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BACKGROUND: FEV6 can be used as a convenient alternative to FVC. The aim of this study was
to determine an alternative to the fixed cutoff points of FEV1/FVC <0.70 suitable for FEV1/FEV6

in primary care. METHODS: Pulmonary function testing was conducted on volunteers recruited
from 4 community centers in Xi’an, China, between July and August 2012. Participants underwent
3 FVC maneuvers. The maneuver with the best FEV1 was retained. FVC, FEV1, and FEV6 were
measured by portable spirometer. The receiver operating characteristic curves that corresponded
to the optimal combination of sensitivity and specificity for FEV1/FEV6 were determined. A kappa
test was used to compare the agreement between FEV1/FVC and FEV1/FEV6. The positive predic-
tive value and negative predictive value were also calculated. RESULTS: A total of 767 volunteers
participated in this study, of whom 297 were male and 470 were female. Considering FEV1/FVC
<0.70 as the accepted standard for COPD, the area under the curve was 98% (P < .001), and the
FEV1/FEV6 cutoff, corresponding to the greatest sum of sensitivity and specificity, was 0.72. For the
total population, the FEV1/FEV6 sensitivity, specificity, positive predictive value, and negative
predictive value were 96.9, 98.8, 95.8, and 99.2%, respectively. The agreement between the 2 cutoff
points was excellent, and the kappa value was 0.954. CONCLUSIONS: FEV1/FEV6 <0.72 can be
used in primary care as a valid alternative to FEV1/FVC <0.70 as a fixed cutoff point for the
detection of COPD in adults. This study suggests that FEV1/FEV6 is an effective and well validated
option that should be used in primary care to detect COPD, which is a rampant problem. Key words:
COPD; forced expiratory volume in six seconds; pulmonary function testing; spirometry. [Respir Care
2016;61(3):349–353. © 2016 Daedalus Enterprises]

Introduction

COPD is characterized by a decrease in air flow and
shortness of breath. It has been shown that about 15% of
United States adults age 40 –79 have some form of
COPD.1 Common types of obstructive lung diseases

include COPD, chronic bronchitis, and asthma. The cause
of about 90% of air flow limitation is COPD for adults
without a diagnosis of asthma.2 It is estimated that COPD
will be the third leading cause of death by 2020.3-6 Its
prevalence and consequent burden is rising rapidly with
high smoking rates in developing countries. Moreover,
an aging population with these factors accounts for the
actual and forecasted rapid growth in COPD.

Spirometry is the most frequently used pulmonary
function test and is the fundamental tool for the screen-
ing, diagnosis, and follow-up of COPD in primary care,
but the diagnostic standard for COPD is still debated.
The use of reference equations, derived from a repre-
sentative sample of healthy subjects, to determine lower
limits of normal is recommended by the American Tho-
racic Society and the European Respiratory Society
guidelines.7,8 Presently, spirometers, and in particular
handheld spirometers, still do not provide reference
equation-based lower limits of normal. Thus, it is
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difficult for the primary care practitioner to diagnose
COPD.

To date, it is common practice to determine COPD by
use of a fixed cutoff point, FEV1/FVC �0.70, according to
the guidelines from the Global Initiative for Chronic Ob-
structive Lung Disease (GOLD).9 This definition is widely
accepted, mainly because of its practicability.

In developing countries, due to a lack of trained tech-
nicians who can effectively assess FVC with costly spi-
rometers in primary care, any less expensive alternative
method would be highly desirable. Increasing evidence
shows that FEV6 can be used as a convenient alternative to
FVC.10-14 The use of 6-s expiratory maneuvers makes hand-
held spirometry faster and easier, provides a more explicit
end-of-test definition, and reduces spirometry complica-
tions (such as syncope).15 However, reference equations
for FEV6 and FEV1/FEV6 have been developed from the
third National Health and Nutrition Examination Survey
database and are only available for the United States pop-
ulation.16 As a developing country, China has a population
of different age, race, height, and weight. It is necessary to
develop the value of FEV1/FEV6 suitable for the Chinese
population. The aim of this study is to determine an alter-
native to the fixed cutoff point of FEV1/FVC �0.70 suit-
able for FEV1/FEV6 in primary care.

Methods

Subjects

Xi’an is divided into 4 districts according to admin-
istrative region: North, East, South, and West. Two com-
munities in each district were selected to be analyzed.
The participants were between 18 and 80 y old and were
residing in their current community for at least 2 years.
Participants provided informed consent and pulmonary
function test evaluation between July and August 2012.
This study was approved by the ethics committee of the
First Affiliated Hospital of Xi’an Medical University.

Definition of COPD

COPD is defined as: FEV1 �80% predicted; FVC nor-
mal or reduced, usually to a lesser degree than FEV1; and
FEV1/FVC �0.70.9 All predicted values were based on
the Knutson prediction model.

Pulmonary Function Test

FVC, FEV1, and FEV6 were measured by portable spi-
rometer (Spirobank, GTM, Medical International Research,
Rome Italy). Participants underwent 3 FVC maneuvers,
and the maneuver with the best FEV1 was retained. Efforts
that were incomplete or in which the participant coughed

were excluded. Pulmonary function tests were performed
by highly trained and experienced pulmonary function re-
spiratory therapists, according to the guidelines of the Eu-
ropean Respiratory Society.8

Statistics

The data were analyzed using JMPTM 10 (SAS, Cary,
North Carolina) and GraphPad Prism 5.0 (GraphPad Soft-
ware, San Diego, California). The chi-square test or Fisher
exact test was used for the analysis of categorical vari-
ables. Analysis of variance was utilized to compare mea-
surement variables. The receiver operating characteristic
curves that corresponded to the optimal combination of
sensitivity and specificity for FEV1/FEV6 were determined.
The kappa test was used to compare the agreement be-
tween FEV1/FVC and FEV1/FEV6. We also calculated the
positive predictive value and negative predictive value.
Results are reported as mean � SD, and P �.05 was
considered statistically significant.

Results

Spirometric data from 767 subjects were studied, of
whom 297 were male and 470 were female. Subjects’
characteristics are shown in Table 1. In this table,
FEV1/FVC �0.70 was used for the diagnosis of COPD.
For the analyzed cohort, the average age was 58.2 � 15.6 y.
Of these participants, 164 subjects (21.4%) were diag-
nosed by the GOLD standard. The prevalence of cigarette
smoking was 49.8% among men and 4.0% among women.

Considering FEV1/FVC �0.70 as the accepted standard
for COPD diagnosis, a receiver operating characteristic curve

QUICK LOOK

Current knowledge

COPD is commonly defined using a fixed cutoff point,
FEV1/FVC �0.70, based on the guidelines from the
Global Initiative for Chronic Obstructive Lung Disease.
These measurements are typically made in the pulmo-
nary function laboratory adhering to American Tho-
racic Society standards.

What this paper contributes to our knowledge

In a group of nearly 800 subjects, FEV1/FEV6 �0.72
was capable of being used in primary care as a valid
alternative to FEV1/FVC �0.70 for the detection of
COPD in adults. This study suggests that FEV1/FEV6 is
an effective option that could be used in primary care to
detect COPD.
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was utilized to determine the best corresponding cutoff for
FEV1/FEV6 (Fig. 1). The area under the receiver operating
characteristic curve was 98% (P � .001). The 0.72 of
FEV1/FEV6 cutoff represented the greatest combination of
sensitivity and specificity. For the total population in this
study, the FEV1/FEV6 sensitivity was 96.9%, and specificity
was 98.8%. The positive predictive value of FEV1/FEV6 was
95.8%, and the negative predictive value was 99.2%.

When using an FEV1/FEV6 cutoff of 0.74, sensitivity
reached 100%, but specificity dropped to 90% (positive
predictive value � 82.2%, negative predictive
value � 100%). Choosing a fixed cutoff of FEV1/FEV6 of
0.70 resulted in a specificity of 100% with a sensitivity of

84.0% (positive predictive value � 100%, negative pre-
dictive value � 75.2%). Multilevel likelihood ratios were
constructed in Table 2.

The spirometry test results for 12 participants were clas-
sified differently by the 2 methods, and all of them had
observed values close to the lower limits of normal (Table
3). Analysis of the 12 discordant cases showed that 98.5%
of the discordant values of FEV1/FEV6 were within a �5%
interval of the chosen fixed cutoff of 0.72. Overall agree-
ment between the 2 criterion was excellent, and the kappa
value was 0.954.

Table 1. Summary Statistics and Comparison of Characteristics Between Sexes

Characteristic Total (N � 767) Male (n � 297) Female (n � 470) P

Age, mean � SD y 58.2 � 15.6 57.9 � 16.4 58.3 � 15.2 .77
Height, mean � SD cm 163.1 � 5.5 170.1 � 6.0 158.6 � 5.2 �.001
Weight, mean � SD kg 62.0 � 9.8 67.4 � 10.4 58.6 � 9.3 �.001
BMI, mean � SD kg/m2 23.3 � 3.3 23.3 � 3.1 23.3 � 3.5 .84
Smoking status, n (%)

Non-smoker 526 (68.6) 80 (26.9) 446 (94.9)
Smoker 167 (21.8) 148 (49.8) 19 (4.0) �.001
Ex-smoker 74 (9.6) 69 (23.2) 5 (1.1)

FVC, mean � SD L 3.0 � 0.8 3.7 � 0.9 2.5 � 0.6 �.001
FEV1, mean � SD L 2.2 � 0.6 2.7 � 0.8 1.9 � 0.6 �.001
FEV6, mean � SD L 2.9 � 0.8 3.6 � 1.0 2.5 � 0.7 �.001
FEV1/FVC, mean � SD 0.76 � 0.10 0.74 � 0.10 0.77 � 0.10 �.001
FEV1/FEV6, mean � SD 0.75 � 0.13 0.72 � 0.15 0.76 � 0.11 �.001
COPD, n (%) 164 (21.4) 87 (29.3) 77 (16.4) �.001

BMI � body mass index

Fig. 1. Receiver operator characteristic curve for FEV1/FEV6 us-
ing FEV1/FVC �0.70 as the preferred standard for COPD. The
diagonal line represents the optimal combination of sensitivity
and specificity.

Table 2. Multilevel Likelihood Ratios for FEV1/FEV6 as a Marker
for COPD

FEV1/FEV6
Sensitivity,

%
Specificity,

%

Positive
Predictive
Value, %

Negative
Predictive
Value, %

�0.70 84.0 100 100 75.2
�0.72 96.9 98.8 95.8 99.2
�0.74 100 90 82.2 100

Table 3. Comparison of FEV1/FEV6 With FEV1/FVC for the
Diagnosis of COPD

FEV1/FEV6

FEV1/FVC

Normal Reduced Total

Normal 596 5 601
Reduced 7 159 166
Total 603 164 767

Using FEV1/FVC �0.70 as a fixed cut-off, using FEV1/FEV6 �0.72 as a fixed cut-off.
Kappa � 0.954.
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Discussion

Obtaining 99% of the FVC in 6.64 s is sufficient and
FEV6 is obtained in �80% of tests. Moreover, the spi-
rometric maneuver for FEV6 is performed easily, and it
satisfies the standard for repeatability and diagnostic
accuracy.17 Thus, FEV6 could be a valid alternative to
FVC for the diagnosis of COPD in primary care. The
main purpose of the present study is to determine a
fixed cutoff for the FEV1/FEV6 ratio that is equivalent
to the commonly used fixed cutoff of FEV1/FVC �0.70.
Our study demonstrates that FEV1/FEV6 �0.72 can be
considered as a valid alternative to FEV1/FVC �0.70,
and it is possible to detect COPD as a fixed cutoff point
for primary care in adults.

The use of FEV1 and FEV1/FVC ratio seems to have
become the predominant, if not the unique, factor for de-
termining the presence of COPD. Reduced FEV1/FVC pro-
vides a powerful and reliable judgment for COPD, but
clinicians have recognized its limitations for quite a while.
The most obvious one is that diagnosis of COPD in elderly
people will be falsely elevated.18,19 This is the main reason
driving the interest in FEV6 and the FEV1/FEV6 ratio.
Additionally, the use of FEV1/FVC is more time-consum-
ing and more expensive than the use of FEV1/FEV6, FVC-
based portable spirometers generally costing $700 to
$1,000, compared with only $60 to $80 for FEV1/FEV6

instruments. Therefore, it is an ideal method for objec-
tively diagnosing and following up respiratory diseases in
busy primary care centers. Indeed, with a receiver operat-
ing characteristic (area under the curve) value of 0.98,
excellent overall performance was obtained for FEV1/FEV6

�0.72 as a fixed cutoff for the detection of COPD. The
following as standards are used to classify the accuracy of
a diagnostic test: 0.9–1 � excellent, 0.8–0.9 � good,
0.7–0.8 � fair, 0.6–0.7 � poor, 0.5–0.6 � fail.

Other studies showed similar cutoff points (0.73 and
0.75) of the FEV1/FEV6 ratio to detect COPD, both
using the fixed FEV1/FVC �0.70 for comparison. Mel-
bye et al20 used a spirometry database of referenced
subjects from a medical facility, whereas subjects from
a highly homogeneous population-based sample in a
northern city of Norway were recruited in the study by
Vandevoorde et al.21 A fixed cutoff of 0.75 was ob-
tained from healthy adults in PLATINO studies.22 In
our study, the volunteers are from local communities,
and this can reflect actual lung function. Despite the
different population backgrounds among these studies,
a similar cutoff point for the FEV1/FEV6 ratio was ob-
tained.

A fixed cutoff point for FEV1/FEV6 is an effective
method for the diagnosis of COPD, but certain disadvan-
tages have to be taken into account. One, for example, is
that FEV6, like FVC, was easily affected by sex and by

education level.17 In addition, there is potential misclassi-
fication for elderly subjects, where the age-related decline
in FEV1/FVC and FEV1/FEV6 may cause a significant
overdiagnosis of COPD.18 FEV1 is also vulnerable to the
impact of smoking and ambient air pollution.23,24 There-
fore, the fixed ration of FEV1/FEV6 for diagnosis of COPD
also should be interpreted in the context of the patient’s
risk factors, age, and symptoms. However, the merit of
using a fixed cutoff value for the FEV1/FEV6 instead of a
reference equation to diagnose COPD is still highlighted
by the COPD guidelines.9

This study has some limitations due to its cross-sec-
tional design. Our results are more suitable for this region
of China. In addition, the sample size is small for a survey
of lung function. A study with a larger sample size would
provide more data and enhance the generalizability of the
findings.

Conclusion

Our results demonstrate that FEV1/FEV6 �0.72 can be
used in primary care as a valid alternative to FEV1/FVC
�0.70 as a fixed cutoff point for the detection of COPD in
adults. This study suggests that FEV1/FEV6 is an effective
and well validated option that should be used in primary
care to detect COPD, which is a rampant problem.
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