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ABSTRACT

Serum IgA <70mg/dL (low IgA) is associated with
exacerbations of chronic obstructive pulmonary disease.
The association of low IgA with longitudinal lung
function is poorly defined. This study included 917
World Trade Center (WTC)-exposed firefighters with
longitudinal spirometry measured between September
2001 and September 2018 and IgA measured between
October 2001 and March 2002. Low IgA, compared
with IgA >70mg/dL, was associated with lower forced
expiratory volume in 1's (FEV,) % predicted in the

year following 11 September 2001 (94.1% vs 98.6%,
p<0.001), increased risk of FEV,/FVC <0.70 (HR 3.8,
95% Cl 1.6 to 8.8) and increased antibiotic treatment
(22.5/100 vs 11.6/100 person-years, p=0.002).
Following WTC exposure, early IgA <70 mg/dL was
associated with worse lung function and increased
antibiotic treatment.

INTRODUCTION

The collapse of the World Trade Center (WTC)
exposed rescue/recovery workers to an intense dust
cloud, causing airway inflammation and subsequent
accelerated decline in forced expiratory volume in 1's
(FEVl).1 Accelerated FEV | decline is a risk factor for
fixed and variable airflow obstruction.” IgA protects
airways from immunological, infectious or toxic
injury. Serum IgA <70mg/dL increases risk for acute
exacerbations of chronic obstructive pulmonary
disease (COPD) treated with antibiotics.® Secretory
IgA is reduced in those with damaged airways.*> We
aimed to determine if reduced serum IgA <70mg/dL
soon after WTC exposure was associated with subse-
quent airway injury, defined by worse lung function
and increased antibiotic treatment.

METHODS

The source population contained 9638 WTC-
exposed male Fire Department of the City of New
York (FDNY) firefighters (online supplementary-
figure 1). The study population consisted of 917
firefighters with baseline serum drawn between
October 2001 and March 2002 and immunoglob-
ulin concentrations (including IgA) assayed with
HGAMMAG-301K (EMD Millipore). Antibiotic
and oral steroid courses per person, at least 6 weeks
apart, were obtained from a billing database initi-
ated on 1 January 2007. Three persons were lost
to follow-up before 2007 and excluded from the

medication analyses. Spirometric measurements
were collected during routine medical monitoring
examinations between 11 September 2000 and
10 September 2018. Clinically indicated broncho-
dilator pulmonary function tests (BD-PFTs) were
performed on a subpopulation of 284 individuals
between February 2002 and August 2018. FDNY
databases contributed demographic and smoking
status data.

Statistical analyses

Longitudinal FEV| and rates of FEV, decline were
estimated in the IgA <70 mg/dL and IgA >70mg/
dL subgroups using random intercept linear mixed-
effects models. Participants’ age on 11 September
2001, height and race were included as fixed effects
in the models for FEV, absolute and FEV, decline.
Mean=SEM FEV, and FEV, % predicted were esti-
mated for each 1-year period between 11 September
2000 and 10 September 2018. Multivariable Cox
regression assessed the association between IgA
and fixed airflow obstruction characteristic of
COPD (post-BD FEV /forced vital capacity (FVC)
<0.70) on the last BD-PFT. Follow-up time started
11 September 2001 and ended at the last BD-PFT.
Multivariable Poisson models compared rates
of antibiotic courses in IgA <70mg/dL and IgA
>70 mg/dL subgroups. To avoid immortal time bias,
follow-up time for medication use started 1 January
2007 and ended at the latest of the following dates
for retirees: last medication prescription date or
last medical exam; and on 10 September 2018 for
active firefighters. All models were adjusted for age
on 11/9, race, body mass index, smoking status and
WTC exposure. Covariates were selected based on
theory. Data analyses were performed using SAS
V.9.4 and figures created using Prism V.8.

RESULTS

The study population was slightly older (41.4+7.4
vs 40.1%7.4 years) and had fewer ever-smokers
(16% vs 35%) than the firefighters without IgA
measured (online supplementary-table 1). IgA
<70mg/dL (low IgA) was present in 9% of the
study population (83/917), but the proportion
of IgA measurements <70mg/dL was highest in
those with measurements closest to 11/9 (online
supplementary-figure 2). The low-IgA subgroup had
similar levels of IgE and IgM as the IgA >70 mg/dL
group, but lower levels of certain IgG concentra-
tions (online supplementary-table 2).
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Figure 1  Lung function over time stratified by IgA measured on

11 September 2001 to 10 March 2002. (A) shows the mean (+SEM);
SEM not shown if it is smaller than the size of the symbol) FEV, %
predicted in each year between 11 September 2000 and 10 September
2018. The triangles correspond to the IgA <70 mg/dL subgroup (n=83).
Dots correspond to the IgA >70 mg/dL subgroup (n=834). The number
of spirometric measurements in each year is shown below the X

axis. (B) Shows the mean absolute FEV, in the above groups in each
year, adjusted for age, race and height, using the same spirometry
measurements as in (A). FEV,, forced expiratory volume in 1 s; SEM, SE
of mean.

Early IgA and lung function

The low-IgA subgroup had lower FEV, % predicted and abso-
lute FEV, than the IgA >70mg/dL subgroup before 11/9 and
throughout follow-up (figure 1A,B). Pre-11/9 FEV, % predicted
in those with low IgA was 102.8% (95%CI 99.3% to 106.4%)
vs 106.0% (95%CI 105.0 to 107.0) in those with IgA >70mg/
dL; first post-11/9 FEV, % predicted was 94.1% (95% CI 90.7
to 97.4) compared with 98.6% (95% CI 97.7% to 99.5%)
and last FEV, % predicted was 88.6% (95% CI 85.1% to

Table 1 Multivariable COX model examining the association
between serum IgA <70 mg/dL and postbronchodilator FEV./FVC ratio
less than 0.70* +

Variable HR 95%Cl P value
IgA <70 mg/dL 3.75 1.59 t0 8.83 0.0025
Age 1.10 1.04t01.16 0.0008
Ever smoker 4.58 2.06 to 10.20 0.0002

*Time from 11September 2001 to BD-PFT, median (IQR): 5.9 years (3.6-9.9).
tn=284; also adjusted for race, WTC exposure and BMI.

BD-PFT, bronchodilator pulmonary function test; BMI, body mass index; FEV, forced
expiratory volume in 1 s; FVC, forced vital capacity; WTC, World Trade Center.

Table 2 Multivariable Poisson model examining the association
between serum IgA <70 mg/dL and courses of antibiotic treatment
after 1 January /2007*

Variable Rate ratio 95%Cl P value
IgA <70 mg/dL 1.90 1.24102.90 0.003
Age 0.99 0.97 to 1.02 0.63
Ever smoker 0.68 0.41to 1.12 0.13

*n=914; also adjusted for race, WTC exposure and BMI.
BMI, body mass index; WTC, World Trade Center.

92.1%) compared with 94.0% (95% CI 93.0% to 95.0%). The
subgroups had similar post-11/9 FEV, slopes (figure 1B and
online supplementary-table 2). Low IgA increased the risk of
postbronchodilator FEV /FVC <0.70 by 3.8-fold (95%CI 1.6
to 8.8) (table 1).

Early IgA and antibiotic treatment

After 1 January 2007, the rate of antibiotic use was 22.5
antibiotic courses/100 person-years in those with low IgA,
compared with 11.6 antibiotic courses/100 person-years in
those with IgA >70mg/dL (unadjusted p=0.002). The low-
IgA subgroup had a 1.9-fold increased rate of antibiotic treat-
ment (95% CI 1.2 to 2.9) in multivariable Poisson regression,
adjusted for potential confounders (table 2). Oral steroid
use, however, was not significantly associated with IgA level
(online supplementary-table 3).

DISCUSSION

In an occupational cohort with low smoking prevalence and
preserved lung function, low IgA (IgA <70 mg/dL) soon after an
intense irritant exposure was associated with lower FEV, meas-
urements throughout longitudinal follow-up and increased anti-
biotic treatment. Low IgA was also associated with development
of fixed airflow obstruction. These data build on recent reports
demonstrating that low IgA is a risk factor for COPD exacer-
bation and airway injury in current and former smokers with
reduced lung function.® *

Low IgA was observed as part of an intense, but transient
inflammatory response to inhaled particulates. This may account
for the high prevalence of low IgA in this cohort when compared
with the SPIROMICS cohort.” These observations are consistent
with suppression of production of IgA or increased degrada-
tion of IgA by proteases such as neutrophil elastase.® Local IgA
deficiency has been associated with smoking-related COPD and
increased susceptibility to smoking-related lung injury.” Low IgA
soon after irritant exposure may serve as a proxy for increased
susceptibility to lung injury.

There are several limitations to this study. This study employed
an arbitrary cut point to define low IgA, although one consistent
with prior literature.®> Nevertheless, the results support the
conclusion that 70mg/dL represents a reproducible threshold
for outcomes relevant to lung injury. The unusual nature of the
massive irritant exposure that produced lung injury in this cohort
could limit generalisability of these data, although our findings are
consistent with other observations in smoking-related lung injury.
Finally, since this was an observational study, it may be subject to
unmeasured confounding and selection bias.

IgA <70mg/dL in the first 6 months post-11/9 predicted anti-
biotic use years later. Since IgA was measured shortly after 11/9
and prior to disease presentation, it is unlikely that low IgA is a
consequence of abnormal lung function. Since reduced FEV,
in the low-IgA subgroup was persistent throughout follow-up,
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including before 11/9, this suggests that recurrent infection could
have impacted lung function during development and/or adult-
hood.® ? Since low maximally-attained FEV, is a risk factor for
obstructive lung disease, even in individuals with expected FEV,
decline,' further research should test if IgA levels are associated
with maximally attained FEV, and fixed airflow obstruction in
other populations.
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