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Abstract 

Background:  Idiopathic Pulmonary Fibrosis (IPF) represents a chronic lung disease with unpredictable course.

Methods:  We aimed to investigate prognostic performance of complete blood count parameters in IPF. Treatment-
naïve patients with IPF were retrospectively enrolled from two independent cohorts (derivation and validation) and 
split into subgroups (high and low) based on median baseline monocyte count and red cell distribution width (RDW).

Results:  Overall, 489 patients (derivation cohort: 300, validation cohort: 189) were analyzed. In the derivation cohort, 
patients with monocyte count ≥ 0.60 K/μL had significantly lower median FVC%pred [75.0, (95% CI 71.3–76.7) vs. 80.9, 
(95% CI 77.5–83.1), (P = 0.01)] and DLCO%pred [47.5, (95% CI 44.3–52.3) vs. 53.0, (95% CI 48.0–56.7), (P = 0.02)] than 
patients with monocyte count < 0.60 K/μL. Patients with RDW ≥ 14.1% had significantly lower median FVC%pred [75.5, 
(95% CI 71.2–79.2) vs. 78.3, (95% CI 76.0–81.0), (P = 0.04)] and DLCO%pred [45.4, (95% CI 43.3–50.5) vs. 53.0, (95% CI 
50.8–56.8), (P = 0.008)] than patients with RDW < 14.1%. Cut-off thresholds from the derivation cohort were applied to 
the validation cohort with similar discriminatory value, as indicated by significant differences in median DLCO%pred 
between patients with high vs. low monocyte count [37.8, (95% CI 35.5–41.1) vs. 45.5, (95% CI 41.9–49.4), (P < 0.001)] 
and RDW [37.9, (95% CI 33.4–40.7) vs. 44.4, (95% CI 41.5–48.9), (P < 0.001)]. Patients with high monocyte count and 
RDW of the validation cohort exhibited a trend towards lower median FVC%pred (P = 0.09) and significantly lower 
median FVC%pred (P = 0.001), respectively. Kaplan–Meier analysis in the derivation cohort demonstrated higher all-
cause mortality in patients with high (≥ 0.60 K/μL) vs. low monocyte count (< 0.60 K/μL) [HR 2.05, (95% CI 1.19–3.53), 
(P = 0.01)].
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Background
Idiopathic pulmonary fibrosis (IPF) represents a chronic, 
progressive lung disease with dismal prognosis despite 
the advent of novel antifibrotic compounds [1–4]. The 
disease course is highly variable and prognosis remains 
challenging [5]. A clinicians’ friendly, easily applicable 
and cost-effective prognostic biomarker with uniform 
cut-off values that will guide disease stratification and 
tailoring of therapeutic approaches is missing [6]. Several 
biomarkers including Mucin 5b and Toll-interacting pro-
tein single nucleotide polymorphisms, telomere length 
and gene expression signatures have been suggested as 
reliable prognosticators in patients with IPF [7–18]; yet, 
measurement of such biomarkers remains laborious and 
requires expensive and sophisticated infrastructure. In 
addition, lack of standardization of samples’ collection 
protocols leading to non-reproducible cut-off thresholds, 
further limits their widespread clinical applicability [6, 
19].

Abundant evidence has highlighted the role of Com-
plete Blood Count (CBC) in the prognostication of 
patients with various chronic lung diseases [6, 20, 21]. 
Asthma researchers are currently using peripheral eosin-
ophils to implement anti-IL5/13 therapeutic regimens 
[22]. Three major studies, encompassing an overall of 
almost 10,000 patients with IPF and scleroderma-associ-
ated interstitial lung disease have recently identified ele-
vated peripheral blood monocyte count as a biomarker 
of disease progression and mortality [6, 23]. Given that 
monocyte count is a clinically applicable and inexpensive 
biomarker, these findings warrant further investigation in 
real-life studies. In line with this concept another param-
eter of CBC, red cell distribution width (RDW), has 
been associated with worse clinical outcomes in several 
chronic lung diseases including IPF and chronic obstruc-
tive pulmonary disease [20, 24–26]. Increased RDW 
seems to represent a biomarker of early hypoxemia [20, 
27, 28].

To this end, our aim was to evaluate the prognostic role 
of parameters of CBC, including monocyte count and 
RDW in two independent cohorts (derivation and valida-
tion) of patients with IPF in a real-life clinical setting.

Study design and methods
This was an observational, retrospective study. Between 
01/11/2018 and 31/08/2020, we retrospectively enrolled 
patients with IPF and available CBC at baseline (prior to 

anti-fibrotic treatment), as well as 6 and 12 months post-
treatment. Only treatment-naïve patients at the time of 
baseline CBC were included in the analysis. There were 
no patients receiving antifibrotics or corticosteroids at 
the time of baseline CBC. Epidemiological data were 
derived from two independent cohorts.

Derivation cohort The derivation cohort included 
patients from referral centers for Interstitial Lung Dis-
eases in Greece including Department of Internal and 
Respiratory Medicine, University Hospital of Patras, 1st 
and 2nd Academic Department of Respiratory Medicine, 
“SOTIRIA” and “ATTIKON” General Hospital, National 
and Kapodistrian University of Athens, Laboratory of 
Molecular and Cellular Pneumonology, Department of 
Respiratory Medicine, Faculty of Medicine, University 
of Crete, Heraklion, Crete, Medical School, University 
of Thessaly, Larissa, Respiratory Medicine Department, 
“Corfu General Hospital”, Department of Respiratory 
Medicine, “G. PAPANIKOLAOU” General Hospital, 
Thessaloniki, Aristotle University of Thessaloniki and 
Department of Respiratory Medicine, Medical School, 
University of Ioannina.

Validation cohort The validation cohort included 
patients from the Center for interstitial and rare lung dis-
eases, Pneumology, Thoraxklinik, University of Heidel-
berg, Germany and German Center for Lung Research, 
Heidelberg, Germany.

The study was approved by the Institutional Review 
Board and the Local Ethics Committee (Protocol Num-
ber: 458/06-12-19). Diagnosis of IPF was based on ATS/
ERS/JRS/ALAT guidelines [1]. We collected parameters 
of CBC including monocyte count and RDW prior anti-
fibrotic treatment, as well as 6 and 12 months post-treat-
ment. Baseline demographics and comorbid conditions 
were recorded. Pulmonary hypertension was defined as 
elevated right ventricular systolic pressure on echocardi-
ographic assessment, as all patients performed a baseline 
echocardiography but not right heart catheterization.

Statistical analysis
Median values of CBC parameters were recorded. 
Median values were used, as Kolmogorov–Smirnov test 
for normal distribution rejected normality. Patients were 
divided in subgroups based on the median value of each 
CBC parameter in the derivation cohort (high and low). 
We used median values based on the fact that monocyte 
count and RDW did not have significant differences over 

Conclusions:  Increased monocyte count and RDW may represent negative prognostic biomarkers in patients with 
IPF.
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the 1-year period both in our cohorts and in other studies 
[25, 29]. Mann–Whitney test was applied to assess differ-
ences in Forced Vital Capacity %predicted (FVC%pred) 
and Diffusion capacity of lung for carbon monoxide 
%predicted (DLCO%pred) between subgroups of patients 
split by the median value of CBC parameters. Prognos-
tic performance of these cut-off thresholds was also 
assessed in the validation cohort. Kaplan–Meier survival 
analysis was applied to investigate differences in survival 
probability between high and low subgroups. Kaplan–
Meier was also used to dichotomize patients based on 
the previously published cut-off threshold of monocyte 
count (0.95 K/μL) [6]. Differences in parameters of CBC 
between patients in need of Long Term Oxygen Therapy 
(LTOT) and patients without LTOT were investigated 
with Mann–Whitney. P -values < 0.05 were considered 
statistically significant.

Results
Patient baseline characteristics
Overall, 489 patients (derivation cohort: N = 300, vali-
dation cohort: N = 189) were included in the analysis. 
Patient demographics and disease characteristics are 
summarized in Table 1. Median age (95% CI) was 74 (73–
75) years for the derivation cohort and 74 (72–75) years 
for the validation cohort. Patients with IPF were predom-
inantly male both in the derivation (83.3%, N = 250) and 
validation cohort (78.8%, N = 149). Median monocyte 

count (95% CI) was 0.60 (0.57–0.62) and 0.52 (0.50–
0.58) K/μL for the derivation and the validation cohort, 
respectively. Median RDW (95% CI) for the derivation 
cohort was 14.1% (13.9–14.3) and 13.7% (13.6–13.8) for 
the validation cohort. Finally, median FVC%pred (95% 
CI) was 77.0 (75.0–79.8) and 76.2 (71.7–80.8), while 
median DLCO%pred (95% CI) was 51.0 (47.1–53.8) and 
41.9 (40.3–44.9) for the derivation and validation cohort, 
respectively (Table  1). Median follow-up (95% CI) was 
24.3 (23.4–28.7) and 15.0 (12.0–19.0) months for the der-
ivation and the validation cohort, respectively.

Functional indices at baseline
Patients in the high monocyte and RDW group exhibited 
more advanced disease at baseline
In the derivation cohort, patients in the high mono-
cyte group (≥ 0.60  K/μL) presented with significantly 
lower median FVC%pred [75.0, (95% CI 71.3–76.7)] and 
DLCO%pred [47.5, (95% CI 44.3–52.3)] compared to 
patients in the low monocyte group (< 0.60 K/μL) [80.9, 
(95% CI 77.5–83.1), P = 0.01 and 53.0 (95% CI 48.0–
56.7), P = 0.02, respectively], (Fig.  1a, c). In the valida-
tion cohort, a trend towards lower FVC%pred [median: 
72.4, (95% CI 68.8–79.6)] in the high monocyte group 
(≥ 0.60  K/μL) compared to the low monocyte group 
[median: 79.5, (95% CI 72.9–82.9)] was observed; yet, no 
statistical significance was reached (P = 0.09), (Fig.  1b). 
Importantly, patients in the high monocyte group of the 

Table 1  Baseline characteristics of patients enrolled in the study

Statistically significant P-values are shown in bold

CI confidence interval, DLCO diffusing capacity for carbon monoxide, FVC forced vital capacity, GERD gastroesophageal reflux disease, LTOT long term oxygen therapy, 
RDW red cell distribution width

Characteristics Derivation cohort (N, %) Validation cohort (N, %) P value

Number of patients 300 189 NA

Median age (%95 CI) 74 (73 to 75) 74 (72–75) 0.14

Males/Females 250 (83.3)/50 (16.7) 149 (78.8)/40 (22.2) NA

Current 38 (12.7) 1 (0.5) NA

Ex-smokers 199 (66.3) 131 (69.3) NA

Never smokers 63 (21.0) 57 (30.2) NA

Median monocyte count (K/μL) (95% CI) 0.60 (0.57–0.62) 0.52 (0.50–0.58) 0.002
Median RDW (95% CI) 14.1 (13.9–14.3) 13.7 (13.6–13.8)  < 0.001
Median FVC%pred (95% CI) 77.0 (75.0–79.8) 76.2 (71.7–80.8) 0.69

Median DLCO%pred (95% CI) 51.0 (47.1–53.8) 41.9 ( 40.3–44.9)  < 0.001
Arterial Hypertension 171 (57.0) 111 (58.7) NA

Pulmonary Hypertension 55 (18.3) 9 (4.8) NA

GERD 89 (29.6) 26 (13.8) NA

Diabetes Mellitus 65 (21.7) 51 (27.0) NA

Thyroid Disorders 25 (8.3) 22 (11.6) NA

LTOT 49 (16.3) 65 (43.4) NA

Nintedanib 123 (41.0) 76 (40.2) NA

Pirfenidone 147 (49.0) 90 (47.6) NA
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validation cohort, exhibited significantly lower baseline 
median DLCO%pred compared to patients in the low 
monocyte group [37.8, (95% CI 35.5–41.1) vs. 45.5, (95% 
CI 41.9–49.4), (P < 0.001), (Fig. 1d)].

Similarly to what has been reported for monocyte 
count, patients in the high RDW group (≥ 14.1%) exhib-
ited significantly lower baseline median FVC%pred 
[75.5, (95% CI 71.2–79.2) vs. 78.3, (95% CI 76.0–81.0), 
(P = 0.04), and 69.4, (95% CI 65.5–76.4) vs. 80.8, (95% CI 
76.0–83.3), P = 0.001] and DLCO%pred, [45.4, (95% CI 
43.3–50.5) vs. 53.0, (95% CI 50.8–56.8), (P = 0.008) and 
37.9, (95% CI 33.4–40.7) vs. 44.4, (95% CI 41.5–48.9), 
(P < 0.001)], in both the derivation and the validation 
cohort, respectively (Fig. 2a–d).

Multiple regression analysis of the overall study popula-
tion showed that baseline monocyte count was indepen-
dently associated with baseline DLCO%pred (P = 0.005). 
With regards to other factors, gender was independently 
associated with baseline FVC%pred (P = 0.007), while 
presence of pulmonary hypertension was indepen-
dently associated with baseline DLCO%pred (P = 0.002) 
(Table  2). Moreover, multiple regression analysis inves-
tigating the impact of comorbidities on baseline CBC 
values, showed that presence of pulmonary hyperten-
sion was independently associated with baseline RDW 
(P < 0.001) (Additional file 1: Table S1).

Median monocyte count (K/μL) was significantly 
higher for patients in need of LTOT compared to those 
not in need of LTOT both in the derivation [0.70, (95% 
CI 0.64–0.80) vs. 0.56, (95% CI 0.53–0.60), (P < 0.001)] 
and validation cohort [0.60, (95% CI 0.54–0.60) vs. 0.50, 
(95% CI 0.44–0.52), (P = 0.004)]. Median RDW% was also 
significantly higher for patients in need of LTOT com-
pared to those not receiving LTOT [derivation cohort: 
15.1, (95% CI 14.2–15.4) vs. 13.9, (95% CI 13.7–14.1), 
(P = 0.002)], [validation cohort: 13.8, (95% CI 13.6–14.3) 
vs. 13.5 (95% CI 13.2–13.8), (P = 0.003)], (Table 3).

Disease progression
Monocyte count and RDW were not associated with disease 
progression
There was no statistically significant difference in 
1-year FVC%pred and DLCO%pred decline between 
patients with high and low monocyte count [median 
ΔFVC%pred, derivation cohort: 0.0 (95% CI −  2.8–
1.9) vs. 0.1 (95%CI −  4.0–2.2), P = 0.85, validation 
cohort: −  2.4 (95% CI −  6.3–0.7) vs. −  0.8 (95% CI 
−  2.0–0.4), P = 0.19] [median ΔDLCO%pred, deriva-
tion cohort: −  2.2 (95% CI −  4.7 to −  0.6) vs. −  2.8 
(95% CI −  5.7 to −  1.2), P = 0.70, validation cohort: 
− 3.5 (95% CI − 7.1 to − 1.3) vs. − 3.3 (95% CI − 5.5 
to − 1.0), P = 0.64] (Table 4). There was no statistically 

Fig. 1  In the derivation cohort, patients with monocyte count ≥ 0.60 K/μL presented with significantly lower median FVC%pred than patients with 
monocyte count < 0.60 K/μL [75.0, (95% CI 71.3–76.7) vs. 80.9, (95% CI 77.5–83.1), (P = 0.01)] (a). In the validation cohort, median FVC%pred was 
72.4 (95% CI 68.8 to 79.6) and 79.5 (95% CI 72.9–82.9) for patients with baseline monocyte count ≥ 0.60 K/μL and < 0.60 K/μL, respectively, (P = 0.09), 
(b). In the derivation cohort, patients with monocyte count ≥ 0.60 K/μL presented with significantly lower median DLCO%pred than patients with 
monocyte count < 0.60 K/μL [47.5, (95% CI 44.3–52.3) vs. 53.0, (95% CI 48.0–56.7), (P = 0.02)] (c). The same cut-off threshold had similar discriminatory 
value in the validation cohort [median DLCO%pred for patients with baseline monocyte count ≥ 0.60 K/μL: 37.8, (95% CI 35.5 to 41.1) vs. median 
DLCO%pred for patients with baseline monocyte count < 0.60 K/μL: 45.5, (95% CI 41.9 to 49.4), (P < 0.001), (d)]
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significant difference in 1-year FVC%pred and 
DLCO%pred decline between patients with high and 
low RDW [median ΔFVC%pred, derivation cohort: 0.0 
(95% CI −  2.7–1.9) vs. −  2.1 (95%CI −  4.5 to −  0.1), 

P = 0.10, validation cohort: −  0.3 (95% CI-2.3–4.1) 
vs. −  1.9 (95% CI −  4.5 to −  0.1), P = 0.08] [median 
ΔDLCO%pred, derivation cohort: − 2.1 (95% CI − 4.5 
to −  0.1) vs. −  2.1 (95% CI −  5.4 to −  1.0), P = 0.82, 

Fig. 2  In the derivation cohort, patients with RDW ≥ 14.1% had significantly lower median FVC%pred than patients with RDW < 14.1% [75.5, (95% 
CI 71.2–79.2) vs. 78.3, (95% CI 76.0–81.0), (P = 0.04)] (a). Patients with baseline RDW ≥ 14.1% had significantly lower median FVC%pred [69.4, (95% 
CI 65.5–76.4)] compared to patients with baseline RDW < 14.1% [80.8, (95% CI 76.0–83.3)] in the validation cohort, (P = 0.001), (b). In the derivation 
cohort, patients with RDW ≥ 14.1% had significantly lower median DLCO%pred than patients with RDW < 14.1% [45.4, (95% CI 43.3–50.5) vs. 53.0, 
(95% CI 50.8–56.8), (P = 0.008)] (c). Median DLCO%pred was also lower for patients with baseline RDW ≥ 14.1% [37.9, (95% CI 33.4–40.7)] compared 
to patients with baseline RDW < 14.1% [44.4, (95% CI 41.5–48.9)] in the validation cohort, (P < 0.001), (d)

Table 2  Multiple regression analysis of studied biomarkers adjusted for confounding factors in the overall population

Statistically significant P-values are shown in bold

AH arterial hypertension, DLCO diffusing capacity for carbon monoxide, DM diabetes mellitus, FVC forced vital capacity, GERD gastroesophageal reflux disease, Hb 
hemoglobin, PH pulmonary hypertension, RDW red cell distribution width, Std standard

Parameter FVC%pred DLCO%pred

Coefficient Std Error p value Coefficient Std Error P value

Monocytes − 3.5296 4.8363 0.47 − 12.0046 4.2103 0.005
RDW − 1.1988 0.6512 0.07 − 0.8736 0.5685 0.13

Hb 0.1269 0.5416 0.81 − 0.4136 0.4689 0.38

Age − 0.08382 0.1283 0.51 − 0.1272 0.1109 0.25

Gender 9.2972 2.7196 0.0007 − 2.356 2.4101 0.33

Current smoker 19.3400 10.6770 0.07 − 11.2809 9.0903 0.22

Ever smoker 9.4636 9.8694 0.34 − 13.1024 8.4037 0.12

Never smoker 6.3952 10.0335 0.52 − 13.143 8.5571 0.13

Prior steroid use − 8.6854 5.9834 0.15 − 0.02734 5.1068 0.99

AH − 0.9292 2.1128 0.66 2.8003 1.8596 0.13

PH − 3.9779 2.9795 0.18 − 8.2346 2.6026 0.002
GERD 0.5718 2.3002 0.80 2.5991 2.0101 0.20

DM − 3.2035 2.4011 0.18 − 3.7688 2.1474 0.08

Thyroid disorders 0.6137 3.4471 0.86 1.7218 2.9847 0.56
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validation cohort: −  3.0 (95% CI −  6.1–1.0) vs. −  3.5 
(95% CI − 5.5–1.4), P = 0.64] (Table 4).

Median monocyte count and RDW did not dif-
fer considerably between patients with 1-year 
ΔFVC%pred ≥ 10% and 1-year ΔFVC%pred < 10% 
[median monocyte count(K/μL), derivation cohort: 0.51 
(95% CI 0.46–0.68) vs. 0.60 (95% CI 0.59–0.66), P = 0.17, 
validation cohort: 0.60 (95% CI 0.36–0.65) vs. 0.51 (95% 
CI 0.50–0.58), P = 0.98], [median RDW (%), derivation 
cohort: 14.1 (95% CI 13.5–14.7) vs. 14.2 (95% CI 14.0–
14.4), P = 0.96, validation cohort: 13.8 (95% CI 13.0–
14.0) vs. 13.7 (95% CI 13.6–13.9), P = 0.40] (Additional 
file  1: Table  S2). Μedian monocyte count and RDW 
were not significantly different for patients with 1-year 
ΔDLCO%pred ≥ 15% and 1-year ΔDLCO%pred < 15% 
[median monocyte count(K/μL), derivation cohort: 0.59 
(95% CI 0.48–0.62) vs. 0.62 (95% CI 0.59–0.68), P = 0.23, 
validation cohort: 0.45 (95% CI 0.30–0.75) vs. 0.51 (95% 
CI 0.50–0.60), P = 0.71], [median RDW (%), derivation 
cohort: 14.2 (95% CI 13.4–16.3) vs. 14.1 (95% CI 13.9–
14.3), P = 0.42, validation cohort: 14.0 (95% CI 13.1–14.8) 
vs. 13.4 (95% CI 13.1–13.7), P = 0.43] (Additional file  1: 
Table S3).

Effect of 1‑year antifibrotic treatment
Effect of 1‑year antifibrotic treatment on monocyte count
In descriptive analysis, median monocyte count was 
similar over 1-year follow-up with antifibrotic treatment 
with either pirfenidone [baseline vs. 1-year, derivation 
cohort: 0.60 (95% CI 0.54–0.65) vs. 0.58 (95% CI 0.50–
0.62), P = 0.48, validation cohort: 0.50 (95% CI 0.47–0.58) 
vs. 0.55 (95%CI 0.48–0.60), P = 0.28, pooled analysis: 0.54 
(95% CI 0.50–0.60) vs. 0.55 (95% CI 0.50–0.60), P = 0.77] 
or nintedanib [baseline vs. 1-year, derivation cohort: 
0.64 (95% CI 0.50–0.70) vs. 0.61 (95% CI 0.52–0.70), 
P = 0.67, validation cohort: 0.51 (95% CI 0.50–0.59) vs. 
0.50 (95%CI 0.48–0.53), P = 0.47, pooled analysis: 0.56 
(95% CI 0.50–0.60) vs. 0.53 (95% CI 0.50–0.58), P = 0.49] 
(Additional file 1: Table S4).

Effect of 1‑year antifibrotic treatment on RDW
In descriptive analysis, median RDW was similar over 
1-year follow-up with antifibrotic treatment with either 
pirfenidone [baseline vs. 1-year, derivation cohort: 14.1 
(95% CI 13.8–14.3) vs. 14.0 (95% CI 13.9–14.3), P = 0.84, 
validation cohort: 13.6 (95% CI 13.2–13.8) vs. 13.7 
(95%CI 13.4–13.8), P = 0.45, pooled analysis: 13.8 (95% 
CI 13.5–14.0) vs. 13.8 (95% CI 13.5–13.9), P = 0.80] or 
nintedanib [baseline vs. 1-year, derivation cohort: 13.8 
(95% CI 13.4–14.4) vs. 13.9 (95% CI 13.3–14.6), P = 0.94, 

Table 3  Monocyte count and RDW in subgroup of patients based on the need of LTOT

CI confidence interval, LTOT long term oxygen therapy, RDW red cell distribution width

LTOT NO LTOT P value

Median Monocyte count (derivation cohort), (95% CI) 0.70 (0.64–0.80) 0.56 (0.53–0.60) < 0.001

Median Monocyte count (validation cohort), (95% CI) 0.60 (0.54–0.60) 0.50 (0.44–0.52) 0.004

Median RDW (derivation cohort), (95% CI) 15.1 (14.2–15.4) 13.9 (13.7–14.1) 0.002

Median RDW (validation cohort), (95% CI) 13.8 (13.6–14.3) 13.5 (13.2–13.8) 0.003

Table 4  Median 1-year decline in FVC%pred and DLCO%pred in subgroups of patients split by median values of baseline laboratory 
parameters

High and low groups indicate patients with values above and below the median of the studied parameter (monocyte count: 0.6 K/μL, RDW: 14.1%)

ΔFVC%pred post 1 year FVC%pred—baseline FVC%pred, ΔDLCO%pred post 1 year DLCO%pred- baseline DLCO%pred, CI confidence interval, DLCO diffusing capacity 
for carbon monoxide, FVC forced vital capacity, RDW red cell distribution width

Laboratory parameter Parameter of functional decline High group Low group P value

Monocyte count Median ΔFVC%pred (derivation cohort), (95% CI) 0.0 (− 2.8 to 1.9) 0.1 (− 4.0 to 2.2) 0.85

Median ΔFVC%pred (validation cohort), (95% CI) − 2.4 (− 6.3 to 0.7) − 0.8 (− 2.0 to 0.4) 0.19

Median ΔDLCO%pred (derivation cohort), (95% CI) − 2.2 (− 4.7 to − 0.6) − 2.8 (− 5.7 to -1.2) 0.70

Median ΔDLCO%pred (validation cohort), (95% CI) − 3.5 (− 7.1 to − 1.3) − 3.3 (− 5.5 to − 1.0) 0.64

RDW Median ΔFVC%pred (derivation cohort), (95% CI) 0.0 (− 2.7 to 1.9) − 2.1 (− 4.5 to − 0.1) 0.10

Median ΔFVC%pred (validation cohort), (95% CI) − 0.3 (− 2.3 to 4.1) − 1.9 (− 4.5 to − 0.1) 0.08

Median ΔDLCO%pred (derivation cohort), (95% CI) − 2.1 (− 4.5 to − 0.1) − 2.1 (− 5.4 to − 1.0) 0.82

Median ΔDLCO%pred (validation cohort), (95% CI) − 3.0 (− 6.1 to 1.0) − 3.5 (− 5.5 to 1.4) 0.64
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validation cohort: 13.5 (95% CI 13.3–13.8) vs. 13.9 (95% 
CI 13.6–14.0), P = 0.15, pooled analysis: 13.7 (95% CI 
13.4–13.8) vs. 13.9 (95% CI 13.7–14.0), P = 0.25] (Addi-
tional file 1: Table S5).

All‑cause mortality
High monocyte count correlates with increased risk 
of all‑cause mortality
In the derivation cohort, patients in the high mono-
cyte group (≥ 0.60 K/μL) experienced increased risk of 
all-cause mortality compared to the low group (mono-
cyte count < 0.60  K/μL) [HR 2.05, (95% CI 1.19–3.53), 
(P = 0.01)] (Fig. 3a). This finding was not confirmed in 
the validation cohort (P = 0.79) (Fig.  3b). Moreover, 
pooled analysis of the study population demonstrated 
an increased risk in all-cause mortality for patients 
with baseline monocyte count ≥ 0.95  K/μL compared 
to patients with baseline monocyte count < 0.95 Κ/μL 
[HR 2.47, (95% CI 0.94–6.47), (P = 0.005)] (Additional 
file  1: Figure S1). There was no increased risk of all-
cause mortality for patients in the high RDW group 
compared to the low group, in both the derivation 
(P = 0.82) and the validation (P = 0.90) cohort, as well 
as in the pooled analysis (P = 0.41). Data for mortality 

were available for 218, 155 and 373 patients in the deri-
vation cohort, validation cohort and pooled analysis, 
respectively.

Discussion
This real-life retrospective study demonstrated that 
peripheral blood monocyte count was predictive of all-
cause mortality in the derivation cohort and in a pooled 
collective of highly characterized patients with IPF. We 
also showed that patients with elevated levels of mono-
cyte count and RDW exhibited more advanced disease 
at initial assessment compared to patients with low lev-
els. There was no association of high monocyte count 
or RDW with 1-year disease progression, as assessed by 
functional decline. No effects of anti-fibrotic treatment 
on monocyte count or RDW were observed over 1-year 
of follow-up. Differences in baseline monocyte count, 
RDW, DLCO% pred and LTOT use between the two 
cohorts might be partially attributed to divergent endo-
types across the world and/or different baseline func-
tional status.

Our findings are consistent with those of previous 
reports evaluating a possible link between monocyte 
count and prognosis in patients with IPF [6, 25, 30, 31]. A 
previous retrospective, multicenter cohort study showed 
that monocyte count ≥ 0.95 K/μL was significantly asso-
ciated with all-cause mortality compared to monocyte 
count < 0.95  K/μL in 7459 patients with IPF [6]. None-
theless, IPF diagnosis in this study was based on ICD-
10 medical records posing limitations to the findings. 
Analysis of 231 patients with IPF from the Australian 
registry corroborated evidence that elevated monocyte 
count were associated with worse clinical outcomes [30]. 
Most recently, pooled retrospective analysis of 2067 
highly characterized patients with IPF derived from the 
pirfenidone trials (ASCEND, CAPACITY and INSPIRE) 
showed that patients with IPF and monocyte count in 
the range of 0.60–0.95 K/μL or ≥ 0.95 K/μL had a higher 
1-year risk of IPF progression, all-cause hospitalization 
and all-cause mortality compared to patients with mono-
cyte count of < 0.60  K/μL [29]. Given the results from 
pirfenidone clinical trials and our real-life study, mono-
cyte count ≥ 0.60 K/μL, appears to be a highly robust and 
reproducible cut-off threshold which could potentially 
enrich the population of clinical trials, as a marker asso-
ciated with greater risk of mortality and/or disease pro-
gression. In addition, it may alert clinicians in the context 
of risk stratification for timely interventions. In our study, 
monocyte count was predictive of all-cause mortality in 
the derivation but not the validation cohort. This might 
be partially attributed to the worse baseline functional 
status of the validation cohort, as indicated by the lower 
DLCO%pred and increased use of LTOT at baseline.

Fig. 3  Kaplan–Meier survival curve of the derivation cohort: The 
cut-off threshold of 0.60 K/μL for monocyte count was used as a 
dichotomous variable and differentiated high from low-risk mortality 
groups [HR 2.05, (95% CI 1.19–3.53), (P = 0.01)] (a). Kaplan–Meier 
survival curve of the validation cohort: The same cut-off threshold did 
not reach statistical significance in the validation cohort (P = 0.79) (b)
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With regards to RDW, a previous study enrolling 319 
patients with IPF reported lower median DLCO%pred 
and increased mortality risk for patients with RDW > 15% 
compared to patients with RDW ≤ 15% [25]. Our study 
yielded similar results for DLCO%pred. Subgroup anal-
ysis of our cohorts did not show a survival benefit for 
patients with RDW < 14.1%; yet, our study was designed 
to assess differences in subgroups based on the median 
RDW (14.1%) and not based on the previously published 
cut-off threshold of 15%.

In our study, patients with increased baseline mono-
cyte count and RDW exhibited more advanced disease at 
initial assessment as indicated by baseline FVC%pred and 
DLCO%pred. However, monocyte count and RDW were 
not associated with 1-year FVC%pred and DLCO%pred 
decline. Similarly to our findings, recent evidence using 
pooled data from the TOMORROW and INPULSIS tri-
als, showed that the adjusted rate of FVC decline was 
similar between patients with high and low monocyte 
count receiving nintedanib [32]. Nonetheless, there is 
still a major knowledge gap for the longitudinal prognos-
tic and theragnostic role of these biomarkers. The prog-
nostic role of monocyte count in FVC decline requires 
further investigation, as its prognostic accuracy might 
be associated with the baseline status, the selected treat-
ment or the population investigated [29, 32]. Further 
large studies are needed to address this issue, focusing on 
subgroup of patients that have been subjected to different 
treatment modalities.

Importantly, monocyte count and RDW were simi-
lar over 1-year follow-up of antifibrotic treatment either 
with pirfenidone or nintedanib. RDW has been widely 
considered a reproducible marker, given the relatively 
prolonged lifespan of red blood cells [27]. Previous 
reports have shown that patients with a high monocyte 
count at diagnosis maintained their high count through 
the disease course [6, 17]. There was no correlation 
between change in monocyte count over time and sur-
vival [6]. Instead, monocyte count seemed to be relatively 
stable over time indicating that patients with IPF retained 
the same risk profile [6, 17]. To this end, monocyte count 
seems to have greater potential as a prognostic biomarker 
rather than as a predictive biomarker of treatment 
response; nonetheless, this requires further investigation 
in future cohorts applying subgroup analyses.

The prognostic role of monocyte count and RDW 
in patients with IPF could be partially explained from 
recently emerged experimental evidence suggesting 
migration of monocytes from the bone marrow to the 
injured lung and differentiation to pro-fibrotic mac-
rophages or even fibroblasts [33–37]. Single-cell RNA 
sequencing characterized the heterogeneity of mac-
rophages in bleomycin-induced pulmonary fibrosis 

and identified a pathological subgroup of transitional 
macrophages (CX3CR1 + SiglecF +) required for the 
fibrotic response to the injurious stimuli [38]. Recent 
evidence has shown that the compartmental imbalance 
of fractalkine mediated the migration of CX3CR1 + non-
classical monocytes into fibrotic lung tissues, while 
non-classical monocytes-derived cells presented with a 
M2-like and phagocytic phenotype in fibrotic lungs [39]. 
Translational studies have demonstrated that accumula-
tion of distinct populations of alveolar macrophages and 
higher levels of circulating fibrocytes, derived from the 
monocyte cell lineage, may be predictive of pulmonary 
fibrosis progression [36, 37, 40, 41]. Finally, C–C motif 
chemokine ligand 18, produced in a considerable extent 
by alveolar macrophages, has been suggested as a prom-
ising, serum biomarker of disease progression and mor-
tality in patients with IPF [42].

On the other hand, a causal-effect relationship between 
IPF and elevated RDW is highly unlikely. Instead, it is 
more likely that increased RDW is indicative of patients’ 
hypoxemia and/or comorbidome in a similar way with 
other chronic lung diseases [20, 24–27]. It has been pro-
posed that arterial hypoxemia leads to increased eryth-
ropoietin secretion and thus to increased RDW through 
mechanisms involving regulation of erythrocyte matu-
ration and survival [20, 27]. Elevated RDW might have 
a role in the early identification of patients with IPF and 
intermittent hypoxemia [25]. Patients with profound 
hypoxemia are easily diagnosed; intermittent hypoxemia 
might escape routine examination and there is still a need 
for biomarkers contributing to their identification.

Our study has some limitations. First of all, our study 
has the inherent weaknesses of a retrospective study. 
Nonetheless, the nature of this study enabled us to report 
longitudinal outcomes of patients with IPF. Secondly, our 
sample size is moderate compared to previous reports 
for the prognostic role of monocyte count; yet, the size 
is acceptable for a real-life study. Thirdly, we had data for 
LTOT, but not for po2 levels; thus, we could not further 
investigate the association of hypoxemia with monocyte 
count and RDW. Moreover, data for all-cause mortal-
ity was available; yet, the specific cause of death was not 
available for all patients. Finally, our results should be 
interpreted in the context of a real-life study that may be 
in part influenced by other factors including steroid use 
prior to admission at a referral center. To this end, multi-
ple regression analysis was performed to adjust for these 
covariates.

Conclusions
This was the first real-life study of highly characterized 
patients with IPF showing that patients with IPF and high 
monocyte count (≥ 0.60 K/μL) exhibited more advanced 
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disease at initial assessment and had a higher risk of all-
cause mortality compared to patients with low monocyte 
count (< 0.60 K/μL). RDW failed to predict disease pro-
gression and all-cause mortality. Our study coupled with 
previous reports demonstrating that peripheral blood 
monocytes can be easily incorporated into the routine 
clinical assessment of patients with IPF as a reliable prog-
nostic biomarker considering its reproducibility, cost-
effectiveness and simplicity. Future prospective studies 
investigating the association of baseline and serial meas-
urements of monocyte count with disease outcomes and 
treatment response are greatly anticipated.
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