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Abstract

Background: The prognosis of idiopathic pulmonary fibrosis (IPF) patients is highly heterogeneous. Abnormalities in lipids and their
metabolism play an important role in the development of IPF.

Aim: To investigate the value of lipid parameters, C-reactive protein (CRP) and high-density lipoprotein cholesterol/C-reactive pro-
tein (HDL-C/CRP) ratio levels in the prognosis of IPF patients.

Design: An observational cohort study.

Methods: We collected baseline data of non-IPF controls and IPF patients, and IPF patients were followed up for 4 years. All-cause
death or lung transplantation and IPF-related death were the outcome events. Receiver operating characteristic curves and Cox pro-
portional hazards models were used to analyze the predictive effect of lipid parameters, CRP and HDL-C/CRP ratio on the prognosis
of IPF patients.

Results: IPF patients had lower HDL-C, HDL-C/CRP ratio and higher CRP compared to non-IPF controls. IPF patients who died or
underwent lung transplantation were older and had worse pulmonary function, lower HDL-C, HDL-C/CRP ratio and higher CRP com-
pared with surviving patients. HDL-C/CRP ratio was better than HDL-C and CRP in predicting all-cause death or lung transplantation.
IPF patients with low HDL-C/CRP ratio had shorter survival times. The HDL-C/CRP ratio and diffusing capacity for carbon monoxide
(DLCO)% of predicted were independent protective factors for all-cause death or lung transplantation and IPF-related death in IPF
patients, while age and gender-age-physiology (GAP) Stage > 2 (HR =4.927) were independent risk factors for all-cause death or lung
transplantation. Age > 65 years (HR =3.533) was an independent risk factor for IPF-related death.

Conclusion: HDL-C/CRP ratio was a valid predictor of clinical outcomes in IPF patients, including all-cause death or lung transplanta-
tion and IPF-related death.

C-reactive protein (CRP) is considered an important marker of
acute and chronic inflammation, and inflammation is also in-
volved in the development and progression of pulmonary fibro-

Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive
fibrosing interstitial lung disease (ILD) of unknown etiology. IPF

patients have a high mortality rate and a poor prognosis, with a
median survival time of only 2.5-3.5 years after diagnosis.’

Dysregulation of lipid metabolism is one of the major metabolic
alterations in IPF and has a significant effect on pathogenesis.
High-density lipoprotein (HDL) or its components may play a protec-
tive role in IPF. Lower plasma high-density lipoprotein cholesterol
(HDL-C) is associated with greater serum MMP-7 and SP-A levels,?
and MMP-7 and SP-A levels are thought to be associated with lung
inflammation and extracellular matrix remodeling. Serum levels of
small HDL particles (S-HDLP) are inversely associated with GAP in-
dex, mortality or lung transplantation in IPF patients.*

sis.” For patients with IPF, fibrotic hypersensitivity pneumonitis,
rheumatoid arthritis-associated ILD and systemic sclerosis-
associated ILD, after adjusting for age, gender, smoking history,
immunosuppressant therapy and baseline disease severity,
higher CRP levels were associated with shorter 5-year survival.®
No study combines CRP and HDL-C as an indicator of progno-
sis in patients with IPF. Results of a multicenter clinical study in-
volving 796 heart failure with preserved ejection fraction (HFpEF)
patients in Japan showed that HFpEF patients with low HDL-C/
CRP ratio had a higher risk of all-cause death and cardiac death,
and HDL-C/CRP ratio was an independent predictor of all-cause
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death and cardiac death in HFpEF patients.” Due to the value of
HDL-C and CRP in the prognosis of IPF patients mentioned above,
we speculate that the HDL-C/CRP ratio may also have a good
prognostic effect on IPF patients.

This study aims to compare lipid parameters, CRP and HDL-C/
CRP ratio levels in IPF patients and non-IPF controls, and investi-
gate their prognostic role in IPF patients.

Materials and methods
Study design and subjects

This was an observational cohort study. In this study, we col-
lected the clinical data of IPF patients hospitalized in the Second
Xiangya Hospital of Central South University from January 2011
to March 2019. The diagnosis of IPF was determined according to
official ATS/ERS/JRS/ALAT clinical practice guidelines of IPF.%?
The inclusion criteria were (i) definite diagnosis of IPF;
(ii) age>18years and (iii) CRP and lipid parameters measured
during hospitalization. The exclusion criteria were a combination
of lung or other organ tumors and unstable cardiac, vascular or
nervous system diseases. The enrolled IPF patients were followed
up at 48months after discharge by inpatient, outpatient or
telephone follow-up. All-cause death and unilateral or bilateral
lung transplantation within 48months after discharge was
considered the primary outcome. The secondary outcome was
IPF-related death.

Non-IPF controls were from the general population who
underwent routine physical examinations at the Health
Management Center of the Second Xiangya Hospital of Central
South University from January 2023 to March 2023, and physical
examination data of non-IPF controls were collected. The inclu-
sion criteria for non-IPF controls were (i) age >18years and (ii)
CRP and lipid parameters were measured. The exclusion criteria
were the combination of lung disease, tumors and unstable car-
diac, vascular or nervous system diseases based on physical ex-
amination reports.

Data collection

CRP and lipid profile were measured in all subjects in this study
by the clinical laboratory of the Second Xiangya Hospital of
Central South University. Fasting venous blood was drawn from
subjects via venipuncture, and serum lipid parameters [including
total cholesterol (TC), HDL-C, low-density lipoprotein cholesterol
(LDL-C) and triglyceride (TG)] were measured by the automatic
biochemical analyzer (ABBOTT ARCHITECT C8000, America), and
serum CRP was measured by the specific protein analyzer
(BECKMAN COULTER IMAGE 800, America). Clinical data of IPF
patients including age, gender, body mass index (BMI), smoking
status, pulmonary function (including forced vital capacity
(FVC)% of predicted, forced expiratory volume in 1s (FEV1)% of
predicted, FEV1/FVC and diffusing capacity for carbon monoxide
(DLCO)% of predicted), lipid parameters, CRP, pulmonary infec-
tion and the use of anti-fibrotic drugs were collected. The judg-
ment of the GAP Stage was based on the criteria developed by
Ley et al.’® For non-IPF controls, data on age, gender, BMI, pulmo-
nary function, lipid parameters and CRP were collected. At
follow-up, it was determined whether the patient survived, died
or had a lung transplant and the time of death or lung transplant
and the cause of death were recorded.

Statistical analysis

Continuous variables were tested for normality, and variables
conforming to the normal distribution were described by mean +
SD, and variables not conforming to the normal distribution were
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described by median (interquartile range, IQR). Student’s t-test
was used to compare differences between two groups for contin-
uous variables that followed a normal distribution with equal
variance, otherwise Mann-Whitney U test was used. Categorical
variables were presented as n (%), and Pearson’s chi-square test
was used to compare differences between the two groups.
Receiver operating characteristic (ROC) curves were plotted to
determine the predictive value of the variable based on the area
under the curve (AUC). The Youden index (Sensitivity +
Specificity — 1) takes the maximum value to obtain the optimal
operating point and the sensitivity and specificity of this cut-off
value in predicting a 4-year prognosis in IPF patients. Factors as-
sociated with the prognosis of IPF patients were identified by Cox
proportional hazard models. Kaplan-Meier survival curve and
log-rank tests were used to compare cumulative survival rates
between the two groups. The significance level of all tests was
0.05, and statistical analysis was conducted by statistical soft-
ware IBM SPSS Statistics (Version 26) and MedCalc.

Results

The enrollment and follow-up results of IPF patients are shown
in Figure 1. A total of 123 IPF patients entered the study, 11 were
lost to follow-up and 112 IPF patients completed 48 months of
follow-up, of which 30 patients survived, 2 patients underwent
lung transplantation, 80 patients died (all-cause), 60 of whom
died related to IPF. Forty-five non-IPF controls who met the crite-
ria were recruited.

Baseline characteristics of IPF patients and non-
IPF controls

Demographic data, CRP and lipid profile of the IPF patients and
non-IPF controls included in this study were presented in
Table 1. The age, gender and BMI of non-IPF controls in the
analysis were consistent with those of IPF patients, whereas the
proportion of smokers was higher in IPF patients (P=0.001).
FVC% of predicted and FEV1% of predicted were worse in IPF
patients than in non-IPF controls. Patients with IPF had lower
HDL-C, HDL-C/TC ratio and HDL-C/CRP ratio and higher CRP
compared to non-IPF controls (P <0.001). 112 patients who com-
pleted 48 months of follow-up were divided into the survival
group (n=30, median survival time: 48.0months) and the all-
cause death or lung transplantation group (n=82, median sur-
vival time: 27.5 months), as shown in Table 2. IPF patients in the
survival group were younger. IPF patients in the all-cause death
or lung transplantation group had significantly worse pulmonary
function than those in the survival group, including FVC% of pre-
dicted, FEV1% of predicted and DLCO% of predicted (P <0.05).
Similarly, the proportion of IPF patients with GAP Stage>2 was
higher in the all-cause death or lung transplantation group than
in the survival group. In addition, patients in the all-cause death
or lung transplantation group had lower TC, HDL-C and HDL-C/
CRP ratio, but their CRP levels were higher. However, there was
no statistical difference in the proportion of patients using anti-
fibrotic drugs between the two groups.

Prognostic value of baseline lipid parameters,
CRP and HDL-C/CRP ratio in IPF patients

To evaluate the prognostic value of baseline lipid profile parame-
ters, CRP and HDL-C/CRP ratio in IPF patients, we plotted ROC
curves, only the ROC curves for TC, HDL-C, CRP and HDL-C/CRP
ratio were statistically significant (P <0.05) in predicting the all-
cause death or lung transplantation, as shown in Table 3 and
Figure 2. Of these, AUC was better for CRP and HDL-C/CRP ratio,
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Figure 1. The enrollment and follow-up results of IPF patients.

Table 1. Demographic characteristics, CRP and lipid profile of
non-IPF controls and IPF patients®

Non-IPF IPF P
controls patients
(N=45) (N=123)
Age (years) 65.0+12.0 65.1+£9.5 0.632
<60 13 (28.9) 30 (24.4)
60-74 23 (51.1) 71(57.7)
>75 9 (20.0) 22 (17.9) 0.742
Gender
Male (n, %) 32(71.1) 88 (71.5)
Female (n, %) 13 (28.9) 35 (28.5) 0.956
BMI (kg/m?)
<185 2 (4.4) 5 (4.1)
18.5-23.9 20 (44.4) 62 (50.4)
24.0-27.9 19 (42.2) 41 (33.3)
>28.0 4(9.0) 15 (12.2) 0.729
Smoking 19 (42.2) 85 (69.1) 0.001
Pulmonary function test
FVC% of predicted 109.3+14.4 789+21.6 <0.001
FEV1% of predicted 1129+7.4 82.0+£20.7 <0.001
FEV1/FVC (%) 84.6+8.5 90.2+11.1 0.002
Lipid profile
TC (mg/dl) 4.5 (3.9-4.7) 4.3 (3.7-4.9) 0.269
HDL-C (mg/dl) 1.3 (1.2-1.5) 1.0 (0.8-1.2) <0.001
LDL-C (mg/dl) 2.7 (2.3-3.1) 2.7 (2.2-3.2) 0.555
TG (mg/d]) 1.3 (0.7-1.9) 1.5 (1.0-1.8) 0.118
HDL-C/TC ratio 0.3 (0.3-0.4) 0.2 (0.2-0.3) <0.001
CRP (mg/1) 0.8 (0.3-2.0) 4.7 (2.6-9.9) <0.001
HDL-C/CRP ratio 1.6 (0.6-4.2) 0.2 (0.1-0.4) <0.001

® Data are presented as the mean + SD, n (%) or median (IQR). Student’s t-
test, Pearson’s chi-square test and Mann-Whitney U test were used to
compare differences between groups.

compared these two ROC curves we found that the ROC curve of
HDL-C/CRP ratio was better than that of CRP, and the difference
was statistically significant (P=0.048). The baseline HDL-C/CRP
ratio had an optimal operating point of 0.22 for predicting all-
cause death or lung transplantation within 4years in IPF
patients, providing a sensitivity of 65.43% and a specificity of
76.19%. Kaplan-Meier Survival Curve was plotted by dividing IPF
patients into low HDL-C/CRP ratio and high HDL-C/CRP ratio

groups using the cut-off point of 0.22, as shown in Figure 3. The
survival time of IPF patients in the low HDL-C/CRP ratio group
was shorter than that in the high HDL-C/CRP ratio group. Only
CRP (AUC =0.636, optimal operating point=4.14mg/1) and HDL-
C/CRP ratio (AUC=0.658, optimal operating point=0.23) could
predict the risk of IPF-related death in IPF patients (Table 3 and
Figure 4), and there was no statistical difference in AUC between
them (P=0.185). Kaplan-Meier Survival Curve was plotted using
IPF-related death as the outcome, with IPF patients in the low
HDL-C/CRP ratio group having a shorter survival time (P <0.001),
and the results are shown in Figure 5.

Predictors of all-cause death or lung
transplantation and IPF-related death at 4 years
in IPF patients

From Table 4, we found that BMI, FVC% of predicted, DLCO% of
predicted, TC and HDL-C/CRP ratio were protective factors for
all-cause death or lung transplantation in IPF patients in univari-
ate Cox proportional hazard models analyses, while age, CRP and
GAP Stage >2 were risk factors. Multivariate Cox proportional
hazard models analyses were performed for these indicators to
construct Model 1 and Model 2. Both multivariate models had
good discrimination on the all-cause death or lung transplanta-
tion of IPF patients. HDL-C/CRP ratio was a protective factor for
all-cause death or lung transplantation in IPF patients (Model 1
HR=0.191, Model 2 HR=0.196). For every 1.00 increase in the
HDL-C/CRP ratio, the risk of all-cause death or lung transplanta-
tion in IPF patients will be reduced by 80.9% and 80.4%, respec-
tively. In Model 1, age and DLCO% of predicted were also factors
influencing all-cause death or lung transplantation in IPF
patients. Model 2 showed that the HR for GAP Stage>2 was
4.927, suggesting that patients with IPF who had GAP Stage>2 at
baseline had a 4.927-fold higher risk of all-cause death or lung
transplantation than patients with GAP Stage 1. In addition,
HDL-C/CRP ratio (HR=0.120, P=0.015) and DLCO% of predicted
(HR=0.959, P <0.001) were also the protective factors in the mul-
tivariate Cox proportional hazard models analyses with IPF-
related death as the outcome event, and age>65years
(HR=3.533, P<0.001) was a risk factor (Table 5).
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Table 2. Baseline characteristics of IPF patients in the survival and death (all-cause) or lung transplantation groups®

Survival (N = 30) Death (all-cause) or lung transplantation (N = 82) P
Age (years) 59.7+10.5 67.4+84 <0.001
Gender

Male (n, %) 19 (63.3) 61 (74.4)

Female (n, %) 11(36.7) 21 (25.6) 0.251
BMI (kg/m?) 247+29 23.5+35 0.101
Smoking 21(70.0) 56 (68.3) 0.863
Pulmonary function test

FVC% of predicted 87.5+£225 74.2+19.9 0.006

FEV1% of predicted 89.9+22.6 78.2+19.7 0.015

FEV1/FVC (%) 88.8+10.6 91.4+11.0 0.298

DLCO% of predicted 67.4+18.1 51.5+£18.5 0.001

GAP Stage > 2 0(0.0) 29(51.8)° <0.001
Lipid profile

TC (mg/dl) 46 (4.1-5.1) 4.2 (3.6-4.9) 0.028

HDL-C (mg/dl) 1.1(0.9-1.2) 0.9 (0.8-1.2) 0.027

LDL-C (mg/dl) 2.8(2.5-3.2) 2.7 (2.1-3.2) 0.249

TG (mg/dl) 1.5 (1.1-1.8) 1.4 (1.0-1.8) 0.446

HDL-C/TC ratio 0.2 (0.2-0.3) 0.2 (0.2-0.3) 0.678

CRP (mg/1) 3.0 (1.9-4.5) 5.7 (3.3-11.6) <0.001

HDL-C/CRP ratio 0.4 (0.2-0.6) 0.2 (0.1-0.3) <0.001
Pulmonary infection (n, %) 3(10.0) 18 (22.0) 0.151
Anti-fibrotic therapy (n, %) 12 (40.0) 24 (29.3) 0.282

Median survival time (month) 48.0 (48.0-48.0)

27.5 (18.0-36.0) <0.001

@ Data are presented as the mean + SD, n (%) or median (IQR). Student’s t-test, Pearson’s chi-square test and Mann-Whitney U test to compare differences
between groups. GAP: gender, age, and 2 lung physiology variables (FVC% of predicted and DLCO% of predicted).

b

Of the 82 patients in the death or lung transplantation group, only 56 patients had a complete GAP score.

Table 3. ROC curves of baseline lipid profile, CRP and HDL-C/CRP ratio predicted 48-month clinical outcome in IPF patients®

AUC P 95% CI Optimal operating point Sensitivity (%) Specificity (%)
Primary outcome (all-cause death or lung transplantation)
TC (mg/dl) 0.613 0.036 0.521-0.699 3.97 45.68 76.19
HDL-C (mg/dl) 0.615 0.031 0.523-0.701 0.94 53.09 71.43
LDL-C (mg/dl) 0.563 0.249 0.471-0.652 2.38 43.21 76.19
TG (mg/dl) 0.551 0.352 0.458-0.640 3.30 93.83 16.67
HDL-C/TC ratio 0.519 0.734 0.427-0.610 0.25 65.43 42.86
CRP (mg/1) 0.686 <0.001 0.596-0.767 4.39 66.67 71.43
HDL-C/CRP ratio 0.719 <0.001 0.631-0.797 0.22 65.43 76.19
Secondary outcome (IPF-related death)
TC (mg/dl) 0.555 0.290 0.463-0.645 5.10 88.33 25.40
HDL-C (mg/dl) 0.561 0.241 0.496-0.650 0.89 38.33 76.19
LDL-C (mg/dl) 0.526 0.618 0.434-0.617 2.35 40.00 69.84
TG (mg/dl) 0.559 0.264 0.467-0.648 1.29 51.67 66.67
HDL-C/TC ratio 0.513 0.801 0.421-0.604 0.33 93.33 15.87
CRP (mg/1) 0.636 0.007 0.544-0.721 4.14 68.33 57.14
HDL-C/CRP ratio 0.658 0.001 0.567-0.741 0.23 66.67 60.32

& 95% CI: 95% confidence interval.

Discussion

The study found that IPF patients had lower HDL-C, HDL-C/TC
ratio, HDL-C/CRP ratio and higher CRP compared to non-IPF con-
trols. IPF patients who died (all-cause) or underwent lung trans-
plantation within 4 years of diagnosis were older and had worse
pulmonary function, lower TC, HDL-C, HDL-C/CRP ratio and
higher CRP compared with surviving patients. The survival time
of IPF patients with low HDL-C/CRP ratio was shorter than that of
patients with high HDL-C/CRP. HDL-C/CRP ratio and DLCO% of
predicted were protective factors for all-cause death or lung
transplantation in IPF patients, while age and GAP Stage >2 were
risk factors. HDL-C/CRP ratio and DLCO% of predicted were also
protective factors for IPF-related death, and age > 65years was a
risk factor.

The lung is rich in lipids and has active lipid metabolism,
which is involved in and regulates a variety of pathophysiological

processes.™ In addition to being a major component of pulmo-
nary surfactant, lipids are involved in shaping the extracellular
matrix.’* Abnormalities in lipids and their metabolic pathways
play an important role in pulmonary fibrosis."*™** Cholesterol
was converted into 25-hydroxycholesterol (25-HC) by cholesterol
25-hydroxylase, and 25-HC participated in lung tissue remodel-
ing by promoting fibroblast expression of TGF-B, a-smooth mus-
cle actin, collagen I and extracellular matrix deposition.*® HDL
binds free cholesterol and transports it to the liver where it is me-
tabolized and eventually excreted via the bile. Aihara et al./
found that HDL levels were lower in patients with chronic inter-
stitial pneumonia/fibrosis than in controls. A study in a popula-
tion of IPF patients also found that serum S-HDLP concentrations
were associated with disease severity and mortality risk in IPF
patients.* Similar to previous studies, our results showed that
patients with IPF had a lower level of HDL-C than non-IPF con-
trols. Among 112 IPF patients who completed the 4-year follow-
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Figure 2. Comparison of ROC curves for TC, HDL-C, CRP and HDL-C/CRP
ratio in predicting all-cause death or lung transplantation in
IPF patients.
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Figure 3. Kaplan-Meier survival curve of low HDL-C/CRP ratio and high
HDL-C/CRP ratio groups, and all-cause death or lung transplantation
was the outcome event. Log-rank test P < 0.001, HR =3.004, 95% CI:
1.904-4.740.

up, patients in the all-cause death or lung transplantation group
also had lower HDL-C and TC levels than patients in the survival
group. Combined with the results of other published studies, we
suggest that baseline lipid levels in patients with IPF may be re-
lated to the development and prognosis of the disease.

CRP is associated with a variety of fibrotic diseases and is an
important mediator in the development of fibrosis; CRP promotes
fibrosis in the heart and kidney by activating the TGF-g/Smad sig-
naling pathway.’®?* The two-sample Mendelian randomization
analysis of GWAS analysis data of 1028 IPF patients and 196 986
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Figure 4. Comparison of ROC curves for CRP and HDL-C/CRP ratio in
predicting IPF-related death in IPF patients.

HDL-C/CRP Kaplan-Meier Survival Curve

Survival probability (%)

ol — HDL-C/CRP20.23
--- HDL-C/CRP<0.23
Op . 1 L 1 . 1 . 1
0 12 24 36 48
Time
Number at risk
Group: HDL-C/CRPz0.23
56 53 44 36 0
Group: HDL-C/CRP<0.23
61 56 36 17 0

Figure 5. Kaplan-Meier survival curve of low HDL-C/CRP ratio and high
HDL-C/CRP ratio groups, and IPF-related death was the outcome event.
Log-rank test P <0.001, HR =2.794, 95% CI: 1.655-4.717.

controls from FinnGen Biobank showed that elevated circulating
CRP levels increased the risk of IPF in the population.” However,
another Mendelian randomization analysis of GWAS data from
the UK Biobank showed a negative correlation between CRP and
ILD and IPF.?? There are currently few causal studies on circulat-
ing CRP and the risk of IPF, and more clinical studies are needed
for further confirmation. Differential expression protein analysis
after proteomic testing of blood samples from IPF patients and
healthy subjects showed that CRP expression was up-regulated
in IPF patients. ELISA was used to validate CRP levels in patients
with IPF, sarcoidosis and hypersensitivity pneumonia, and it was
found that CRP levels in all three groups were higher than in
healthy subjects.?® We compared CRP levels between IPF patients



Table 4. Results of the univariate and multivariate Cox
proportional hazard models analyses for death or lung
transplantation as the outcome in IPF patients?®

HR 95% CI P
Univariate COX proportional hazard model
Age (years) 1.072 1.043-1.102 <0.001
BMI (kg/m?) 0.920 0.859-0.985 0.016
FVC% of predicted 0.984 0.971-0.996 0.008
DLCO% of predicted 0.970 0.956-0.985 <0.001
TC (mg/dl) 0.784 0.623-0.986 0.037
CRP (mg/l) 1.012 1.005-1.020 0.006
HDL-C/CRP ratio 0.112 0.035-0.356 <0.001
GAP Stage>?2 5.431 3.044-9.692 <0.001
Multivariate COX proportional hazard Model 1
Age (years) 1.096 1.056-1.138 <0.001
DLCO% of predicted 0.965 0.950-0.981 <0.001
HDL-C/CRP ratio 0.191 0.049-0.742 0.017
Multivariate COX proportional hazard Model 2
HDL-C/CRP ratio 0.196 0.048-0.801 0.023
GAP Stage >?2 4.927 2.738-8.868 <0.001

& Multivariate COX proportional hazard Model 1: including age, BMI, FVC%
of predicted, DLCO% of predicted, TC, CRP, HDL-C/CRP ratio. Harrell’s C-index:
0.757, 95% CI: 0.698-0.815. Multivariate COX proportional hazard Model 2:
including BMI, TC, CRP, HDL-C/CRP ratio, GAP Stage > 2. Harrell’s C-index:
0.741, 95% CI: 0.683-0.800.

Table 5. Results of the univariate and multivariate Cox
proportional hazard models analyses for IPF-related death as the
outcome in IPF patients®

HR 95% CI P
Univariate COX proportional hazard model
Age > 65 years 2.383 1.423-3.991 0.001
BMI (kg/m?) 0.919 0.849-0.995 0.036
FVC% of predicted 0.980 0.966-0.995 0.007
DLCO% of predicted 0.958 0.940-0.976 <0.001
CRP (mg/1) 1.015 1.007-1.023 <0.001
HDL-C/CRP ratio 0.106 0.027-0.410 0.001
GAP Stage >2 6.464 3.370-12.397 <0.001
Multivariate COX proportional hazard model
Age > 65 years 3.533 1.846-6.759 <0.001
DLCO% of predicted 0.959 0.941-0.976 <0.001
HDL-C/CRP ratio 0.120 0.021-0.667 0.015

@ Multivariate COX proportional hazard model: including age > 65 years,
BMI, FVC% of predicted, DLCO% of predicted, CRP, HDL-C/CRP ratio. Harrell’s
C-index: 0.779, 95% CI: 0.715-0.842.

and non-IPF controls, with higher CRP levels in IPF patients. In
addition, patients with IPF who died (all-cause) or underwent
lung transplantation within 4 years of diagnosis also had higher
CRP levels than surviving patients. Hachisu et al.** found that
CRP, lactate dehydrogenase and TC were predictors of in-hospital
mortality in patients with acute exacerbation of IPF after adjust-
ment for age, sex and BMI. CRP is also a risk factor for death in
polymyositis/dermatomyositis-associated ILD patients.?> CRP is
an easily accessible serological marker and may be a potential
biomarker that can predict the prognosis of IPF patients.

The prognosis of IPF patients is very heterogeneous, so it is
very important to find reliable biomarkers to estimate the prog-
nosis of IPF patients and select the best treatment. As mentioned
above, both lipid level and CRP have certain predictive values for
the prognosis of IPF. HDL-C/CRP ratio was found to be signifi-
cantly associated with left ventricular diastolic function and
right ventricular systolic function in HFpEF patients and was an
independent predictor of all-cause and cardiac death in HFpEF
patients.” However, there are no studies of HDL-C/CRP ratio in
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IPF. As a combination of anti-fibrotic and pro-fibrotic factors, the
HDL-C/CRP ratio was better than HDL-C and CRP in predicting
all-cause death in IPF patients, although there was no statistical
difference in predicting IPF-related death between HDL-C/CRP ra-
tio and CRP. IPF patients in the low HDL-C/CRP ratio group had
shorter survival time than those in the high HDL-C/CRP ratio
group, and the HDL-C/CRP ratio remains a protective factor for
all-cause death and IPF-related death in IPF patients after adjust-
ment for age, BMI, FVC% of predicted, DLCO% of predicted or
GAP Stage. Obtaining HDL-C/CRP is easier and more economical
than pulmonary function and lung high-resolution CT, and can
be detected in almost all hospitals. Therefore, HDL-C/CRP is a
simple and effective auxiliary indicator for predicting the progno-
sis of IPF patients.

IPF is more prevalent in the elderly population, with all-cause
mortality being higher in IPF patients aged >75years than in
those aged < 75 years.”® We also confirmed that age is a risk fac-
tor for all-cause death and IPF-related death in patients with IPF.
Several systematic reviews of the effectiveness of anti-fibrotic
therapies in patients with IPF have shown that anti-fibrotic ther-
apies reduce the risk of mortality as well as the risk of acute
exacerbations in patients with IPF.?”-?¢ However, in our study, the
proportion of patients using anti-fibrotic therapy in IPF in the all-
cause death or lung transplantation group was not statistically
different from that in the survival group. Whether patients with
IPF received anti-fibrotic therapy was influenced by a variety of
factors such as disease severity and quality of life,”® which in
part affected the analysis of the prognosis of patients with IPF
treated with anti-fibrotic therapy. In addition, anti-fibrotic drugs
are expensive and some patients may stop halfway for financial
reasons. IPF patients who had been treated with nintedanib or
pirfenidone were assigned to the anti-fibrotic treatment group,
and it was not clear whether the patients took the drug regularly
and for which period they took the drug, which may also have
contributed to the result that anti-fibrotic treatment was not as-
sociated with the prognosis of IPF patients in this study.

This study also has limitations. First, this study was a single-
center study with a limited number of samples, and data from a
larger sample size of patients are needed to validate the predic-
tive effect of the HDL-C/CRP ratio on the prognosis of IPF
patients. Second, only 72.4% of the 123 IPF patients included in
this study had complete pulmonary function data, which may
have some impact on our results.

Acknowledgements

The contributions of all IPF patients and non-IPF controls who
took part in this study, the medical staff of the Department of
Respiratory and Critical Care Medicine of the Second Xiangya
Hospital of Central South University, and all members of this re-
search team are gratefully acknowledged.

Author contributions

Xiaoli Ouyang contributed to the design of the study and the
writing of the manuscript; Yijin Qian, Yuexin Tan and Qing
Zhang contributed to the collection, reduction and analysis of
the data; Qinxue Shen and Min Song contributed to the revision
of the manuscript; Jingcheng Shi contributed to the audit of sta-
tistical methods; and Hong Peng contributed to the design of the
study, revision and final approval of the manuscript. All authors
read and approved the final manuscript.



864 |

Funding

This work was supported by the National Natural Science
Foundation of China [81670062, 82001490]; the Natural Science
Foundation of Hunan Province [2023]]60082]; the Natural Science
Foundation of Changsha [kq2208305]; Xiangya Medical Big Data
of Central South University and the National Key Clinical
Specialty Construction Projects of China.

Conflict of interest

None declared.

Data availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Ethics approval

The study was approved by the Medical Ethics Committee of the
Second Xiangya Hospital of Central South University (Approval
Number LYF2022147). The study was retrospective and therefore
informed written consent could be waived from the
study subjects.

References

1. Moss BJ, Ryter SW, Rosas I0. Pathogenic mechanisms underly-
ing idiopathic pulmonary fibrosis. Annu Rev Pathol 2022;
17:515-46.

2. Rajesh R, Atallah R, Barnthaler T. Dysregulation of metabolic
pathways in pulmonary fibrosis. Pharmacol Ther 2023;
246:108436.

3. Podolanczuk AJ, Raghu G, Tsai MY, Kawut SM, Peterson E, Sonti
R, et al. Cholesterol, lipoproteins and subclinical interstitial lung
disease: the MESA study. Thorax 2017; 72:472—4.

4. Barochia AV, Kaler M, Weir N, Gordon EM, Figueroa DM, Yao X,
et al. Serum levels of small HDL particles are negatively corre-
lated with death or lung transplantation in an observational
study of idiopathic pulmonary fibrosis. Eur Respir ] 2021;
58:2004053.

S. ZhangK, Li A, Zhou ], Zhang C, Chen M. Genetic association of
circulating C-reactive protein levels with idiopathic pulmonary
fibrosis: a two-sample Mendelian randomization study. Respir
Res 2023; 24:7.

6. Stock CJW, Bray WG, Kouranos V, Jacob J, Kokosi M, George PM,
et al. Serum C-reactive protein is associated with earlier mortal-
ity across different interstitial lung diseases. Respirology 2024;
29:228-34.

7. Yano M, Nishino M, Ukita K, Kawamura A, Nakamura H,
Matsuhiro Y, et al.; Osaka CardioVascular Conference (OCVC)-
Heart Failure Investigators. High density lipoprotein choles-
terol/C reactive protein ratio in heart failure with preserved
ejection fraction. ESC Heart Fail 2021; 8:2791-801.

8. Raghu G, Remy-Jardin M, Richeldi L, Thomson CC, Inoue Y,
Johkoh T, et al. Idiopathic pulmonary fibrosis (an update) and
progressive pulmonary fibrosis in adults: an official ATS/ERS/
JRS/ALAT clinical practice guideline. Am J Respir Crit Care Med
2022;205:18-47.

9. Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ,
Lederer DJ, et al; American Thoracic Society, European

QJM: An International Journal of Medicine, 2024, Vol. 117, No. 12

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Respiratory Society, Japanese Respiratory Society, and Latin
American Thoracic Society. Diagnosis of idiopathic pulmonary
fibrosis. An official ATS/ERS/JRS/ALAT clinical practice guide-
line. Am]J Respir Crit Care Med 2018; 198:e44-68.

Ley B, Ryerson CJ, Vittinghoff E, Ryu JH, Tomassetti S, Lee JS, et
al. A multidimensional index and staging system for idiopathic
pulmonary fibrosis. Ann Intern Med 2012; 156:684-91.

Burgy O, Loriod S, Beltramo G, Bonniaud P. Extracellular lipids
in the lung and their role in pulmonary fibrosis. Cells 2022;
11:1209.

Chu SG, Villalba JA, Liang X, Xiong K, Tsoyi K, Ith B, et al.
Palmitic acid-rich high-fat diet exacerbates experimental pul-
monary fibrosis by modulating endoplasmic reticulum stress.
Am ] Respir Cell Mol Biol 2019; 61:737-46.

Chen R, DaiJ. Lipid metabolism in idiopathic pulmonary fibro-
sis: from pathogenesis to therapy. ] Mol Med (Berl) 2023;
101:905-15.

Kim HS, Yoo HJ, Lee KM, Song HE, Kim §J, Lee JO, et al. Stearic
acid attenuates profibrotic signalling in idiopathic pulmonary
fibrosis. Respirology 2021; 26:255-63.

Romero F, Shah D, Duong M, Penn RB, Fessler MB,
Madenspacher J, et al. A pneumocyte-macrophage paracrine
lipid axis drives the lung toward fibrosis. Am J Respir Cell Mol Biol
2015; 53:74-86.

Ichikawa T, Sugiura H, Koarai A, Kikuchi T, Hiramatsu M,
Kawabata H, et al. 25-hydroxycholesterol promotes fibroblast-
mediated tissue remodeling through NF-xB dependent path-
way. Exp Cell Res 2013; 319:1176-86.

Aihara K, Handa T, Nagai S, Tanizawa K, Ikezoe K, Watanabe K,
et al. Impaired endothelium-dependent vasodilator response in
patients with pulmonary fibrosis. Respir Med 2013; 107:269-75.
ZhangR, Zhang YY, Huang XR, Wu 'Y, Chung AC, Wu EX, et al. C-
reactive protein promotes cardiac fibrosis and inflammation in
angiotensin  Il-induced  hypertensive
Hypertension 2010; 55:953-60.

Li ZI, Chung AC, Zhou L, Huang XR, Liu F, Fu P, et al. C-reactive
protein promotes acute renal inflammation and fibrosis in uni-
lateral ureteral obstructive nephropathy in mice. Lab Invest
2011;91:837-51.

You YK, Wu WF, Huang XR, Li HD, Ren YP, Zeng JC, et al.
Deletion of Smad3 protects against C-reactive protein-induced

cardiac  disease.

renal fibrosis and inflammation in obstructive nephropathy. Int
J Biol Sci 2021; 17:3911-22.

Zhu C, Huang D, Ma H, Qian C, You H, Bu L, et al. High-sensitive
CRP correlates with the severity of liver steatosis and fibrosis in
obese patients with metabolic dysfunction associated fatty liver
disease. Front Endocrinol (Lausanne) 2022; 13:848937.

Si S, LiJ, Tewara MA, Xue F. Genetically determined chronic
low-grade inflammation and hundreds of health outcomes in
the UK Biobank and the FinnGen population: a phenome-wide
mendelian randomization study. Front Immunol 2021; 12:720876.
Niu R, Liu Y, Zhang Y, Zhang Y, Wang H, Wang Y, et al. iTRAQ-
based proteomics reveals novel biomarkers for idiopathic pul-
monary fibrosis. PLoS One 2017; 12:e0170741.

Hachisu Y, Murata K, Takei K, Tsuchiya T, Tsurumaki H, Koga
Y, et al. Possible serological markers to predict mortality in
acute exacerbation of idiopathic pulmonary fibrosis. Medicina
(Kaunas) 2019; 55:132.

Gono T, Masui K, Nishina N, Kawaguchi Y, Kawakami A, Tkeda
K, et al; The Multicenter Retrospective Cohort of Japanese
Patients with Myositis-Associated ILD (JAMI) Investigators. Risk
prediction modeling based on a combination of initial serum



26.

27.

biomarker levels in polymyositis/dermatomyositis-associated
interstitial lung disease. Arthritis Rheumatol 2021; 73:677-86.
Leuschner G, Klotsche ], Kreuter M, Prasse A, Wirtz H, Pittrow D,
et al.; INSIGHTS-IPF Registry Group. Idiopathic pulmonary fibro-
sis in elderly patients: analysis of the INSIGHTS-IPF observa-
tional study. Front Med (Lausanne) 2020; 7:601279.

Pitre T, Mah J, Helmeczi W, Khalid MF, Cui S, Zhang M, et al.
Medical treatments for idiopathic pulmonary fibrosis: a system-
atic review and network meta-analysis. Thorax 2022; 77:1243-50.

28.

29.

X.Ouyangetal. | 865

Petnak T, Lertjitbanjong P, Thongprayoon C, Moua T. Impact of
antifibrotic therapy on mortality and acute exacerbation in idio-
pathic pulmonary fibrosis: a systematic review and meta-analy-
sis. Chest 2021; 160:1751-63.

Salisbury ML, Conoscenti CS, Culver DA, Yow E, Neely ML,
Bender S, et al.; IPF-PRO Registry principal investigators as fol-
lows. Antifibrotic drug use in patients with idiopathic pulmo-
nary fibrosis. Data from the IPF-PRO registry. Ann Am Thorac Soc
2020;17:1413-23.

© The Author(s) 2024. Published by Oxford University Press on behalf of the Association of Physicians.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (https://
creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any medium, provided the
original work is not altered or transformed in any way, and that the work is properly cited. For commercial re-use, please contact journals.
permissions@oup.com

QJM: An International Journal of Medicine, 2024, 117, 858-865
https://doi.org/10.1093/gjmed/hcael47

Original Article



	Active Content List
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	Author contributions
	Funding
	Conflict of interest
	Data availability
	Ethics approval
	References


