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Abstract: Background: The chronic airflow obstruction disease (CAOD) is a common disease with long duration and
difficulty for treatment. The percentage of early detection and treatment of CAOD is low, resulting in poor therapeutic
effects and poor prognosis. This study aimed to investigate the values of portable peak velocity meter in diagnos-
ing and treating CAOD. Methods: 329 patients diagnosed with suspicious CAOD were enrolled in this study. The
portable peak velocity meter was used to detect the peak expiratory flow (PEF) during the first diagnosis. The lung
function test was performed in 159 patients, and the 3-day PEF monitoring was conducted in 277 patients. Results:
The final diagnosis rate and hospitalization rate of CAOD of the PEF% (PEF-prediction ratio) < 80% group were
higher than the PEF% > 80% group, the 3-day treatment efficiency was lower than the PEF% > 80% group; the cor-
rect completion rate of PEF variation rate monitoring was lower than the failure rate; as for the CAOD patients with
airway hyperresponsiveness, the negative transferring rate of PEF variation of the effective 3-day treatment group
(PEF variation rate was dropped to 20% or less) was higher than the ineffective 3-day treatment group. Conclusions:
Although fewer patients properly use the portable peak velocity meter for the self-monitoring, the meter can still
quickly adjunctively diagnose CAOD, as well as predict the short-term prognosis and treatment effects.
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Introduction

The chronic airflow obstruction disease (CAOD)
is commonly seen in asthma, chronic obstruc-
tive pulmonary disease (COPD), overlapping
syndrome (overlapping of sleep apnea syn-
drome and COPD), etc. These diseases have
long duration, and are difficult to be treated.
There are approximately 300 million of people
worldwide who are affected by asthma,
accounting for 1% of total global disease bur-
den [1, 2]. Some experts propose that, till
2020, the social and economic burdens of
COPD worldwide will rise to the 5th position,
and COPD will become the 3rd leading cause of
death [3]. According to Chinese statistics [4],
the annual medical cost of each COPD patient
caused by the acute exacerbation is as high as
11,598 yuan. Study [5] on overlapping syn-
drome points out that, the repeated exacerba-
tion can cause the acute hypoxemia and/or
respiratory failure, thus accelerating the dis-
ease process and leading to the chronic respi-
ratory failure. But the clinical work finds that,

the percentage of early detection and treat-
ment of CAOD is low, resulting in the poor thera-
peutic effects towards the late stage of such
diseases, as well as the poor prognosis.

The portable peak velocity meter has been
used in the fields of education and self-monitor-
ing of bronchial asthma patients. It can be read-
ily used to detect the peak expiratory flow value
of the patient. The Asthma Prevention Guide [6]
proposes that, if the PEF measured value is
less than 80% of predicted personal value,
there may be existence of airway obstruction. If
the PEF variation rate is > 20%, it will indicate
the diagnosis of asthma. The PEF variation rate
is a good indicator that reflects the airway
responsiveness, and is closely related to the
results of bronchial stimulation test [7]. The
PEF variation rate > 20% suggests that, the
patient has the greater likelihood of airway
hyperresponsiveness. For example, some
patients with cough variant asthma exhibit nor-
mal results in the early pulmonary function
tests, but the dynamic monitoring of PEF varia-
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tion rate can reveal the subtle changes of PEF
in the patients, which contribute to the definite
diagnosis [8]. As for the COPD patients, the
guideline proposes that, the correlation
between PEF and FEV1 (forced expiratory vol-
ume in the 1st second) was not strong enough.
PEF may underestimate the degree of airflow
obstruction, so the researches related to the
PEF detection of COPD patients are fewer and
fewer [9]. However, if the airway obstruction or
airway hyper responsiveness can be found as
early as possible towards the patients with
long-term smoking history, unexplained chronic
cough, insensitive respiratory symptoms or
severe asthma, it can assist the diagnosis and
prevent the disease from exacerbation. This
study strictly guided the patients to accurately
measure the PEF values using portable peak
velocity meter, and collected various informa-
tion for a long time, aiming to observe the appli-
cation value of peak velocity meter in the diag-
nosis and treatment of CAOD.

Subjects and methods
Subjects

329 patients who were diagnosed with suspi-
cious CAOD in the community clinic general
internal medicine clinic, inpatient department
and medical emergency department of Tianjin
Hospital from March 2011 to March 2014 were
enrolled in this study. There were 197 males
and 132 females, with mean age as 41.2+9
years old. This study was conducted in accor-
dance with the declaration of Helsinki and the
approval from Ethics Committee of Tianjin
Hospital. Written informed consent was
obtained from all participants.

Data collection and recording

A unified case observation table was devel-
oped. When the patients visited the clinic, their
clinical data were collected by the specialist,
including the patient’s name, sex, age, contact
information, height, weight, medical history of
current disease, previous history of disease,
physical examination and PEF measurements.
PEF%/predicted individual value and PEF varia-
tion rate value were calculated. If the error of
two PEF measurements was less than 10 L/
min, it could be considered as the valid mea-
surements. The follow up was performed
towards the patients about the final diagnosis,
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hospitalization or not, as well as the remission
of clinical symptoms within 3 days.

Inclusion criteria and exclusion criteria

Inclusion criteria: (i) existed at least one of such
symptoms as coughing, chest tightness, breath
shortness and gasping; (ii) existed the previous
long-term history of one of such diseases as
smoking, chronic bronchitis, emphysema, unex-
plained chronic cough, asthma, COPD, sleep
apnea syndrome. Exclusion criteria: (i) could
not correctly cooperate with the examiner; (ii)
with a history of pulmonary resection; (iii) diag-
nosed as muscle weakness; (iv) severe asthma;
(v) with pneumonia; (vi) pulmonary thromboem-
bolism symptoms; (vii) acute left ventricular
failure; (viii) acute myocardial infarction, angina
pectoris.

Detection using portable peak velocity meter

The PEF-3 peak velocity meter (Shanghai
Wanbo Science and Technology Co., Ltd.,
Shanghai, China) was used for detection,
according to the manual instructions. The PEF
in each patient was detected for at least 3
times, and the maximum value was recorded.
PEF monitoring was performed 4 times daily
(6:00, 12:00, 18:00, 24:00), with 3 repetitions
for each time. The highest value was recorded
as the result.

Calculation formula

(i) Adult PEF predicted value: male: PEF (L/min)
=75.6 + 20.4 x A-0.41 x A2 + 0.002 x A3 +
1.19 x H; female: PEF (L/min) = 282.0 + 1.79 x
A - 0.046 x A% + 0.68 x H. (ii) Child PEF pre-
dicted value: male: PEF (L/min) = 5.29 x H -
427.1; female: PEF (L/min) = 4.94 x H - 399.8.
A was the age (years), and H was the height
(cm). (iii) PEF variation rate = 2 (PEF
PEF_)/(PEF +PEF . .) x 100%.

lowest:

highest

highest

Statistical analysis

Data were expressed as mean * SD. Statistical
analysis was performed using SPSS 17.0 statis-
tical software. The comparison of rate was per-
formed using 2 x 2 list x? test and likelihood
ratio test. The categorical variables were com-
pared using the 2 x 2 pairing-data correlation
analysis. P < 0.05 was considered as statisti-
cally significant.
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Table 1. Comparison of final diagnosis rate of
CAOD between two groups

Diagnosed Others Total Diagnostic

Group asCAOD(n) (n) (n) rate (%)
PEF% < 80% 86 40 126 68.25
PEF% > 80% 27 176 203  13.30
Total 113 216 329 34.35
2 104.11
P 0.012

Table 2. Comparison of hospitalization rate of
CAOD between two groups

Hospital- Non-hospi- Total Hospitaliza-

Group ized (n) talized (n) (n) tion rate (%)
PEF% < 80% 20 66 86  23.26
PEF%>80% 1 26 273 3.70
Total 21 92 113 1858
¥2 3.98

P 0.009

Results

Comparison of final diagnosis rate, hospitaliza-
tion rate and 3-day treatment efficiency rate
between two groups

Among the 329 patients, the PEF% < 80%
group had 126 patients and the PEF% > 80%
group had 203 patients. Among the PEF% <
80% group, 86 patients were finally diagnosed
as one of asthma, COPD and overlapping syn-
drome, and the diagnosis rate was 68.25%.
Among the PEF% > 80% group, 27 patients
were finally diagnosed as one of asthma, COPD
and overlapping syndrome and the diagnostic
rate was 13.30%. There was significant differ-
ence of diagnostic rate between two groups (x>
= 104.11, P = 0.012) (Table 1). These results
suggested that, when the patients were prelimi-
nary measured with PEF% < 80%, they should
be highly suspected as CAOD, and be per-
formed with the further active examination and
treatment, while the patients initially measured
with PEF% > 80% should not be excluded from
CAOD.

Among 86 patient diagnosed as CAOD in the
PEF% < 80% group, 20 patients were hospital-
ized, and the hospitalization rate was 23.26%.
Among the 27 patients diagnosed as CAOD in
the PEF% > 80% group, 1 patient was hospital-
ized, and the hospitalization rate was 3.70%.
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There was significant difference of hospitaliza-
tion rate between two groups (x*> = 3.98, P =
0.009) (Table 2). Among 86 patients diagnosed
as CAOD in the PEF% < 80% group, 42 patients
exhibited the therapeutic effectiveness after
3-day treatment, and the 3-day treatment effi-
ciency rate was 48.84%. Among 27 patients
that were diagnosed as CAOD in the PEF% >
80% group, 21 patients exhibited the therapeu-
tic effectiveness after 3-day treatment, and the
3-day treatment efficiency rate was 77.78%.
The difference of 3-day treatment efficiency
rate between two groups was statistically sig-
nificant (x? = 6.98, P = 0.006) (Table 3). These
results suggested that, compared with the
CAOD patients with PEF% < 80%, the CAOD
patients with PEF% > 80% exhibited lower hos-
pitalization rate, higher 3-day treatment effi-
ciency rate and better short-term prognosis.

Relevance of PEF% and FEV1% in determining
airway obstruction

In PEF% < 80% group, 75 patients were per-
formed with the pulmonary function tests,
among whom 65 patients exhibited FEV1% <
80%. In PEF% > 80% group, 84 patients were
performed with the pulmonary function tests,
among whom 17 patients exhibited FEV1% <
80%. The correlation analysis showed x? = 72.0
and P = 0.001 (Table 4). This indicated signifi-
cant difference between two groups. The cor-
relation coefficient r was 0.56. These results
suggested that, PEF% and FEV1% exhibited the
relevance in determining the existence of air-
way obstruction, and the correlation between
them was strong.

Use of portable peak velocity self-monitoring
meter

Among 329 patients, 277 patients agreed with
the 3-day PEF monitoring after the diagnosis,
and 83 patients correctly completed it, while
194 patients failed the monitoring. The correct
completion rate was 29.96%, and the failure
rate was 70.04%. This suggested that, few
patients could properly use the portable peak
velocity self-monitoring meter.

Relationship of airway hyper-responsiveness
and CAOD

Among 83 patients who correctly complete the
3-day PEF monitoring, 22 patients exhibited
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Table 3. Comparison of 3-day treatment efficiency rate of CAOD

between two groups

ment, there were 1 patient
that exhibited the PEF varia-

tion rate < 20% on the 3rd

Group Effective after Ineffective after ~ Total  Effective- ) ;
3-day treatment (n) 3-day treatment (n) (n) ness rate (%) day. The correlation analysis
PEF% < 80% 42 44 86 48.84 showed x? = 4.188 and P =
PEF% > 80% 21 6 21 7178 0.021 (Table 6). These
Total 63 50 113 55.75 results suggested that, for
@ 6.98 pf'atients -with .CAOD com-
p 0.006 bined with airway hyper

Table 4. Relevance of PEF% and FEV1% in
determining airway obstruction

FEV1%
PEF% Total
< 80% >80%

< 80% 65 10 75

>80% 17 67 84

Total 95 64 159
X 72.0

P 0.001

r 0.56

PEF variation rate > 20% on the first day, and
61 patients exhibited PEF variation rate < 20%
on the first day. Among 22 patients with PEF
variation rate = 20%, 19 patients were finally
diagnosed with one of asthma, COPD and over-
lapping syndromes, with the diagnostic rate of
86.36%. Among 61 patients with PEF variation
rate < 20%, 10 patients were finally diagnosed
with one of asthma, COPD and overlapping syn-
dromes, with diagnostic rate of 16.39%. The
correlation analysis showed x?> = 31.81 and P =
0.006. (Table 5). These results suggested that,
the patients with airway hyperresponsiveness
by PEF monitoring should be highly suspected
as CAOD, and performed with further active
examination and treatment, while CAOD did not
necessarily accompany with the airway
hyperresponsiveness.

Relationship of early PEF variation rate moni-
toring and short-term prognosis

Among above 83 patients that correctly com-
pleted the 3-day PEF monitoring, 19 patients
exhibited the PEF variation rate > 20% on the
first day and diagnosed as CAOD. Among them
15 cases were effective after the 3-day treat-
ment, there were 12 patients that exhibited the
PEF variation rate < 20% on the 3rd day. 4
cases were ineffective after the 3-day treat-
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responsiveness, the short
term reduction of PEF varia-
tion rate down to 20% would indicate the effec-
tiveness, namely the PEF variation rate moni-
toring in the early stage of treatment could
predict the treatment efficacy.

Discussion

CAODs such as asthma, COPD, sleep apnea
syndrome and COPD overlapping syndrome
had become a common disease in China, and
many patients had exhibited the late symptoms
of pulmonary hypertensive chronic pulmonary
heart disease when diagnosed, the patients’
quality of life was low, and the treatment bur-
den was heavy. The acute exacerbation of such
diseases could affect the prognosis of patients,
even certain literatures [10, 11] suggested that
the risk of re-acute exacerbation towards the
patients in the acute exacerbation stage of
asthma or COPD within the next few months
was much higher than those not in the acute
exacerbation stage, if the subtle changes could
be earlier detected before the acute exacerba-
tion, the early treatment would inevitably
reduce the numbers of acute exacerbation.
Towards the above questions, some scholars
proposed such methods as health assessment
questionnaire and quality of life questionnaires,
etc., and proposed that these methods exhibit-
ed good correlation with the objective examina-
tions of lung functions [12]. Portable peak
velocity meter could quickly measure PEF, with
the advantages of simple operation and better
patient’'s compliance. So this experiment was
designed to study and identify the application
values of portable peak velocity meter in diag-
nosing and treating CAOD.

PEF could reflect the patients’ airway patency,
and related with the patients’ efforts, lung vol-
ume and respiratory muscle strength. The
experiment excluded the patients that were
affected by the latter three factors, so PEF
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Table 5. Relationship of airway hyper-responsiveness and CAOD (on the
first day)

Diagnosed as Others Total Hospitalization

Group CAOD (n) n (0 rate (%)
PEF variation rate > 20% 19 3 22 86.36
PEF variation rate < 20% 10 51 61 16.39
Total 29 54 83 34.94
X2 31.81
P 0.006

Table 6. Relationship of early PEF variation rate monitoring and short-term
prognosis

PEF variation  PEF variation Total Negati\{e

Group rate < 20% on rate > 20% on ") transferring

the 3rd day (n) the 3rd day (n) rate (%)
Effective after 3-day treatment 12 3 15 80
Ineffective after 3-day treatment 1 3 4 25
Total 13 6 19 68.42
G 4.188
P 0.021

patients with asthma,
earlier than the clini-
cal symptoms. How-
ever, currently, PEF
monitoring had not
been the paid high
attention by the doc-
tors of grassroots hos-
pitals and patients
with asthma, in China,
only 16% asthma
patients had heard of
peak velocity meter,
and only 2% of them
had the peak velocity
meter [16]. Some for-
eign literature per-
formed the statistics
[17, 18] and revealed
that there were only
about 65% patients
used the peak veloci-

detection could directly reflect the situations of
airway ventilation function. The results showed
that, the peak velocity meter-detected PEF% <
80% or PEF variation rate > 20% could quickly
assist the diagnosis of CAOD, the hospitaliza-
tion rate of CAOD patients with PEF% > 80%
was lower than those with PEF% < 80%, and
the 3-day treatment was much more efficient
than those with PEF% < 80%, the short-term
prognosis was better. Among the CAOD patients
with airway hyperresponsiveness, the negative
transferring rate of PEF variation rate of the
3-day treatment effective group was higher
than the 3-day treatment ineffective group,
namely the changes of PEF variation rate could
determine the therapeutic effects of CAOD. In
short, PEF determination exhibited the confir-
mative roles in assisting the diagnosis, deter-
mining the short-term prognosis, and efficacy
judgment, etc., consistent with some litera-
tures [13]. In recent years, Shortness of Breath
with Daily Activities (SOBDA) questionnaire
might reflect the severity and prognosis of
CAOD, and the clinical researches also exhibit-
ed good reliability and validity [14]. So the com-
parison of PEF and SOBDA needed to be fur-
ther studied.

There literature suggested [15] PEF monitoring
could find the mild condition changes of
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ty meter to achieve
the self-management.
The experiment also found the similar problem,
the rate of 3-day PEF variation rate monitoring
that was correctly completed was significantly
lower than the failure rate, proving that the self-
monitoring ability of patients was not enough,
and this was also one of the factors that CAOD
was not managed and controlled well.

The airway hyper responsiveness referred to
that because the trachea and bronchi were in
the extremely sensitive state, some people
would exhibit the excessive or premature reac-
tions towards some stimuli (AHR/BHR). The
determination of airway responsiveness was
generally carried out by the bronchial stimula-
tion test, but this test method had its limita-
tions, might increase the risk of exacerbations,
and not suitable for the general outpatient,
emergent patient and community hospitals,
while the PEF variation rate was a good indica-
tor that could reflect the airway reactivity, and
closely related to the bronchial stimulation
tests [8]. Therefore, the application of peak
velocity meter in monitored PEF variation rate
could initially get the data of patient’s airway
reactivity.

FEV1 was an important indicator that could

reflect the pulmonary function, with good repro-
ducibility, and linearly correlated with the
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degrees of airway obstruction. Though PEF
exhibited relatively larger individual difference
than FEV1, our findings suggested that PEF%
had the strong relevance with FEV1% in deter-
mining the airway obstruction, with the correla-
tion coefficient as 0.56, consistent with other
literatures’ reports (0.5-0.8), and also consis-
tent with the results of this research that the
peak velocity meter could quickly assist the
diagnosis of COPD.

Meanwhile, the range PEF-3 peak velocity
meter was 60-850 L/min, with error as + 10%
within 200-600 L/min, and the variation coef-
ficient was Cv < 5%, basically in line with the
criteria of qualified peak velocity meter sug-
gested by the National Asthma Education
Program [19]. According to the statistics, the
results of this peak velocity meter were similar
to those of Wright peak velocity meter (UK) and
English peak velocity meter, the reproducibility
and reliability were good.

In short, the peak velocity meter could not only
be used for the self-monitoring and disease
condition assessment of asthma patients, but
also be applied to other CAODs, it also had the
effects of fast diagnosis, prognosis and treat-
ment effects judgment. The meter could be
simply sterilized and operated, and could be
reused, even freely used in the emergency
department or other places, providing the basis
for the doctors’ early diagnosis, so it would be
equally important to enhance the conscious-
ness of using peak velocity meter by doctors
and patients.
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