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Abstract

Objective: To investigate the prevalence, risk factors and mortality rate for acute respiratory

distress syndrome (ARDS) in Chinese patients with sepsis.

Methods: This prospective study was based on data from consecutive patients with sepsis who

attended Cangzhou Central Hospital between January 2017 and May 2019 and who developed

ARDS. Multivariate logistic regression was used to identify risk factors associated independently

with ARDS development.

Results: Of the 150 sepsis patients, 41 (27%) developed ARDS. Smoking history, presence of

chronic obstructive pulmonary disease (COPD), the C-reactive protein (CRP) levels and the

Acute Physiology and Chronic Health Evaluation II (APACHE II) scores were associated with

developing ARDS. Moreover, combination of the four factors had an even better predictive value

for risk of ARDS than each factor alone. 28-day mortality was higher in sepsis patients with ARDS

compared with those without ARDS.

Conclusions: In Chinese patients with sepsis, ARDS is relatively common and is associated with

increased mortality. Smoking, COPD, CRP levels and APACHE II scores may be useful in predict-

ing sepsis patients who may be at risk of developing ARDS.
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Introduction

Worldwide, an estimated 19 million people
each year develop sepsis, a life-threatening
organ dysfunction caused by an aberrant
immune response to an infection.1,2 Acute
respiratory distress syndrome (ARDS) is a
common complication of sepsis.3–6 It devel-
ops because the systemic infection produces
general inflammation and unrestrained
release of inflammatory mediators which
result in severe lung injury. ARDS is
responsible for a high mortality in patients
with sepsis and is associated with a reduced
quality of life for survivors.6 Despite under-
standing the pathophysiology of the condi-
tion and advances in therapies, few
treatments have been effective in improving
outcomes in patients with sepsis and
ARDS.4–6 For those patients who do sur-
vive, both conditions are associated with
significant psychological and financial bur-
dens to families and society as a whole.6

Previous studies have shown that several
sociodemographic and clinical characteris-
tics of sepsis patients were associated with
a risk of developing ARDS.7–10 For exam-
ple, one study found that pneumonia, coag-
ulation score and the central nervous
system (CNS) score were independent risk
factors for ARDS in Korean patients with
sepsis.10 In addition ARDS is correlated
with poor prognosis in sepsis patients.8–11

For example, one study showed that the
28-day mortality rate was higher in
Korean patients with sepsis and ARDS
(64%) compared with sepsis patients with-
out ARDS (9%).10 These data were con-
firmed by another study performed in
Switzerland that found patients with sepsis
and ARDS had shorter survival rates than
those without ARDS (58% vs. 31%,
respectively).11

Data on the prevalence, mortality and
risk factors for patients with sepsis who
develop ARDS in China is sparse. One
study focused on patients in intensive care

units (ICUs) irrespective of the presence of

sepsis.12 Therefore, the aim of this present,

prospective study was to evaluate the prev-

alence, potential risk factors and mortality

rates of Chinese patients with sepsis who

developed ARDS.

Methods

This prospective study included consecutive

patients admitted to Cangzhou Central

Hospital with sepsis between January 2017

and May 2019. Patients considered eligible

for the study were �18 years of age, diag-

nosed with sepsis according to Third

International Consensus Definitions for

Sepsis and Septic Shock (Sepsis-3)13 and

had no history of cancer or haematological

malignancy. Exclusion criteria included:

death within 24 hours of admission; posi-

tive for human immunodeficiency virus;

had received immunosuppressive therapy

within previous six months; pregnant or

lactating women.
Clinical characteristics collected after

enrolment, included: age; sex; body mass

index (BMI); smoking status; chronic

comorbidities (e.g., chronic obstructive pul-

monary disease [COPD], cardiomyopathy,

chronic kidney failure (glomerular filtration

rate persistently <15 ml/min/1.73m2)14 and

cirrhosis). Laboratory indexes measured

immediately after admission included:

serum creatinine, albumin, white blood

cell count (WBC); C-reactive protein

(CRP). In addition, within 24 hours after

admission, the severity of the patients’ con-

dition was assessed by independent clini-

cians using the Acute Physiology and

Chronic Health Evaluation (APACHE) II

score and the Sequential Organ Failure

Assessment (SOFA) score.15,16

Treatments and resuscitation were admin-

istered to patients based on recommenda-

tions of the International Guidelines for

Management of Sepsis and Septic Shock.17
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All patients were followed-up for 28 days and
for those who were discharged within that
period, follow-up was by telephone or clinic
visit. During hospitalization all patients were
closely monitored especially those with pul-
monary risk factors such as pneumonia, inha-
lational injury and pulmonary contusion.
ARDS was defined according to established
criteria18 on the basis of onset, chest imaging
(i.e., Chest X-ray or computed tomography
[CT] scan) and origin of oedema. Patients
with ARDS received mechanical ventilation
with a tidal volume of 6ml/kg predicted body
weight and a positive end-expiratory pressure
of 12-15 cm H2O. The plateau pressure was
maintained below 30 cm H2O. Patients with
severe ARDS received prone positioning for
more than 12h/day.

According to previous studies,8,19–21 the
following variables were selected as risk fac-
tors for ARDS development in sepsis
patients: baseline demographic characteris-
tics (i.e., age, sex, BMI and smoking status);
chronic comorbidities; laboratory indices
(i.e., WBC, CRP); APACHE II scores;
SOFA scores. The study was approved by
the Ethics Committee of Cangzhou Central
Hospital and all patients provided written
informed consent.

Statistical analyses

Data were analysed using the Statistical
Package for Social Sciences (SPSSVR ) for
WindowsVR release 24.0 (IBM, Chicago,
IL, USA) and figures were plotted using
GraphPad Prism 7.01 software (GraphPad
Software, San Diego, California, USA). A
P-value <0.05 was considered to indicate
statistical significance.

Continuous variables were checked for
normality using a quantile-quantile plot
(Q-Q plot). Normally or approximately
normally distributed variables were pre-
sented as mean� standard deviation (SD)
and skewed or unknown distributed varia-
bles were expressed as median and

interquartile range (IQR). Categorical
variables were presented as frequency (per-
centage). Groups were compared using
v-square, Student’s t test or Wilcoxon
rank sum test as appropriate.

Univariate logistic regression analysis
model was used to examine factors predict-
ing ARDS risk, and a forward stepwise
multivariate logistic regression model was
used to screen independent predictors for
ARDS risk. The predictive performance of
single independent predictors and com-
bined independent predictors of risk for
ARDS was further assessed by plotting
receiver operating characteristic (ROC)
curves and calculating sensitivity, specificity
and area under the curve (AUC)s with 95%
confidence intervals (CIs).

Results

In total, 150 patients with sepsis were
enrolled into this study and followed-up
for 28 days. Baseline characteristics of the
patients are shown in Table 1. The mean
age (�SD) was 56.9�10.3 years, 39% of
the population were smokers and 65%
were male. Overall, 15% of the population
had COPD and lung infection was the pri-
mary cause of sepsis for 41% patients.

During hospitalization, 41 (27%) of
sepsis patients developed ARDS (Figure 1).
By comparison with sepsis patients without
ARDS, sepsis patients with ARDS were sta-
tistically significantly older (P¼ 0.006), had
a higher smoking prevalence (P¼ 0.021),
higher COPD prevalence (P¼ 0.004), great-
er CRP level (P¼ 0.001) and higher
APACHE II and SOFA scores (P< 0.001
and P¼ 0.038, respectively) (Table 2).
There were also statistically significant
(P< 0.001) differences between groups in
the primary site of infection. For the
ARDS group, lung infection was the most
common primary infection site whereas for
the non-ARDS group, intra-abdominal and
urinary tract infections were more common
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as the primary sites. There were no differ-
ences between groups in sex, BMI, other
comorbidities or any other laboratory
indices.

Univariate logistics analysis showed that
age (P¼ 0.008), smoking status (P¼ 0.022),
presence of COPD (P¼ 0.005), the CRP
level (P< 0.001), the APACHE II scores
(P¼ 0.001) and the SOFA scores
(P¼ 0.040) were significantly correlated
with a high risk of ARDS in sepsis patients
(Table 3). In a forward stepwise

multivariate logistic regression, smoking
status (P¼ 0.037), presence of COPD

(P¼ 0.002), the CRP level (P¼ 0.002) and
the APACHE II score (P¼ 0.008) were sig-
nificant independent predictive factors for

increased risk of ARDS in sepsis patients
(Table 4).

Independent predictive factors (smoking
status, presence of COPD, CRP levels and

APACHE II scores) for risk of ARDS were
included in a ROC curve analysis. In terms

of AUC, sensitivity and specificity, ROC
curve analysis showed that smoking

(AUC: 0.60, 95%CI: 0.50, 0.71), presence
of COPD (AUC: 0.60, 95%CI: 0.49, 0.70),

the CRP levels (AUC: 0.68, 95%CI: 0.57,
0.79) and the APACHE II scores (AUC:
0.69, 95%CI: 0.60, 0.79) could predict

increased risk from ARDS in sepsis patients
(Figure 2). In addition, the combination of

these four risk factors had a greater predic-
tive value than each individual factor alone

(AUC:0.80, 95%CI: 0.71, 0.89).
There were 41 (27%) deaths and 109

(73%) survivors in sepsis patients (Figure
3A). The 28-day mortality rates were statis-

tically significantly higher for sepsis patients
with ARDS (17/41, 42%) than sepsis

patients without ARDS (24/109, 22.0%)
(P¼ 0.017) (Figure 3B). These data sug-
gested that ARDS was associated with

Figure 1. The percentage of sepsis patients with
and without acute respiratory distress syndrome
(ARDS) (n¼150).

Table 1. Demographic baseline characteristics of
the 150 patients with sepsis.

Characteristic

Study

population

n¼ 150

Age, years 56.9� 10.3

Sex, male 98 (65)

Sex, female 52 (35)

BMI, kg/m2 22.8� 4.8

Smoker 58 (39)

Chronic comorbidities

COPD 23 (15)

Cardiomyopathy 49 (33)

Chronic kidney failure 18 (12)

Cirrhosis 28 (19)

Primary infection

Lung infection 61 (41)

Urinary tract infection 44 (29)

Intra-abdomen infection 23 (15)

Skin and soft tissue infection 10 (7)

Bone and joints infection 3 (2)

Other infection 9 (6)

Laboratory indexes

Serum creatinine, mg/dl 1.7 (1.2-2.4)

Albumin (g/l) 27.2 (21.6-36.8)

White blood cells (x109/l) 14.0 (2.9-28.1)

C-reactive protein (mg/l) 98.5 (52.7-128.8)

APACHE II score 16.3� 6.3

SOFA score 7.3� 3.2

Data are presented as mean� standard deviation or

median (interquartile range) or n (%)

BMI, body mass index; COPD, chronic obstructive pul-

monary disease; APACHE II score, acute physiology and

chronic health evaluation II score; SOFA score, sequence

organ failure assessment score.
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increased 28-day mortality in patients with

sepsis.

Discussion

Our study found that the prevalence of

ARDS was 27% in Chinese patients

hospitalised with sepsis. These findings are

in agreement with a previous study also

conducted in China that showed 29% of

sepsis patients developed ARDS during

their hospitalization.22 However, another

study conducted in the USA found that

ARDS occurred in 6% of all sepsis patients

and 9% of sepsis patients admitted to ICU.9

Differences among study findings may result
from differences in disease severity. For
example, in our study we included patients
with severe sepsis. In addition, variations in
study populations (e.g., age, sex, comorbid-

ities) may also affect study outcomes.
Moreover, the definition of ARDS may
have varied between studies.

We observed that smoking, presence of
COPD, the CRP levels and the APACHE II
scores were independent predictive factors
for increased risk of ARDS in sepsis
patients. Furthermore, the combination of

Table 2. Comparison of clinical characteristics of sepsis patients with and without
acute respiratory distress syndrome (ARDS).

Characteristic

ARDS

n¼ 41

Non-ARDS

n¼ 109

Statistical

significance

Age, years 60.6� 10.4 55.5� 10.0 P¼ 0.006

Sex ns

Male 27 (66) 71 (65)

Female 14 (34) 38 (35)

BMI, kg/m2 23.5� 4.9 22.6� 4.8 ns

Smoker 22 (54) 36 (33) P¼ 0.021

Chronic comorbidities

COPD 12 (29.3) 11 (10) P¼ 0.004

Cardiomyopathy 14 (34) 35 (32) ns

Chronic kidney failure 7 (17) 11 (10) ns

Cirrhosis 6 (15) 22 (20) ns

Primary infection P<0.001

Lung infection 30 (73) 31 (28)

Urinary tract infection 5 (12) 39 (36)

Intra-abdomen infection 3 (7) 20 (18)

Skin and soft tissue infection 2 (5) 8 (7)

Bone and joints infection 0 (0) 3 (3)

Other infection 1 (2) 8 (7)

Laboratory indexes

Serum creatinine, mg/dl 1.8 (1.3-3.1) 1.6 (1.1-2.2) ns

Albumin (g/l) 27.8 (20.6-38.3) 27.2 (21.7-36.7) ns

White blood cells (x109/l) 19.2 (3.2-30.1) 12.5 (2.9-26.9) ns

C-reactive protein (mg/l) 131.2 (72.1-217.1) 83.7 (52.1-121.0) P¼ 0.001

APACHE II score 19.3� 5.9 15.2� 6.1 P< 0.001

SOFA score 8.2� 3.0 6.9� 3.2 P¼ 0.038

Data are presented as mean� standard deviation or median (interquartile range) or n (%).

BMI, body mass index; COPD, chronic obstructive pulmonary disease; APACHE II score, acute

physiology and chronic health evaluation II score; SOFA score, sequence organ failure assessment

score.
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these four risk factors was an even better

predictor of the risk of ARDS than each

factor alone. As stated previously, data

from Chinese patients with sepsis who devel-

op ARDS are few. However, our findings

are compatible with those from two previous

studies conducted in the USA that found

patient, treatment and disease-related

factors correlated with the risk of ARDS in
sepsis patients.8,9 In one of these studies,
APACHE II scores, age, total fluid infused
in the first six hours, shock, pneumonia as a
site of infection, pancreatitis and acute abdo-
men were associated with the development
of ARDS in sepsis patients.8 In the
other study from the USA, intermediate
(2– 3.9mmol/l) and high (�4mmol/l)
serum lactate levels, lung injury prediction
score (LIPS) and microbiologically-proven
infections were independent risk factors for
ARDS in sepsis patients.9

Our findings for the possible risk factors
for ARDS in sepsis patients are not surpris-
ing since those who are smokers and/or
have COPD probably already have direct
lung injury in addition to indirect lung
injury triggered by inflammatory cascades
induced by the sepsis. In addition, levels
of CRP tend to correlate with levels of sys-
temic inflammation and will be associated
with subsequent lung injury in patients
with sepsis. Finally, APACHE II scores
correlate with disease severity and so will

Table 4. Forward stepwise multivariate logistic
regression model analysis of factors predicting risk
of acute respiratory distress syndrome (ARDS) in
patients with sepsis.

Factor

Odds ratio

(95% CI)

Statistical

significance

Smoker 2.49 (1.06, 5.86) P¼ 0.037

COPD 4.94 (1.75, 13.91) P¼ 0.002

C-reactive

protein

1.01 (1.00, 1.02) P¼ 0.002

APACHE II

score

1.10 (1.03, 1.18) P¼ 0.008

COPD, chronic obstructive pulmonary disease; APACHE

II score, acute physiology and chronic health evaluation II

score.

Table 3. Univariate logistic regression model analysis of factors predicting
risk of acute respiratory distress syndrome (ARDS) in patients with sepsis.

Factor

Odds ratio

(95% CI)

Statistical

significance

Age 1.05 (1.01, 1.09) P¼ 0.008

Male 1.03 (0.49, 2.20) ns

BMI 1.04 (0.97, 1.12) ns

Smoker 2.35 (1.13, 4.88) P¼ 0.022

COPD 3.69 (1.47, 9.22) P¼ 0.005

Cardiomyopathy 1.10 (0.51,2.35) ns

Chronic kidney failure 1.83 (0.66, 5.11) ns

Cirrhosis 0.68 (0.25, 1.81) ns

Serum creatinine 1.21 (0.93,1.57) ns

Albumin 0.99 (0.95,1.03) ns

White blood cells 1.02 (0.99,1.04) ns

C-reactive protein 1.01 (1.01, 1.02) P¼ 0.001

APACHE II score 1.11 (1.05, 1.18) P¼ 0.001

SOFA score 1.13 (1.01, 1.26) P¼ 0.040

BMI, body mass index; COPD, chronic obstructive pulmonary disease; APACHE II

score, acute physiology and chronic health evaluation II score; SOFA score, sequence

organ failure assessment score.
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undoubtedly be a useful indicator of the
risk for ARDS in sepsis patients.

Consistent with other studies, we found
that the 28-day mortality rate was higher in
sepsis patients with ARDS (42%) com-
pared with patients without ARDS
(22%).9,10,23 For example, in one US
study, although the proportion of sepsis
patients who went on to develop ARDS

was low, mortality was significantly higher
in those who developed ARDS compared
with those who did not.9 Similarly, in
another US study, the in-hospital mortality
rate for sepsis patients with ARDS was
higher than that in sepsis patients who did
not develop ARDS (53% and 22%, respec-
tively).23 Another study from the USA

reported that both the 28-day and 60-day
mortality was elevated in sepsis patients
with ARDS compared with those without
ARDS.10 It has been reported that, in sepsis
patients, the progression to ARDS is rapid
and contributes to increased risk of in-
hospital mortality.8,9 A likely explanation is
that ARDS causes decreased lung compli-

ance, inefficient gas exchange, increased
physiological dead space and hypoxemia so
potentiating disease severity and subsequent

Figure 2. Receiver operating characteristic (ROC)
curve analysis. The analysis showed that smoking
status (area under the curve [AUC]: 0.60, 95%CI:
0.50, 0.71), presence of chronic obstructive pul-
monary disease (COPD) (AUC: 0.60, 95%CI: 0.49,
0.70), C-reactive protein (CRP) levels (AUC: 0.68,
95%CI: 0.57, 0.79) and Acute Physiology and
Chronic Health Evaluation (APACHE) II scores
(AUC: 0.69, 95%CI: 0.60, 0.79) could predict
increased risk from acute respiratory distress syn-
drome (ARDS) in sepsis patients. The combination
of the four risk factors had a greater predictive
value than each individual factor (AUC: 0.80, 95%
CI: 0.71, 0.89).

Figure 3. (a) The 28-day mortality rates in sepsis patients and (b) those with and without acute respiratory
distress syndrome (ARDS).
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multiple-system organ failure.1 It is impor-

tant to note that, irrespective of ARDS diag-

nosis, we excluded patients from our study

who died during the first 24h after hospital

admission because their severe symptoms

may have skewed the results.24

This study had several limitations.

Firstly, this was a single centre study with

a small sample size which may have led to

unintentional selection bias and poor statis-

tical power. Secondly, the variability in

chest x-ray interpretation by independent

clinicians may have influenced the reliabili-

ty of ARDS prevalence in our sepsis

patients. Finally, we only assessed 28-day

mortality and so the effect of ARDS on

long-term prognosis in sepsis patients

needs to be studied further.
In conclusion, we found that in this hos-

pital centre in China, ARDS was common

in sepsis patients. A smoking history, pres-

ence of COPD, the CRP levels and the

APACHE II scores in these patients were

associated with increased risk of ARDS.

Moreover, all four factors combined pro-

vided a better risk assessment and may be

useful as a prognostic marker for assisting

with ARDS management in sepsis patients

in clinical practice. Furthermore, our study

showed that the presence of ARDS was

associated with high rates of 28-day mortal-

ity in patients with sepsis.
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