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Comparison of peak expiratory Flow(PEF)
and COPD assessment test (CAT) to assess
COPD exacerbation requiring
hospitalization: A prospective
observational study

Jie Cen1 and Lei Weng1

Abstract
Background: Acute exacerbation of chronic obstructive pulmonary disease (COPD) resulting in hospitalization is sig-
nificantly associated with the increased morbidity and mortality, but there is a lack of an effective method to assess it. This
study aimed to compare the ability of peak expiratory flow (PEF) and COPD assessment test (CAT) to assess COPD
exacerbations requiring hospitalization. Methods : A cohort of 110 patients with moderate to severe COPD was studied
over a period of 12 months, and their daily morning PEFs and CAT scores were recorded throughout the study. Results :
After 12 months of follow-up, 72 patients experienced 156 COPD exacerbations, 74 (47%) that resulted in hospitalization
and 82 (53%) that did not result in hospitalization. Change in CAT score from baseline to exacerbation was significantly
related to change in PEF and Spearman’s rho =0.375 (95% CI, 0.227 to 0.506; p < .001). Change in PEF and CAT score from
baseline to hospitalized exacerbation was significantly larger than that from baseline to non-hospitalized exacerbation
(p < .05). Multivariable analysis indicated that ΔPEF (OR 1.11, 95% CI 1.06–1.16, p < .001) and ΔCAT (OR 1.64 95% CI
1.18–2.27, p = .003) were independently associated with risk of hospitalized exacerbation. ROC analysis indicated that the
optimal cutoff value of ΔPEF for identifying hospitalized exacerbation was 49 L/min (27% from baseline), with a sensitivity
and specificity of 82.7% and 76.7% (area under the curve [AUC] = 0.872 (95% CI 0.80–0.944, p < .05). The optimal cutoff
value ofΔCAT score for identifying hospitalized exacerbation was 10.5 (63% from baseline), with a sensitivity and specificity
of 67.3% and 77.4% [AUC]=0.763 (95% CI 0.67–0.857, p < .05). The AUC of ΔPEF and ΔCAT combined for the
identification of hospitalized exacerbation was 0.900 (95% CI 0.841–0.959, p < .05), which was larger than that of ΔCAT or
ΔPEF. Conclusions: ΔPEF and ΔCATwere independently associated with risk of hospitalized exacerbation. Compared with
CAT, PEF was superior to identify hospitalized exacerbation. Identification via PEF and CAT combined is more effective
than using PEF or CAT alone. These results help to assess the severity of COPD exacerbation and provide valuable
information for clinical decision-making.
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Background

Chronic obstructive pulmonary disease (COPD) is a major
global health concern because of the high morbidity and
high mortality, heavy social and economic burden.1,2 It is
characterized by persistent respiratory symptoms and
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airflow limitation, and it is a complex heterogeneous dis-
ease.3 Severe exacerbations of COPD resulting in hospi-
talization are key events in the course of disease, and they
are significantly associated with accelerated decline in lung
function, reduced quality of life, and increased risk of death.
4–7 However, according to the (GOLD) Guidelines,3 the
assessment of exacerbation severity based on the therapy
is retrospective, and it is subjectively determined by the
clinician. Therefore, it is necessary to develop an ef-
fective method for identifying and assessing it in clinical
practice.

Peak expiratory flow (PEF) and COPD assessment test
(CAT) are commonly used tools to assess the lung function
and health status in COPD patients. Previous studies have
suggested that PEF is an inexpensive and easy method that
can be used safely instead of spirometry.8–12 Moreover, PEF
is reportedly significantly reduced at COPD exacerbation,
and this reduction is associated with increased respiratory
symptoms.13 The CAT is a questionnaire containing 8
questions, and it can be used to quantitatively evaluate the
impact of COPD on the health and daily life of patients. It is
simple and easy to administer and it correlates well with St
George’s Respiratory Questionnaire (SGRQ).14 In a previous
study, CATscore increased at exacerbation and it reflected the
severity of COPD exacerbation.15 The present study was
conducted to compare the ability of peak expiratory flow
(PEF) and COPD assessment test (CAT) for the assessment of
COPD exacerbation resulting in hospitalization.

Methods

Study design and population

This study was conducted over 12 months on 110 of 126
patients recruited from Ningbo Ninth Hospital in China
between December 2018 and May 2019. Patients were at
least 40 years old, had clinical COPD diagnosed in ac-
cordance with the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) Guidelines,3 and were in a stable
stage of disease with no history of exacerbations in the past
8 weeks at the time of study enrollment. Patients with any
other significant respiratory diseases were excluded. Patients’
basic data were obtained at recruitment, including age, sex,
height, weight, spirometry results, blood gas analysis, co-
morbidities, smoking history, sputum production history, and
baseline PEFs and CAT scores. The ethics committees of the
hospital approved the study, and all the patients providedwritten
informed consent after understanding the content of the study.

All patients were required to be proficient at using the
Mini-Wright peak flow meter (Keka, Shanghai, China) and
recorded daily morning post-medication PEFs and any
increase in respiratory symptoms on diary cards. Patients
were seen in clinic monthly and if necessary guided them
how to complete the diary cards. In addition, patients were

asked to contact the clinical team telephonically if their
respiratory symptoms deteriorated. The clinical team con-
tinued to focus on their PEFs and CAT scores until COPD
exacerbations or symptoms resolved spontaneously, as
well as the performance of exacerbations recovery to stable
period. After the exacerbations relieved, the above mon-
itoring continued until the end of the study. In accordance
with a previous study,13 exacerbation was defined as an
increase in any two major respiratory symptoms (sputum
purulence, sputum volume, and dyspnea) or an increase in
one major and one minor respiratory symptoms (sore
throat, cold, cough, and wheeze) for at least two con-
secutive days. The first of the two consecutive days was
considered the day of onset of the exacerbation. The
duration of exacerbation recovery was defined as the
number of days from the first day of exacerbation to the
first day of 5 consecutive days in which symptoms had
returned to usual baseline levels.16

Statistical analysis

Statistical analyses were performed using SPSS software
(version 23.0). Normally distributed quantitative data were
presented as mean and standard deviation and skewed data as
medians and interquartile range. Qualitative data were pre-
sented as percentages. Quantitative variables were compared
using the Mann–Whitney U test or Student t-test. Categorical
data were compared using Pearson’s chi-square test or Fisher’s
exact test. Pearson correlation tests were used to analyze the
relationship between the PEF and CAT. Multivariable logistic
regression was used to analyze the relationship between the
ΔPEF and ΔCAT score and risk of hospitalized exacerbation.
The performance of CAT, PEF, and combinedCATand PEF for
the identification of hospitalized exacerbationwas analyzed and
compared using the area under the receiver operating char-
acteristic (AUROC) curve. p < .05 was considered statistically
significant. Changes in PEF and CATon the day of onset of the
exacerbation were compared with the baseline period (mean of
5 consecutive days within stable stage of COPD).

Results

Patient characteristics

A total of 126 patients were included; 6 did not complete the
PEFs and CAT scores, 7 patients failed to meet inclusion
criteria, and 3 patients did not consent to the study. Therefore,
110 patients from Han nationality were included in the an-
alyses (Figure1). Their baseline characteristics are reported in
Table 1 alongside 72 patients who experienced exacerba-
tions. The mean age was 73.3 ± 8.8 years, 81 (85.3%) were
male, and mean FEV1%predicted was 34.2 ± 12.2 %. The
BMI, smoking pack-years, GOLD stage, and history of
chronic sputum production are all presented in Table 1.
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Correlation between PEF and CAT score at baseline
and exacerbation

At baseline, there was a statistically significant but weak
relationship between CAT and PEF, Spearman’s rho = –0.191
(95% CI, �0.3418 to -0.02985; p = .0171), At exacer-
bation, CAT score was significantly related to the PEF,
Spearman’s rho=�0.343 (95% CI, �0.478 to -0.192; p =
.001). Change in CAT score from baseline to exacerbation

was significantly associated with change in PEF, Spearman’s
rho =0.375 (95% CI, 0.227 to 0.506; p < .001). (Figure 2).

Change in PEF and CAT score from baseline
to exacerbation

72/110 patients experienced one or more exacerbations, 13
exacerbations were missed because of eight patients did not
contact us in time. Therefore, 156 exacerbations were finally
recorded and analyzed. The median duration of exacerbation
recovery was 10 days (IQR, 8–15; n = 156). Hospitalized
exacerbations had longer recovery times (median 14 days,
IQR, 10–19) compared with those of non-hospitalized ex-
acerbations (median 8 days, IQR, 7–10; p < .001). At hos-
pitalized exacerbations, PEF decreased from a baseline value
of 181.6 ± 53.7 L/min to 120.2 ± 36.7 L/min (p < .05), and
CAT score rose from a baseline value of 19.4 ± 4.6 to 30.4 ±
3.6 (p < .05). At non-hospitalized exacerbations, PEF de-
creased from a baseline value of 190.5 ± 46.8 L/min to 145.0
± 35.9 L/min (p < .05), and CAT score rose from a baseline
value of 13.5 ± 2.5 to 21.8 ± 2.9 (p < .001) (Figure 3). Mean
changes in PEF and CAT score from baseline to hospitalized
exacerbation were significantly larger than those from
baseline to non-hospitalized exacerbation (p < .05) (Figure 4).

The assessing ability of ΔPEF and ΔCAT score for
hospitalized exacerbation

By multivariable analysis, ΔPEF (OR 1.11, 95% CI 1.06–
1.16, p < .001) and ΔCAT (OR 1.64 95% CI 1.18–2.27,
p = .003) were independently associated with risk of

Table 1. Baseline characteristics of patients included in the analyses.

All patients (n=110) Exacerbation (n=72) p value

Age, years (SD.) 73.3 ± 8.8 73.1 ± 8.1 0.88
Gender (males), n% 81 (85.3) 63(87.5) 0.62
BMI, kg/m2 (SD.) 21.3 ± 4.1 21.2 ± 4.2 0.83
Smoking pack-years (IQR) 30.0 (15.0–50.0) 30.0 (15.0–50.0) 0.69
FEV1, %predicted (SD.) 34.2 ± 12.2 31.9 ± 10.7 0.21
FVC, %predicted (IQR) 50.8 (39.5–61.0) 48.1 (38.3–59.0) 0.51
FEV1/FVC (IQR) 50.0 (44.6–60.0) 48.7 (43.3–56.1) 0.26
PaO2, kPa (IQR) 10.5 (8.7–11.4) 10.4 (8.7–11.4) 0.86
PaCO2, kPa (IQR) 5.8 (5.2–6.9) 6.0 (5.3–7.2) 0.41
History of chronic sputum production, n% 61 (64.2) 43 (59.7) 0.71
History of cardiovascular disease, n% 30 (31.6) 27 (37.5) 0.42
GOLD stage, n% 0.53
I 0 (0) 0 (0)
II 20 (18) 6 (8.3)
III 55 (50) 36 (50.0)
IV 35 (32) 30 (41.7)

Definition of abbreviations: BMI: body mass index; PaO2: oxygen partial pressure measured by arterial blood gas analysis; PaCO2: carbon dioxide partial
pressure measured by arterial blood gas analysis; GOLD: Global Initiative for Chronic Obstructive Lung Disease.

Figure 1. Patients and exacerbations included in the study.
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hospitalized exacerbations (Figure 5). ΔPEF and ΔCAT
were independent risk factors of hospitalized exacerbations.

Moreover, the quantitatively identifying ability of ΔPEF
and ΔCAT for hospitalized exacerbation are shown in
Figure 6. ROC analysis indicated that the optimal cutoff
value of ΔPEF for identifying hospitalized exacerbation was
49 L/min (27% from baseline), with a sensitivity and
specificity of 82.7% and 76.7%. The ROC area under the
curve (AUC) was 0.872 (95% CI 0.80–0.944, p < .05). The
optimal cutoff value of ΔCAT score for identifying hos-
pitalized exacerbation was 10.5 (63% from baseline), with a
sensitivity and specificity of 67.3% and 77.4%. The ROC
AUC was 0.763 (95% CI 0.67–0.857, p < .05). The AUC of

ΔPEF and ΔCAT combined for identifying hospitalized ex-
acerbation was 0.900 (95% CI 0.841–0.959, p < .05).

Discussion

The current observational study assessed and compared the
ability of ΔPEF and ΔCAT score to identify the COPD
exacerbation resulting in hospitalization. In this prospective
study, we have some important observations. Change in
PEF and CAT score from baseline to hospitalized exacer-
bation was significantly larger than that from baseline to
non-hospitalized exacerbation. Multivariable analysis in-
dicated that ΔPEF andΔCATwere independently associated

Figure 3. Change in PEF and CAT score from baseline to exacerbation. (HE: hospitalized exacerbation, NHE: non-hospitalized
exacerbation).

Figure 4. Mean ΔPEF and ΔCAT at hospitalized exacerbation (HE) and non-hospitalized exacerbation (NHE).

Figure 2. Correlation between PEF and CAT at baseline and exacerbation.
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with risk of hospitalized exacerbation. The ROC curves
showed the PEF has a higher ability to differentiate hos-
pitalized exacerbation than CAT. Furthermore, PEF and
CAT combined has better identifying ability than PEF or
CAT alone.

Due to the heterogeneity and complexity of COPD,
sometimes assessment of the severity of the exacerbations is
inaccurate, which can affect the treatment and prognosis.
Due to inadequate assessment of exacerbations, patients often
do not report to healthcare professionals for timely treat-
ment.17 This can delay the administration of optimal treat-
ment and worsen the condition. Thus, an effective tool to help
to identify the severity of exacerbation will fulfill an im-
portant clinical need.

According to the (GOLD) Guidelines,3 severity of COPD
exacerbations was divided into three categories, mild (treated
with short-acting bronchodilators only), moderate (treated
with short-acting bronchodilators plus antibiotics and/or oral
corticosteroids), and severe (requiring hospitalization or
emergency room treatment). Notably, however, this

qualitative assessment of exacerbation severity based on
therapy and hospitalization is retrospective. The assessment
is subjective in nature and there are no quantitative indicators
that directly determine the physician’s treatment strategy in
clinical practice. To date, few studies have achieved quan-
titative and effective assessment of the severity of COPD
exacerbation. To our knowledge, the present study is the first
to compare the ability of PEF and CAT for the assessment of
hospitalized exacerbation. The PEF and CAT are both por-
table and economical self-monitoring tools, and they are easy
for patients to master and apply, even during exacerbation.

Mackay et al. 15 investigated the usefulness of the CAT
for evaluating COPD exacerbation severity by comparing
baseline (stable state) scores with scores at exacerbations,
and analyzing the relationship between CAT scores and
systemic inflammatory markers, lung function changes, and
symptom recovery. In that study, CAT scores increased at
exacerbation and reflected the severity of exacerbation as
determined by exacerbation length and reduction in lung
function. In other studies, PEF decreased significantly at
COPD exacerbations, in conjunction with increased respi-
ratory symptoms.13,18,19 These studies only reported trends,
however, did not compare the ability of them or provide a
specific quantitative index. The current study supplements
existing work by comparing the ability of these two indi-
cators and providing optimal cutoff values.

According to the previous literature,20–22 DECAF (dysp-
nea, eosinopenia, consolidation, acidemia, atrial fibrillation)
score was used to try to assess the severity of acute exacer-
bation by predicting hospital mortality. It could be scored on
admission as a risk stratification tool and accurately predicted
risk of death. However, these assessments were based on
prognostic performance. Therefore, it was a prediction of
prognosis and did not effectively evaluate the severity of
exacerbations.

It has previous been reported that the increase in systemic
inflammatory markers at exacerbation could be used to
assess acute exacerbation.23 However, obtaining samples
for inflammatory markers assessment is usually invasive,
and the results cannot be obtained quickly. The sensitivity,
specificity, and application value of this method also require
further study.24 In comparison, PEF and CAT score are non-
invasive and easy to obtain, which is conductive to patient
cooperation and improves the efficiency of evaluation.

In our study, a part of patients had both hospitalized
exacerbations and non-hospitalized exacerbations during
follow-up. Therefore, in order to avoid confusion, PEF and
CAT at baseline were not suitable for establishing a pre-
dictive model of hospitalized exacerbations. Based on every
exacerbation had its corresponding ΔPEF and ΔCAT score
and might reflect the severity of exacerbation, the present
study developed a predictive model and compared the
ability of ΔPEF and ΔCAT score to assess hospitalized
exacerbations. Multivariable analysis indicated that ΔPEF

Figure 5. Forest plot of ΔPEF and ΔCAT independently
associated with risk of hospitalized exacerbation.

Figure 6. Receiver operative characteristic (ROC) curves and
corresponding areas under the curve (AUC) for hospitalized
exacerbation. The AUC of ΔPEF + ΔCAT, ΔPEF, and ΔCAT was
0.900(95% CI 0.841–0.959, p < .05), 0.872 (95% CI 0.80–0.944,
p < .05), and 0.763 (95% CI 0.67–0.857, p < .05), respectively.
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and ΔCAT could independently predict the risk of hospi-
talized exacerbations. By comparing the differences of the
AUC of these indicators, the AUC of ΔPEF and ΔCAT
combined was larger than the AUC of ΔPEF or ΔCAT.
Therefore, identification via PEF and CAT combined is
much more effective, and we recommend using PEF and
CAT combined as a useful indicator to identify COPD
exacerbation requiring hospitalization. This is an innovative
method attempt to assess the severity of COPD exacerba-
tion, and the results may be useful for guiding appropriate
therapy at exacerbation and providing valuable information
for clinical decision-making.

There are several limitations in our study. First, the
COPD patients chosen exhibited disease severity ranging
from moderate to very severe, due to the mild stage
COPD patients would likely have fewer exacerbations
and therefore not including this group in the study may
have led to an increase in the observed exacerbation
frequency when compared to a more balanced COPD
population. Second, some patients did not contact us in
time, resulting in an increase in missed rates. But, because
we recorded most of the exacerbations, it might have little
impact on the results. Finally, the study population was
not so large. In future research, we will perform larger
multi-centric studies to validate the results.

Conclusion

This prospective study demonstrated that PEF and CATcould
be used for the assessment of COPD exacerbation resulting in
hospitalization. ΔPEF and ΔCAT were independent risk
factors of hospitalized exacerbations. Compared with the
PEF or CATalone, PEF and CATcombined is more effective
for clinical application. The results may facilitate better
clinical strategy and more timely effective treatment.
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