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To the editor,



The interstitial lung diseases (ILDs) are a diverse group of diffuse parenchymal lung disorders that commonly
result in pulmonary fibrosis. ILDs are broadly classified according to known and unknown etiologies.
Connective tissue disease-associated ILD (CTD-ILD) and chronic hypersensitivity pneumonitis (CHP) are
among the most common ILDs of known etiology, while idiopathic pulmonary fibrosis (IPF) and unclassifiable

ILD (U-1LD) are among the most common of unknown etiology.(1-4)

There exists substantial heterogeneity in natural history between ILD subtypes, but clinical characteristics such
as age, gender and pulmonary function have been shown to predict mortality across ILD subtypes.(5) Baseline
BMI has also been linked to outcomes in IPF,(6) but the clinical significance of longitudinal changes in BMI has
not been reported. We hypothesized that weight loss would be associated with worse outcome in patients with

commons forms of ILD

Methods

We conducted a retrospective cohort study (IRB approved protocol #875917) of patients with ILD at the
University of California at Davis. Consecutive consenting patients with a multi-disciplinary diagnosis of IPF,
CTD-ILD, CHP or U-ILD and at least two pulmonary function tests (PFTs) performed >90 days apart were
identified using our ILD registry. The electronic medical record was used to extract pertinent clinical data. Vital
status was determined by review of medical records and telephone communication. Weight loss was assessed
using BMI calculated from height and weight reported on serial PFT reports, which are collected per
institutional protocol. All available PFTs performed within 48 months of ILD center evaluation were included

for review.

Statistical analysis

Longitudinal change in BMI was assessed using a maximum likelihood linear mixed effects model with time
aligned to 3-month intervals. Baseline BMI, ILD diagnosis, GAP score,(7) race, smoking history, anti-fibrotic
exposure and immunsuppressant exposure were included as fixed effects variables to adjust for potential
confounders of weight change over time, with intercept term used to account for random effects. Mortality risk
was assessed using Poisson regression with a robust variance estimator(8) and survival time assessed and plotted
using the log rank test and Kaplan Meier estimator, respectively. BMI was modeled as a continuous measure

and binary variable stratified by greater or less than 5% mean yearly decline. Statistical significance was defined



as p<0.05. All statistical analyses were performed using Stata (Release 14; StataCorp, College Station, TX,

USA).

Results

Of 291 patients screened, 225 met inclusion criteria. The mean age was 70 years and a majority was male
(56%), white (74%) and reported a history of smoking (56%). The mean cohort BMI was 28.2, with 5%
underweight, 15% normal weight, 41% overweight and 36% obese. The mean percent predicted forced vital
capacity and diffusion capacity was 72% and 54%, respectively. A majority of patients carried a diagnosis of

IPF (33%), followed by CTD-ILD (31%), CHP (19%) and U-ILD (17%).

Forty-eight percent (n=108) of patients experienced >1% yearly BMI decline and 18% (n=40) experienced >5%
yearly BMI decline during the study period. The estimated yearly decline in BMI was similar in across ILD
subtypes (0.12 kg/m2; 95% CI 0.07-0.17; p<0.001 for IPF, 0.08 kg/m?; 95% Cl 0.01-0.14; p=0.03 for CTD-ILD,
0.11 kg/ m?; 95% CI -0.07-0.28; p=0.23 for CHP and 0.14 kg/ m?; 95% CI 0.03-0.25; p=0.01 for U-ILD)(Figure
1a), but did not reach statistical significance in the CHP cohort. Baseline BMI was marginally associated with

differential BMI decline, with obese individuals demonstrating the largest yearly decline.

In outcome analysis, there was no association between baseline BMI and mortality, but longitudinal BMI
decline did correlate with increasing mortality (Figure 1b). Each 1% yearly decline in BMI was associated with
a 5% increase in mortality risk in unadjusted analysis (RR 1.05; 95% CI 1.03-1.08, p<0.001), which persisted
after multivariable adjustment (RR 1.04; 95% CI 1.01-1.06, p=0.004). These findings were driven primarily by
patients with IPF (RR 1.06; 95% CI 1.01-1.10; p=0.008) and U-ILD (RR 1.09; 95% CI 1.0-1.2; p=0.05), as no

association was observed in the CTD-ILD and CHP cohorts.

Survival time was significantly better in those with <5% yearly BMI decline when compared to those with >5%
yearly BMI decline (Figure 1c¢)(p=0.003). Those with >5% yearly BMI decline had 2-fold higher risk of death
compared to those with <5% yearly BMI decline (RR 2.41, 95% CI 1.31-4.44; p=0.005) in unadjusted analysis,
which persisted after multivariable adjustment (RR 2.0, 95% CI 1.08-3.71; p=0.03). These findings were again
driven primarily by patients with IPF (RR 3.1; 95% CI 1.08-8.88; p=0.03) and U-ILD (RR 9.21; 95% CI 1.18-

72.0; p=0.03), as no association was observed in the CTD-ILD and CHP cohorts.



Discussion

In this study we found that weight loss is common among patients with ILD and is associated with an increased
risk of death in those with IPF and U-ILD. Just as pulmonary function decline is a hallmark of progressive
ILD,(9-11) our findings suggest that weight loss may also serve as a longitudinal marker of ILD progression. To

our knowledge, this study if the first to explore the clinical implications of weight loss among patients with ILD.

While obesity is a well-recognized risk factor for cardiovascular and metabolic conditions, unintentional weight
loss is a well-described phenomenon in chronic illness, such as emphysema and congestive heart failure.(12, 13)
It has been proposed that low BMI may be a determinant of poor survival in those with emphysema due to
respiratory muscle weakness, impaired gas exchange, and impaired immune response.(14) Similar phenomena

may be at play in patients with ILD.

Our observed association between BMI decline and mortality risk in IPF and U-ILD, but not CTD-ILD and
CHP, suggests that progressive disease may manifest differently in fibrotic-predominant disease compared to
mixed inflammatory/fibrotic disease. However, the small sample size within each ILD subtype may have limited

our ability to detect this association in those with CTD-ILD and CHP.

We did not find an association between baseline BMI and survival in our analysis. A previous investigation by
Alakhras and colleagues showed that a higher baseline BMI was associated with improved outcomes, (6) while
Kondoh and colleagues found that higher BMI was associated with increased acute exacerbation risk.(15) The
conflicting results of these investigations, along with our findings, leave it unclear the extent to which baseline

BMI influences outcomes in this patient population.

Our study has several limitations. First the retrospective nature of our study allows for assessment of
association, not causation. Second, the generalizability of our results may be limited given that our study was
single center and performed in patients somewhat older than other reported ILD populations. Third, few patients
had complete PFT data, resulting in a large number of missing time points for each patient. Finally, it was not
possible to systematically ascertain whether the observed weight loss was unintentional, but the overwhelming

majority of patients did not endorse intentional weight loss on chart review.



Conclusions

Weight loss is a common finding among patients with ILD and appears to be a marker of disease progression in
those with IPF and U-ILD. Further research is needed elucidate the biology underpinning this observation and to
determine whether this finding is generalizable to other ILD cohorts. Finally, an assessment of whether
nutritional augmentation in those with ILD experiencing ongoing weight loss modulates disease course is

warranted.
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Figure Legend
Figure 1. Mean BMI change over time among ILD subtypes (a). Proportion of patients surviving with each 5%
yearly change in BMI (b). Survival time stratified by BMI decline, with those experiencing 5% yearly BMI

decline displaying significantly worse survival compared to those with <5% yearly BMI decline (p=0.003)(c).
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