Elnaggar et al.
The Egyptian Journal of Bronchology (2024) 18:24
https://doi.org/10.1186/543168-024-00276-z

The Egyptian Journal
of Bronchology

RESEARCH  OpenAcess
®

Check for
updates

Assessment of hyaluronic acid in COPD
patients as a prognostic biomarker

Marwa Elsayed Elnaggar” ®, Ali Ali Okab', Mohammed Hussein Kamel', Amira Mohammed Noureldin?,
Doaa Adel Abdelhafez®> and Maha Mammdouh Osman*

Abstract

Background One essential element of the extracellular matrix is hyaluronic acid (HA). It has been claimed that HA
and its metabolism are different in the lungs of patients with chronic obstructive pulmonary disease (COPD). The
present study investigated the predictive significance of serum level of HA in patients with COPD and monitored
changes in its level in these patients because of therapy.

Methods HA was assessed in 60 patients with stable COPD (divided into subgroups | and Il) and 20 healthy controls
and then repeated after 3 and 6 months in COPD patients.

Results Most of the patients were males (63.3%), and their ages ranged from 30 to 90. The serum level of HA was sig-
nificantly increased in subgroups I and Il (269.33 +4, 290+ 4, respectively), compared to the control group (147.5+ 1)
with a significant difference in its level between both (p <0.0001). The serum level of HA was significantly decreased
in both subgroups 3 and 6 months later following adjustment of treatment and associated with improvement in pul-
monary function test. There were significant positive correlations between HA and age as well as smoking index. Its

and FEV1/FVC.

of treatment.
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level correlated negatively with forced expiratory volume in the first second (FEV1%), forced vital capacity (FVC%),

Conclusions HA is a useful marker for identifying clinical stability in COPD patients and for follow-up in the efficacy

Background

Chronic obstructive pulmonary disease (COPD) is a pro-
gressive condition marked by persistent restriction in air-
flow and a heightened chronic inflammatory response to
noxious particles or gases in the airways and the lung [1].
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The extracellular matrix (ECM) is made up of a dynamic
assemblage of structural components like glycosamino-
glycans and collagens. Hyaluronic acid (HA), a widely
distributed, naturally occurring glycosaminoglycan, can
be found in connective tissue of mammalian, including
the lung [2]. There is growing evidence that the patho-
physiology of the lung is significantly influenced by HA
and its breakdown products [3]. High-molecular-weight
HA (>1000 kDa) contains anti-inflammatory, antiangio-
genic, and immunosuppressive properties that support
cell survival. Low-molecular-weight HA (150-350 kDa),
on the other hand, is formed during inflammation and
has pro-inflammatory and pro-angiogenic properties.
Also, it promotes cell migration [4]. HA supports con-
nective tissue stability, extracellular matrix organization,

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43168-024-00276-z&domain=pdf
http://orcid.org/0000-0003-3926-9122

Elnaggar et al. The Egyptian Journal of Bronchology (2024) 18:24

mucociliary clearance, tissue moisture control, and heal-
ing processes. As a result, HA is a promising treatment
option for treating lung and other respiratory illnesses
[5]. Indeed, HA abnormalities may contribute to the
pathophysiology of COPD [6].

Methods

The purpose of this research was to investigate the pre-
dictive significance of HA in patients with COPD and
monitor changes in its level in these patients because of
therapy.

This experimental study was carried out in the chest
department at outpatient clinics at Benha University hos-
pitals. The study included 90 patients from the start. Dur-
ing the period of follow-up, 30 patients were excluded as
they experienced disease exacerbation. So, 60 patients
with stable COPD were involved and divided into two
groups, subgroups I and II according to GOLD (2021).
Subgroup I consisted of 30 patients with stages I and II of
the disease who did not need to use inhaled corticoster-
oid (ICS) continuously, and subgroup II consisted of 30
patients with stages III and IV of the disease who needed
to use ICS continuously. Twenty subjects who appeared
to be in good health were also included in the study as a
control group.

According to Gold (2021), COPD patients were identi-
fied when they had post-bronchodilator forced expiratory
volume in the 1st second/forced vital capacity (FEV1/
FVC) less than 70% and had symptoms like chronic
cough, sputum production, dyspnea, and/or history of
exposure to the risk factor. Patients with acute exacerba-
tion of COPD, illnesses that cause increase or decrease
HA such as asthma, pulmonary fibrosis, hypertension,
allergic rhinitis, and rheumatoid arthritis, as well as
patients under the age of 18 years, were disqualified from
the study.

All subjects underwent a thorough history taking and
clinical examination, a posteroanterior and left-lateral
chest X-ray, and a pulmonary function test (spirometry,
using pulmonary function equipment (JAEGER CareFu-
sion 234, GmbH, Leibnizstr, Hoechberg, Germany) (it
was repeated at 3 and 6 months with measurement of the
level of HA). Each patient completed three consecutive
pre-bronchodilator trials. The trial with the best perfor-
mance was chosen. Additionally, each patient underwent
the test three successive times 15 min after the bron-
chodilator to ascertain whether the airway obstruction
was reversible. An inhaled bronchodilator is given by a
metered-dose inhaler (MDI). B2-adrenergic aerosol (sal-
butamol 200-300 pum) was used because it has a rapid
onset of action usually within minutes [7]. A percent-
age of the predicted value for each recorded outcome
was used to express it. Predicted values were calculated
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according to a system developed by Quanjer et al. [8].
Also, laboratory investigations were done and included
complete blood count (CBC), erythrocyte sedimentation
rate (ESR), liver function tests [aspartate aminotrans-
ferase (AST), alanine transaminase (ALT), and alkaline
phosphatase (ALP)], kidney function tests (urea, creati-
nine), and measurement of the serum level of HA using
enzyme-linked immunosorbent assay (ELISA) which was
repeated after 3 and 6 months in COPD patients [9]. Nor-
mal hyaluronic acid levels are between 0 and 75 ng/ml.

Blood samples were collected from all subjects. A vol-
ume of 5 ml of venous blood was collected. For a CBC,
1 ml of blood was placed into EDTA containing vacu-
tainer and thoroughly mixed, and this was conducted
using an automated hematology system (Sysmex XE
5000; Sysmex America, Inc., Mundelein, USA). The
remaining blood was transferred in sterile disposable vac-
uum blood-collecting tubes (red tubes). The serum was
separated by centrifugation, and serum was separated for
measurement of liver and kidney function tests, alkaline
phosphatase (ALP) using a Biosystem A15 autoanalyzer
(BioSystems S.A, Barcelona, Spain); the remaining serum
was stored at < —20 °C. Serum level of HA using enzyme-
linked immunosorbent assay (ELISA) was measured and
repeated after 3 and 6 months in COPD patients. Detec-
tion ranges 4.94—400 ng/ml. Sensitivity: the minimum
detectable dose of HA is typically less than 1.64 ng/ml.
All data were collected and statistically analyzed.

Statistical analysis

Statistical Program for Social Science (SPSS) version 25
(Armonk, NY: IBM Corp.), which was used to code, enter,
and analyze the data, was used to collect data throughout
time, perform basic clinical examinations and lab inves-
tigations, and assess outcomes. Using the Shapiro—Wilk
and Kolmogorov—Smirnov tests, the data were examined
for normality.

Following the type of data, mean was used to represent
quantitative data, and number and percentage were used
to represent qualitative data. Standard deviation (SD):
statistical analysis Student ¢-test was used to compare two
groups with normal distributions for quantitative vari-
ables (for parametric data). Mann—Whitney U-test (for
nonparametric data), this test of significance was used to
compare two groups with quantitative variables that do
not have a normal distribution. The chi-square test (%)
was used to study comparison and association between
two qualitative variables. The least significant difference
(LSD) approach was utilized to compare groups pairwise
using the ANOVA (f) test, a test of significance for com-
parisons between three or more groups with quantitative
variables. The Kruskal-Wallis test (nonparametric test) is
a statistical test of significance used to compare three or
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more groups with quantitative variables that are not nor-
mally distributed. To compare between more than two
periods or stages, the Friedman test (a nonparametric
test) is employed, along with the post hoc test (Dunn’s)
for pairwise comparisons. Pearson’s correlation test was
used to perform correlation. A p-value of less than 0.05
was considered statistically significant and less than 0.001
for strong significant results.

Results

Eighty subjects were enrolled in this study, 60 patients
with COPD, and 20 apparently healthy subjects as a con-
trol group. All groups were matched regarding gender,
age, body mass index (BMI), and smoking index (calcu-
lated by multiplying the total number of years smoked by
the daily cigarette intake).

Most of the patients were males and their ages ranged
from 30 to 90 (Table 1). Gold classification was distrib-
uted in subgroupl: 14 (46.7%) Goldl and 16(53.3%)
Gold 2 and in subgroup 2: 12 (40%) Gold3 and 18 (60%)
Gold 4. There was significant improvement in spiromet-
ric pulmonary function after 3 and 6 months associated
with decreased levels of HA (Table 2). The serum level
of HA was significantly increased in subgroups I and 1II
compared to the control group with a significant differ-
ence in its level between both subgroups as it was lower
in subgroup I (Table 3). The serum level of HA was sig-
nificantly decreased in both subgroups 3 and 6 months
later following adjustment of treatment and associated
with improvement in pulmonary function test (spirom-
etry) (Table 4). Also, there were significant positive cor-
relations between HA and age as well as smoking index.
Its level correlated negatively with FEV1%, FVC%, and
FEV1/EVC (Table 5). Hyaluronic was found to be a
very good predictor for FEV1 with highly significant
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sensitivity and specificity during each visit (Table 6,
Figs. 1, 2 and 3).

Discussion

The advancement of respiratory disorders like COPD is
linked to modifications in the ECM elements in the lungs
[10]. HA synthesis is downregulated, and hyaluronidase
1 (HYAL-1) is upregulated, which results in poor HA
metabolism in the airway smooth muscle cells of COPD
patients and reduced HA production. Additionally, acute
COPD exacerbations are linked to an increase in HYAL
activity in bronchoalveolar lavage and a subsequent
breakdown of HA, which may aggravate airway inflam-
mation and lead to a loss of lung function [11]. In the cur-
rent work, there was a statistically significant difference
between the control group and patients’ subgroups I and
II as regards FEV1%Pred, FVC %Pred, and FEV1/FVC
in the first visit, as they were lower in subgroup II than
subgroup I and control group. Another study found that
COPD patients’ lung functions — including FEV1%pred,
FVC% pred, FEV1/FVC, transfer factor for carbon mon-
oxide (TLCO) predicted, and residual volume (RV) pre-
dicted — were considerably lower than those of smokers
and nonsmokers as controls corroborated these find-
ings [12]. In subgroups I and II, there was a substantial
improvement in pulmonary function between visits 2
and 3 compared to visits 1 and 2, respectively. Addition-
ally, we discovered that subgroup I performed better
than subgroup II throughout three visits, showing proper
management and control, in terms of FEV1%Pred, FVC%
Pred, and FEV1/FVC.

In this study, there was a statistically significant dif-
ference in the levels of serum HA between the two sub-
groups and the controls, with subgroup II having the
greatest levels in the first visit compared to subgroup I

Table 1 Statistical analysis of demographic data between control group and patients’subgroups I and Il

Subgroup | (n=30) Subgroup Il (n=30) Control group (n=20) Test of sig p-value
Gender
Male (no. /%) (19/63.3%) (18 7/ 60.0%) (13/65.0%) XZ =0.142 0.931
Female (no. /%) (11/36.7%) (12/40.0%) (7/35.0%)
Age (years)
(Min.—max.) (38-87) (30-90) (30-86) F=0.798 0.454
Mean+SD 61.8+£1143 64.30+15.63 59.20+15.17
BMI
(Min.—max.) (18-29) (18-27) (18-29) F=0.364 0.969
Mean+SD 23.03+£3.06 2237+£293 22.80£3.25
Smoking index
(Min.-max.) (0-580) (0-540) (0-580) F=0.734 0.483
Mean+SD 269.33+216.60 242.00+207.75 232.50+450

(x?) chi-square test, F ANOVA test, p p-value for comparing between the studied groups, BMI body mass index, SD standard deviation, Min minimum, Max maximum
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Table 2 Comparison between patient’s subgroups | and Il as regards spirometric pulmonary function in the three visits

Groups Test of sig
Subgroup | (n=30) Subgroup Il (n=30) u p-value
FEV1 Visit 1 60.80+537 3483+5.69 0.00 0.000**
%Pred Visit 2 67.57+6.52 43674555 0.00 0.000%*
Visit 3 70.20+5.54 4930+5.16 0.00 0.000%*
Fr 54.89 56.00
p-value 0.000** 0.000**
Post hoc test P1=0.00** P1=0.00**
P2=0.00** P2=0.00**
P3=0.00** P3=0.00**
FVC Visit 1 88.56+5.14 73.63+3.99 7.50 0.000%**
%Pred Visit 2 96.96+5.12 81.53+4.06 450 0.000%*
Visit 3 99.03£5.05 83.76+3.63 3.50 0.000**
Fr 60.00 60.00
p-value 0.000** 0.000**
Post hoc test P1=0.00**, P2=0.00%%, P1=0.00**, P2=0.00%*,
P3=0.00** P3=0.00**
FEV1/FVC Visit 1 6843+3.70 46.23+5.12 0.00 0.000%**
Visit 2 69.80+4.47 53.13+4.70 2.50 0.000%*
Visit 3 70.03+3.64 59.50+4.11 10.00 0.000**
Fr 3227 36.00
p-value 0.000** 0.000**
Post hoc test P1=0.00**
P2=0.00**
P3=0.00**

FEV1 forced expiratory volume in the first second, FVC forced vital capacity, U Mann-Whitney U, Fr Friedman test, *p-value <0.05 is significant, **p-value <0.001 highly
significant, P71 visit 1 vs visit 2, P2 visit 1 vs visit 3, P3 visit 2 vs visit 3

Table 3 Comparison between the patients and control group regarding hyaluronic acid (HA) ng/ml on visit 1

Hyaluronic acid (HA) ng/ml  Groups Test of sig Post hoc test
Subgroup 1 (no.=30) Subgroup 2 (no.=30) Control group (no.=20) H p-value
Visit 1 269.33+40 290+40 14.75+10 4625  0.000%* P1=0.007*
P2=0.00**
P3=0.00**

P1 subgroup 1 vs subgroup 2, P2 control group vs subgroup 1, P3 control group vs subgroup 2. *P-value < 0.05 is significant, **p-value <0.001 strong significant,
H Kruskal-Wallis test H, no. number

Table 4 Comparison between patients'subgroups 1 and 2 as regards hyaluronic acid (HA) ng/ml in the three visits

Hyaluronic acid (HA) ng/ml Groups Test of sig

Subgroup 1 (no.=30) Subgroup 2 (no.=30) U p-value
Visit 1 269.33+£42.58 290+43.07 336.5 0.007*
Visit 2 22144097 248+42.21 296 0.020*
Visit 3 163.33+29.63 190.67+31.28 215 0.000**
P1 0.000** 0.000**
P2 0.000** 0.000**
P3 0.000** 0.000**

U Mann-Whitney U, P1 visit 1 vs visit 2, P2 visit 1 vs visit 3, P3 visit 2 vs visit 3. *p-value < 0.05 is significant. **p-value < 0.001 strong significant
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Table 5 Correlation between levels of hyaluronic acid with
different parameters in COPD patients during first visit

Studied parameters Level of hyaluronic acid

Correlation p-value
Age 0512 0.000™
BMI 0.041 0.715
Smoking index 0273 0014
FEV1%Pred —-0.824 0.000"
FVC %Pred —-0.596 0.000”
FEV1/FVC —-0.849 0.000"

COPD chronic obstructive pulmonary disease, BVl body mass index, FEV1 forced
expiratory volume in the first second, FVC forced vital capacity

" Significant
* Strong significant
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and the control groups, respectively. Pertseva and his
colleagues’ study, which included 74 COPD patients,
provided additional evidence for our findings. The
COPD patients were divided into two subgroups: sub-
group 1 included patients with mild COPD (I and II
stage of disease), and subgroup 2 included patients with
severe COPD (III and IV stage of disease). They dis-
covered a statistically significant rise in HA levels in 2
subgroups compared to controls, which included 24
patients [9]. Another study found that after adjusting
for baseline variations in age and sex, plasma HA was
lower in COPD patients compared to non-smoker con-
trols (p=0.0185). These variations were brought on by
differential numbers and BMI in the groups under study
[12]. In addition, we discovered that the levels of HA
in the two subgroups decreased significantly following

Table 6 ROC curve for the performance of HA in predicting FEV1 during the three visits

AUC Cutoff value Sensitivity Specificity p-value 95% confidence interval
Lower bound Upper bound
st visit 0.823 >275 73.7% 81% 0.000" 0.719 0.926
2nd visit 0.663 2215 72.4% 53.3% 003" 0.524 0.802
3rd visit 0.753 >165 82.8% 56.7% 0001 0.628 0.877
ROC receiver operating characteristic, FEV1 forced expiratory volume in the first second, AUC area under the curve
" Significant
" Strong significant
ROC Curve
10 ~
0.8 i
0.6
g
>
k=
w
c
*
0.4
0.2
0.0 T T T T
00 02 04 06 08 1.0

1 - Specificity
Fig. 1 ROC curve for the performance of HA in predicting FEV1 during the first visit
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ROC Curve
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Fig. 2 ROC curve for the performance of HA in predicting FEV1 during the second visit

correct treatment, and that subgroup I's levels were
consistently statistically lower than those of group II. In
line with this finding, a study was conducted to evalu-
ate the utility of HA in COPD patients and its function
as a measure of the efficacy of anti-inflammatory therapy
(AIT). It was found that COPD patients had consider-
ably greater levels of HA before AIT than the control
group. However, 3 months after adequate care, the level
of HA dramatically dropped in all patients compared to
the prior visit, matching the level of the control group.
This indicates that the substantial reduction in HA lev-
els in COPD patients may be a sign of the efficiency of
AIT [9]. Since it has been demonstrated that glucocorti-
coids and long-acting beta-2 agonists (LABAs) affect HA
turnover, a different study found that treatment could
alter HA serum levels. Most of the COPD patients who
took part in that study were receiving either ICSs (81%
of the patients) or an ICS+LABA combination (61.3%).
Following the adjustment of the medication, the level of
HA dramatically decreased in all patients when com-
pared to the prior visit [13]. On the other hand, there
were no noticeable differences in HA levels between the
groups of COPD patients taking ICSs, systemic corticos-
teroids, or ICS+LABA and those who were not getting
any medication. The asymmetry in the number of COPD

patients receiving or not receiving treatment may be the
cause of this disparity [4]. This may suggest that circu-
lating HA can be used as an independent predictor of
survival in COPD patients, allowing for the prediction
of disease activity and subsequent outcomes. Determine
COPD patients who would benefit from the application
of more intensive therapeutic procedures, such as lung
transplantation, in the future [14]. Pro-collagen types
IIT and VI, the main collagens present in the lung inter-
stitium and major bronchi, were substantially correlated
with serum levels of HA. These suggest that HA, like
collagens, is a component of the elevated ECM turnover
in COPD, a process that dictates the severity of the dis-
ease and clinically important outcomes [4]. The level of
HA in this study was positively connected with age and
smoking index but negatively correlated with FEV1%
Pred, FVC% Pred, and FEV1/FVC, according to Spear-
man’s rank correlation coefficient analysis. Like this,
Fedotov and his coworkers showed that COPD patients
had HA concentrations in their serum that were three
to five times greater than those of healthy individuals
(p=0.0001). The relationship between HA concentration
and FEV1 was shown to be inverse (p=0.006), demon-
strating the development of small bronchial obstruction
and remodeling [15]. Contrary to our findings, another
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Fig. 3 ROC curve for the performance of HA in predicting FEV1 during the third visit

study found no relationship between HA and the age of
the patients or their history of smoking. However, they
found a strong negative association between HA and
hyaluronidase (»p=0.031) and the anticipated FEV1% in
the acute exacerbation of chronic obstructive pulmonary
disease (AECOPD) group, indicating that the degree of
obstruction may be connected to the rate of HA degra-
dation. Additionally, they discovered that in neither of
the patient groups did HA significantly correlate with
either residual volume% predicted or diffusing capacity
of the lung for carbon monoxide% predicted, indicat-
ing that increased degradation of HA may be related to
airway obstruction rather than emphysema [11]. Carro
and Martinez-Garcia proposed that HA, as collagens, is
a component of COPD’s enhanced extracellular matrix
turnover, a process that influences the severity of the
condition [16]. Additionally, a study conducted by Ver-
nooy and his colleagues found a favorable correlation
between HA levels in the serum of stable COPD patients
and their age (p=0.001), post-bronchodilatation FEV1%
predicted (p=0.002), and FEV1/FVC (p=0.025) [5].
In contrast, Pertseva and his colleagues’ research of 74
patients with stable COPD found no link between HA

and disease severity (r=—0.109; p=0.355) [9]. In the
current study, HA showed high accuracy, sensitivity,
and specificity in predicting FEV1. So, it can be used as
a good indicator of the severity and prognosis of COPD.
According to Papakonstantinou and his associates,
HA was connected to the degree and course of COPD.
The breakdown products of HA that are produced by
HYAL-1 may contribute to COPD. By detecting circulat-
ing HA, one can predict the course of the disease and
its eventual consequences. Furthermore, they concluded
that HA, like collagens, plays a role in the accelerated
turnover of extracellular matrix (ECM) in COPD. This
process is responsible for determining the severity of the
disease and clinically significant outcomes, which show
an association between HA and COPD severity, out-
come, and overall survival [4].

Several limitations were experienced. First, the sample
size of the studied groups was relatively small. Also, the
effect of smoking status on the level of HA could not be
assessed separately. Furthermore, the impact of COPD
exacerbation and its etiology on HA level could not be
evaluated. Finally, the differences in local and systemic
HA need more studies and better understanding.
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Conclusion

It is clear from this study that HA is a useful marker for
identifying clinical stability in COPD patients. A marker
for follow-up and efficacy of treatment from visit to visit
could be the HA level. It is advised to monitor HA in sta-
ble COPD patients regularly to determine how effectively
the medication controls the condition. To emphasize our
conclusion, additional research with a larger sample size
and a greater geographic scope is advised. To precisely
determine the diagnostic value of HA in patients with
chronic obstructive pulmonary disease, more patients, a
longer period of follow-up, and multicenter experience
are all required.
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