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Introduction

 Restrictive pattern on spirometry is associated with functional 
limitations, fair or poor self-reported health status, reduced physical 
performance and physical impairment in older adults, and increased 
morbidity and mortality [1,2]. Restrictive Lung Disease (RLD) has 
been classically characterized by a reduction in Total Lung Capacity 
(TLC) with a normal Forced Expiratory Volume in 1-second (FEV1) 
to Forced Vital Capacity (FVC) ratio [3]. The restrictive physiology is 
a function of pathological alterations in the lung parenchyma, pleura, 
chest wall, and/or neuromuscular system. Previous guidelines rec-
ommended the use of TLC and FVC as parameters to grade severity 
of restriction; however, the most recent guidelines recommend using 
FEV1 [4]. In our experience, we have noted local practice variations 
with regard to grading severity of restriction which may reflect the 
lack of clarity and evidence available. The purposes of this study are 
to investigate what the interpretation strategies are among local pul-
monologist for determining the severity of RLD and to investigate 
which PFT parameters (FEV1, FVC, FRC, TLC, and DLCO) better 
reflect the severity of RLD based on six-minute walk test (6MWT) 
results.

Methods

 This was a single-center retrospective cohort study conduct-
ed at the University of Minnesota Medical Center in Minneapolis,  
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Purpose

 Evidence supporting current ATS guidelines for using FEV1 to 
grade severity of restriction is lacking. In this study, we surveyed 
the PFT interpretation practices of local pulmonologists for grading 
restrictive impairment; in addition, reviewed restrictive PFTs at our 
institution to determine which parameters best correlate with disease 
severity by 6-minute walk test (6MWT) results.

Methods

 We surveyed the PFT interpretation practices among local pulm-
onologists; then, performed a retrospective review of restrictive PFTs 
who had 6MWT. All spirometric reference values have been convert-
ed to Global Lung Initiative (GLI).  We evaluated FEV1, forced vital 

capacity (FVC), functional residual capacity (FRC), TLC, and diffus-
ing capacity of the lung for carbon monoxide (DLCO) to determine 
correlation with 6MWT.

Results

 The survey illustrated that TLC (72.7%) rather than FEV1 (4.55%) 
was the most common parameter used by local pulmonologists to 
grade restriction. We identified 911 PFTs as having RLD (average 
age was 58.7,13.4 years, males (63.8%), and BMI was 29.8,6.7). 
The most frequent causes for RLD was interstitial lung disease (ILD) 
(60%). 704 (77.28%) patients walked below the lower limit of nor-
mal (mean 327.11,4.36m). The FRC, TLC, and DLCO were the only 
parameters that were significantly associated with whether or not 
patients could complete the 6MWT (p=0.002, p=0.006, and p<0.001, 
respectively). FEV1, FVC, FRC and TLC significantly affected either 
one or two parameters on 6MWT; however, DLCO was the only vari-
able that was significantly associated with a completely abnormal 
6MWT (p<0.001).

Conclusion

 To our knowledge, this is the largest study investigating which 
spirometric and lung volume parameters are associated with RLD 
severity. Notably, DLCO was the only factor that was significantly as-
sociated with an abnormal 6MWT.  Future studies comparing DLCO 
to clinical outcomes (i.e. hospitalization and mortality) would be war-
ranted to corroborate our findings.
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Minnesota. A waiver was granted for written informed consent. The 
human subject’s research committee of the local institutional review 
board approved the study protocol.

Survey Analysis

A survey of 3 questions including

1. Number of years in practice,

2. Type of practice setting, and 

3. Which parameter was used for grading restriction was sent to 50 
adult pulmonologists actively practicing in the Twin Cities. The 
survey was constructed, emailed and resulted using SurveyMon-
key.

PFT Data Collection

 To construct our data set, we retrieved data from our University of 
Minnesota pulmonary function test data base.  Data was extracted us-
ing MGC Patient Query Version 8.50.27.  Briefly, we queried patients 
18 and above who had complete pulmonary function testing (spirom-
etry, diffusion capacity and plethysmography) and a 6MWT during 
a 12-year period (2005 to 2017). Pulmonary function test (PFT) was 
performed using MGC Diagnostic Corporation (St Paul, Minnesota) 
Platinum Elite testing systems, using Breeze Suite 8.1 software ac-
cording to ATS-ERS guidelines [4-9].  All test data that did not meet 
ATS-ERS standards were excluded from the study.  If multiple PFT’s 
were recorded on the same individual, we included only the last PFT 
in our analysis.  Patients included in the query were those who had an 
FVC < 80% and/or a TLC < 80%.  We extracted demographic data 
from the chart (visit date, age, sex, height, weight, BMI, diagnosis, 
post-test comments and the pulmonologist interpretation of the test). 

 We maintained instruments according to manufacturer’s recom-
mendations, calibrated daily with a 3-L syringe and performed rou-
tine biocontrol testing.  Tests were included for analysis if they met 
the American Thoracic Society (ATS)/European Respiratory Society 
(ERS) acceptability and repeatability criteria in use at the time of test-
ing. Categorization of restriction severity was determined using four 
variables: FEV1, FVC, FRC, TLC, and DLCO (uncorrected) which 
were then compared to the corresponding 6MWT results (walk dis-
tance, presence of hypoxia, and presence of oxygen desaturation. We 
determined a priori that the 6MWT would be our indicator for severi-
ty given established data [10-15].

Statistical Analysis

 Patient demographics and clinical characteristics were summa-
rized and presented using descriptive statistics. To examine the rela-
tionship between the independent variables and the outcome variable 
(abnormal or normal 6MWT), both bivariate and multivariate analy-
sis were performed. An abnormal 6MWT was defined as those who 
had less than the lower-limit-of-normal walk distance with significant 
desaturation and hypoxia defined as decrease in SpO2 <4% from rest-
ing SpO2 and SpO2 <88% during the test. Bivariate analyses were 
conducted using two-sample t tests or Chi-square tests depending on 
the nature of the variable. In multivariate analyses, multiple logistic 
regression models were developed to model the probability of ab-
normal. Full model included all independent variables and covariates 
(age, gender, and BMI). Backward selection was conducted to select 
the best subset of the variables in the final model. Analyses were per-
formed using SAS 9.3 (SAS Institute, Cary NC).

Results
 The results of the survey of local pulmonologists on grading 
patterns for restrictive lung disease is illustrated in Table 1. In this 
survey, the majority practiced in an academic center and had 10-20 
years or more experience in interpreting PFTs (61.36% and 62.62%, 
respectively). The most common parameter used to grade restriction 
was TLC (72.7%), followed by FVC (20.45%), FEV1 (4.55%) and 
FEV/FVC ratio (2.27%).

 A total of 1200 PFTs were identified as restrictive during 2005-
2017; however, 911 PFTs were used for our analysis following our ex-
clusion criteria (see Methods). In these 911 patients, the mean age was 
58.7 ± 13.4 years, and 63.8% were males. Approximately 848 (93%) 
patients completed a 6MWT, and 77.28% demonstrated reduced walk 
distance. The diagnoses associated with restrictive physiology were 
ILD (594.6, 60%), emphysema (91.1, 10%), chronic lung rejection 
(91.1, 10%), then musculoskeletal (49.55, 5%) and diaphragmatic pa-
ralysis (49.55, 5%). The baseline PFTs are illustrated in Table 2 (mean 
TLC 3.7 ± 1.1 L and DLCO 11.9 ± 5.6 mL/min/mmHg). 

Table 1:  Survey of RLD Interpretation by Local Pulmonologists.

Table 2: Demographic and Baseline Pulmonary Function.
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 Tables 3 and 4 list the bivariate and multivariate assessment of the 
spirometric and lung volume parameters associated with a normal or 
abnormal 6MWT. In the bivariate assessment, each PFT parameter 
was compared to an either abnormal walk distance, desaturation or 
hypoxic event. Each parameter significantly affected either one or two 
6MWT parameters (see Table 3). Notably, DLCO correlated best with 
all three 6MWT parameters (12.9 ± 5.6 (<0.001), 8.6 ± 4.2 (<0.001), 
and 0.68-0.77 (<0.001). In the multivariate assessment, only DLCO 
significantly correlated with an abnormal 6MWT (0.73±4.2 [0.68-
0.77], p<0.001). Notably, FEV1 did not correlate with abnormal 
6MWT in the multivariate analysis (1.8±0.6 [0.76-4.53], p=0.13). 

Discussion

 Restrictive lung impairment occurs from either intrinsic and/or 
extrinsic etiologies.  Intrinsic causes can be due to inflammation or 
fibrotic interstitial lung diseases (ILD) and extrinsic causes are associ-
ated with disorders of the chest wall, pleura, or neuromuscular disease 
affecting respiratory muscle function [16-18]. Although RLD is less 
common than its obstructive counterpart, centers that specialize in the 
evaluation of ILD and lung transplantation rely on the PFT assess-
ment for restrictive severity; however, current guidelines demonstrate 
a lack of clarity and evidenced-based support for the best parameter 
to assess severity of this impairment. In clinical evaluation, a reduced 
TLC with evidence of impaired VC is interpreted as restriction; how-
ever, several factors may challenge these principles. First, measuring 
TLC in a population-based study is difficult since epidemiologic stud-
ies often use spirometry volume to assume a restrictive pattern when 
TLC measurements are unavailable [19]. Second, NHANES spiro-
metric testing uses FVC along with the lower limit of normal (LLN) 
rather than TLC and VC to define a restrictive pattern on spirometry 
[20]. Third, past epidemiologic studies have used the Global Initiative  

for Chronic Obstructive Lung Disease fixed-ratio criteria for classi-
fying a restrictive pattern on spirometry, including FVC < 80% pre-
dicted and FEV1/FVC ratio ≥ 0.7 [21]. Lastly, aging can be associated 
with physiological lungs changes affecting FEV1, FVC, and FEV1/
FVC [22].

 In this study, we have determined that local practice differs with 
respect to current guidelines grading restrictive impairment; this may 
be reflective of the lack of data supporting current guidelines. We 
found that all the spirometric and lung volume parameters had some 
significant correlation with certain 6MWT results. However, DLCO 
was the only PFT measurement that correlated with any 6MWT ab-
normality. Notably, we did not find that FEV1 was associated with an 
abnormal 6MWT (1.8±0.6 [0.76-4.53], p=0.13). To our knowledge, 
this is the first study investigating PFT parameters in patients with 
RLD and correlation with an abnormal 6MWT.

 The data in this study are applicable to selected patients with RLD 
undergoing PFT and 6MWT. Our study was primarily designed to 
evaluate PFT parameters in comparison to an abnormal 6MWT; this 
study was not powered to assess differences in mortality outcomes. 
We selected abnormal 6MWT as the severity indicator given strong 
established data for symptom severity; therefore, other physiological 
assessments or surveys may incur different results.  Despite these lim-
itations, we feel that our findings are noteworthy in determining that 
FEV1 was not associated with an abnormal 6MWT compared to other 
measurements, i.e. DLCO.

 In conclusion, there are differing practice patterns when interpret-
ing severity of restrictive impairment which may be due to the lack 
of supporting data in current guidelines. In this large series of RLD 
in an academic institution, we found that DLCO, not FEV1, was the 
best PFT parameter in correlating with an abnormal 6MWT. Large 
prospective studies looking at hard clinical outcomes including hospi-
talization, supplemental oxygen requirement and mortality will need 
to be conducted to corroborate our findings.
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