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Idiopathic pulmonary fibrosis (IPF) incidence shows wide

variations in different countries, ranging from 3 to 9 per

This study examined the direct medical costs of patients
hospitalized for IPF; direct medical costs cover three
100,000 inhabitants per year in North America and Europe,
while in South America andAsia, incidence is lower, ranging
from 1.2 to 4.16 per 100,000 inhabitants per year.[1] With
the increase of the incidence of IPF, the economic burden
caused by IPF is becoming heavier. AUS study on the burden
of illness in patients with IPF found that total direct medical
costs (including inpatient services, outpatient services, and
medicationclaims)were found tobe26,378USD.[2] InSpain,
the estimated annual cost per IPF patient was € 26,435.[3]

However, few data concerning the economic burden of
patients with IPF are available in China. This study aimed to
examine the directmedical costs of hospitalized patientswith
IPF and to determine the contributing factors.

This was a retrospective cross-sectional analysis. We
undertook pre-study investigations into the total hospital-
ization costs of 47 IPF patients in 2015. According
to the sample size estimation formula n= (Za/2∗V/e)2
(Za/2= 1.96, e = 0.1, V = s/m), the sample size of this
study was required to be at least 202. This retrospective
study was conducted in accordance with theDeclaration of
Helsinki and data analysis was performed anonymously.
Data were obtained from the IPF cohort and the database
of patients discharged from the Beijing Chao-Yang
Hospital between 2012 and 2015 (219 cases). Data were
retrieved from the hospital case statistics management
system, including data on patient characteristics, comorbid
conditions, and treatment cost. IPF was diagnosed
according to the American Thoracic Society/European
Respiratory Society/Japanese Respiratory Society/Asocia-
ción Latinoamericana de Tórax Statement.[4]
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categories with a total of 18 cost items, including auxiliary
testing fees (laboratory diagnosis, radiography, ultrasonic
imaging, pathological diagnosis, and clinical diagnosis fees),
drug fees (antibiotics, western medicine, Chinese patent
medicine,Chineseherbalmedicine, andbloodproducts fees),
and other fees (such as treatment, anesthetic, rehabilitation,
general medical expenses, nurse fees, monitoring and
auxiliary equipment, oxygen, and accommodation). Cost
estimates were reported in CNY (1 USD ≈ 6.2 CNY, 2015).

Continuous data were presented as median (Q1, Q3), while
categorical data were presented as numbers and propor-
tions. Distribution of continuous variables was tested
for normality using the Kolmogorov-Smirnov test. The
Mann-WhitneyU test was used to compare the differences
in continuous variables. Univariate linear regression and
multivariate stepwise linear regression were performed
to estimate the impact of different variables on costs.
Statistical analysis was performed using SPSS version 22.0
(IBM Corporation, Armonk, NY, USA). P< 0.05 was
considered statistically significant.

This study included 219 hospitalized patients diagnosed
with IPF in the Beijing Chao-Yang Hospital from 2012 to
2015. Patients with IPF were on average 65 years old; 200
(91.3%) were male. The youngest patient was 41 years old,
while the oldestwas 88 years old. Almost half of the patients
(107) were Beijing residents. Themean (standard deviation)
length of hospital stay was 10.1 (8.0) days. Moreover, 13
(5.9%) cases were treated with invasive or non-invasive
ventilation and 3 (1.4%) in the intensive care unit [Table 1].
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For hospitalized patients with IPF, the median (Q1, Q3)
direct medical costs were 9378.3 (7366.9, 12,122.8) CNY

stay (B= 0.064, P< 0.001), place of birth (B= 0.245,
P= 0.007), reimbursement (B= 0.169, P< 0.001), ventila-
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per capita per admission. Testing fees (5745.8 [4105.4,
7043.7] CNY) constituted the largest proportion of direct
medical costs, of which, laboratory costs were 3687.5
(2525.5, 4556.5) CNY. Drug costs amounted to only
1347.0 (624.9, 3809.9) CNY.

We found that direct medical costs were significantly
different according to whether or not the patients received
intensive care (P= 0.004), ventilator use (P= 0.001) and
whether or not the patient was a resident of Beijing
(P= 0.047) [Table 1]. Comorbid conditions that had a
significant impact on direct medical costs included pulmo-
nary infection (P< 0.001), respiratory failure (P< 0.001),
and PAH (P= 0.002). Details are shown in Table 1.

The following independent variables were entered into the
regression model: gender, age, place of birth, reimburse-
ment, length of stay in hospital, ventilator use, intensive
care, and the aforementioned comorbid conditions. Univar-
iate linear regression showed that the length of hospital
Table 1: Analysis of the direct medical costs in hospitalized patients w

Factors n (%)

Gender
Male 200 (91.3) 9378.3
Female 19 (8.7) 8634.5

Age (years)
<65 91 (41.6) 9396.3
≥65 128 (58.4) 9301.1

Place of birth
Beijing native 107 (48.9) 9516.5
Non-native 112 (51.1) 9171.9

Reimbursement
Yes 181 (82.6) 9420.2
No 38 (17.4) 8638.4

Ventilator use
Yes 13 (5.9) 29,869.7
No 206 (94.1) 9242.5

Critical care
Yes 3 (1.4) 81,452.5
No 216 (98.6) 9294.9

Pulmonary infection
Yes 70 (32.0) 11,023.4
No 149 (68.0) 8789.3

Respiratory failure
Yes 43 (19.6) 16,456.9
No 176 (80.4) 8806.8

PAH
Yes 39 (17.8) 12,122.7
No 180 (82.2) 9212.6

Heart failure
Yes 9 (4.1) 8419.1
No 210 (95.9) 9400.4

Lung cancer
Yes 4 (1.8) 7612.6
No 215 (98.2) 9396.3

Emphysema
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tor use (B= 0.982, P< 0.001), intensive care (B= 2.036,
P< 0.001), pulmonary infection (B= 0.480, P< 0.001),
respiratory failure (B= 0.655, P< 0.001) and PAH
(B= 0.483, P< 0.001) were significantly associated with
the direct medical costs. After conducting multivariate
linear regression analysis, we found that the length of
hospital stay (B= 0.057, P< 0.001), intensive care
(B= 1.260, P< 0.001), pulmonary infection (B= 0.186,
P= 0.002), and respiratory failure (B= 0.213, P= 0.003)
were significantly associated with high direct medical costs.
Having intensive care had the greatest impact on costs.

This study investigated the direct medical costs of patients
with IPF based on a single-center database. We found that
the median direct medical cost of IPF inpatients was
9378.3 CNY per patient per admission. As most patients
were first diagnosed with IPF based on presumptive
interstitial lung disease during hospitalization, testing fees
ranked first, followed by drug costs. Treatment options for
IPF today are limited to the internationally recommended
ith idiopathic pulmonary fibrosis.

Cost (CNY) Z values P

�0.303 0.762
(7467.5, 12,223.5)
(6715.2, 12,473.5)

–0.552 0.581
(7519.7, 11,528.1)
(7219.6, 12,569.4)

�1.988 0.047
(7544.0, 14,527.0)
(7023.9, 11,479.0)

�1.343 0.179
(7484.2, 12,247.2)
(6165.9, 11,864.4)

�3.191 0.001
(10,121.8, 72,415.4)
(7322.8, 11,897.7)

8.299 0.004
(63,117.9, 100,048.5)
(7344.2, 12,057.8)

�4.478 <0.001
(8347.4, 19,849.6)
(6810.5, 11,209.4)

�5.018 <0.001
(9265.8, 29,350.6)
(6938.3, 11,147.5)

�3.070 0.002
(8123.3, 19,011.5)
(7046.1, 11,626.3)

�0.118 0.906
(6865.2, 16,938.4)
(7428.2, 12,095.1)

�0.868 0.385
(6041.8, 12,764.0)
(7366.9, 12,122.7)

�0.626 0.532
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anti-fibrotic drugs pirfenidone and nintedanib. However,
the costs of these drugs were not included in this study, as
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(continued).

Factors n (%) Cost (CNY) Z values P

Yes 35 (16.0) 8824.2 (7012.8, 12,122.7)
No 184 (84.0) 9424.8 (7387.3, 12,171.6)

Asthma �0.907 0.365
Yes 5 (2.3) 8634.5 (5727.1, 10,673.4)
No 214 (97.7) 9400.4 (7428.2, 12,182.9)

Bronchiectasis �1.578 0.115
Yes 3 (1.4) 15,222.1 (10,092.1, 16,826.4)
No 216 (98.6) 9294.9 (7344.2, 12,079.8) �0.674 0.500

GERD
∗

Yes 16 (7.3) 8487.5 (6573.2, 13,420.8)
No 203 (92.7) 9387.3 (7502.0, 12,079.8)

HBP �0.672 0.501
Yes 56 (25.6) 9487.2 (7552.1, 12,365.4)
No 163 (74.4) 9265.8 (7057.3, 12,046.4)

Diabetes �0.377 0.706
Yes 34 (15.5) 9227.8 (7487.4, 11,867.8)
No 185 (84.5) 9396.3 (7351.7, 12,188.7)

CHD �0.150 0.880
Yes 41 (18.7) 9404.6 (6800.1, 12,275.4)
No 178 (81.3) 9351.2 (7523.2, 12,108.7)

Data are presented as median (Q1, Q3).
∗
Eight cases were diagnosed with 24-h ambulatory esophageal pH and pressure recording; eight cases were

diagnosed by gastroscopy and upper gastrography. CNY: Chinese yuan; PAH: Pulmonary arterial hypertension; GERD: Gastroesophageal reflux
disease; HBP: High blood pressure; CHD: Coronary heart disease.
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anti-fibrotic drugs were not available in China at that time.

After conducting a regression analysis, we found that length
of stay, admittance into intensive care, pulmonary infection
and respiratory failure, were significantly positively corre-
latedwithhigher total hospitalization costs.ASpanish study
also found that a significant increase in the annual cost per
patient was due to the treatment of acute exacerbations of
the disease.[3] Patients with IPF often have complications
and other comorbidities, which require substantial health
care resources, leading to increased overall burden. As our
study showed, the costs of IPF patients with pulmonary
infection, respiratory failure, and PAH were found to be
higher than those of other patients. This resultwas similar to
a previous study.[5]

The results of this study highlight the importance of
controlling the progression of IPF and following clinical
guidelines for inpatients. The study of European and
American countries has investigated the economic burden
of IPF on patients, but no such study exists in China.
Bridging this gap is important because it is the first step for
the follow-up research to reduce the clinical and economic
burden of this illness in China.
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