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Purpose: The forced mid-expiratory flow (FEF25-75%) value is a potentially sensitive marker 
of obstructive peripheral airflow. We aimed to assess whether FEF25-75% can be an early 
predictor of chronic obstructive pulmonary disease (COPD).
Patients and Methods: Between July 1, 2007 and June 31, 2009, we identified 3624 
patients who underwent a pulmonary function test (PFT) in Gangnam Severance Hospital. 
We selected 307 patients aged over 40 years without COPD who had normal PFT results at 
baseline and who had follow-up PFT records more than 1 year later. A FEF25-75% z-score less 
than −0.8435 was considered low. We defined COPD as a forced expiratory volume in 
one second/forced vital capacity value of less than 0.7 before July 31, 2019.
Results: Among 307 patients, 91 (29.6%) had low FEF25-75% at baseline. After 10 years, the 
incidence rate of COPD in the low FEF25-75% group was significantly higher than that in the normal 
FEF25-75% group (41.8% vs 7.4%; P-value<0.001). The Cox proportional hazard model showed that 
age (hazard ratio [HR] 1.09; P-value<0.001), smoking status (occasional smoker HR, 4.59; P- 
value<0.001 and long-term smoker HR, 2.18; P-value=0.023), and low FEF25-75% (HR, 3.31; P- 
value<0.001) were predictive factors for the development of COPD.
Conclusion: The FEF25-75% value in patients with normal lung function is a useful predictor 
for the development of COPD. We should carefully monitor patients who present with low 
FEF25-75% values, even if they have normal lung function.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a preventable and treatable chronic 
airway disease;1 however, the economic burden of terminal COPD is enormous, with 
COPD being a leading cause of death worldwide. Accurate prediction and early detection 
of COPD may encourage patients to stop smoking and allow for appropriately timed 
treatments.2 Ultimately, the ability to predict COPD may prevent airway remodeling, 
improve prognosis, and diminish its medical and economic burden.3,4 Many researchers 
have attempted to identify early predictors for COPD development. The pulmonary 
function test (PFT) is a safe and practical procedure that is widely performed to detect 
COPD. Recently, a decrease in the forced expiratory volume in one second (FEV1)5 or 
diffusing capacity of the lungs for carbon monoxide (DLCO)6 in PFT has been suggested 
as a marker to predict COPD development (FEV1/forced vital capacity [FVC] <0.7). In 
the clinic, we frequently encounter patients who smoke, have respiratory symptoms, and 
have normal PFT results. We hypothesized that among some patients with normal lung 
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function, including normal FEV1 and DLCO values, forced 
mid-expiratory flow (FEF25-75%) may be an early predictive 
marker for the development of COPD among high-risk 
individuals.

FEF25-75% is the most sensitive measure of airflow in 
peripheral airways where primary airflow obstruction 
originates,7 and it is reduced in early bronchial impairment, 
which is associated with small airway disease.8–11 Airway 
remodeling, mucus plugging, and immune cell infiltration 
induced by cigarette smoking ultimately result in small airway 
disease, which is a cardinal feature of COPD.12 Some research-
ers have found that decreased FEF25-75% is frequently observed 
in patients with COPD.13 We can therefore assume that 
FEF25-75% might be an earlier marker for COPD than other 
markers, such as FEV1, DLCO, and FVC. However, no pro-
spective study has examined FEF25-75% as a predictor of 
COPD.

Thus, in this observational cohort study, we aimed to 
determine whether the FEF25-75% value measured at base-
line can predict COPD development over 10 years.

Materials and Methods
�3�D�W�L�H�Q�W�V���D�Q�G���6�W�X�G�\���)�O�R�Z
From July 1, 2007 to June 31, 2009, we identified 6624 patients 
who underwent PFT at Gangnam Severance Hospital. We 
excluded 4458 patients with abnormal PFT results, defined as 
at least one of the following three criteria: the FEV1/FVC 
[<0.7], FVC [<80% of predicted value], and FEV1 [<80% of 
predicted value]. An additional 1859 patients were excluded 
for the following reasons: no records of PFT performed more 
than 1 year after the baseline (n=1297), under 40 years of age 
(n=156), restrictive lung disease history (n=137), and history 
of asthma (n=125) and COPD (n=144). Finally, we reviewed 
the electronic medical records of the remaining 307 patients 
with normal PFT results at baseline and grouped them accord-
ing to the FEF25-75% values (Figure 1).
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We collected clinical information on sex, age, body mass index 
(BMI), smoking history, and the following comorbidities: 
arterial hypertension, diabetes mellitus, coronary heart disease 
(CHD), old cerebrovascular accident (CVA), alcoholics, reflux 
esophagitis (RE), peptic ulcer disease (PUD), gastroesopha-
geal reflux disease (GERD), depression, and history of pul-
monary tuberculosis. These co-morbidities were checked 
through electronic medical records. BMI was calculated by 
dividing the weight in kilograms by the square of height in 

meters (kg/m2) when the first spirometry was performed. 
Smoking status was classified as never smoked, occasional 
smoker (<20 pack-years), or long-term smoker (≥20 pack- 
years), in accordance with a previous study.14 We calculated 
pack-years by multiplying the number of packs of cigarettes 
smoked per day by the number of years the person smoked. 
This retrospective study was approved by the Institutional 
Review Board (IRB) of Gangnam Severance Hospital (num-
ber: 2019–0556-001). The requirement of informed consent 
was waived because of the retrospective nature of the study.

�3�)�7
Baseline spirometry tests were performed during the cohort 
period using Vmax229 and Vmax22 spirometers 
(SensorMedics Corp., Italia). The procedures were performed 
following the American Thoracic Society and European 
Respiratory Society criteria, 2005,15 with all patients seated 
and wearing nose clips. The procedure was repeated three 
times, which is an acceptable and reproducible method of 
effort. When a suitable spirometry test was performed, the 
FEV1 and FVC values were determined to be the most sig-
nificant values on the FEV curves, and the two values could be 
determined on different curves. Baseline FEV1, FEV1/FVC, 
FVC, and FEF25-75% values were obtained for the study. All of 
the reference values were based on the Global Lung Function 
Initiative 2012.16

�&�2�3�'���'�H�Y�H�O�R�S�P�H�Q�W
Patients underwent follow-up PFTs at intervals between 6 
months and 1 year. While not on a standard schedule, most 
patients in this study underwent PFTs frequently. Reasons 
for follow-up PFTs differed among patients and were as 
follows: routine follow-up, respiratory symptoms, abnor-
mal lesion in chest images, patient’s request, and doctor’s 
recommendation. If an obstructive pattern was shown in 
the PFT, a bronchodilator test was performed to evaluate 
the reversibility of bronchial obstruction.

We reviewed all PFT results, which were conducted before 
July 13, 2019. We defined the development of COPD when 
post-bronchodilation FEV1/FVC was less than 0.7.

�6�W�D�W�L�V�W�L�F�D�O���$�Q�D�O�\�V�L�V
All analyses were performed using R Statistical Package (ver-
sion 4.0.2; Institute for Statistics and Mathematics, Vienna, 
Austria). The values are expressed as means ± standard devia-
tions for continuous variables and as numbers and percentages 
for categorical variables. FEF25-75% z-score was treated as 
both a continuous and categorical dependent variable in the 
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