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Objective: Biomarkers for the acute exacerbation of idiopathic pulmonary fibrosis (AE-IPF) are urgently needed to provide better 
patient management. We aimed to investigate whether serum 1,25(OH)2D3 (1,25-dihydroxy vitamin D3) levels predict AE-IPF and 
whether they could be a potential prognostic biomarker for IPF.
Participants and Methods: This prospective study included 72 patients with IPF (31 with stable IPF and 41 with AE-IPF). All 
participants were recruited during hospitalisation at Tianjin Chest Hospital and were followed up for at least 12 months. 
Demographics, comorbidities, arterial blood gas, and serum biochemical profile, radiological features, and anti-fibrotic therapy were 
evaluated. Serum concentrations of 1,25(OH)2D3 and transforming growth factor beta1 (TGFβ1) were detected using enzyme-linked 
immunosorbent assay (ELISA). Risk factors for AE-IPF were identified using multivariate analysis. Prognostic factors were assessed 
using Kaplan-Meier and Cox regression analyses.
Results: Baseline values of alveolar-arterial oxygen difference (A-aDO2) (40.85 mmHg vs 29.2 mmHg, p =0.035), white blood cell counts 
(10.09 ± 4.2×109/L vs 7.46 ± 7.84×109/L, p <0.001), percentage of monocytes (7.36 ± 1.36% vs 6.6 ± 1.2%, p =0.017), C-reactive protein 
(CRP) (2.1 mg/dL vs 1.12 mg/dL, p =0.015) and procalcitonin (PCT) (36.59% vs 3.23%, p <0.001) were significantly higher in AE-IPF 
patients than in stable IPF patients. Instead, the mean concentration of serum calcium and 1,25(OH)2D3 at baseline were higher in IPF 
patients with stable disease than in those with acute exacerbation (2.17 ± 0.13 nmol/L vs 2.09 ± 0.13 nmol/L, p =0.023 and 16.62 pg/mL vs 
11.58 pg/mL, p <0.001, respectively). In multivariate analysis, a higher proportion of patients with lower serum 1,25(OH)2D3 levels 
experienced AE-IPF (OR 0.884, 95% CI 0.791–0.987, p =0.029), and rising serum PCT level (PCT > 0.05 ng/mL) was associated with an 
increased risk of mortality (HR 3.664, 95% CI 1.010–12.900, p =0.043).
Conclusion: Decreased serum 1,25(OH)2D3 is associated with an increased risk of acute exacerbation for patients with IPF. A high 
serum PCT level is predictive of worse prognosis in IPF patients. 1,25(OH)2D3 may be a potential biomarker for AE-IPF, while PCT 
could be a prognostic biomarker for IPF.
Keywords: idiopathic pulmonary fibrosis, acute exacerbation, 1,25(OH)2D3, procalcitonin

Introduction
Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive, fibrosing interstitial lung disease of unknown aetiology, 
with a median survival time of 2–4 years from diagnosis.1–6 The abnormal crosstalk between epithelial, endothelial, 
mesenchymal, and immune cells may play a key role in IPF.7 The clinical course of IPF is highly variable, and all 
patients experience disease progression.8 With the most severe and rapid disease progression, acute exacerbation (AE) 
leads to the highest number of deaths.9,10 AE in IPF patients is typically associated with poor prognosis.11 Several 
potential prognostic biomarkers for IPF have been reported, including inflammatory molecules, gene expression 
signatures, telomere length, circulating blood cells and circulating epithelial biomarkers.12–20 However, the predictors 
of AE in IPF patients remain unclear, especially when considering the modified diagnostic criteria for AE-IPF in recent 
years.21–23
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Vitamin D is an important secosteroid hormone with a wide spectrum of biological activities
in metabolic syndrome, immunological diseases, cardiovascular diseases, renal diseases, and cancers.24,25 1,25(OH) 

2D3 (1,25-dihydroxy vitamin D3), the active metabolite of vitamin D, exerts protective effects on other multiple 
respiratory diseases.26,27 Recently, it has also been reported that supplementation with exogenous 1,25(OH)2D3 can 
partially prevent pulmonary fibrosis in vivo.28,29 These results highlight the need to study the clinical impact and 
underlying protective mechanisms of 1,25(OH)2D3 in IPF patients.

In this study, we aimed to correlate serum 1,25(OH)2D3 levels with AE in patients with IPF. A further aim was to 
identify independent prognostic factors of IPF patients.

Materials and Methods
Subject Design
We performed a prospective study of 72 patients with definite IPF (31 with stable IPF, 41 with AE-IPF). Patients were 
recruited during hospitalisation at Tianjin Chest Hospital between March 2018 and May 2020 (Figure 1). IPF diagnoses 
were made in accordance with the ATS/ERS/JRS/ALAT criteria.2 Patients with potential connective tissue disease, 
domestic and occupational environmental exposures, and a non-usual interstitial pneumonia (UIP) pattern of fibrosis on 
chest high-resolution computed tomography (HRCT) were excluded. 68 subjects (94.44%) with IPF were newly 
diagnosed. Patients who had lung cancer and those who refused follow-up or who were lost to follow-up were also 
excluded. AE-IPF diagnosis was established according to international criteria: (1) definitive diagnosis of IPF; (2) 
worsening of dyspnoea within 1 month; (3) new bilateral ground-glass opacity or consolidation on chest HRCT; and (4) 
absence of heart failure or other explanation.2,30 We followed the enrolled participants by telephone until April 2021, the 
median follow-up times were 20.7 months. All included participants had a clinical follow-up of at least 12 months.

All patients in our study were treated according to clinical practice guidelines.1,4 The treatment regime of patients was 
as follows. Both group of patients received antibiotic, proton pump inhibitor, and oxygen therapies. Patients with stable 
IPF were treated with oral antibiotics, whereas patients with AE-IPF were treated with venous antibiotics (mainly empiric 
broad-spectrum antibiotics). Five patients (5/41,12.2%) in the AE-IPF group received antifungal therapy. We intrave
nously administered methylprednisolone on a routine basis in the AE-IPF group at a dose of 0.6–2mg/kg/day.31 In 
addition, a small number of patients in both groups received antioxidant therapy (N-acetylcysteine, NAC) and/or anti- 
fibrotic (pirfenidone) therapy. The study protocol was conducted in accordance with the principles of Declaration of 
Helsinki. All the participants provided informed consent. Ethical approval was granted by the ethics committee of Tianjin 
Chest Hospital (2018KY-020-01).

Figure 1 Patient enrolment flow diagram. 
Abbreviations: IPF, idiopathic pulmonary fibrosis; AE, acute exacerbation; ELISA, enzyme-linked immunosorbent assay.
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The basic and clinical information of all patients with IPF was collected at the time of enrolment. Arterial blood samples 
from all IPF patients were collected on the day of admission and venous blood specimens were collected on day 2 after 
admission. We quantified IPF severity using the Helbich HRCT scoring system, and the HRCT score was calculated as 
previously described.32

Serum Measurements
Venous blood samples were centrifuged at 600×g for 15 min, and serum was collected and stored at −80°C until further 
analysis. Serum transforming growth factor beta1 (TGFβ1) and 1,25(OH)2D3 concentrations were measured using enzyme- 
linked immunosorbent assay (ELISA) kits (R&D Systems, Inc., Minneapolis, MN; MyBiosource, Inc., San Diego, CA).

Statistical Analyses
Data analysis was performed with SPSS statistical software (version 22.0, SPSS, Inc., Chicago, IL). 
Continuous variables are represented as median (interquartile range) or mean ± SD, while categorical variables are described 
as frequencies and percentages. Continuous variables were compared using Student’s t-test, or Mann–Whitney U-test; 
categorical variables were compared using χ2 test, or Fisher exact test. The survival probability of IPF patients was sum
marised using the Kaplan-Meier method, and group comparisons were tested using Log rank test. Multivariate logistic 
regression analysis was performed to detect independent predictors of AE-IPF. Univariate and multivariate Cox proportional 
hazards regression model were used to identify the effects of the variables on survival in patients with IPF. Differences were 
considered statistically significant when the P-value (p) was < 0.05 (*p < 0.05; **p < 0.01; ***p < 0.001).

Results
Patient Characteristics
A total of 72 patients were included in this present analysis. The baseline patient characteristics are summarised in 
Table 1. The mean age for the stable IPF group was 69.84 ± 8.24 years; the mean age for the AE-IPF group was 70.38 ± 
11.19 years and 71% were male in both groups. There were no significant differences in body mass index (BMI), or 
smoking history between the two groups. In terms of arterial blood gas analysis, the median alveolar-arterial oxygen 
difference (A-aDO2) in the AE-IPF group was significantly higher than that in the stable IPF group (40.85mmHg vs 
29.2mmHg, p =0.035). The AE-IPF group had significantly higher white blood cell (WBC) counts (10.09 ± 4.2×109/L vs 
7.46 ± 7.84×109/L, p <0.001) and a higher percentage of monocytes (7.36 ± 1.36% vs 6.6 ± 1.2%, p =0.017) than the 
stable IPF group. The C-reactive protein (CRP) level for AE-IPF patients was 2.1 mg/dL, which was significantly higher 
than that for stable patients (1.12 mg/dL, p =0.015). Mean procalcitonin (PCT) was also found to be significantly 
elevated. Of note, in the AE-IPF group, 15 patients (15/41, 36.59%) had elevated PCT levels, whereas in the stable IPF 
group, only one patient (1/31, 3.23%) had elevated PCT levels. Moreover, compared to patients with stable IPF, those in 
the AE-IPF group had lower serum calcium levels (2.09 ± 0.13 nmol/L vs 2.17 ± 0.13 nmol/L, p =0.023). Patient clinical 
comorbidities and family history appear in Table 2. Finally, we found a similar rate of comorbidities and family history in 
the two groups.

Serum Concentration of TGFβ1 and 1,25(OH)2D3
10 patients in stable IPF group and 11 patients in AE-IPF group were administered oral daily 600mg calcium (as calcium 
carbonate) and vitamin D3 (125 international units). No significant difference was observed in the serum levels of TGFβ1 
between patients with stable IPF and those with AE-IPF. However, serum levels of 1,25(OH)2D3 was significant lower in 
patients with AE-IPF than in those with stable IPF (p = 0.001) (Figure 2A and B).

Overall Survival Analysis
According to the Kaplan–Meier analysis, AE-IPF patients showed significantly higher overall mortality (8/31, 25.81%) 
than stable IPF patients (25/41, 60.98%; Log rank test, p = 0.0014) (Figure 3A). Of 41 AE-IPF patients, 13 (13/41, 
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31.71%) died within the first year after the onset of an AE episode; stable IPF patients had a significantly lower 1-year 
mortality rate of 9.68% (3/31) (p = 0.023).

Risk Factors of IPF Exacerbation
Variables with statistically significant differences (p < 0.05) between the two groups were further tested using multi
variate logistic regression. Our test revealed that the 1,25(OH)2D3 serum level was an independent risk factor of AEs in 
IPF patients (odd ratio [OR] = 0.884; 95% CI = 0.791–0.987; p = 0.029) (Table 3). Receiver operating characteristic 
(ROC) curve analysis showed that the optimal cut-off value of serum 1,25(OH)2D3 level to predict AE-IPF was 15.08ng/ 

Table 1 Summary of Patient baseline characteristics

Characteristics Stable IPF (n-31) AE-IPF (n=41) P value

Age (yr) 69.84 ± 8.24 70.38 ± 11.19 0.755
Gender

Male 22 (70.97) 29 (70.73) 0.983

Female 9 (29.03) 12 (29.27)
BMI 23.85 ± 2.89 22.93 ± 3.94 0.248

Smokinga

Yes 18 (56.06) 26 (63.41) 0.645
No 13 (41.94) 15 (36.59)

PaO2 77.92 ± 14.87 77.60 ± 16.18 0.836
PaCO2 37.80 (35.3–40.30) 37.70 (33.8–40.48) 0.429

PaO2/FiO2 317.40 ± 79.58 310.63 ± 88.94 0.546

A-aDO2 (mmHg) 29.20 (19.90–38.30) 40.85 (22.78–62.43) 0.035
WBC (×109/L) 7.46 ± 7.84 10.09 ± 4.20 <0.001

Neutrophils (%) 67.16 ± 8.10 72.64 ± 12.37 0.061

Monocytes (%) 6.60 ± 1.20 7.36 ± 1.36 0.017
Eosinophils (%) 2.29 (1.06–3.30) 1.45 (0.23–3.13) 0.051

Basophils (%) 0.48 ± 0.24 0.37 ± 0.22 0.053

CRP (mg/dL) 1.12 (0.68–1.62) 2.1 (0.83–8.75) 0.015
LDH (U/L) 255.87 ± 75.23 276.05 ± 93.61 0.297

PCT (ng/mL)

≤ 0.05 30 (96.77) 26 (63.41) <0.001
> 0.05 1 (3.23) 15 (36.59)

Ca (nmol/L) 2.17 ± 0.13 2.09 ± 0.13 0.023

Long-term systemic glucocorticoidb

Yes 10 (32.26) 11 (26.83) 0.616

No 21 (67.74) 30 (73.17)

Pirfenidone
Yes 1 (3.23) 6 (14.63) 0.106

No 30 (96.77) 35 (85.37)

NAC
Yes 9 (29.03) 11 (26.83) 0.836

No 22 (70.97) 30 (73.17)

HRCT scores 12.23 ± 3.33 13.88 ± 4.03 0.068
TGFβ1 (ng/mL) 14.89 (7.91–31.97) 23.4 (11.58–41.36) 0.172

1,25(OH)2D3 (pg/mL) 16.62 (12.02–22.70) 11.58 (10.20–13.69) <0.001

Notes: aCurrent or former. bGlucocorticoid usage 3 months or more. 
Abbreviations: IPF, idiopathic pulmonary fibrosis; AE, acute exacerbation; BMI, body mass index; PaO2, partial 
pressure of arterial oxygen; PaCO2, partial pressure of arterial carbon dioxide; FiO2, fraction of inspired oxygen; 
PaO2/FiO2, oxygenation index; A-aDO2, alveolar-arterial oxygen difference; WBC, white blood cell; CRP, C-reactive 
protein; LDH, lactate dehydrogenase; PCT, procalcitonin; NAC, N-acetylcysteine; HRCT, high-resolution computed 
tomography; TGFβ1, transforming growth factor beta1; 1,25(OH)2D3, 1,25-dihydroxy vitamin D3.
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mL (area under the ROC curve = 0.755, 95% CI = 0.631–0.879) (Figure 3B). A lower serum 1,25(OH)2D3 level (< 
15.08 pg/mL) was associated with an increased risk of IPF exacerbation.

Prognostic Factors for the Survival of IPF Patients
In univariate Cox proportional-hazards analyses, higher A-aDO2, higher WBC counts, a higher percentage of monocytes, 
higher serum CRP and PCT levels and lower serum 1,25(OH)2D3 levels were significantly associated with poor survival 
(Table 4). In multivariate analysis, only PCT (hazard ratio [HR] = 3.664; 95% CI = 1.010–12.900; p = 0.043) was 

Table 2 Comorbidities and Family History for IPF

Characteristics Stable IPF (n-31) AE-IPF (n=41) P value

GERD
Yes 8 (25.81) 11 (26.83) 0.922

No 23 (74.19) 30 (73.17)

Diabetes mellitus
Yes 7 (22.58) 5 (12.2) 0.242

No 24 (77.42) 36 (87.8)

CAD
Yes 13 (41.94) 16 (39.02) 0.109

No 18 (58.06) 25 (60.98)
CVD

Yes 2 (6.45) 1 (2.44) 0.574

No 29 (93.55) 40 (97.56)
Hypertension

Yes 12 (38.71) 15 (36.59) 0.854

No 19 (61.29) 26 (63.41)
VTE

Yes 1 (3.23) 4 (9.76) 0.382

No 30 (96.77) 37 (90.24)
Family history

Yes 1 (3.23) 3 (7.32) 0.629

No 30 (96.77) 38 (92.68)

Abbreviations: IPF, idiopathic pulmonary fibrosis; AE, acute exacerbation; GERD, gastroeso
phageal reflux disease; CAD, coronary artery disease; CVD, cerebrovascular disease; VTE, 
venous thrombus embolism.

Figure 2 The concentration of serum TGFβ1 (A) and 1,25(OH)2D3 (B) in the stable IPF patients (n=31) and AE-IPF patients (n=41). Data represent the mean ± SD. Two- 
tailed, unpaired Student’s t-test, ***p < 0.001. 
Abbreviations: IPF, idiopathic pulmonary fibrosis; AE, acute exacerbation; TGFβ1, transforming growth factor beta1; 1,25(OH)2D3, 1,25-dihydroxy vitamin D3.
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associated with mortality in IPF patients (Figure 4A). Kaplan–Meier survival curves for IPF patients sorted by PCT level 
were then generated (Figure 4B). Mortality was significantly higher in IPF patients with PCT > 0.05 ng/mL (Log rank 
test, p < 0.0001). The overall mortality was 87.5% (14/16) and 1-year mortality was 68.75% (11/16) in IPF patients with 
PCT > 0.05 ng/mL. This observation was in sharp contrast to the IPF patients with PCT ≤ 0.05 ng/mL who had a lower 
overall (33.93%, 19/56) and 1-year (8.93%, 5/56) mortality.

Discussion
In this study, we showed that 1,25(OH)2D3 was associated with AE in patients with IPF. IPF patients with lower 
serum 1,25(OH)2D3 levels (< 15.08pg/mL) had a higher risk of AE. However, Kaplan–Meier and multivariate Cox 
regression analysis demonstrated that serum PCT level, rather than 1,25(OH)2D3, was the only significant predictor 
of OS in patients with IPF. IPF patients with a PCT > 0.05 ng/mL had a higher overall mortality than those with 
a PCT ≤ 0.05 ng/mL.

Figure 3 (A) Kaplan–Meier survival curve analysis showed that IPF patients with AE had poorer overall survival. (B) Receiver operating characteristic (ROC) curve analysis 
in 1,25(OH)2D3 to evaluate the AE in IPF patients. 
Abbreviations: IPF, idiopathic pulmonary fibrosis; AE, acute exacerbation; AUC, area under the curve.

Table 3 Multivariate Logistic Regression Analysis for an 
Acute Exacerbation of Idiopathic Pulmonary Fibrosis 
Related to Risk Factors

Variables OR 95% CI P value

A-aDO2 1.011 0.986–1.037 0.383
WBC (×109) 1.158 0.875–1.532 0.305

Monocytes (%) 1.013 0.956–1.074 0.657

CRP (mg/dl) 1.017 0.835–1.238 0.869
PCT (ng/mL) 2.926 0.179–47.951 0.452

Ca (nmol/L) 0.57 0.001–5.522 0.219

1,25(OH)2D3 0.884 0.791–0.987 0.029

Abbreviations: A-aDO2, alveolar-arterial oxygen difference; WBC, 
white blood cell; CRP, C-reactive protein; PCT, procalcitonin; 1,25(OH) 
2D3, 1,25-dihydroxy vitamin D3.
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The causal role of infection and microbial dysbiosis in AE-IPF has been highlighted by several studies.33,34 

A prospective study involving 20 AE-IPF patients and 15 stable IPF patients showed that AE-IPF is associated with 
an increase bacterial burden.35 Weng et al found that AE-IPF patients had higher bacterial IgM levels in the serum than 
stable IPF patients. In the same study, higher rates of viral infection were detected in nasopharyngeal swabs of patients 
AE-IPF.36 Wootton et al identified that Torque Teno virus infection was predominant in patients with IPF with AE.37 

A recent study by McElroy et al suggested that viral and bacterial infections induce AE-related death in IPF.38 In 
response to infection and dysbiosis of the lung microbiome, inflammatory markers, such as WBC counts, CRP levels, and 
PCT levels, were elevated,39–41 which is consistent with our results. We also observed that the AE-IPF group had 
a substantially higher A-aDO2 than the stable IPF group, which reflected marked pulmonary diffusion impairment in 
patients with AE-IPF.42

Table 4 Prognostic Factors in Univariate Cox Proportional Hazards 
Regression Analyses with IPF for OS

Variables HR 95% CI P value

Univariate analysis

Age 1.023 0.984–1.063 0.259

Gender 1.094 0.521–2.300 0.812
BMI 0.980 0.879–1.093 0.718

Smoking 0.709 0.343–1.464 0.863

GERD 1.208 0.544–2.68 0.643
Diabetes mellitus 0.843 0.347–2.045 0.705

CAD 1.053 0.531–2.090 0.883
CVD 1.699 0.232–12.442 0.602

Hypertension 0.768 0.383–1.538 0.456

VTE 1.025 0.245–4.295 0.973
Family history 0.908 0.217–3.797 0.895

PaO2 1.005 0.983–1.028 0.644

PaCO2 0.988 0.24–1.057 0.735
PaO2/FiO2 0.999 0.995–1.003 0.711

A-aDO2 1.004 0.993–1.015 0.046

WBC counts 1.176 1.087–1.272 <0.001
Neutrophils (%) 1.027 0.580–2.229 0.272

Monocytes (%) 1.030 1.002–1.058 0.034

Eosinophils (%) 0.854 0.703–1.039 0.114
Basophils (%) 0.356 0.075–1.693 0.194

CRP 1.117 1.066–1.171 <0.001

LDH 1.003 0.999–1.007 0.126
PCT 7.819 3.587–17.044 <0.001

Ca 2.378 0.161–35.214 0.529

Long-term systemic glucocorticoid 1.278 0.576–2.835 0.547
Pirfenidone 0.656 0.230–1.872 0.430

NAC 1.052 0.474–2.334 0.901

HRCT scores 1.090 0.989–1.202 0.082
TGFβ1 1.001 0.983–1.019 0.948

1,25(OH)2D3 0.881 0.803–0.966 0.007

Abbreviations: IPF, idiopathic pulmonary fibrosis; OS, overall survival; BMI, body mass index; GERD, 
gastroesophageal reflux disease; CAD, coronary artery disease; CVD, cerebrovascular disease; VTE, 
venous thrombus embolism; PaO2, partial pressure of arterial oxygen; PaCO2, partial pressure of 
arterial carbon dioxide; FiO2, fraction of inspired oxygen; PaO2/FiO2, oxygenation index; A-aDO2, 
alveolar-arterial oxygen difference; WBC, white blood cell; CRP, C-reactive protein; LDH, lactate 
dehydrogenase; PCT, procalcitonin; NAC, N-acetylcysteine; HRCT, high-resolution computed tomo
graphy; TGFβ1, transforming growth factor beta1; 1,25(OH)2D3, 1,25-dihydroxy vitamin D3.
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While an increased percentage of blood monocytes in the AE-IPF group was identified in our study which aligns with 
a previous report,21 we found that it was not an independent risk factor for AE or OS. A higher blood monocyte count 
was recently reported to be associated with shortened OS in IPF patients.18 Kreuter et al stratified 2067 IPF patients into 
three groups for blood monocyte count (<0.6 K/uL, 0.6-<0.95 K/uL, and ≥0.95 K/uL). They confirmed a significant 
relationship between an elevated blood monocyte count and increased risks of progression, hospitalisation, and OS.15 

Together, these findings suggest that blood monocyte count, not the percentage of blood monocytes, deserves special 
attention in IPF patients.

Vitamin D deficiency or insufficiency was highly prevalent in IPF patients; 34–56.3% of patients had low serum 
vitamin D levels according to the Endocrine Society Clinical Practice Guideline.43–45 However, whether the serum level 
of 1,25(OH)2D3 is similarly reduced in IPF patients has not been reported. We showed for the first time that the serum 
1,25(OH)2D3 concentration in IPF patients is far lower than that in healthy individuals.46 Meanwhile, AE-IPF patients 
have a significantly lower serum 1,25(OH)2D3 concentration than stable IPF patients. Here, we further demonstrated that 
the 1,25(OH)2D3 serum level was an independent risk factor of AE in IPF patients, suggesting that 1,25(OH)2D3 may 
provide a predictive value for AE of IPF. Our data suggest that a serum 1,25(OH)2D3 cut-off of < 15.08pg/mL is 
correlated with AE of IPF.

Low serum vitamin D levels have been reported as a negative prognostic factor for interstitial lung disease. 
A previous study by Tzilas et al showed that low serum vitamin D contribute to high all-cause mortality in patients 
with IPF.47 A study by Gao et al assessed the correlation between serum vitamin D levels and prognosis of connective 
tissue disease-interstitial lung disease (CTD-ILD). They found an association between low serum vitamin D levels and 
poor prognosis.48 Furthermore, low serum 1,25(OH)2D3 levels were predictive of increased mortality in patents with 
sepsis.49 These results suggest a possible link between low serum 1,25(OH)2D3 levels and poor prognosis in IPF 
patients. Hence, we aimed to investigate whether serum 1,25(OH)2D3 levels affect the OS. A multivariate Cox 
proportional hazards model was used; however, serum 1,25(OH)2D3 levels did not influence OS. This is not consistent 
with the finding in the pulmonary fibrosis model; 1,25(OH)2D3 supplements have been shown to reduce the degree of 
fibrosis and increase lifespan in a BLM-induced pulmonary fibrosis mouse model.29 Further studies are needed to address 
this issue.

Unlike 1,25(OH)2D3, the serum PCT level was first identified to predict death in IPF based on multivariate Cox hazard 
proportional regression analysis in our study. We subsequently employed Kaplan-Meier analysis. Remarkably, Kaplan-Meier 
analysis also revealed it to be a significant prognostic factor for OS. We chose to stratify IPF patients by a value of PCT above 

Figure 4 (A) Prognostic factors in multivariate Cox proportional hazards regression analyses with idiopathic pulmonary fibrosis (IPF) for overall survival (OS). Multivariable 
Cox regression models showed only higher serum PCT level was associated with worsen OS. (B) Association between serum PCT level with mortality in IPF. PCT > 0.05 ng/ 
mL was significant associated with reduced OS for patients with IPF. 
Abbreviations: A-aDO2, alveolar-arterial oxygen difference; WBC, white blood cell; CRP, C-reactive protein; PCT, procalcitonin; 1,25(OH)2D3, 1,25-dihydroxy 
vitamin D3.
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0.05 ng/mL, due to serum PCT having a detection limit of 0.05ng/mL within the trial. The TRIAGE study, a large 
prospective multicentre study, demonstrated that PCT was a strong and independent prognostic predictor of 30-day mortality 
in emergency department patients.50 In the TRIAGE study, when using a cut-off of 0.05ng/mL, the mortality rate increased to 
1%. The discrepancy in mortality rates between our study and the TRAIGE study may have resulted from differences in the 
studied populations and follow-up periods. Because patients with concurrent IPF and lung cancer were reported to have 
higher serum PCT levels than those with IPF alone,51 to rule out the interfering effect of lung cancer, we excluded IPF 
patients who had concurrent lung cancer before enrolment or developed lung cancer during the follow-up period. Our results 
suggest that serum PCT in IPF patients should be evaluated at a concentration above 0.05 ng/mL.

On comparing the AE-IPF and stable IPF groups, lower serum calcium levels were detected in the AE-IPF group. 
This suggests that patients with AE-IPF might be more prone to developing osteoporosis and fractures.52 1,25(OH)2D3 
attenuates the epithelial-mesenchymal transition (EMT) in lung epithelial cells by inhibiting TGF-β signaling.53–56 An 
inverse correlation between vitamin D and serum TGF-β1 levels has also been observed.57 Therefore, we examined 
serum TGF-β1 in IPF patients and found that its level was not linked to AE or OS, suggesting that it cannot be used as 
a potential biomarker for predicting IPF.

Our study has some limitations. Firstly, most patients were clinically diagnosed with IPF; only one patient was 
pathologically diagnosed with IPF by lung biopsy (surgery). Reasons for the lack of biopsy included patient declined 
biopsy, unsafe biopsy, and poor tolerance of biopsy. Secondly, we did not have complete pulmonary function information 
for some IPF patients because these patients were in critical condition at diagnosis, and pulmonary function tests were 
not feasible. Thirdly, the sample size of the study was small. Finally, this was a single-centre study, restricted to a limited 
number of IPF enrolees and local practice.

Conclusion
The present study had two important findings: 1) In IPF patients, decreased serum 1,25(OH)2D3 levels are associated 
with an increased risk of AE; 2) a higher PCT level is predictive of worse prognosis in patients with IPF. The novelty of 
the present study lies in the identification of serum 1,25(OH)2D3 and PCT that predict AE and OS for IPF, respectively. 
We recommend that serum 1,25(OH)2D3 and PCT should be routinely measured to stratify patients at diagnosis who are 
at risk of more AE and worse prognosis.

Abbreviations
IPF, idiopathic pulmonary fibrosis; AE, acute exacerbation; OS, overall survival; 1,25(OH)2D3, 1,25-dihydroxy vitamin 
D3; TGFβ1, transforming growth factor beta1; HRCT, high-resolution computed tomography; ELISA, enzyme-linked 
immunosorbent assay; BMI, body mass index; GERD, gastroesophageal reflux disease; CAD, coronary artery disease; 
CVD, cerebrovascular disease; VTE, venous thrombus embolism; PaO2, partial pressure of arterial oxygen; PaCO2, 
partial pressure of arterial carbon dioxide; FiO2, fraction of inspired oxygen; PaO2/FiO2, oxygenation index; A-aDO2, 
alveolar-arterial oxygen difference; WBC, white blood cell; CRP, C-reactive protein; LDH, lactate dehydrogenase; PCT, 
procalcitonin; NAC, N-acetylcysteine; ROC, receiver operating characteristic; HR, hazard ratio; OR, odd ratio.
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