
The association of pulmonary fibrosis
with diabetes mellitus
To the Editor:

Idiopathic pulmonary fibrosis (IPF) is the most studied fibrotic lung disease and has overlapping
pathogenesis with other fibrotic lung diseases. It is associated with a high prevalence of other
comorbidities, such as COPD, lung cancer and coronary artery disease, due to common risk factors such
as smoking and older age [1]. Several case–control studies have also suggested a link between IPF and
diabetes mellitus. These studies have reported a higher prevalence of diabetes in IPF patients compared to
matched controls [2–5]. In a small study, the presence of diabetes was also shown to increase the risk of
mortality in IPF patients [6]. Given the limited data due to the small sizes of the prior studies, we sought
to explore the prevalence of pulmonary fibrosis (PF) in diabetics compared to nondiabetics in a larger
cohort stratified by sex, race and age. In addition, we evaluated differences in the underlying cause of
death (UCD) in PF patients with and without diabetes.

This is a retrospective, population-based study using the Centers for Disease Control and Prevention
(CDC) Multiple Cause of Death database, which contains information regarding the UCD and
contributing conditions collected from death certificates of all US residents. Diabetics were identified using
International Classification of Diseases, 10th revision (ICD-10) codes E10–E14. Decedents with PF were
identified by first using ICD-10 code J84.1. Those with accompanying codes for secondary conditions
associated with PF were excluded to identify those more likely to have IPF [7]. Since the use of ICD codes
for PF and diabetes were rare below 45 years of age [8], we only included decedents aged ⩾45 years. When
comparing the risk of PF in diabetics compared to nondiabetics, logistic regression was performed to
determine the adjusted risk for sex, age group and race. A similar methodology was used in prior studies
to evaluate the relative risk of different conditions in the PF population compared to the non-PF
population using the CDC Multiple Cause of Death database [9]. Chi-squared was used to compare
differences in the UCD in patients with PF with and without diabetes. A p-value of <0.05 was considered
statistically significant. Poisson regression modelling was used to analyse temporal trends and negative
binomial regression was used for overdispersed data [10]. All analyses were performed using SPSS version
25 (IBM Corp., Armonk, NY, USA).

From 2007 to 2017, there were 26305568 deaths in the USA. Of these patients, PF was present in 0.65%
of diabetics and 0.80% of nondiabetics. The overall odds of having concurrent PF was significantly lower
in diabetics (OR 0.81, 95% CI 0.79–0.82). In the year-by-year analysis, the risk of PF was lower in
diabetics for every year (not shown).

Decedents were stratified by sex, age group and race. The risk of PF was lower in those with diabetes in all
age strata and races, and both sexes (table 1).

When stratified by sex and age, the risk of PF was lower in diabetics compared to non-diabetics in both
sexes in all age strata except females between ages 45–54 years (OR 0.93, 95% CI 0.80–1.08) (not shown).
When stratified by sex and race, the risk of PF was lower in diabetics of both sexes in all races. Using
logistic regression, the risk of PF remained significantly lower in diabetics after adjusting for sex and age
(adjusted OR 0.82, 95% CI 0.80–0.83) and for sex and race (adjusted OR 0.80, 95% CI 0.79–0.81).

@ERSpublications
The association between diabetes and pulmonary fibrosis is not well understood. This large
study demonstrates that the prevalence of pulmonary fibrosis is lower in diabetic decedents
compared to nondiabetic decedents. https://bit.ly/3gNgjeU

Cite this article as: Jeganathan N, Miot C, Sathananthan A, et al. The association of pulmonary
fibrosis with diabetes mellitus. ERJ Open Res 2020; 6: 00237-2020 [https://doi.org/10.1183/
23120541.00237-2020].

Copyright ©ERS 2020. This article is open access and distributed under the terms of the Creative Commons Attribution Non-
Commercial Licence 4.0.

https://doi.org/10.1183/23120541.00237-2020 ERJ Open Res 2020; 6: 00237-2020

ORIGINAL RESEARCH LETTER

https://bit.ly/3gNgjeU
https://bit.ly/3gNgjeU
https://doi.org/10.1183/23120541.00237-2020
https://doi.org/10.1183/23120541.00237-2020
https://crossmark.crossref.org/dialog/?doi=10.1183/23120541.00237-2020&domain=pdf&date_stamp=


TABLE 1 Prevalence of pulmonary fibrosis (PF) in decedents with and without diabetes mellitus (DM)

Variable Decedents without DM# Decedents with DM¶ OR+ (95% CI)

Total
deaths

PF
present

Total
deaths

with PF %

PF mortality rate
% change
2007–2017

p-value for
trend

Total deaths PF
present

Total
deaths

with PF %

PF mortality rate
% change
2007–2017

p-value for
trend

Sex
Female 12136433 86119 0.71 −4.5 0.07 1243509 7022 0.56 −14.0 −0.01 0.79 (0.78–0.81)
Male 11551233 104316 0.90 +6.0 0.03 1374393 9964 0.72 0.80 (0.78–0.82)

Age years
45–54 1803885 4879 0.27 −17.3 0.001 172621 374 0.22 0.80 (0.72–0.89)
55–64 3221877 16158 0.50 −16.7 <0.001 411616 1645 0.40 −17.8 0.03 0.80 (0.76–0.84)
65–74 4296696 40423 0.95 −13.7 <0.001 614378 4352 0.71 −24.6 <0.001 0.75 (0.73–0.78)
75–84 6221180 69375 1.12 −2.17 0.002 766851 6443 0.84 −6.3 0.001 0.75 (0.73–0.77)
⩾85 8144028 59600 0.73 +3.4 0.03 652436 4172 0.64 0.87 (0.85–0.90)

Race
Native-American 118036 1433 1.21 +24.1 <0.001 24513 207 0.84 0.69 (0.60–0.80)
Asian 490443 4407 0.90 75862 518 0.68 0.76 (0.69–0.83)
Black 2466550 8795 0.36 −8.0 0.01 382789 1213 0.32 −17.8 0.003 0.89 (0.84–0.94)
White 19327231 161217 0.83 +5.1 0.06 1895444 13132 0.69 0.83 (0.81–0.84)
Hispanic 1223991 14279 1.17 231954 1883 0.81 0.69 (0.66–0.73)

UCD
PF 132322 9807 0.60 (0.58–0.62)
Ischaemic heart
disease

9153 −27.7 0.002 1486 1.90 (1.79–2.01)

Lung cancer 4930 391 0.89 (0.80–0.98)
Pneumonia 1737 97 0.62 (0.51–0.77)
Heart failure 1380 118 0.96 (0.79–1.16)
Cerebrovascular
disease

1241 152 1.38 (1.16–1.63)

Pulmonary heart 875 77 0.99 (0.78–1.25)
disease

Other 38797 4858 1.57 (1.51–1.62)

International Classification of Diseases, 10th revision, codes used for underlying cause of death (UCD) are as follows. Pulmonary fibrosis: J84.1; ischaemic heart disease: I20–I25; lung
cancer: C34–C34.9; pneumonia: J09–J18.9; heart failure: I50–I50.9; cerebrovascular disease: I60–I69.8; pulmonary heart disease: I26–I27.9. If no data are shown for % change in rate,
the regression analysis of the data did not indicate a significant change in trend during the time period. #: n=23687666; ¶: n=2617902; +: the overall risk of PF in diabetics compared to
nondiabetics.
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The overall crude mortality rate from PF was 15 per 100000 population (17.6 in males and 12.7 in
females). The mortality rate from PF was unchanged from 2007 to 2017 in both diabetics and
nondiabetics. In both groups, when stratified by demographics, a negative trend was noted in females,
black people and those between ages 55–84. In nondiabetics, an increasing trend was noted in males, those
aged ⩾85 years, white people and Native Americans.

PF decedents with diabetes, compared to PF alone, were less likely to have PF, lung cancer and pneumonia
as the UCD, and were more likely to have ischaemic heart disease, cerebrovascular disease or other causes
listed as the UCD (table 1).

To date, our study represents the largest analysis examining the association between PF and diabetes. We
report that the presence of PF is lower in decedents with diabetes compared to those without. This finding
was consistent irrespective of sex, age group, race or year of death. We also performed a reverse analysis
evaluating the percent of PF decedents with diabetes (8.2%) compared to non-PF decedents with diabetes
(9.9%), which showed lower odds of having diabetes in PF decedents compared to non-PF decedents (OR
0.81, 95% CI 0.80–0.83). A possible explanation for this finding is a lower incidence of PF in diabetics or
improved survival of PF patients with diabetes.

Several case–control studies have reported a higher prevalence of diabetes in IPF patients (10% to 33%)
compared to matched controls [2–5]. However, these studies were small and mostly single-centred, and
therefore could have been influenced by selection bias. Ascertainment bias may also have been present as
patients with IPF are more likely to see their physician regularly and therefore have other illnesses
diagnosed.

Contrary to the prior studies, our large study suggests that the prevalence of PF may be lower in diabetics
compared to nondiabetics. This may be partly due to diabetic decedents dying at a younger age from
cardiac conditions before IPF can develop or be clinically recognised. This is supported by our findings
that the percentage of decedents over the age of 85 years was lower in diabetics and that PF decedents
with diabetes had higher odds of dying from ischaemic heart disease. Large longitudinal epidemiological
studies are needed to understand the impact of diabetes on the risk of developing IPF and outcomes.

The lower prevalence of PF in diabetic decedents could also be due to improved survival time. Acute
exacerbation of IPF shares several pathophysiological features with acute respiratory distress syndrome, and
is a major cause of the decline in lung function and mortality [11]. Several studies have shown that
pre-existing diabetes is associated with a decreased risk of acute respiratory distress syndrome and,
therefore, may similarly decrease the risk of acute exacerbations of IPF.

Consistent with other recently published studies, we noted declining PF-related mortality rates in females,
black people and those aged 55–84 years [12]. These trends were more pronounced in diabetics due to
concomitant decline in overall diabetes-related deaths in these demographics (not shown). The relative risk
of PF in diabetics compared to nondiabetics did not change significantly during this period.

The strengths of this study are the large numbers and inclusion of the entire US population without
sampling. The major limitation of this database, like other large epidemiological studies, is the inability to
confirm the accuracy of the diagnosis or the ICD coding on the death certificate. Studies with IPF have
previously noted under-reporting on death certificates. However, we would expect any such
misclassification to be independent of whether a person has diabetes or not. The reporting of IPF seems to
have improved and in a validation study in 2010, 82% of decedents with IPF had the diagnosis included in
the death certificate [13]. In a population-based study of residents aged ⩾50 years in Olmstead County,
Minnesota, the overall incidence of IPF between 1997 and 2005 was 17.4 per 100000 population using
broad criteria (24 in males and 13.4 in females) [14]. Since IPF has a short survival duration, the mortality
rates likely mirror the incidence. In our study, the overall crude mortality rate for PF was comparable to
the reported incidence. More current validation studies are needed to estimate the accuracy of reporting.

Diabetes is also likely under-reported in this database. Given the large numbers in this study, the finding
of lower odds of PF with diabetes is unlikely to be due to chance alone. It would also be expected that any
misclassification in diabetes would bias the association toward the null, suggesting the association between
diabetes and PF maybe even stronger than we report without the misclassification. To support this claim,
we analysed another chronic pulmonary condition, COPD, that has been known to have a higher
prevalence in diabetics compared to nondiabetics [15]. In this analysis, the overall odds of having
concurrent COPD was higher in diabetics (OR 1.24, 95% CI 1.23–1.24) compared to nondiabetics.
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