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Background: Serum surfactant protein (SP) A and SP-D had prognostic value for mortality in
patients with idiopathic pulmonary fibrosis (IPF) in prior studies before the reclassification of the
idiopathic interstitial pneumonias. We hypothesized that baseline serum SP-A and SP-D concen-
trations would be independently associated with mortality among patients with biopsy-proven
IPF and would improve a prediction model for mortality.
Methods: We evaluated the association between serum SP-A and SP-D concentrations and
mortality in 82 patients with surgical lung biopsy-proven IPF. Regression models with clinical
predictors alone and clinical and biomarker predictors were used to predict mortality at 1 year.
Results: After controlling for known clinical predictors of mortality, we found that each increase
of 49 ng/mL (1 SD) in baseline SP-A level was associated with a 3.3-fold increased risk of mortality
(adjusted hazard ratio, 3.27; 95% confidence interval, 1.49 to 7.17; adjusted p � 0.003) in the first
year after presentation. We did not observe a statistically significant association between serum
SP-D and mortality (adjusted hazard ratio, 2.04; p � 0.053). Regression models demonstrated a
significant improvement in the 1-year mortality prediction model when serum SP-A and SP-D
(area under the receiving operator curve [AROC], 0.89) were added to the clinical predictors
alone (AROC, 0.79; p � 0.03).
Conclusions: Increased serum SP-A level is a strong and independent predictor of early mortality
among patients with IPF. A prediction model containing SP-A and SP-D was substantially
superior to a model with clinical predictors alone. (CHEST 2009; 135:1557–1563)

Abbreviations: AROC � area under the receiver operating characteristic curve; CI � confidence interval;
Dlco � diffusing capacity of the lung for carbon monoxide; HRCT � high-resolution CT; IPF � idiopathic pulmonary
fibrosis; NSIP � nonspecific interstitial pneumonia; ROC � receiver operating characteristic; SP � surfactant protein;
UIP � usual interstitial pneumonia

I diopathic pulmonary fibrosis (IPF) is a chronic,
progressive, fibrotic interstitial lung disease with a

poor prognosis and no proven effective medical
treatment.1–3 IPF is characterized histologically by
the usual interstitial pneumonia (UIP) pattern. The
median survival rate in studies4 performed after the
development of the current international consensus
classification is between 2 and 4 years after diagnosis,
and the 5-year survival rate is between 20% and
40%.5–7 Efforts have been made to identify clinical
parameters,3,8,9 histopathologic features,1 and multi-
faceted prediction models10,11 to estimate risk more
accurately for disease progression and death. We
showed in a large, well-defined IPF population with

long-term follow-up12 that baseline BAL fluid neu-
trophil percentage was a strong predictor of 1-year
mortality.

Surfactant protein (SP) A and SP-D are members of
the collectin family. Secreted primarily by alveolar
epithelial type II pneumocytes, plasma SP-A and SP-D
levels appear to increase early after breakdown in the
alveolar epithelium.13,14 SP-A has been shown15,16 to be
present in abnormal amounts in the BAL fluid of
patients with IPF. These patients demonstrated lower
BAL fluid SP-A/surfactant phospholipids ratios com-
pared to control subjects, and those with higher levels
had an improved 5-year survival rate.15 That study
was performed before the American Thoracic Soci-
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ety and European Respiratory Society4 reclassifica-
tion of the idiopathic interstitial pneumonias and
included patients who now would be classified as
having nonspecific interstitial pneumonia (NSIP).
Ishii et al17 showed that patients with IPF have a
significant increase in serum SP-A level compared to
those with NSIP. Takahashi et al18 found that high
levels of serum SP-A and SP-D were associated with
mortality in a study of 52 patients with IPF but were
not associated with the extent of honeycombing seen
on high-resolution CT (HRCT) scans. Greene et al19

found that serum SP-A and SP-D levels were pre-
dictors of 1-year mortality in a large cohort of
patients who had received an IPF diagnosis based on
the criteria in use before the current international
consensus reclassification.4 In addition, Greene et
al19 did not adjust for BAL fluid neutrophil percent-
age or report detailed comparisons of adjusted mul-
tivariate models to reveal the independent relative
strength of any given predictor. Thus, although
others18,19 have established an association between
mortality and serum levels of these proteins, it
remains unclear whether such an association pro-
vides substantial additive value in the assessment of
prognosis related to clinical factors (age and smoking
status), functional parameters (FVC, diffusing capac-
ity of the lung for carbon monoxide [Dlco], and
alveolar-arterial oxygen gradient), and BAL fluid
(neutrophilia) findings.

In the present study, we evaluated the association
of serum SP-A and SP-D levels with mortality among
a prospective cohort of patients with IPF in whom
the presence of the pathologic UIP pattern was

confirmed by surgical lung biopsy and BAL fluid
cellular analysis. We hypothesized that a higher level
of serum SP-A or SP-D at the time of IPF diagnosis
would predict mortality in patients with IPF; further,
this relationship would persist after adjustment for
other established baseline predictors of mortality,
including BAL fluid neutrophilia. We also sought to
determine whether a prediction model that included
SP-A and SP-D improved on models that included
clinical predictors and BAL fluid neutrophilia.

Materials and Methods

Study Patients

The study cohort consisted of 82 patients with IPF and a
pathologic pattern of UIP seen on a surgical lung biopsy speci-
men prospectively enrolled into a specialized center of research
study at the National Jewish Medical and Research Center
(Denver, CO) between 1982 and 1996. The cohort also included
a subset of patients (n � 78) previously evaluated by Greene et
al19 (n � 111). The remainder of the cohort in the study by
Greene et al19 was excluded because these patients did not
have a surgical lung biopsy (n � 6), had an eventual alternative
diagnosis (connective tissue disease, NSIP, desquamative in-
terstitial pneumonitis, respiratory bronchiolitis, asbestosis, or
chronic aspiration; n � 18), or did not have BAL performed
(n � 9).

The diagnosis of IPF was made based on established clinical
and histologic criteria as described previously.10 Patients were
excluded from the study if there was clinical evidence of a
connective tissue disease, left ventricular failure, an occupational
or environmental exposure that may result in interstitial lung
disease, or a history of ingestion of a drug or an agent known to
cause pulmonary fibrosis. At the initial visit to the research
center, all patients underwent clinical, radiographic, and physio-
logic assessment before lung biopsy. Patients were designated as
current smokers (if they had smoked cigarettes regularly within
the previous year), former smokers (if they had not smoked
cigarettes in the previous year but had smoked in the past), and
never-smokers. All were evaluated as outpatients, and none had
clinical evidence of concurrent infection.

Informed consent was obtained from each patient, and the
Institutional Human Subject Review Committee approved the
protocol. Many of these study participants have been participants
in previously reported studies.1,10,15,19

BAL

The BAL procedure was performed in all patients either while
awake in an outpatient setting within 3 weeks preceding open
lung biopsy or while under anesthesia through an endotracheal
tube just prior to the lung biopsy. BAL fluid was analyzed by
standard methods, as previously described.15

Evaluation of Serum SPs

Human SP-A and SP-D levels were measured by an enzyme-
linked immunosorbent assay kit, as previously described.19,20 All
assays were performed on samples from the baseline visit in
duplicate, and the data were expressed as the mean.

Physiologic Evaluation

Physiologic assessment included the measurement of thoracic
gas volume and total lung capacity, FVC and FEV1, the volume-
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pressure relationship of the lungs, and the Dlco and arterial
blood gases, as previously described.1

Pathologic Assessment

All patients underwent open thoracotomy or video-assisted
thoracoscopic lung biopsy. In each patient, tissue was obtained
from at least one site from the upper lobe and one site from the
lower lobe of the same lung. Only patients with findings consis-
tent with UIP were included in this study.2,21,22

Clinical and Outcome Assessment

A modified American Thoracic Society questionnaire was used
to collect demographic and medical information. Vital status was
obtained on all patients through July 31, 2006, by linking patient
identifiers with the National Death Index. Patients were cen-
sored if they were still alive on July 31, 2006, had received a lung
transplant, or had died. Survival time was calculated as the time
since surgical lung biopsy until censoring.

Treatment Protocol

At study entry, 35 patients (43%) had never received
treatment directed at IPF, 38 patients (46%) were not receiv-
ing treatment at the time of lung biopsy but had previously
received short courses of corticosteroids or other immunosup-
pressant treatment � 30 days prior to the lung biopsy and 9
patients (11%) had been treated with corticosteroids or immu-
nosuppressant treatment within 30 days of the biopsy. None of
the patients had received significant doses of corticosteroid
therapy (defined as a total of 2,700 mg of prednisone in any
90-day period) before diagnosis and entry into the study.

Statistical Analysis

Because age-specific, gender-specific, and race-specific clini-
cally established cut points for serum SP concentrations have not
been determined among persons with IPF, we categorized study
patients into three equal groups for descriptive purposes. Explor-
atory analysis demonstrated a linear relationship between in-
creasing SP-A level and risk of mortality. Thus, differences in
baseline demographic and clinical characteristics were compared
across SP-A tertile groups with the use of analysis of variance or
the Kruskal-Wallis test for continuous variables and the �2 test or
Fisher exact test for categorical variables, as appropriate.

We used Cox proportional hazards regression model for the
primary analysis to evaluate the associations of serum SP-A and
SP-D level with mortality. To evaluate the proportional hazards
assumptions, we used visual inspection of log-minus-log plots and
plots of Schoenfeld residuals vs survival time.23 Visual inspection
suggested a violation of the assumption of proportional hazards
among the three SP-A tertiles. We took account of this violation
by estimating relative hazards by years since study enrollment
(censoring study patients with events in earlier years).23 We
particularly focused on mortality with the first year, as we
believed that this was most clinically relevant, and our prior
prognostic study12 of BAL fluid neutrophils had demonstrated
that the greatest impact of baseline clinical predictors was within
the first year.8

Covariates for adjustment were selected a priori either because
they represented important demographic variables (age, gender,
and race) or because prior reports3,10 indicated an association
with mortality in IPF (age, smoking status, baseline FVC, Dlco,
BAL fluid neutrophil percentage, and alveolar-arterial oxygen
gradient). Before study inclusion, Pearson product moment

correlations between continuous covariates were evaluated to
avoid colinearity. None had correlation coefficients � 0.60. We
evaluated for multiplicative interactions on the basis of smoking
status, which was selected as a candidate effect modifier a priori
on the basis of prior research3,8,19 and treatment status. Standard
methods do not exist for deriving receiver operating characteris-
tic (ROC) curves for time-to-event data24; thus, we used logistic
regression for this part of the analyses. Complementary analyses
included a series of logistic regression models to predict 1-year
mortality, using odds ratios and 95% confidence intervals (CIs) to
estimate relative risk. Our regression models sequentially in-
cluded the simple clinical, clinical and SP-A and SP-D, and
clinical and biomarker (including SP-A, SP-D and BAL fluid
neutrophil percentage) models, with evaluation of the discrimi-
natory capability of the models using the C statistic, or the area
under the ROC curve (AROC). Two-tailed p values � 0.05 were
considered statistically significant. Analyses were performed with
a statistical software package (Stata, version 9; StataCorp; College
Station, TX).

Results

Among the 82-patient study sample, the mean age
was 62 years; 62% were men, and 90% were white.
Sixty-two percent of patients were either current or
former smokers. The mean serum SP-A level was
106 ng/mL (range, 27 to 276 ng/mL), and the mean
serum SP-D level was 641 ng/mL (range, 82 to 2,404
ng/mL). Exploratory analyses revealed that serum
SP-A level, but not SP-D level, was associated with
early mortality; thus, the baseline characteristics are
shown in relation to serum SP-A tertiles (Table 1).
No statistically significant associations were found
between SP-A tertiles and baseline demographic,
clinical, physiologic, or BAL variables, although
there was a trend toward higher alveolar-arterial
oxygen gradient among patients with higher SP-A
levels (p � 0.12).

There was a total of 347 person-years of follow-up
among the 82 patients. The median follow-up time
was 3.0 years (interquartile range, 1.3 to 6.0 years).
None of the patients were lost to follow-up. During the
first year of follow-up, two patients (7%) in the lowest
SP-A tertile, three patients (11%) in the middle
tertile, and seven patients (26%) in the highest tertile
died or received a lung transplant. Only one of these
patients was censored due to lung transplantation,
and the remaining patients died. When SP-A was
considered as a continuous predictor variable,
every increase of 49 ng/mL (1 SD) in concentra-
tion was associated with a 3.3 times increased risk
for death or lung transplant in adjusted analysis
during the first year of follow-up (p � 0.003) [Table
2]. However, this association differed significantly
during the follow-up period and was attenuated in
subsequent follow-up years. Patient survival divided
by tertiles in SP-A levels are shown in Figure 1
(p � 0.009). No evidence was found for effect mod-
ification in this relationship based on smoking status
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(p � 0.72 [for interaction]) or treatment (p � 0.23).
In contrast, we did not observe any significant
association between SP-D levels and mortality in
unadjusted analysis (Table 2); however, there was a
trend toward significance in adjusted analysis (ad-

justed hazard ratio, 2.04; p � 0.053). Regression
models demonstrated a significant improvement in
the prediction model when serum levels of SP-A and
SP-D (AROC � 0.89; p � 0.03) or BAL fluid neu-
trophilia (AROC � 0.83; p � 0.05) were added to
the clinical predictors alone (AROC � 0.79) [Table 3
and Fig 2]. However, the model including serum
SP-A and SP-D levels and the clinical parameters
was not improved with the addition of BAL fluid
neutrophilia.
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Figure 1. The Kaplan-Meier method survival curve of patients
with IPF based on serum SP-A level tertiles (� 80.4 ng/mL, 81 to
123 ng/mL, and � 123 ng/mL; p � 0.009 [log rank test]; patients
at risk: year 1, 68; year 2, 55; year 3, 43).

Table 2—Comparison Between Predictors for
Association With Death or Transplantation During the

First Year of Follow-up in Patients With IPF (Using
Cox Proportional Hazards Model)

Per SD Decrease
Hazard
Ratio CI p Value

FVC % predicted (SD � 18.2)
unadjusted

1.26 0.70–2.27 0.43

FVC % predicted adjusted* 1.67 0.56–5.00 0.36
Dlco % predicted (SD � 16.1)

unadjusted
0.83 0.49–1.43 0.51

Dlco % predicted adjusted* 0.50 0.21–1.19 0.12
Increase per SD (10 yr)

Age unadjusted 1.98 0.90–4.36 0.09
Age adjusted* 2.97 0.85–10.32 0.09

Increase per SD (48.7 ng/mL)
SP-A level unadjusted 2.09 1.21–3.59 0.008
SP-A level adjusted* 3.27 1.49–7.17 0.003

Increase per SD (394 ng/mL)
SP-D level unadjusted 1.22 0.95–1.53 0.40
SP-D level adjusted* 2.04 0.99–4.22 0.053

*Adjusted for all others (age, gender, race, smoking status, FVC,
Dlco, alveolar-arterial oxygen gradient, and BAL neutrophil per-
centage).

Table 1—Baseline Characteristics by SP-A Tertile*

Characteristics
Overall

(n � 82)
Lowest Tertile

(n � 28)
Middle Tertile

(n � 27)
Highest Tertile

(n � 27) p Value†

Age at biopsy, yr 62 (10) 61 (13) 62 (9) 62 (8) 0.93
Male gender, No. (%) 51 (62) 18 (64) 17 (63) 16 (59) 0.92
Race and ethnicity

White 74 24 25 25 0.32
Hispanic 6 4 1 1
Black 1 0 1 0
Asian 1 0 0 1

Smoking status
Never-smoker 31 8 13 10 0.28
Former smoker 40 17 12 11
Current smoker 11 3 2 6

Duration of symptoms, mo 34 31 36 36 0.75
Immunosuppressive therapy, No. of patients treated (%) 47 (57) 18 (64) 15 (56) 14 (52) 0.63
Baseline pulmonary function tests

FVC, % predicted 64 (18) 64 (18) 60 (16) 68 (18) 0.25
FEV1, % predicted 74 (19) 76 (23) 70 (18) 77 (15) 0.31
Total lung capacity, % predicted 75 (16) 75 (15) 73 (17) 78 (17) 0.45
Dlco, % predicted 54 (16) 58 (18) 53 (12) 50 (17) 0.15
Baseline oxygen saturation, % 95 (3) 95 (3) 95 (3) 95 (3) 0.78
Baseline alveolar-arterial oxygen gradient‡ 21 (9–36) 15 (7–27) 21 (13–36) 31 (10–42) 0.12

Baseline BAL fluid neutrophils,‡ % 6 (3–13) 6 (4–11) 3 (2–12) 11 (2–18) 0.41

*Values are given as the mean (SD), No., or median (interquartile range), unless otherwise indicated. Lowest tertile, � 80.4 ng/mL; middle tertile,
81 to 123 ng/mL; highest tertile, � 123 ng/mL.

†p Values are for comparison among the three subgroups, using �2 test, Fisher exact test, or analysis of variance, where appropriate.
‡Data were not normally distributed. A Kruskal-Wallis test was performed.

1560 Original Research



Discussion

This study examined the association of serum
SP-A and SP-D levels with survival in a relatively
large and well-characterized cohort of patients with
biopsy-proven IPF through long-term and compre-
hensive follow-up. We demonstrated that serum
SP-A levels obtained at the time of initial diagnosis
among patients with IPF (confirmed by use of the
current consensus pathologic definition) is indepen-
dently and strongly associated with death or lung
transplant within 1 year after presentation. This
association was strengthened after statistical adjust-

ment for previously established clinical predictors of
mortality. Interestingly, we found that the greatest
increase in mortality risk associated with elevated
SP-A levels occurred in the first year after measure-
ment, a result similar to our findings12 from an
evaluation of BAL fluid neutrophilia and mortality.
Furthermore, the present study is the first to evalu-
ate the performance characteristics of multivariate
survival prediction models containing SP-A and
SP-D levels using ROC curve analysis. These char-
acteristics revealed that models containing SP-A and
SP-D in addition to clinical factors demonstrated
performance characteristics that were superior to
those of a model using clinical characteristics alone.
Thus, baseline serum SP-A and SP-D levels provide
substantial additive predictive value in prognosis rela-
tive to clinical factors (age and smoking status), func-
tional parameters (FVC, Dlco, and alveolar-arterial
oxygen gradient), and BAL fluid (neutrophilia) findings
in patients with IPF. Interestingly, we found that the
greatest increase in mortality associated with SP-A
occurred in the first year after measurement, a result
similar to that found in our prior study12 evaluating
BAL fluid neutrophilia and mortality.

Several potential mechanisms have been postulated19

to increase serum SP-A levels, including increased
secretion and loss of cell polarity of SP-A by type II
cells, increased secretion because of type II cell
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Figure 2. The ROCs for the clinical vs the clinical and serum SP models (p � 0.03) in predicting
1-year mortality in patients with IPF. Model 1 includes clinical parameters (age, gender, race, smoking
status, FVC, Dlco, and alveolar-arterial oxygen gradient). Model 2 includes clinical parameters and
serum SP-A and SP-D levels.

Table 3—Comparison of Performance Characteristics
Between Multivariate Logistic Regression Prediction
Models for 1-Year Mortality in Patients With IPF*

Models C Statistic† 95% CI p Value†

Clinical alone 0.79 0.67–0.91 Reference
Clinical and SP-A/SP-D

levels
0.89 0.81–0.98 0.03

Clinical and BAL
neutrophil %

0.83 0.73–0.93 0.05

Clinical and biomarkers 0.89 0.81–0.97 0.04

*Clinical model includes age, gender, race, smoking status, FVC,
Dlco, and alveolar-arterial oxygen gradient. Biomarkers include
SP-A and SP-D levels, and BAL neutrophil percentage.

†Represents the AROC comparison to the clinical-alone model.
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hyperplasia, increased leakage from the airspace to
the interstitium, and decreased clearance from the
vascular compartment. If increased basement mem-
brane permeability is the predominant mechanism
by which serum SP-A levels increase, then the
relative preservation of the basement membrane in
patients with NSIP compared to those with IPF
might help to explain the findings of Ishii et al17 of
lower SP-A levels in distinct interstitial lung disease.
Further, if SP-A is leaking from the alveolar com-
partment into the systemic circulation, it might
explain the previous observation15 that BAL fluid
SP-A levels are reduced in patients with IPF.

We believe that the most likely explanation for the
association between serum SP-A levels and mortality
in patients with IPF is that serum SP-A levels may be
a more sensitive indicator of the extent of lung
involvement than any of the conventional functional
parameters, such as Dlco or FVC. Some advantages
of using this measurement as a prognostic indicator
include the ease in obtaining blood samples com-
pared to other more invasive measures (BAL) or
more expensive measures (HRCT scan), the repro-
ducibility and limited interobserver variability of the
test, and the relative strength of its association with
mortality compared to other conventional measures.

We did not find a statistically significant associa-
tion between serum SP-D level and mortality, unlike
in the prior study19 from our group. The reasons for
this discrepancy are unclear. One potential explana-
tion for the different findings is our strict definition
that IPF require a lung biopsy showing the UIP
histologic pattern vs the inclusion of patients who
would no longer be considered to have IPF but
would have other idiopathic interstitial pneumonias,
such as NSIP. Therefore, it is possible that the
current population is less heterogeneous. Alterna-
tively, our study is smaller than the prior study,19 so
it is possible that we would have seen a similar
association had we had more patients, given that our
point estimate for an association between SP-D and
mortality was relatively modest, and the p value
approached significance.

The strengths of the current study are its well-
characterized patient population, with surgical lung
biopsies having been conducted in all subjects and
classification accomplished according to the most
recent consensus criteria; the length and complete-
ness of the follow-up; the use of multivariate analytic
techniques; and a more comprehensive collection of
important clinical covariate data. However, several
limitations should be considered when interpreting
our results. We attempted to mitigate the possibility
of confounding variables by collecting and analyzing
baseline clinical predictors that have been shown to
have an influence on mortality, including the re-

cently demonstrated BAL fluid neutrophil percent-
age. HRCT scans were not available in the early
years of this study; therefore, they were not included
in the present analysis. Interestingly, in several more
recent studies12,25 evaluating BAL fluid neutrophilia
as a predictor of mortality in patients with interstitial
lung disease, adjustment for the extent of disease
seen on HRCT scan or Dlco did not attenuate this
effect. Similarly, in the present study, the impact of
serum SP-A level on mortality in patients with IPF was
not attenuated by adjustment for Dlco (a reliable
surrogate for disease extent seen on HRCT scan in
patients with other interstitial lung diseases11,26). These
findings suggest the possibility that serum SP-A level
may be measuring a separate phenomenon and is not
just a surrogate for disease severity or extent as
conventionally determined. In addition, the study
population was derived from a tertiary referral cen-
ter. We cannot rule out the possibility that this
referral population is somehow different from others
that would not have been referred to a tertiary
medical center. Finally, we did not have information
on the cause of death, so we could not directly
address the potential role of acute exacerbations and
their relationship to SP-A levels.

In summary, we demonstrate that serum SP-A
level at the time of diagnosis of IPF is a strong
independent predictor of time to death or lung
transplant, particularly during the first year of follow-
up. Increased serum SP-A concentrations may iden-
tify a subset of patients with more “active” disease
that increases the risk of death in the following year
and was not predicted by other baseline, noninvasive
clinical predictors, such as lung function test results.
The results of this and prior studies,18,19 along with
the availability of a reference laboratory to regularly
perform these assays for clinical purposes, may lead
to the increased use of SP-A levels in clinical practice
for prognostic purposes and may represent an im-
portant surrogate outcome for future therapeutic
trials. Future studies will need to clarify whether
repeated measures of serum SP-A level provide a
more specific marker of mortality risk for long-term
follow-up than pulmonary function tests and
whether they can be used as a surrogate outcome
measure in therapeutic clinical trials.
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