI, confidence interval; LCn-3PUFA: long chain omega-3 polyunsaturated fatty
acid; ZLCn3PUFA = EPA + DPA + DHA; OR, odds ratio.

3.4. Case control study

Table 4 summarises the results of the logistic regression analyses
with respect to plasma phospholipid fatty acids. There were no asso-
ciations between COPD risk and individual fatty acid levels in plasma
phospholipids, however the sum of LCn-3PUFA was associated with an
increased risk of COPD (P = 0.046).

The results of the correlation analyses between dietary intakes of
fish (g/day) and fatty acid levels in plasma phospholipids are provided
in Table 5. Plasma phospholipid levels of EPA and DHA were sig-
nificantly and positively associated with tinned and total fish intake;
DHA levels were also positively associated with intake of steamed,
grilled or baked fish. The sum of plasma phospholipid LCn-3 PUFA
(EPA, DPA and DHA) was positively correlated with the various self-
reported intakes of fish, including steamed, grilled or baked fish, tinned
and total fish (Table 3). Plasma phospholipid concentrations of EPA,
DHA, and the sum of LCn-3 PUFA were significantly and positively
associated with their respective estimated intake from FFQ (EPA
r=0.24,P = 0.009; DHAr = 0.31, P < 0.001; ZLCn3PUFA r = 0.25,
P = 0.007).

4. Discussion

This study had two aims, firstly to explore the relationships between
measures of airway obstruction, fish and PUFA intake in a regional
South Australian population at increased risk for respiratory disease
and secondly, to compare consumption of fish and plasma phospholipid
PUFA levels between people with COPD and age and sex matched
controls. We found no compelling evidence for a relationship between
lung function and intakes of either fish or PUFA in this population. Only

Association between lung function (FEV;% predicted and FEV;/FVC), COPD and self-reported fish and fatty acid intake (n = 577).

Exposure FEV,% predicted

B value (95% CI)

FEV,/FVC COPD
B value (95% CI) OR (95% CI)

Fish intake
Fried -0.12 (-0.22, —0.01)
Steamed, grilled or baked 0.03 (—-0.03, -0.1)
Tinned 0.04 (—0.02, 0.1)
Fatty acid intake

0.00 (0.0, 0.0) 1.00 (0.98, 1.02)
0.00 (0.0, 0.0) 0.99 (0.98, 1.01)
0.00 (0.0, 0.0) 1.00 (0.99, 1.02)

18:3n-3 FFQ (ALA)
18:2n-6 FFQ (LA)
20:4n-6 FFQ (AA)
20:5n-3 FFQ (EPA)
22:5n-3 FFQ (DPA)
22:6n-3 FFQ (DHA)
2LCn-3PUFA

—0.35 (—1.54, 0.83)
—0.01 (-0.2,0.19)
0.01 (—-0.0, 0.03)
0.01 (0.0, 0.03)

0.02 (0.0, 0.05)

0.01 (0.0, 0.01)

0.01 (0.0, 0.01)

0.00 (—0.01, 0.01)

0.94 (0.74, 1.2)

0.00 (0.0, 0.0) 1.00 (0.96, 1.04)
0.00 (0.0, 0.0) 1.00 (0.99, 1.00)
0.00 (0.0, 0.0) 1.00 (1.00, 1.00)
0.00 (0.0, 0.0) 1.00 (0.99, 1.00)
0.00 (0.0, 0.0) 1.00 (1.00, 1.00)
0.00 (0.0, 0.0) 1.00 (1.00, 1.00)

Adjusted for age, sex, smoking status & education.

AA, arachidonic acid; ALA, alpha linoleic acid, CI, confidence interval; DHA: docosaheaxaneoic acid; DPA: docosapentaenoic acid; EPA: eicosapentaenoic acid;
FEV,/FVC: forced expiratory volume in 1 s/forced vital capacity; FEV;% predicted: forced expiratory volume in 1 s percent of predicted; LA, linolenic acid; LCn-
3PUFA: long chain omega-3 polyunsaturated fatty acid; SLCn3PUFA = EPA + DPA + DHA; OR, odds ratio.
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Table 5
Correlation results for self-reported fish intake and plasma phospholipid levels
for cases and controls combined (n = 120)*.

Fish intake (FFQ) C20:5n-3 (EPA) C22:6n-3 (DHA) ZLCn3PUFA
Fried —0.01 (0.938) 0.11 (0.247) 0.04 (0.648)
Steamed, grilled or baked 0.11 (0.226) 0.31 (0.001) 0.25 (0.007)
Tinned 0.21 (0.021) 0.23 (0.012) 0.24 (0.008)
Total fish 0.24 (0.008) 0.33 (0.000) 0.32 (0.000)

*Data are Spearman's rho (p-value).

DHA: docosahexaenoic acid; DPA: EPA: eicosapentaenoic acid; FFQ, food fre-
quency questionnaire; LCn-3PUFA: long chain omega-3 polyunsaturated fatty
acid; ZLCn3PUFA = EPA + DPA + DHA.

one statistically significant association was found; fried fish consump-
tion was inversely associated with FEV;% predicted, however this is
unlikely to be clinically meaningful (consumption of fried fish in the
median quantile was less than once per month).

Few studies have investigated LCn-3PUFA status in people with
COPD. A unique element of this study therefore was the inclusion of a
biological marker of PUFA status (plasma phospholipid fatty acid le-
vels) which allowed us to investigate associations with COPD risk in a
sub-sample of cases and age and gender-matched controls. Consistent
with our results, Wada et al. [35] reported no significant difference in
levels of LCn-3PUFA (expressed as a percentage of total fatty acids) in
people with COPD compared to the control group. Two larger cross-
sectional studies have explored associations between serum fatty acid
levels and lung health [36,37]. Shahar et al. [37] reported an OR of
0.62 for COPD between the 1st (0.78%-2.15% of total fatty acids) and
the 4th (3.18%-8.88% of total fatty acids) quartile of DHA level (% of
total fatty acids). No association was observed for EPA. Similarly,
Kompauer et al. [36] reported significant positive associations between
FEV,% predicted, FVC and DHA (but not EPA) levels in serum phos-
pholipids Interestingly, we observed no relationship with direct mea-
sures of lung function (FEV,% predicted or FEV;/FVC) and an increased
risk of COPD with higher levels of total LCn-3PUFA in phospholipids.
This contrasts with the proposed biological rationale for this study. One
possible explanation is that a COPD diagnosis may lead to improved
health behaviours including diet which may not have been effectively
captured by FFQ. However, given the lack of significant associations
with individual fatty acids or estimates of PUFA intake, it is likely that
this is a type II error and should be interpreted with caution.

In this study, the average consumption of total LCn-3PUFA was
368 mg/day for the whole population. The median intake (273 mg/day)
is 25% lower than the mean intake, indicating a skewed distribution.
This is supported by the reported frequency by which fish and n-3PUFA
rich oils were consumed, ~30% reported having fish at least twice per
week and ~17% took supplements daily, however the majority were
never or infrequent consumers. On average, this population consumed
36 g/day of fish, however the median intake was 27 g/day, which is
similar to that reported in Australian adults (Females 24 g and Males
28 g of fish/seafood per day) [38]. LCn-3PUFA intake is also compar-
able to the Australian population (390 mg/day) [38]. Recent reports
suggest that while LCn-3PUFA consumption in Australia has increased
since 1995, only 20% of the adult population surveyed in 2011-12 met
the National Health and Medical Research Council Suggested Dietary
Targets (based on the 90th centile of intakes from the previous National
Nutrition Survey 1995) and this was largely due to contributions from
LCn-3PUFA supplements [38].

Intervention studies that report positive benefits of LCn-3PUFA in
inflammatory diseases, such as cardiovascular disease, typically use
higher doses of LCn-3PUFA, well above what is consumed in the typical
Australian diet [38]. Calder et al. [7] suggests that more than 2 g/day
LCn-3PUFA is required to elicit anti-inflammatory effects, particularly
in conditions such as rheumatoid arthritis, which is recognised as an
autoimmune inflammatory condition. A recent meta-analysis of
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randomised controlled trials reported that supplementation with n-3
PUFA (0.3-9.60 g/day; only two studies administered doses less than
2.2 g/day) significantly reduced levels of LTB, in patients with rheu-
matoid arthritis and improved markers of disease activity including
early morning stiffness, pain and tenderness [39]. Comparatively fewer
studies have evaluated changes in inflammatory markers following
EPA/DHA supplementation alone in people with COPD [16,17,40]. This
makes it difficult to ascertain the optimal dose for reducing in-
flammation in this condition. However, based on recommendations for
cardiovascular disease and arthritis, it is likely that the level of con-
sumption in this population is well below the required intake for gen-
eral wellbeing, let alone enough to mediate anti-inflammatory actions
in people with COPD [41].

Most participants reported that they never consumed fish or ate it
less than once per week, and with only small numbers of participants in
this study reporting (at least) daily consumption of cod liver oil (2%),
fish oil supplements (16%) or fish (0.5%), it was not possible to explore
with confidence the effect of higher frequencies of intake (e.g. = four
times per week vs < once per week) on lung function. Two large po-
pulation studies have evaluated whether frequency of fish or n-3PUFA
supplementation influences lung function, with contradictory out-
comes. A cross sectional study by Ng et al. [42] in Singapore reported
that after adjustment for multiple confounders (including other dietary
variables) both dietary intake of fish at least three times per week and
daily supplemental intake of n-3PUFA were positively and in-
dependently associated with pulmonary function (FEV; and FVC, re-
spectively) in a sub-sample (n = 2478) of the Singapore Longitudinal
Ageing study. Comparatively, while a large US-based cohort study
(n = 120,175 from the Nurses’ Health Study and Health Professionals
Follow-Up Study) reported participants who ate fish = 4 servings/week
had a lower risk of COPD diagnosis compared with those who ate < 1
serving of fish per week (Hazard ratio 0.71; 95% CI 0.54, 0.94), this
relationship was lost when adjusted for overall dietary pattern [8].
More recently, Lemoine and colleagues [43] reported no statistically
significant effects of EPA + DHA intake on respiratory symptoms in a
cohort of adults with COPD from the United States.

While there was a statistically significant negative association be-
tween FEV;% predicted and fried fish consumption it is unlikely to be
clinically meaningful. There are several likely explanations for this re-
lationship. Firstly, the result is a random error due to multiplicity of the
analysis and no relationship exists. Secondly, the results may be influ-
enced by very low fried fish consumption in the population (52%
consumed fried fish less than once per month, with a mean intake of
~10g/day), meaning that it is difficult to determine if a true re-
lationship exists. Thirdly, a significant relationship may exist and those
with worse lung function consume more fried fish. The biological me-
chanism for this relationship is unclear but may relate to the potential
for frying to induce lipid peroxidation and elevate reactive aldehydes
[44] which at high levels may exacerbate oxidative stress and in-
flammation [45].

This study has several limitations. In this relatively small sample of
free living adults in a specific geographic locale, there were a dis-
proportionate number of participants who did not consume any fish or
fish oil supplements. Airways obstruction and COPD diagnosis was
based upon a single spirometric measure reviewed by a physician
(FEV1/FVC < 0.70) consistent with criteria available at the time of
undertaking the analysis [20]. Diagnostic criteria have since evolved to
include symptoms [1]. Analysis of available data for frequency of self-
report asthma and symptoms for this study (frequency of wheezing and
coughing, sputum production and increasing breathlessness) revealed
no differences between cases and controls.

Tobacco smoking is an important risk factor for COPD [1], therefore
smoking history is a likely confounding factor. While attempts were
made to match cases and controls by smoking status, this was chal-
lenging as most of the age and sex matched controls were non-smokers
(‘never’ smoked). Smoking status was included in the statistical models
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where possible to account for this difference. It is possible that a se-
lection bias may have been introduced by removing participants with
missing data, the most frequent being missing pulmonary function data
(n = 131). Reasons for missing lung function data were not reported,
but it is possible that people with lower function were unable to com-
plete or declined the required spirometry manoeuvre. Other limitations
include self-report of food intake data, which may be influenced by
under-reporting [46,47]. Compared to other studies [30], we observed
lower correlation coefficients between fatty acid/fish intake and fatty
acid levels measured in plasma phospholipids. This may relate to the
use of FFQ which capture dietary intake over a longer-term (12 months)
rather than over the previous two to three weeks which is reflected in
plasma phospholipids [29], It also suggests that at the time of data
collection actual dietary intake of LCn-3PUFA was different to that
reported, and captured by FFQ. Finally, we did not evaluate the overall
‘healthfulness’ of the diet, which as discussed in a recent review, may be
a key determinant of COPD development and progression [40].

5. Conclusions

In this population at elevated risk for respiratory disease, the re-
lationships between fish/PUFA intakes and lung function were un-
convincing and not likely to be clinically meaningful. Furthermore, we
observed no differences between individuals with COPD and controls
for plasma phospholipid fatty acid levels or intakes of fish or PUFA.
Future studies should include a larger number of participants with a
wider range of LCn-3PUFA intakes in order to determine the likelihood
of a true relationship.

Supplementary materials

The following are available; Table S1: Self-reported frequency of
fish and supplement intake for the cross-sectional study, cases and
controls, n (%).
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