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Abstract. The present study aimed to discover potential 
biomarkers for predicting the prognosis of acute respiratory 
distress syndrome (ARDS) in conjunction with lung 
ultrasound (LUS). Blood samples from 112 ARDS patients 
were collected to compare their partial oxygen pressure 
(PaO2)/fraction of inspired oxygen (FiO2), positive 
end‑expiratory pressure (PEEP), lactic acid, sequential organ 
failure assessment (SOFA) score, clinical pulmonary infection 
score (CPIS) and APACHE II score. Kaplan‑Meier plots and 
the log‑rank test were performed to analyse the association 
between the platelet‑activating factor acetylhydrolase 
(PAFAH) G994T polymorphism and the outcome of ARDS 
regarding mortality. A negative correlation between the LUS 
score and PaO2/FiO2, PEEP and lactic acid, as well as with 
the SOFA, CPIS and APACHE II score was confirmed with 
correlation coefficients of ‑0.493, ‑0.548, ‑0.642, ‑0.598, 
‑0.566 and ‑0.567, respectively (all P<0.05). The activity of 
PAFAH and high‑density lipoprotein‑PAFAH in the serum 
collected from subjects of the GG genotype was similar 
to that in subjects of the GT genotype, but the low‑density 
lipoprotein‑PAFAH activity in the serum collected from GG 
subjects was significantly higher than that in GT subjects. 
An evident reduction in the PEEP, level of lactic acid, as 
well as the SOFA, CPIS and APACHE II score was observed 
in GG subjects, accompanied by a significantly increased 
PaO2/FiO2. Kaplan‑Meier analysis indicated that subjects 

with a high LUS score had a significantly higher survival rate 
than those with a low LUS score, and the mortality risk for 
GG subjects was significantly lower than that for GT subjects. 
Finally, among all groups (genotype and LUS groups), GG 
subjects with a high LUS score had the lowest mortality risk, 
whereas GT subjects with a low LUS score had the highest 
mortality risk. In addition, the survival rate of GT subjects 
with a high LUS score was higher than that of GG subjects 
with a low LUS score. In conclusion, the combination of the 
LUS score and the G994T polymorphism in exon 9 of the 
PAFAH gene may be used as a potential prognostic marker 
for ARDS.

Introduction

Acute respiratory distress syndrome (ARDS) is a disorder 
comprising pulmonary inflammation induced by direct or 
indirect damage to the lungs  (1). To date, management of 
ARDS has failed to decrease the mortality rate of ARDS to 
<30%, primarily due to an insufficient understanding of the 
pathophysiology of ARDS. The stimulation of platelets in the 
lung microvasculature and the sequestration of leukocytes, 
particularly neutrophils, appear to have critical roles in the 
pathophysiology of ARDS, resulting in the formation of 
microthrombus and blockage of blood circulation (2‑4).

ARDS is common in critically ill patients. Of those 
patients receiving mechanical ventilation in the intensive care 
unit (ICU), 19% suffer from ARDS, which is associated with 
refractory hypoxemia and an elevated level of extravascular 
lung water (EVLW), and has a mortality rate ranging from 
32 to 65% (5). In the early stage of ARDS, lung ultrasound 
(LUS) is performed to locate pulmonary edema, and ‘B‑lines’ 
in LUS indicate a reduced level of lung aeration, likely 
triggered by an elevated level of EVLW (6). Based on the 
pulmonary ultrasonography in patients with ARDS, certain 
studies have recommended the use of LUS to measure EVLW 
semi‑quantitatively (7). It has been demonstrated that, as a 
user‑friendly, simple, cost‑efficient and non‑invasive bedside 
test, LUS was closely associated with the prognosis and 
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mortality risk of ARDS (8), and may thus be used to determine 
the best treatment scheme for ARDS patients (8).

The level of platelet‑activating factors (PAF), a family 
of pro‑inflammatory lipids present in newborns with an 
immature immune system, is increased in infants affected 
by inflammatory conditions, including necrotizing enteroco-
litis (9). Earlier studies in rodents and humans revealed that 
PAF acetylhydrolase (PAFAH), which is present in breast 
milk and is able to degrade PAF, probably has a pivotal role 
in inhibiting the inflammatory effect of PAF (10).

Pro‑inflammatory PAF is one of the strongest neutro-
phil activators and functions via a specific PAF receptor, 
which belongs to the family of seven transmembrane 
G‑protein‑coupled receptors (11). Deletion of the acetyl group 
at the sn‑2 site of PAF by PAFAH results in the inactivation 
and degradation of PAF (12). Circulating in the blood, PAFAH 
binds to and degrades oxidized phospholipids and PAF that are 
biologically active (13). Earlier studies demonstrated that criti-
cally ill patients with sepsis had a reduced activity of plasma 
PAFAH when compared with that in healthy subjects (14). In 
addition, changes in the activity of plasma PAFAH may affect 
the severity of asthma (15). Furthermore, a correlation between 
plasma PAFAH activity, allelic alterations and the severity of 
ARDS has been demonstrated (11).

A point mutation at the nucleotide site 994 in exon 9 
[single‑nucleotide polymorphism (SNP) ID, rs16874954] 
leads to a G994→T mutation in the PAFAH gene, resulting 
in a Val279→Phe substitution in the mature protein (V279F), 
which is located in the catalytic domain of the enzyme, thus 
reducing its catalytic activity. In Japanese families with a 
deficiency in plasma PAFAH activity, the enzymatic activity 
of PAFAH is completely abolished in subjects harbouring 
the TT homozygotes, whereas a decreased PAFAH activity is 
observed in subjects harbouring the GT homozygotes (16‑18).

Since the LUS score and an SNP in PAFAH have 
been demonstrated to be associated with the prognosis of 
ARDS (16‑18), the present study evaluated the potential of 
assessing different PAFAH variants in conjunction with the 
LUS score to predict the prognosis of ARDS.

Materials and methods

Patients and samples. Blood samples were collected from 
112 patients diagnosed with ARDS. All subjects were recruited 
at Wenzhou People's Hospital (Wenzhou, China) within 72 h 
of their ARDS diagnosis and none of them suffered from 
left ventricular failure. Baseline PAFAH measurements were 
performed using blood samples collected prior to any treat-
ment. The partial oxygen pressure (PaO2)/fraction of inspired 
oxygen (FiO2), positive end‑expiratory pressure (PEEP) and 
lactic acid levels were recorded for each patient. The protocol 
of the present study was approved by the Ethics Committee 
of Wenzhou People's Hospital (Wenzhou, China) and written 
informed consent was obtained from all participants prior 
to the study. The study was performed according to the 
Declaration of Helsinki.

Genotyping. Genomic DNA was extracted from blood samples 
and subjected to amplification by polymerase chain reaction 
(PCR). Electrophoresis on 2.5% agarose gels was performed 

to analyse the PCR products and a restriction analysis was 
performed to determine the PAFAH G994T genotypes. The 
TaqMan method (Roche, Basel, Switzerland) was utilized to 
analyse the SNPs (19).

PAFAH activity measurement. A Human Platelet‑activating 
Factor Acetylhydrolase ELISA kit (cat. no. E0699Hu; Shanghai 
Korain Biotech, Co., Ltd., Shanghai, China) was utilized to 
determine PAFAH activity, including total PAHAH activity, 
low‑density lipoprotein‑PAFAH (L‑PAFAH) and high‑density 
lipoprotein‑PAFAH (H‑PAFAH). Blood samples collected from 
patients with ARDS within 72 h of their diagnosis were utilized.

APACHE II, clinical pulmonary infection score (CPIS) and 
sequential organ failure assessment (SOFA) scoring. The 
APACHE II (20), CPIS (21) and SOFA (22) score were evalu-
ated as described previously.

LUS scoring. An M‑Turbo ultrasound machine (FUJIFILM 
SonoSite, Bothell, WA, USA) equipped with a 2‑ to 5‑MHz 
curved array probe was used to perform all tests. Prone position 
lung ultrasound examination was performed immediately after 
the prone positioning was started (H0), as well as at 3 and 6 h 
after the initialization of prone positioning (H3 and H6, respec-
tively). The points of examination were located on the posterior 
axillary line, the scapular line and the paravertebral line. These 
three lines served as body markers to divide one side of the back 
into three regions, and each region was subsequently divided 
into 3 areas of equal size. Therefore, a total of 9 examination 
areas were obtained on each subject, and 8 points (excluding 
the point covered by the scapular bone) were analysed on each 
side of the back, with a total of 16 points being analysed on each 
subject. Sonographic signs of lung aeration were divided into 
four groups as follows: i) Consolidation (C) indicated by a tissue 
pattern characterized as dynamic air bronchograms; ii) severe 
loss of lung aeration (B2) indicated by coalescent B lines; 
iii) moderate loss of lung aeration indicated by multiple spaced 
B lines; iv) normal pattern (N) indicated by lung sliding with 
isolated B lines (<3) or A lines. During the analysis, the points 
in a particular region were scored based on the worst ultrasound 
pattern, and the scores of all points were added. By definition, 
the aeration score variation was the difference between scores at 
various time‑points (H6 vs. H3 and H3 vs. H0). All LUS video 
recordings were scored and evaluated by two independent ICU 
physicians in a blinded manner.

Statistical analysis. All values are expressed as the 
mean  ±  standard deviation. Independent‑samples t‑tests 
were utilized to evaluate differences between the groups. χ2 
analyses were performed to evaluate the deviations of PAFAH 
G994T genotype distributions from the Hardy‑Weinberg 
equilibrium, and to calculate the frequencies of genotypes 
or alleles among different groups. Logistic regression and χ2 
analysis were performed to calculate 95% confidence intervals 
and odds ratios, so as to determine the risk associated with 
the T allele. Kaplan‑Meier plots and the log‑rank test were 
performed to analyse the association between PAFAH G994T 
polymorphism and the outcome of ARDS patient mortality. 
A Pearson's analysis was performed to assess correlation 
between PAFAH G994T genotype and the activity of PAFAH. 
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P<0.05 was considered to indicate a statistically significant 
difference. SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA) 
was used to perform all statistical analyses.

Results

The LUS score is correlated with the partial oxygen pres‑
sure (PaO2)/fraction of inspired oxygen (FiO2), positive 
end‑expiratory pressure (PEEP) and lactic acid levels. The 
correlation between the LUS score and the PaO2/FiO2 ratio, 
PEEP and lactic acid was determined using blood samples 
collected from 112 ARDS patients. A significant negative 

correlation was identified between the LUS score and the 
PaO2/FiO2 ratio (Fig. 1A), PEEP (Fig. 1B) and lactic acid 
(Fig. 1C), with correlation coefficients of ‑0.493, ‑0.548 and 
‑0.642, respectively. Furthermore, the correlation between the 
LUS and the SOFA, CPIS or APACHE II score was calculated. 
As presented in Fig. 2, negative correlation coefficients of 
‑0.598, ‑0.566 and ‑0.567 were determined for the correlation 
between the LUS and the SOFA (Fig. 2A), the CPIS (Fig. 2B) 
and the APACHE II score (Fig. 2C), respectively.

Association between serum PAFAH activity and PAHAF 
G994T genotype. In the next step, the subjects were genotyped 

Figure 1. Pearson analysis of the correlation between LUS score and 
PaO2/FiO2, PEEP or lactic acid in patients with acute respiratory distress 
syndrome. (A) The correlation between LUS score and PaO2/FiO2 was nega-
tive, and the correlation coefficient was ‑0.493. (B) A negative correlation 
between LUS score and PEEP was confirmed with a correlation coefficient 
of ‑0.548. (C) A negative correlation between LUS and lactic acid was 
confirmed with a correlation coefficient of ‑0.642. LUS, lung ultrasound; 
PaO2/FiO2, partial oxygen pressure/fraction of inspired oxygen; PEEP, posi-
tive end‑expiratory pressure.

Figure 2. Pearson analysis of the correlation between the LUS and the 
SOFA, CPIS or APACHE II score in patients with acute respiratory distress 
syndrome. (A) The correlation between LUS and SOFA was negative, and the 
correlation coefficient was ‑0.598. (B) A negative correlation between the 
LUS and CPIS score was confirmed with the correlation coefficient being 
‑0.566. (C) A negative correlation between the LUS and APACHE II score 
was confirmed with a correlation coefficient of ‑0.567. LUS, lung ultrasound; 
SOFA, sequential organ failure assessment; CPIS, clinical pulmonary infec-
tion score.
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for the PAHAF G994T polymorphism, with 90 subjects 
being genotyped as GG and 22 subjects being genotyped 
as GT (none of the subjects was genotyped as TT). PAFAH 
activities, including total activity of PAHAH, low‑density 
L‑PAFAH and H‑PAFAH, were measured using the blood 
samples collected from ARDS subjects within 72 h of their 
diagnosis. As presented in Fig. 3, the activity of total PAFAH 
and H‑PAFAH in the serum exhibited no difference between 
subjects of the GG or GT genotype, whereas the L‑PAFAH 
activity in the serum of GG subjects was significantly higher 
than that in the GT subjects (P<0,05).

PAFAH G994T polymorphism is associated with the clinical 
features of ARDS. PAF has been reported to be associated 
with the severity of ARDS and sepsis  (14,17). In addition, 
since the pro‑inflammatory effect of PAF is abrogated by 
PAFAH, PAFAH activity has also been reported to affect 
the severity of ARDS. In the present study, the association 
between the polymorphism of PAFAH G994T and clinical 
features of ARDS, including the PaO2/FiO2 ratio, PEEP and 
lactic acid levels, as well as the SOFA, CPIS and APACHE II 
scores, was determined. As presented in Fig. 4, the PaO2/FiO2 
ratio in GG subjects was significantly higher than that in GT 
subjects (P<0.05; Fig. 4A), whereas the PEEP (Fig. 4B) and 
lactic acid levels (Fig. 4C) in GG subjects were significantly 
lower than those in the GT subjects (P<0.05). In addition, 
the SOFA (Fig. 5A), CPIS (Fig. 5B) and APACHE II scores 

(Fig. 5C) in GG subjects were lower as compared with those in 
GT subjects (P<0.05).

Effect of PAFAH G994T polymorphism on the prognosis of 
ARDS. The effect of the PAFAH G994T polymorphism on 
the survival rate of ARDS patients within the first 30 days 
following diagnosis was determined using Kaplan‑Meier plots 
and the log‑rank test. The 112 ARDS subjects were divided 
into two groups according to their LUS scores, with 56 subjects 
assigned to the group of high LUS scores (above the median) 
and the other 56 subjects assigned to the group of low LUS 
scores (below the median). The survival rates in the two groups 
were determined and compared. As presented in Fig. 6A, the 
subjects with a high LUS score exhibited a significantly higher 
rate of survival than those with a low LUS score (P<0.05). In 
addition, the 112 subjects were divided into two groups based 
on their genotype: GG subjects (n=90) and GT subjects (n=22). 
As presented in Fig. 6B, the GG genotype was associated with 
a significantly lower risk of mortality than the GT genotype 
(P<0.05). Subsequently, the 112 subjects were divided into 
four groups according to the combination of their genotypes 
and LUS scores: GG genotype and a high LUS score (n=45), 
GT genotype and a high LUS score (n=11), GG genotype and a 
low LUS score (n=45) and GT genotype and a low LUS score 
(n=11). The prognosis of the subjects was compared between 
these four groups. As presented in Fig. 7, compared with the 
GT subjects with a low LUS score who presented the highest 

Figure 3. Association between serum PAFAH activity and PAFAH G994T genotype in patients with acute respiratory distress syndrome. (A) The PAFAH 
activity in subjects of the GG genotype was not significantly different from that in subjects of the GT genotype. (B) L‑PAFAH activity in the serum of patients 
of the GG genotype was significantly higher than that in patients of the GT genotype. (C) H‑PAFAH activity in the GG group was comparable with that in the 
GT group. *P<0.05 vs. GG. PAFAH, platelet‑activating factor acetylhydrolase; L, low‑density lipoprotein; H, high‑density lipoprotein.

Figure 4. The platelet‑activating factor acetylhydrolase G994T polymorphism is associated with PaO2/FiO2, PEEP and lactic acid in patients with acute 
respiratory distress syndrome. (A) PaO2/FiO2 ratio in the GG group was higher than that in the GT group. (B) A lower PEEP was observed in the GG group 
compared with that in the GT group. (C) The GG group had a lower level of lactic acid than the GT group. *P<0.05. PaO2/FiO2, partial oxygen pressure/fraction 
of inspired oxygen; PEEP, positive end‑expiratory pressure.
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mortality risk, the GG subjects with a high LUS score were had 
the lowest risk of mortality. In addition, the survival rates of 
GT subjects with a high LUS score and GG subjects with a low 
LUS score were significantly higher than that of GT subjects 
with a low LUS score. Furthermore, the survival rate among 
GT subjects with a high LUS score was significantly higher 
than that among GG subjects with a low LUS score (P<0.05).

Discussion

Tsubo  et  al  (23) have used the LUS score to evaluate 
PEEP‑induced changes in lung function. Other studies have 

reported that the LUS score accurately reflects changes 
in patients with heart diseases, as well as in pigs with 
oleic acid‑induced acute lung injury  (24,25). In a study 
on ARDS patients, Bataille  et  al  (26) determined that 
the B‑line score of lung ultrasound (with a total score of 
20 points) was able to predict the severity of the disease, 
with a score of 5 indicating mild disease, a score of 9 
indicating moderate disease and a score of 11 indicating 
severe disease. Leblanc et al (27) reported that the LUS 
score was able to predict the incidence of ARDS in patients 
with pulmonary contusion with a sensitivity and specificity 
of 58 and 96%, respectively. In addition, the LUS score in 
conjunction with the clinical features was able to predict 
the prognosis of ARDS with a higher accuracy than X‑ray 
alone. Therefore, in the present study, LUS was performed 
to record 12 sections in the lung, with a total LUS score 
of 36, to evaluate pulmonary fluid and pulmonary venti-
lation. The application of the LUS score in assessing the 
incidence of respiratory distress was first performed by 
Soummer et  al  (28), and their results indicated that the 

Figure 5. The platelet‑activating factor acetylhydrolase G994Tpolymorphism is associated with the SOFA, CPIS and APACHE II score in patients with acute 
respiratory distress syndrome. The (A) SOFA, (B) CPIS and (C) APACHE II score in the GG group were lower than those in the GG group. *P<0.05. SOFA, 
sequential organ failure assessment; CPIS, clinical pulmonary infection score.

Figure 6. Clinical outcome for patients with acute respiratory distress 
syndrome is associated with platelet‑activating factor acetylhydrolase G994T 
polymorphism genotypes and LUS score. (A) Subjects with a high LUS score 
exhibited a significantly higher survival rate than those with a low LUS score. 
(B) Subjects of the GG genotype had a significantly lower risk of death than 
those of the GT genotype. *P<0.05 vs. low LUS score or GT group. LUS, lung 
ultrasound.

Figure 7. Patients with acute respiratory distress syndrome of the GG geno-
type and with a high LUS score had the lowest risk of death, while those 
of the GT genotype and with a low LUS score had the highest risk of death 
among the four groups. Furthermore, the survival rates of patients of the 
GT genotype with a high LUS score and the GG genotype with a low LUS 
score were higher than that of patients of GT genotype with a low LUS score. 
Accordingly, the survival rate of patients of the GT genotype and with a high 
LUS score was higher than that of patients of the GG genotype and with a 
low LUS score. *P<0.05 vs. Low LUS/GT group; #P<0.05 vs. Low LUS/GG 
group. LUS, lung ultrasound.
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risk of extubation failure was low in patients with a LUS 
score of <13 at the end of the spontaneous breathing trial, 
whereas the risk of extubation failure was high in patients 
with a LUS score of >17. Caltabeloti et al (29) indicated 
that the bedside LUS score may be used to assess the 
change in pulmonary ventilation during ARDS and early 
septic shock, which occurred prior to the change in the 
oxygenation index. In the present study, negative correla-
tions between the LUS score and the PaO2/FiO2, PEEP and 
lactic acid were identified, with correlation coefficients of 
‑0.493, ‑0.548 and ‑0.642, respectively. In addition, a nega-
tive correlation between the LUS and the SOFA, CPIS and 
APACHE II score was determined, with the correlation 
coefficients being ‑0.598, ‑0.566 and ‑0.567, respectively.

As a Ca2+‑independent catalyst of serine‑dependent 
phospholipid hydrolysis, PAFAH belongs to the phos-
pholipase A2 (PLA2) superfamily  (30). Also known as 
lipoprotein‑associated PLA2, the plasma form of PAFAH 
is a single 45‑kilodalton polypeptide of 441 amino acids 
encoded by the PLA2G7 gene (31). Since PAFAH oxidizes 
phospholipids and hydrolyses PAF with a modified short 
fatty acyl chain esterified at the site of sn‑2, it has a critical 
role in numerous physiological disorders, including ARDS, 
rheumatic diseases and severe anaphylaxis  (32‑35). It has 
been demonstrated that the activity of plasma PAFAH was 
significantly lower in ARDS patients carrying the His92 
allele (16). This was surprising, given that the kinetics of the 
His92 mutant enzyme were not different from those of the 
wild‑type PAFAH, although recombinant PAFAH proteins 
Val379 and Thr198 exhibited a decreased substrate affinity 
(i.e., a higher Michaelis Menten constant) (36). In addition, it 
has been indicated that non‑survivors of ARDS had a signifi-
cantly lower level of PAFAH circulating in their blood within 
72 h of diagnosis (16,37). Multiple studies have also indicated 
a correlation between decreased levels of PAFAH and an 
increased severity of inflammatory disorders. For instance, 
a decreased level of plasma PAFAH was reported to be asso-
ciated with an enhanced severity of paediatric asthma (38), 
while a variation in the activity of plasma PAFAH at the onset 
of ARDS was demonstrated to be associated with a genetic 
alteration at the PAFAH locus (16‑18).

Stafforini et al (15) identified the molecular structure of 
the human PAFAH gene, and a loss of its enzymatic activity 
was attributed to the G994T single‑point mutation in its 
exon 9. The enzymatic activity of PAFAH is decreased in 
patients harbouring the heterozygous mutation, while it is fully 
abrogated in patients harbouring the homozygous mutation. 
Earlier studies have also identified that the polymorphism in 
the PAFAH gene was associated with the severity of certain 
atherosclerotic diseases, including peripheral artery occlusive 
disease, stroke, nephrotic syndrome in children and asthma 
attack (16‑18). In the present study, the association between 
serum PAFAH activity and the PAHAF G994T SNP was 
investigated, and it was revealed that the activity of PAFAH 
and H‑PAFAH in GG subjects was similar, whereas a higher 
L‑PAFAH activity was observed in GG subjects. In addition, 
it was identified that the level of PEEP and lactic acid, as well 
as the SOFA, CPIS and APACHE II scores, in GG subjects 
was significantly lower than that in GT subjects, whereas the 
PaO2/FiO2 in GG subjects was significantly higher. In line 

with these results, it was also revealed that the genotype of 
the PAFAH G994T polymorphism and the LUS score were 
associated with the clinical outcomes of ARDS patients. The 
observation that the G994T polymorphism only influenced the 
L‑PAFAH activity is different from the result of a previous 
study, which reported that the polymorphism influenced the 
PAHAF, H‑PAHAF and D‑PAHAF (16). This discrepancy 
may be attributed to the fact that differences in disease 
background, as the participants enrolled were either patients 
with polycystic ovary syndrome or healthy subjects. Further 
large‑scale studies are required to confirm the results of the 
present study. The current study is however limited by a rela-
tively small sample size. Further study with a larger sample 
size using more sophisticated statistical analysis is therefore 
warranted.

In conclusion, the present study was the first, to the best of 
our knowledge, to report that the G994T polymorphism in the 
PAFAH gene is associated with the clinical outcome of ARDS. 
Since this polymorphism was indicated to be associated with 
the activity of PAFAH and the prognosis of ARDS, which may 
contribute to the pathogenesis of ARDS, its functions should 
be further explored in order to develop novel therapeutic 
approaches to treat ARDS.
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