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Abstract
Objective: 
a)	To	analyze	the	correlation	between	serum	Hypoxia-inducible	Factor	(HIF)-1α,	Hypersensitive	C-reactive	Protein	(Hs-CRP),	
and	lung	function	in	patients	with	Chronic	Obstructive	Pulmonary	Disease	(COPD).	
b)	To	investigate	the	clinical	significance	of	HIF-1α	and	Hs-CRP	on	COPD	disease	progression.	Methods	One	hundred	and	sixty	
COPD	patients	attending	the	Department	of	Respiratory	and	Critical	Care	Medicine	of	the	First	People’s	Hospital	of	Yinchuan	
from 2016 to 2020 were selected and divided into four groups of mild, moderate, severe, and very severe based on pulmonary 
function	 tests,	with	40	cases	 in	each	group.	The	HIF-1α	and	Hs-CRP	concentrations	and	pulmonary	 function	of	all	enrolled	
patients were measured.
c)		The	differences	in	HIF-1α	and	Hs-CRP	and	the	correlation	between	HIF-1α,	Hs-CRP,	and	FEV1%	among	the	four	groups	were	
analyzed. 
Results:
a)	HIF-1α	and	Hs-CRP	concentrations	gradually	increased	with	increasing	disease	severity	in	COPD	patients,	with	statistically	
significant	differences	(p<0.001).
b)	HIF-1α	was	positively	correlated	with	Hs-CRP	and	negatively	correlated	with	FEV1%	in	all	four	groups	of	patients	(p<0.05),	
and	the	correlation	coefficients	increased	with	increasing	disease	severity.	

Conclusion: Hypoxia	and	inflammation	interact	and	contribute	to	disease	progression	in	COPD	patients.
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Introduction
Chronic	Obstructive	Pulmonary	Disease	(COPD)	leads	to	airway	

remodeling	and	airflow	limitation	due	to	chronic	inflammation	of	
both lungs and bronchi. With the progression of the disease, lung 
parenchyma and pulmonary blood vessels are further damaged,  

 
leading	to	ventilation/blood	flow	imbalance	and	hypoxemia.	Under	
hypoxic	stimulation,	the	overexpression	of	HIF-1α	regulates	certain	
inflammatory	 factors	 to	participate	 in	 the	 inflammatory	disorder	
of	COPD	[1-3],	which	causes	inflammation	to	persist	or	amplify.	At	
the	same	time,	inflammatory	factors	can	activate	the	expression	of	
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HIF-1α	 [4],	 resulting	 in	 a	 vicious	 cycle	 of	 “inflammation,	 hypoxia	
and	inflammation”	and	thus	promoting	the	progression	of	COPD.	In	
this	study,	the	serum	levels	of	HIF-1α	and	Hs-CRP	and	lung	function	
in	patients	with	different	severity	of	COPD	were	detected,	and	the	
differences	of	HIF-1α	and	Hs-CRP	between	patients	with	different	
severity	of	COPD	and	the	correlation	between	HIF-1α	and	Hs-CRP,	
FEV1%	were	analyzed.	To	 investigate	 the	possible	 role	of	HIF-1α	
and	Hs-CRP	in	the	progression	of	COPD.

Materials and Methods
General Information:	A	total	of	160	patients	with	COPD	who	

were treated in the Department of Respiratory and Critical Care 
Medicine	of	 the	First	People’s	Hospital	of	Yinchuan	 from	2016	to	
2020 were collected. According to pulmonary function test, they 
were divided into mild, moderate, severe, and very severe groups, 
with 40 cases in each group. All patients provided written informed 
consent.

Inclusion Criteria: Eligible	patients	met	the	diagnostic	criteria	
of	COPD	in	the	2020	GOLD	guidelines,	and	patients	with	bronchial	
asthma, active tuberculosis, lung cancer, primary bronchiectasis, 
pneumoconiosis, and other pulmonary restrictive ventilation 
dysfunction were excluded.

Pulmonary function grouping criteria:	Mild	(grade	I):	FEV1/
FVC	<	70%,	FEV1%	predicted≥	80%;	Moderate	(grade	Ⅱ):	FEV1/
FVC<70%,	50%	≤FEV1%	predicted<	80%;	Severe	(grade	Ⅲ):	FEV1/
FVC	 <	 70%,	 30%≤FEV1%predicted	 <	 50%;	 Very	 severe	 (grade	
IV)	 :	 FEV1/FVC<	70%,	 FEV1	%	predicted<	30%,	 or	with	 chronic	
respiratory failure.

Collection of specimens:	 On	 the	 day	 of	 enrollment,	 5ml	
peripheral venous blood was drawn from all patients, anticoagulated 
with	EDTA,	and	the	upper	serum	was	extracted	after	centrifugation	
and	stored	in	the	refrigerator	at	-80℃	for	further	use.

HIF-1α detection:	 Human	 HIF-1α	 enzyme-linked	
immunosorbent	assay	kit	was	used	to	detect	serum	HIF-1α.

Hs-CRP detection: Serum	Hs-CRP	concentration	was	measured	
by turbidimetry.

Pulmonary function tests: HP	 Master	 Scope	 pulmonary	
function instrument was used to test the pulmonary function of the 
patients.

Statistical methods: SPSS22.0	For	Windows	software	package	
was used to analyze the research data. The continuous variable data 
of each group were expressed. As mean ± standard deviation (X ± 
s). One-way analysis of variance was used for comparison between 
groups, q test was used for comparison between groups, and Chi-
square	 test	was	used	 for	counting	data.	P	<	0.05	was	statistically	
significant.

Results
The general data and concentrations of HIF-1 α and Hs-
CRP were compared among the four groups.

There	 were	 no	 significant	 differences	 in	 age,	 height,	 and	
gender	among	the	four	groups,	P﹥0.05,	which	is	comparable.	With	
the	 increase	of	disease	 severity,	 the	 concentrations	of	HIF-1αand	
Hs-CRP	in	the	four	groups	gradually	 increased,	and	the	statistical	
analysis	 showed	 that	 the	differences	were	 statistically	 significant	
(p	<	0.001)	Table	1.

Correlation analysis of HIF-1α, Hs-CRP and FEV1% in the 
four groups

The	 linear	 correlation	 analysis	 of	 HIF-1α	 with	 Hs-CRP	 and	
FEV1%	 showed	 that	 HIF-1α	 was	 positively	 correlated	 with	 Hs-
CRP	and	negatively	correlated	with	FEV1%	in	the	mild/moderate/
severe/extremely severe groups, and the correlation increased 
with the aggravation of the disease Table 2.

Table 1: Comparison of HIF-1α and Hs-CRP concentrations in COPD patients.

COPD group Mild (n=40) Moderate (n=40) Severe (n=40) Extremely severe (n=40) F p

HIF-1α,	pg/mL 37.93±6.61 42.4±8.89 46.01±6.29 48.67±7.42 52.201 ＜0.001

Hs-CRP,	mg/L 17.39±8.85 29.90±10.07 35.14±12.06 47.14±15.21 36.314 ＜0.001

Table 2: Correlation analysis of HIF-1αwith Hs-CRP and FEV1% in COPD patients.

Grouping Indicators
HIF-1α

r P

Mild
Hs-CRP 0.198 0.041

FEV1% -0.316 0.04

Moderate
Hs-CRP 0.208 0.027

FEV1% -0.411 0.033

Severe
Hs-CRP 0.366 0.021

FEV1% -0.44 0.029

Extremely	severe
Hs-CRP 0.422 0.001

FEV1% -0.65 0.011
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Discussion
COPD	 is	 a	 chronic	 respiratory	 disease	 involving	 airway,	

pulmonary parenchyma, and pulmonary blood vessels. Its core 
is	 systemic	 inflammatory	 response,	 and	 inflammation	 plays	 a	
key	 role	 in	 the	 occurrence	 and	 development	 of	 COPD	 [5,6].The	
process of airway wall injury and repair occurs repeatedly under 
the	 stimulation	 of	 chronic	 inflammation,	 which	 leads	 to	 airway	
remodeling, increased collagen content of lung parenchyma 
and scar formation. The above pathological changes eventually 
lead	 to	 irreversible	 airflow	 limitation	 of	 the	 airway,	 imbalance	
of	 ventilation/blood	 flow	 in	 the	 lung,	 and	 tissue	 	 hypoxia.	Under	
the	 stimulation	 of	 inflammation	 and	 hypoxia,	 the	 body	 leads	 to	
vascular endothelial injury, erythropoietin overexpression, blood 
viscosity, thrombosis, and gradually appear pulmonary heart 
disease,	 osteoporosis,	 gastroesophageal	 reflux,	 sarcopenia	 and	
other multi-system complications, which accelerate the progress 
of	COPD	disease.	HIF-1α	is	a	sensitive	indicator	of	hypoxia,	which	
is rapidly expressed under hypoxia and rapidly degraded under 
normoxia.	 Under	 hypoxia,	 HIF-1α	 regulates	 the	 body	 to	 adapt	 to	
the hypoxic environment by regulating the expression of a series of 
hypoxia genes, thereby avoiding tissue and cell damage caused by 
hypoxia	[7-9].In	order	to	adapt	to	long-term	hypoxia,	COPD	patients	
gradually develop complications such as hypoxic pulmonary 
hypertension	and	pulmonary	heart	disease[10].

This	 study	 found	 that	 the	 expression	of	HIF-1α	was	different	
in	the	four	groups	of	COPD	patients	with	different	disease	severity,	
and	the	expression	of	HIF-1α	increased	gradually	with	the	increase	
of	disease	severity,	and	the	difference	was	statistically	significant,	
suggesting that the increase of disease severity was accompanied by 
the increase of the degree of hypoxia. Therefore, clinical monitoring 
of	 HIF-1α	 concentration	 can	 more	 accurately	 assess	 the	 body’s	
hypoxia	status,	indirectly	reflect	the	degree	of	disease	progression,	
and	provide	objective	basis	for	clinical	oxygen	therapy	[2].	Hs-CRP	
is	a	biomarker	with	high	sensitivity	and	good	predictive	value	for	
inflammation,	and	 it	 is	easy	 to	obtain	 in	clinical	practice,	 even	 in	
primary medical and health institutions, it is also easy to carry out 
to	guide	clinical	diagnosis	and	treatment’s-CRP	can	induce	a	series	
of	 inflammatory	 cytokines	 by	 activating	 NF-B	 signaling	 pathway	
[11,12],	thereby	aggravating	the	inflammatory	effect	of	COPD	and	
promoting	disease	progression.	Many	studies	have	confirmed	that	
Hs-CRP	plays	an	important	role	in	assessing	disease	severity,	acute	
exacerbation	 risk	 and	 prognosis	 of	 COPD	 patients	 [13-15].This	
study	showed	that	 the	concentration	of	Hs-CRP	 in	COPD	patients	
was	in	the	very	severe	group	﹥	severe	group	﹥	moderate	group	﹥	
mild group, indicating that with the progression of the disease, 
the	inflammatory	response	of	COPD	was	gradually	aggravated.	We	
conducted	 a	 linear	 correlation	 analysis	 between	 HIF-1α	 and	 Hs-
CRP	and	FEV1%	in	the	four	groups	of	COPD	patients.

The	results	showed	that	HIF-1α	was	positively	correlated	with	
Hs-CRP	and	negatively	correlated	with	FEV1%	in	the	four	groups	
of patients, and the correlation increased with the severity of the 
disease.	This	 result	 implies	 that	COPD	hypoxia	and	 inflammation	
are	 inseparable.	 Relevant	 studies	 have	 also	 confirmed	 that	

inflammatory	 factors	 such	 as	 TNF-α	 and	 IL-6	 activate	 HIF-1α	
under	hypoxia,	and	HIF-1α	aggravates	COPD	hypoxia	by	regulating	
inflammatory	 factors	 such	 as	 VEGF	 and	 TGF-β	 [2,16],	 leading	
to	 a	 vicious	 cycle	 of	 “inflammation,	 hypoxia	 and	 inflammation	
therefore,	 COPD	 inflammation	 and	 hypoxia	 interact	 with	 each	
other	 and	 promote	 disease	 progression.	 In	 addition,	 HIF-1α	 also	
amplifies	the	inflammatory	effect	of	COPD	through	the	regulation	
of	 inflammatory	 factors.	The	 long-term	 inflammatory	stimulation	
of	 COPD	 patients	 injures	 the	 bronchus,	 lung	 parenchyma	 and	
pulmonary	 blood	 vessels,	 airway	 remodeling,	 and	 airflow	
limitation,	 eventually	 leading	 to	 the	 reduction	of	FEV1%	and	 the	
impairment	 of	 lung	 function	 [17].This	 study	 also	 confirmed	 that	
HIF-1α	was	 negatively	 correlated	with	 FEV1%	 in	 COPD	 patients,	
and the correlation showed an increasing trend with the severity of 
the	disease,	indicating	that	HIF-1α	and	Hs-CRP	synergistically	cause	
airflow	limitation	and	impaired	lung	function	in	patients,	and	jointly	
promote	the	deterioration	and	progression	of	COPD.	Therefore,	the	
detection	 of	 serum	 HIF-1α	 and	 Hs-CRP	 concentrations	 in	 COPD	
patients can help clinicians preliminarily predict the severity of 
the disease and provide theoretical basis for clinical judgment of 
the prognosis of the disease. In the future, the sample size will be 
expanded	to	further	explore	the	cut-off	values	of	serum	HIF-1α	and	
Hs-CRP	 concentrations	 to	 predict	 the	 severity	 of	 the	 disease,	 to	
provide better help for clinical diagnosis and treatment of disease.
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