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Summary
Introduction: In Spain, few data have been reported on mortality and survival in rheumatoid arthritis with diffuse interstitial lung disease.

Objectives: To estimate mortality and survival for patients with symptomatic diffuse interstitial lung disease and rheumatoid arthritis and to analyze the effect of
clinical factors.

Methods: We performed an observational study between 2007 and 2018 at the Interdisciplinary Rheumatology and Pulmonology Clinic, from a tertiary Hospital.
Patients with rheumatoid arthritis and symptomatic of diffuse interstitial lung disease confirmed by high-resolution computed tomography were included. Causes of death
and clinical factors were reported.

Results: We identified 90 patients with rheumatoid arthritis and symptomatic interstitial lung disease. Twenty-six patients died and diffuse interstitial lung disease
was the most frequent cause (50%). The overall mortality rate was 19.7 per 1000 patient-years (95% Cl: 13.4 - 29). The multivariate model revealed the predictors of
mortality to be a long time between diagnosis of rheumatoid arthritis and lung involvement (HR = 1.17; p = 0.003) and low forced vital capacity (HR = 0.02; p = 0.018). The
probability of survival was 50% at 10.2 years from diagnosis of interstitial lung disease. Comparison of survival did not reveal significant differences by type of radiologic
pattern (p = 0.823).

Conclusions: The fact that almost one-third of patients died and that survival is 50% at 10 years highlights the important role of diffuse interstitial lung disease
in rheumatoid arthritis. The radiologic pattern does not seem to be as important for survival as forced vital capacity at diagnosis and the time between diagnosis of
rheumatoid arthritis and lung involvement.

Key points
1. DILD is associated with shorter survival in patients with RA.
2. The radiologic pattern does not seem to influence the survival in patients with RA and DILD.
3. The FVC at diagnosis is an important factor that influences the prognosis of patients with RA and DILD.
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Introduction

Patients with Rheumatoid Arthritis (RA) often experience
extra-articular manifestations, which play a role in the
morbidity and excess mortality reported for this disease [1].
The lung is the site most commonly affected by extra-articular
RA, particularly in the form of Diffuse Interstitial Lung Disease
(DILD) [2].

DILD is the second most frequent cause of early death
in patients with RA after cardiovascular disease [3]. Lung
involvement is very often asymptomatic, although it accounts
for 10% - 20% of deaths in patients with RA [4] and most of
these are due to DILD [5-8]. In the case of early RA, DILD is
responsible for 6% - 7% of deaths [9]; in fact, overall, DILD
accounts for 6% - 13% of excess mortality in patients with RA

(3].

Current treatments for RA are very effective and have
made it possible to control the disease and, therefore, reduce
the mortality of RA. However, it seems that the burden and
mortality of RA associated with DILD are increasing [10].
Consequently, in recent years, interest in DILD in patients with
RA has grown exponentially, with numerous studies being
performed. Nevertheless, many aspects of this disease remain
unknown.

In 2007, an Interdisciplinary Rheumatology and
Pulmonology Clinic was created at Hospital Universitario La
Paz (HULP), Madrid, Spain, with the aim of assessing lung
involvement in patients with systemic immune-mediated
diseases. The objective of the present study was to estimate
mortality and survival in patients with RA and symptomatic
DILD in our area and to ascertain the potential underlying
clinical and serological factors.

Methods

We performed a longitudinal study between 2007 and 2018
in the Interdisciplinary Rheumatology and Pulmonology Clinic
of HULP. The protocol was approved by the local Research
Ethics Committee for Medications. All procedures were carried
out according to the recommendations of good clinical practice,
and data confidentiality regulations were adhered to. The
selection of the included patients was made from the total of
patients evaluated at the interdisciplinary Rheumatology and
Pulmonology Clinic of HULP (Figure S1. with the flow diagram).

Population

The study population comprised patients with RA seen
in the Rheumatology Department. Patients with DILD were
characterized by selecting those diagnosed with RA according
to the 1987 criteria of the American Rheumatism Association
or 2010 criteria of the American College of Rheumatology/
European League Against Rheumatism [11,12] and who had a
cough, dyspnea, or crackles on chest auscultation and were
diagnosed with DILD by means of high-resolution computed
tomography (HRCT). We excluded patients with overlap
syndromes, patients who had been exposed to environmental
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agents that could potentially cause DILD (eg, inhalation of
inorganic dust [pneumoconyosis] or organic dust [extrinsic
allergic alveolitis]), and patients who had received treatment
with amiodarone, nitrofurantoin, cytostatic agents, or
radiotherapy. Data on vital signs were unavailable for 6 patients
at the time of the study. The idiopathic interstitial pneumonia
classification of the European Respiratory Society (ERS) and
American Thoracic Society (ATS) for 2013 [13] was used, as were
the joint recommendations on idiopathic lung fibrosis of the
American Thoracic Society, the European Respiratory Society,
the Japanese Respiratory Society, and the Latin American
Thoracic Society for 2018 [14]. We analyzed the association
between mortality and radiologic pattern, classifying patients
as having Usual Interstitial Pneumonia (UIP) plus probable
UIP, Nonspecific Interstitial Pneumonia (NSIP), and Combined
Pulmonary Fibrosis And Emphysema (CPFE).

Measurements and data collection

We collected the following variables: sociodemographic
data, smoking history, baseline clinical characteristics,
treatment received for RA, respiratory symptoms (cough and
dyspnea), crackles on pulmonary auscultation, positivity and
titer of Rheumatoid Factor (RF) and Anti-Cyclic Citrullinated
Protein Antibodies (ACPA), Pulmonary Function Test (PFT)
results, and radiologic patterns by HRCT. In addition, the date
and cause of death were collected.

PFTs were performed using a spirometry module included
in the MasterLab-body 6.0 device (Viasys, Wuerzburg,
Alemania), following the recommendations of the ATS/
ERS for calibration and measurement procedures [15]. Flows
were calibrated daily using a 3-liter syringe, according to
current guidelines. The procedure followed both for slow and
forced spirometry was that reported by SEPAR [16]. At least 3
acceptable maneuvers were performed for forced vital capacity
(FVC), with a maximum of 8. The result was adjusted for body
temperature and pressure (saturated); the reference values
applied were those proposed by the Global Lung Initiative [17].
The diffusing capacity of the lung for carbon monoxide (DLCO)
was measured using the same system with the single-breath
technique. DLCO was adjusted for hemoglobin based on the
reference values proposed by Cotes [18]. Pulmonary function
was considered abnormal when FVC was <80% predicted and/
or DLCO was <80% [19].

DILD was diagnosed based on HRCT. The protocol included
a program to determine the limits of the volume to be acquired
in maximum inspiration in the cranial-caudal direction. Two
slices were also taken during expiration at the level of the
aortic arch and the entry to the pulmonary veins to evaluate air
trapping. The investigations were performed using a 16-slice
CT scanner (SOMATON EMOTION 16, Siemens Medical Solutions,
Erlangen, Germany). The radiation parameters were adjusted
as standard with respect to the morphological characteristics
of each patient as follows: 120 KV, with a current of 160 mA
for the tube, slice thickness of 0.75 mm, with a reconstruction
increment of 0.5 mm, a pitch of 0.8, and a collimation width of
0.6 mm. Images were reconstructed using a soft-tissue kernel
(B41f) and a lung kernel (B9of) for routine diagnostic practice.
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Statistical analysis

The number and causes of death were reported, and baseline
clinical characteristics were compared between patients who
died and those who did not. Patients who did not die or for
whom insufficient data on vital signs were available were
censored on the date of their last visit.

Mortality was evaluated using Kaplan-Meier survival
analysis, which was performed considering the most frequent
radiologic patterns (UIP, CPFE and NISP). The minor radiologic
patterns were excluded.

The observation period for mortality was defined as
that running from the date of onset of the disease (joint or
lung involvement) to death or the date of the last available
information for the patient (censoring). The overall mortality
rate was calculated as the quotient of the number of deaths
recorded and cumulative survival (expressed in patient years).
The survival curves were compared using the Mantel-Haenszel
statistic (log-rank test).

Lastly, Cox proportional hazards regression models were
constructed to identify baseline characteristics associated with
mortality. Models were calculated for crude values and after
adjustment for confounders. Theoretical meaningful variables
and those with a p-value below 0.250 in the bivariate analysis
were entered into the multivariate analysis. The final model
was the most parsimonious (smallest number of variables) and
that with lower information criteria (Akaike and Bayesian). The
predictive capacity of the adjusted model was evaluated using
Harrell’s C statistic.

Results

Information was available for 84 patients of the 90 (93.3%)
diagnosed with RA and DILD (RA-DILD). Most patients (74)
did not have DILD at RA diagnosis, only 10 patients (11.9%)
had this condition at the time of RA diagnosis. In total, 26
out of 84 patients (31%) died during the study follow-up. The
cause of death was known in 16 cases (61,5%), being the most
frequent DILD (8 cases; 50%), followed by respiratory infection
(3; 18.8%), cancer (3; 18.8% [lung cancer in 1 case]), intestinal
perforation (1; 6%), and sepsis (1; 6%).

DILD progression was considered a cause of death when
clinical worsening and respiratory function decline or radiologic
progression, in absence of other causes.

The comparison of baseline clinical and serological
characteristics between patients who died and those who did
not reveal a series of findings that were more frequent in those
who died, as follows: crackles [85% (22/26) vs. 57 % (31/58) p =
0.022], higher RF titers (median 630 vs. 162; p = 0.005), higher
ACPA titers (1200 vs. 380; p = 0.034), and lower FVC at the first
visit (0.81vs. 0.96; p = 0.005) (Table 1).

Total follow-up time after diagnosis of DILD was 437.5
patient-years, with a maximum of 19 years and a probability
of survival of 50% at 10.2 years after diagnosis of DILD. The
overall mortality rate was 19.9 per 1,000 patient-years (95%
CI: 13.4 - 29.9) (Table 2, Figure S2).
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Table 1: Baseline characteristics according to mortality in patients with rheumatoid
arthritis and symptomatic diffuse interstitial lung disease.

W 5
p Value
=89 | -39

Age at diagnosis  57.2 (47.7-66.4) 57.2 (47.3-69.0) 57.9 (51 7-65.7)  0.904

Female sex 41(48 %) 30(51.7%) 11 (42.3%) 0.425
Smoking
- Nonsmoker 33(39,2%) 2 (37.9%) 11 (42.3%)
+ Ex-smoker 38 (45,2%) 6 (44.8%) 12 (46.1%) 0901
+ Smoker 13 (15,4%) 0(17.2%) 3(11.5%)
Cough 16 (19%) 2 (22.2%) 4(15.4%) 0.565
Dyspnea 46 (54,7%) 1 (57.4%) 15 (57.7%) 0.981
Crackles 53 (63%) 1(57.4%) 22 (84.6%) 0.022

Radiologic pattern

+ UIP + probable

31/671 (50,8 %)  18/38%(47.4%) = 13/23* (56.5%)

up 0.76
- CPFE 11/61 (18 %) | 7/38*(18.4%) = 4/23* (17.4%)
- NSIP 19/61(31,1%) = 13/38* (34.2%) = 6/23* (26.1%)

RF titer 264 (57-839,5) | 162(20-571) = 630 (211-951) | 0.005

ACPA titer 565(99-1600) 380 (48-1600) 1200 (385-1600) = 0.034

FVC 0,88 (0,81-0,99) | 0.96 (0.84-1.07) 0.8
DLCO 0,72(0,65-0,82) 0.79 (0.59-0.88)  0.65

0.76-0.89) = 0.005

(
(0.53-0.82) = 0.147
The time between
RA diagnosis and
DILD diagnosis

8,8(0,8-16,7) 8.37(2.05-17.53) 13.39 (5.55-21.24) 0.196

ACPA: Anticitrullinated Protein Antibody; CPFE: Combined Pulmonary Fibrosis and
Emphysema; DLCO: Diffusing Capacity of the Lung for Carbon Monoxide; FVC:
Forced Vital Capacity; RF: Rheumatoid Factor; UIP: Usual Interstitial Pneumonia;
NSIP: Nonspecific Interstitial Pneumonia.

*Total of patients with the most frequent radiologic pattern (UIP + probable UIP +
CPFE+NSIP) in each patient group.

Table 2: Survival in all patients with rheumatoid arthritis and diffuse interstitial lung

disease.
Follow-up (year) Total Deaths Probability of 95% CI
(n=26) SE

0 0 0 1

2 67 2 0.97 0.89-0.99
4 43 11 0.78 0.65-0.87
6 30 5 0.68 0.54-0.79
8 19 3 0.6 0.44-0.72
10 10 2 0.51 0.34-0.66
12 5 3 0.33 0.15-0.52
14 4 - 0.33 0.15-0.52
16 3 - 0.33 0.15-0.52
18 3 - 0.33 0.15-0.52
20 1 - - -

Cl: Confidence Interval.

The comparison of survival according to the radiologic
pattern of DILD was performed among the 61 patients with
the most frequent patterns (31 with UIP + probable UIP, 11
with CPFE, and 19 with NISP). No statistical differences were
observed among radiologic patterns by the log-rank test (p =
0.823). Similarly, no differences were found depending on the
initial manifestation of joint or lung disease (0.245) (Table 3,
Figures 1 and S3).
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As for the mortality rate according to the radiologic DILD
pattern, we found the highest mortality in CPFE (30.1 X 1,000
person-years), followed by UIP plus probable UIP (29.5 x 1,000
person-years), compared with the NSIP group (17.5 X 1,000
person-years), although the difference was not statistically
significant (Table S1; Figure 1).

The bivariate Cox regression analysis revealed some baseline
characteristics to be associated with mortality. This association
was defined by the hazard ratio (HR). Mortality increased with
the presence of crackles (HR = 3.03; p = 0.042) and greater time
between diagnosis of joint and lung involvement (HR = 1.09; p
< 0.0001). In contrast, mortality decreased with greater FVC at
the baseline visit (HR = 0.06, p = 0.050), although the difference
in this parameter was at the limit of statistical significance. No
association was identified with a radiologic pattern, smoking,
or the remainder of the characteristics analyzed (Table 4).

Table 3: Survival in patients with rheumatoid arthritis and diffuse interstitial lung
disease according to radiologic pattern.

UIP +

Follow-up (year) probable CPFE NSIP
0 1 1 1
2 0.96 1 1
4 0.8 0.71 9.79
6 0.6 0.71 0.71
8 0.47 0.71 0.59
10 0.38 0.71 -
12 0.25 0.24 -
14 0.25 0.24 -
16 0.25 - -
18 0.25 - -
20 - - -

CPFE : Combined Pulmonary Fibrosis and Emphysema; NSIP: Nonspecific Interstitial
Pneumonia; UIP : Usual Interstitial Pneumonia.

Survival
Radiologic pattern: DILD
8 |
['s]
|~._ -
o
o
o
o
9 -
o
8 |
[=] T T

0 5 10 15 20

Duration of follow-up (y)

NSIP

UIP+probable

CPFE

Figure 1: Survival by radiologic pattern in patients with rheumatoid arthritis and
symptomatic diffuse interstitial lung disease.

CPFE: Combined Pulmonary Fibrosis and Emphysema; DILD: Diffuse Interstitial
Lung Disease; NSIP: Nonspecific Interstitial Pneumonia; UIP: Usual Interstitial
Pneumonia.

Table 4: Predictors of mortality in patients with rheumatoid arthritis and diffuse

interstitial lung disease.
Variable

Age at diagnosis
Female sex
Smoking
» Non-smoker
+ Ex-smoker
* Smoker
Cough
Dyspnea
Crackles
Type of onset
« Joint
* Lungs
RF titer
ACPA titer
FVC (first
determination)

DLCO (first
determination)

Radiologic pattern
* NSIP

+ UIP, probable UIP

- CPFE

Bivariate
HR (95% Cl) [p value]
1.01 (0.98-1.04) [0.592]
0.75 (0.34-1.65) [0.480]

]
1.16 (0.51-2.65) [0.716]
0.58 (0.16-2.12) [0.414]
0.71 (0.24-2.06) [0.525]
1.04 (0.47-2.27) [0.925]
3.03 (1.04-8.82) [0.042]

]
0.43 (0.10-1.85) [0.258]
1.00 (0.99-1.00) [0.730]
1.00 (0.99-1.00) [0.219]

0.06 (0.00-0.99) [0.050]

0.24 (0.03-2.04) [0.192]

1
1.01 (0.37-2.73) [0.983]

0.71(0.19-2.63) [0.610]
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Multivariate
HR (95% CI) [p value]
1.06 (0.98-1.14) [0.144]

1
0.94 (0.34-2.55) [0.898]
2.65 (0.50-14.2) [0.253

1.33(0.02-8.11) [0.760]

0.02 (0.00-0.49) [0.018]

The time between

diagnosis of
RA and lung 1.09 (1.04-1.15) [<0.0001] 1.17 (1.06-1.30) [0.003]
involvement

Harrell C statistic 0.76

Cl: Confidence Interval; UIP : Usual Interstitial Pneumonia; NSIP : Nonspecific
Interstitial Pneumonia. DLCO: Diffusing Capacity of the lung for carbon monoxide;
FVC, forced vital capacity; CPFE, combined pulmonary fibrosis and emphysema.

The multivariate analysis revealed the predictors of mortality
to be greater time between joint and lung involvement (HR =
1.17; p = 0.003) and low FVC values (HR = 0.02; p = 0.018). These
effects were independent of smoking and age. The predictive
ability of the model was 76% (Harrell C statistic) (Table 4).

Discussion

In our study, 30% of patients died during follow-up, half
from respiratory involvement. We found an overall mortality
rate of 19.9 per 1,000 patient-years (95% CI: 13.4-29.9) and
no significant differences with respect to survival between
the different radiologic patterns. FVC at diagnosis and longer
time to onset of joint and lung disease were associated with
increased mortality.

Extra-articular manifestations, especially pulmonary
manifestations, are one of the main causes of death in patients
with RA [20] and the mean survival of patients with RA-
DILD ranges from 3 to 10 years depending on the series; the
differences found in the literature reflect the heterogeneous
nature of this disease [8,21,22].

In a population-based cohort study, Hyldgaard, et al. [23]
found that mortality at 5 years in patients with RA-DILD
was 19% in those with stable disease and 55% in those with
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progressive disease. A previous study from the same authors
revealed that mortality was 14% at 1 year, 39% at 5 years, and
60% at 10 years [24]. These data are similar to those reported
in our series, where we calculated the probability of survival to
be 50% at 10 years.

A systematic review of the medical literature with a meta-
analysis of the association between DILD and RA and the risk of
mortality showed that most deaths were caused by respiratory
disease, namely, the progression of DILD, acute exacerbation
of DILD, or pneumonia [25]. In our study, of the 26 patients
who died, almost half died because of lung involvement, and of
these, 31% because of the progression of DILD, thus confirming
the importance of this manifestation in the prognosis of
patients with RA.

Several authors have identified predictors of mortality in
patients with RA-DILD [25-28]. Some showed that patients
with clinical manifestations such as cough and dyspnea die
early [29]. Owing to our inclusion criteria, we found that all
patients had a cough, dyspnea, or crackles and that crackles
were more frequent in patients who died (p = 0.022).

A 2014 systematic review of the literature on predictors of
mortality in RA-DILD found the predictors of mortality to be
male sex, advanced age at diagnosis of DILD, reduced DLCO,
the UIP radiologic pattern, and extension of fibrosis [26]. The
duration of RA at diagnosis of DILD has also been observed to
be associated with mortality in patients with RA-DILD [30].
In patients with RA-DILD and the UIP pattern, FVC and the
change in FVC or DLCO at 6 months have been shown to be
significant predictors of mortality [31].

RF and ACPA positivity and titers are known risk factors
for RA-DILD, although, to date, no data have been reported to
confirm them as predictors of mortality. However, a 2019 study
did reveal that the ACPA titer was a predictor of the progression
of DILD [32]. In our study, we found that patients who died
had higher RF and ACPA titers than those who did not die
during follow-up, although, as in other studies, they were not
predictors of mortality.

In terms of lung function, FVC and DLCO, both at diagnosis
and in terms of change over time, have been associated with
prognosis. Solomon, et al. [28] showed that lung function, age,
and smoking can account for differences in survival. Zamora-
Legoff, et al. [30] found that lower baseline DLCO, age, and
duration of RA were predictors of mortality. We found that
patients who died had a lower FVC at the baseline visit.

DILD is classified into patterns based on radiologic or
histopathological findings, with UIP and NSIP being the most
common patterns in RA [33]. Various studies have shown that
the prognosis for RA-DILD varies significantly depending
on the pattern [21,34] and that survival rates are better for
patients with RA-DILD and a radiologic pattern other than UIP
[25,28,35,36]. However, while many articles report a poorer
prognosis among patients with RA-DILD and a UIP pattern,
this is not a universal finding. Zamora, et al. [30] did not
find an association between DILD pattern and mortality. The
multivariate analysis of their cohort revealed that low baseline
DLCO at the onset of the disease, age, and time with RA—but
not radiologic pattern—were predictors of mortality [30].
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The multivariate analyses of survival in the study of
Solomon, et al. [21] indicated that lung function, age, and
smoking accounted for the differences in survival, whereas the
radiologic pattern in the baseline HRCT was not an independent
predictor of mortality. Similarly, Hyldgaard, et al. [23] found
that the impact of the HRCT pattern was significant when
adjusted for age, whereas DLCO was confirmed as a predictor
of mortality, thus supporting that longitudinal changes in PFT
results are an independent predictor of mortality. This suggests
that patients with greater pathophysiologic abnormalities
(evaluated according to the expected percentages of FVC and
DLCO) and patients with evidence of progression according to
PFT findings are at greater risk of dying, independently of the
radiologic pattern [28]. In fact, the meta-analysis by Singh,
et al. [25] from 2019, which revealed the UIP pattern to be
associated with a greater risk of death than other patterns,
stresses the importance of lung function and degree of lung
involvement as a significant predictor of mortality, as opposed
to the radiologic pattern.

In our series, we included patients with UIP and probable
UIP in the same group based on the report by Yunt, et al.
[37], who did not report differences with respect to mortality
between both patterns. We compared survival and mortality
between 3 groups of patients according to the radiologic
pattern, namely, UIP plus probable UIP, NSIP, and CPFE.
While it is true that survival was poorer and mortality greater
in patients with CPFE and probable UIP, the differences were
not statistically significant. Therefore, the radiologic pattern
was not a predictor of mortality. These findings lead us and
other authors to believe that PFT results are a more important
predictor of mortality than radiologic patterns [21,23]. In a
study performed in 2017 and consistent with our findings,
Rojas-Serrano, et al. [38] concluded that depending on the
extension of ground glass opacities in HRCT and the difficulty
performing PFT, the factors associated with mortality were age
and severity of DILD, but not HRCT pattern.

The time between the onset of RA and diagnosis of DILD is
also reported to be a predictor of mortality [30]. We found the
time between the onset of RA and diagnosis of DILD to be a key
factor in and a very important predictor of mortality, probably
because DILD was defined as symptomatic; therefore, the longer
the time between the appearance of both manifestations, the
higher the possibility that lung involvement is more advanced
and prognosis poorer. This observation, together with the
greater probability of onset of DILD during the first 10 years
after diagnosis of RA, highlights the importance of screening
for lung involvement in patients with RA and risk factors for
DILD, as well as regular re-evaluation during follow-up [39].

Our study is limited by the size of the cohort and the fact
that the cause of death was not known for all patients. It is also
a study of patients from an interdisciplinary clinic at a single
hospital. Our results should be interpreted with caution owing
to the number of patients included in the multivariate model.
Also, comorbidities (diabetes, hypertension, atherosclerosis,
and cardiac disease) were not available and then, were not
included in the multivariate analysis. In contrast, none of the
known causes of death was due to a cardiovascular event.
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In conclusion, the fact that almost one-third of patients in
follow-up at our unit died and survival at 10 years was 50%
highlights the importance of DILD in RA and, therefore, the
need for early diagnosis and expert management; hence the
importance of interdisciplinary clinics. The radiologic pattern
does not seem to be important for survival, in contrast with
FVC at diagnosis and time between joint and lung involvement.
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