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Abstract
Objective: To use clinical and spirometry findings in order to distinguish between the restrictive and nonspecific 
patterns of pulmonary function test results in patients with low FVC and a normal or elevated FEV1/FVC ratio. 
Methods: We analyzed the pulmonary function test results of 211 adult patients submitted to spirometry and lung 
volume measurements. We used the clinical diagnosis at the time spirometry was ordered, together with various 
functional data, in order to distinguish between patients presenting with a “true” restrictive pattern (reduced TLC) 
and those presenting with a nonspecific pattern (normal TLC). Results: In the study sample, TLC was reduced 
in 144 cases and was within the normal range in 67. The most common causes of a nonspecific pattern were 
obstructive disorders, congestive heart failure, obesity, bronchiolitis, interstitial diseases, and neuromuscular 
disorders. In patients given a working diagnosis of pulmonary fibrosis, pleural disease, or chest wall disease, 
the positive predictive value (PPV) for restriction was ≥ 90%. In males, an FVC ≤ 60% of predicted had a PPV 
for restriction of 98.8%. In females, the restrictive pattern was found in 84.4% of those with an FVC ≤ 50% of 
predicted. A difference of ≥ 0% between the FEV1% and the FVC% had a PPV for restriction of 89.5%. After 
performing logistic regression, we developed a point scale for predicting the restrictive pattern. Conclusions: In 
many patients with reduced FEV1, reduced FVC, and a normal FEV1/FVC ratio, the restrictive pattern can be 
identified with confidence through the use of an algorithm that takes the clinical diagnosis and certain spirometry 
measurements into account. 
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Resumo
Objetivo: Utilizar os dados clínicos e espirométricos para distinguir entre os padrões restritivo e inespecífico 
dos resultados dos testes de função pulmonar em pacientes com CVF reduzida e relação VEF1/CVF normal ou 
elevada. Métodos: Foram avaliados resultados de testes de função pulmonar de 211 pacientes adultos submetidos 
à espirometria e a medidas de volumes pulmonares. O diagnóstico clínico na solicitação do exame e diversos 
dados funcionais foram utilizados para diferenciar pacientes com o padrão restritivo “verdadeiro” (CPT reduzida) 
daqueles com o padrão inespecífico (CPT normal). Resultados: Na amostra estudada, a CPT estava reduzida em 
144 casos e estava dentro da faixa normal em 67. As causas mais comuns do padrão inespecífico foram doenças 
pulmonares obstrutivas, insuficiência cardíaca congestiva, obesidade, bronquiolite, doenças intersticiais e doenças 
neuromusculares. Em pacientes com hipótese diagnóstica de fibrose pulmonar, doenças pleurais ou doenças da 
parede torácica, o valor preditivo positivo (VPP) para restrição foi ≥ 90%. Em homens, a CVF ≤ 60% do previsto 
teve um VPP para restrição de 98,8%. Em mulheres, o padrão restritivo foi encontrado em 84,4% daquelas com 
CVF ≤ 50% do previsto. Uma diferença entre VEF1% e CVF% ≥ 0% teve um VPP para restrição de 89,5%. Após 
regressão logística, uma escala de pontos foi desenvolvida para predizer o padrão restritivo. Conclusões: O padrão 
restritivo pode ser identificado com segurança em diversos casos com VEF1 e CVF reduzidos e relação VEF1/CVF 
normal usando-se um algoritmo que leva em conta o diagnóstico clínico e alguns achados espirométricos.
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at four different laboratories in Brazil, were 
reviewed retrospectively. The reference values 
were those recommended for the Brazilian 
population.(11,12) The study design was approved 
by the research ethics committees of all four 
facilities.

We included pulmonary function tests 
that met the following criteria: meeting the 
acceptability and reproducibility criteria for 
spirometric and lung volume measurements(13,14); 
and evaluating patients who presented with 
reduced FVC and VC (values below the 5th 
percentile) and for whom the diagnosis cited on 
the clinical spirometry request form could result 
in obstructive or restrictive lung impairment. 
The exclusion criteria were as follows: evaluating 
patients whose age or stature did not fall within 
the range of the reference values(11,12); evaluating 
patients in whom the FEV1/FVC or FEV1/VC ratio 
was below the 5th percentile(12); and evaluating 
patients in whom the clinical diagnosis at the 
time spirometry was ordered precluded making 
a clear inference about the pattern of pulmonary 
function test results, dyspnea being one example 
of such a diagnosis.

In three of the four laboratories, spirometry 
was performed using a mass flow sensor 
(SensorMedics model 2200; Viasys Health 
Care, Yorba Linda, CA, USA), and lung volume 
measurements were taken using a whole-body 
plethysmograph (SensorMedics model 6200 
Bodybox; Viasys Health Care). In the remaining 
laboratory, spirometry and lung volume 
measurements were performed using a Collins 
CPL system (Ferraris Respiratory, Louisville, CO, 
USA), lung volumes being determined by helium 
dilution. Tests from this last facility included only 
those of patients with neuromuscular, pleural, or 
chest wall diseases. In a subset of patients, At all 
four facilities, subsets of patients performed a 
second set of spirometry maneuvers 15 min after 
the administration of a bronchodilator (inhaled 
albuterol, 400 µg).

Patients with normal TLC were classified as 
presenting a nonspecific pattern, whereas those 
with reduced TLC were classified as presenting a 
restrictive pattern.

Initially, the patients were divided into six 
groups, according to the suspected diagnosis 
prior to pulmonary function tests and the 
pathophysiological study, in order to calculate 
the probability of restrictive impairment:

Introduction

Abnormal patterns of pulmonary function 
test results are broadly classified as obstructive, 
restrictive, or mixed. Obstructive lung diseases 
are diagnosed based on a spirometric finding 
of a low FEV1/FVC or FEV1/VC ratio (using the 
highest VC in the calculation).(1) The criterion 
currently considered to be the gold standard 
for the identification of a restrictive pattern 
is decreased TLC.(2) Low FVC in the presence 
of a normal or elevated FEV1/FVC ratio, has 
traditionally been classified as a restrictive 
pattern, although TLC remains normal in many 
patients presenting with this pattern.(3,4)

In various lung diseases, a significant 
amount of air can remain trapped during forced 
expiration. In some cases, this air trapping 
results  in proportional decreases in FVC and 
FEV1, thereby maintaining a normal FEV1/FVC 
ratio.(5,6) In such cases, RV increases and TLC 
remains normal. This pattern of pulmonary 
function test results has been designated the 
nonspecific pattern.(7,8)

In the absence of lung volume data, there 
are a number of findings that could facilitate 
the differentiation between the restrictive and 
nonspecific patterns. Clinical diagnoses could 
change the predictive value of spirometry data. 
Since VC constitutes the greatest part of TLC, 
marked decreases in VC without apparent 
airflow obstruction would suggest a decrease in 
TLC.(9) Other findings, such as an increased FEV1/
FVC ratio, an increase in the difference between 
FEV1% and FVC%, or a supernormal maximal 
mid-expiratory flow rate, could be used in order 
to increase the positive predictive value for the 
restrictive pattern. A large difference between 
VC and FVC(10) or a significant bronchodilator 
response(8) could, even when the FEV1/FVC ratio 
is normal, indicate obstructive lung diseases with 
air trapping, thus reducing the predictive value 
for the diagnosis of a restrictive pattern.

The objective of the present study was to 
determine the predictive value of clinical and 
spirometric findings for the identification of the 
“true” restrictive pattern in patients with low 
FVC and normal or elevated FEV1/FVC ratio.

Methods

The results of pulmonary function tests, 
including lung volume measurements, performed 
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5)	 significant bronchodilator response 
(> 12% and > 0.20 L increase in FEV1)

(13)

All values are expressed as mean ± SD. 
Comparisons between the nonspecific pattern 
and restrictive pattern groups were made with 
Student’s t-test and the chi-square test (χ2). 
We created ROC curves for all of the parameters 
evaluated. The variables with the largest area 
under the curve (AUC) were included in a 
logistic regression model in order to estimate 
the probability of restriction. After multiple 
simulations, a score was generated, considering 
several cut-off points for the best discrimination 
between the nonspecific and restrictive pattern. 
The statistical analysis was performed using 
the Statistical Package for the Social Sciences, 
version 10.0 for Windows (SPSS Inc., Chicago, IL, 
USA). The level of significance was set at 0.05.

Results

The pulmonary function tests of 211 patients 
were included. The mean age of the patients 
was 56 ± 15 years (range, 20-81 years), and 54% 
were female.

The TLC was measured by plethysmography 
in 193 cases and by helium dilution in 18. The 
restrictive pattern (reduced TLC) was identified in 
144 cases, and the nonspecific pattern (normal 
TLC) was identified in 67. The proportion of 
smokers/ex-smokers did not differ significantly 
between the two groups (24% in the restrictive 
pattern group vs. 16% in the nonspecific pattern 

•	group 1—patients with interstitial lung 
diseases (ILDs)

•	group 2—patients with a working clinical 
diagnosis of obstructive lung disease, such 
as asthma or COPD

•	group 3—patients with congestive heart 
failure (CHF)

•	group 4—patients with pleural or chest 
wall diseases, such as pleural effusion or 
kyphoscoliosis

•	group 5—patients with neuromuscular 
diseases and diaphragmatic paralysis

•	group 6—obese patients (BMI ≥ 30 kg/
m2), without CHF or COPD, the diagnosis 
of obesity being specified on the request 
form for the test

The clinical diagnoses were submitted to 
a priori rearrangement into three categories, 
according to the probability of presenting a 
restrictive pattern: high probability = 2 (≥ 90%); 
intermediate probability = 1 (50-89%); and low 
probability = 0 (< 50%).

The spirometric parameters employed in 
order to distinguish the cases presenting a 
nonspecific pattern from those presenting a 
restrictive pattern were as follows:

1)	 FVC% and VC%
2)	 difference between VC and FVC
3)	 FEV1/FVC% ratio and difference between 

FEV1% and FVC%
4)	 FEF25-75%/FVC%, both calculated as 

observed values and as the percentage of 
predicted values(12)

Table 1 - Values for pulmonary function tests in patients with reduced FVC and normal or elevated FEV1/FVC 
ratio, by TLC: reduced (restrictive pattern) or within the normal range (nonspecific pattern).a

Parameter Restrictive Nonspecific t p*
n = 144 n = 67

VC (% of predicted) 59 ± 12 71 ± 8 7.14 < 0.001
FVC (% of predicted) 57 ± 12 69 ± 8 7.30 < 0.001
VC-FVC (L) 0.073 ± 0.098 0.068 ± 0.097 0.34 0.73
FEV1 (% of predicted) 56 ± 13 59 ± 9 2.01 0.045
RV (% of predicted) 78 ± 25 135 ± 31 14.2 < 0.001
TLC (% of predicted) 64 ± 12 92 ± 8 17.1 < 0.001
FEV1/FVC × 100 85 ± 7 82 ± 6 3.10 0.003
FEV1/FVC × 100 (% of predicted) 106 ± 8 102 ± 7 3.20 0.002

Δ%(FEV1 − FVC) −1.3 ± 7.2 −9.6 ± 7.2 7.74 < 0.001
FEF25-75%/FVC × 100 115 ± 48 90 ± 35 3.69 < 0.001
FEF25-75%/FVC (% of predicted) 147 ± 62 116 ± 43 3.76 < 0.001
DLCO (% of predicted)** 47 ± 24 58 ± 25 2.35 0.02
aData expressed as mean ± SD. Δ%(FEV1 − FVC): percentage difference between FEV1 and FVC. *Student’s 
t-test. **DLCO determined in 81 restrictive pattern cases and 41 nonspecific pattern cases.
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group, VC, FVC, and DLCO were lower, whereas 
the FEV1/FVC and FEF25-75%/FVC ratios were 
higher. As expected, RV was higher in the 
nonspecific pattern group, being elevated in 
52%, in comparison with 4% of the cases in the 
restrictive pattern group (χ2 = 70.8, p < 0.001).

The most common diagnoses listed on 
the request form for spirometry, as well as 
the proportion of cases of restrictive pattern 
found in the various diagnostic categories, are 
shown in Table 2. Only patients with interstitial 
pulmonary fibrosis (IPF) and those with pleural 
or chest wall disorders had a high probability 
(≥ 90%) for presenting the restrictive pattern.

Forced expiratory maneuvers were repeated 
after bronchodilator administration in 
169 patients. Significant increases were found in 
2 (2.7%) of the 73 cases presenting a restrictive 
pattern, compared with 7 (15.2%) of the 
46 presenting a nonspecific pattern (χ2 = 6.28; 
p = 0.012).

Significant differences were found between 
the restrictive pattern group and the nonspecific 
pattern group in terms of the AUC values for 
functional parameters (Table 1). The findings 
for the most discriminatory variables are shown 
in Figure 1. Among all variables, the AUC was 
highest for difference between FEV1% and FVC% 
(0.798; 95% CI: 0.729-0.866). The AUC for VC 
and FVC were very similar (0.795 and 0.793, 
respectively), whereas The FEV1/FVC ratio had 
the lowest AUC (0.644; 95% CI: 0.564-0.724).

In the logistic regression analysis, the 
probability for restriction is expressed as 
follows:

+

+
=

 + 

(a bx)

(a bx)

e
p

1 e

where a and b are the parameters fitted by the 
logistic model.

Considering the score for the clinical 
probability of restriction, FVC%, and Δ%(FEV1 − 
FVC), the following equation was devised:

16.354 [FVC% 0.089] [prestriction 0.679] [ %(FEV FVC) 0.099]p e − × + × + Δ − ×=

where e is the basis of the natural logarithm 
(i.e., 2.7183). The overall corrected percentage, 
classified according to the logistic regression, 
was 81%.

Using two-by-two contingency tables, 
true-positive (sensitivity) and false-positive (1 − 
specificity) values were calculated for various 

group; p = 0.44). Of the 211 patients evaluated, 
69 (33%) were obese. The proportion of obese 
patients did not differ significantly between 
the two groups (39% in the nonspecific pattern 
group vs. 30% in the restrictive pattern group; 
p = 0.20).

The functional data for the two groups 
are shown in Table 1. In the restrictive pattern 

Table 2 - Clinical diagnosis and proportion of cases 
with reduced TLC in 211 patients with reduced FVC% 
and normal or elevated FEV1/FVC ratio.

Clinical diagnosis Total Reduced 
TLC

n n (%)
Interstitial lung diseases 92 73 (79)

Pulmonary fibrosis 51 46 (90)
Sarcoidosis 15 8 (53)
Other  
(includes “interstitial disease”)

26 19 (73)

Suspected obstructive diseases 48 43 (58)
Asthma 21 4 (19)
COPD 15 10 (67)
Bronchiolitis/bronchiectasis 12 6 (50)

Congestive heart failure 15 9 (60)
Chest wall and pleural diseases 14 13 (93)
Neuromuscular diseases (isolated) 20 14 (70)
Obesity (isolated) 22 15 (68)

Figure 1 - Spirometric variables: ROC curves for 
predicting reduced TLC in patients presenting with 
reduced FVC and a normal or elevated FEV1/FVC ratio.
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Discussion

The present study shows that, by using clinical 
findings and data derived from spirometry, the 
reliability of the identification of the restrictive 
pattern can be increased in a significant 
percentage of cases presenting reduced FVC and 
normal FEV1/(F)VC ratio.

Incomplete expiration is a common cause of 
reduced FVC. Therefore, special attention must be 
paid to end-of-test criteria for spirometric curves 
in order to determine the true FVC value.(13) In 
the present study, lung volumes were measured 
by plethysmography in all patients suspected 
of having intrapulmonary restriction. Because 
lung volume measurements by gas dilution can 
underestimate RV and TLC in patients with air 
trapping, such measurements were accepted 
only for patients with chest wall diseases.

Spirometry is quite useful for excluding 
the restrictive pattern. When VC is within the 
normal  range, the probability of restriction is 
quite low.(2,3,9)

Various conditions can result in a nonspecific 
pattern of pulmonary function test results.(8) 
Elevated RV is found in many patients presen
ting with this pattern, which some  authors 
suggest is exclusively attributable to small 
airway obstruction.(5) However, in asthma, 
constriction of the large airways can also result 
in airway closure during expiration.(15) Therefore, 
it would be incorrect to imply that small airway 
obstruction is the mechanism in all cases. One 
group of authors studied a random sample of 
100 individuals presenting with the nonspecific 
pattern.(8) Patients with reduced DLCO were 
excluded. The authors found the most common 
causes to be asthma, obstructive lung diseases 
other than asthma, and obesity. In 33 individuals, 

FVC cut-off points: true-positive values, defined 
as those associated with the restrictive pattern 
(reduced TLC), and false-positive values, defined 
as those associated with the nonspecific pattern 
(normal TLC). The results and cut-off points 
for FVC%, as well as the percentage difference 
between FEV1 and FVC, together with high 
clinical probability, are shown in Table 3.

Following several simulations using the 
logistic regression equation described above 
and ROC curve data collection, a point scale 
was devised in order to estimate the probability 
of restriction (Table 4). There were 78 patients 
(37%) who scored ≥ 3 points. Of those, 76 (97%) 
presented with reduced TLC.

Table 3 - True-positive (sensitivity) values, false-positive (1 − specificity) values, positive predictive values, 
and likelihood ratios for cut-off values of predictors of reduced TLC in patients with low FVC and normal or 
elevated FEV1/FVC ratio.

Parameter Sensitivity 1 − specificity PPV LR p 
% % % %

FVC ≤ 50%, females 30.5 3.7 90 8.24 < 0.001

FVC ≤ 50%, males 24.7 7.7 95 3.20 1.88

FVC ≤60%, females 52.5 14.8 79 3.55 < 0.001

FVC ≤ 60% males 60.0 7.7 98 7.79 < 0.001

Δ%(FEV1 − FVC) ≥ 0 70.1 23.8 86.3 2.94 < 0.001
High clinical probability 40.9 8.9 90.6 4.96 < 0.001
PPV: positive predictive value; LR: likelihood ratio; and Δ%(FEV1 − FVC): percentage difference between FEV1 and FVC.

Table 4 - A point scale for estimating the probability 
of a restrictive pattern in spirometric tests with 
reduced FVC and normal or elevated FEV1/FVC ratio.

Parameter Points
FVC ≤ 60% in males 3

FVC ≤ 50% in females 2
FVC > 60% in males or > 50% in females 0
Clinical probability of restriction

Higha 2
Intermediateb 0
Lowc −2

Δ%(FEV1 vs. FVC)
FVC% − FEV1% > 5 −1
FVC% − FEV1% between 1 and 5 1
FEV1% − FVC% ≥ 0 2

Δ%(FEV1 vs. FVC): percentage difference between FEV1 and 
FVC. aPulmonary fibrosis; chest wall and pleural diseases; 
and pulmonary resection. bNon-fibrosing interstitial lung 
diseases, obesity, congestive heart failure, connective tissue 
diseases, and others. cObstructive lung diseases, such as 
asthma, COPD, bronchiectasis and bronchiolitis. 3 points 
or more = restrictive pattern; general positive predictive 
values = 97%; 2 points or less = nonspecific pattern.
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have been performed in order to exclude other 
common conditions, such as asthma.

In individuals with ILD, reduced FVC and 
preserved FEV1/FVC ratio typically indicate 
reduced TLC, although the involvement of the 
small airways (in diseases such as sarcoidosis) or 
concomitant emphysema (common in IPF) can 
result in increased RV with normal TLC.(23)

Patients with CHF can display a range of 
pulmonary function test result patterns, the 
restrictive pattern being the most common, 
although the nonspecific pattern can also be 
found.(24,25)

In individuals with neuromuscular diseases, 
respiratory muscle weakness is common. 
Reduced maximal expiratory pressure can result 
in increased RV with normal TLC.(26)

In relation to restriction, the specificity 
of spirometric criteria is greater than is their 
sensitivity.(2,3,9) However, our data show that, 
by combining clinical and spirometric data, 
restriction can, in many cases, be reliably 
diagnosed. A large decrease in FVC is thought 
to reflect reduced TLC in patients presenting 
with an FEV1/FVC ratio above the lower limit of 
normality.(3,9) In a recent study involving patients 
without obstruction,(9) restrictive impairment 
could be predicted with a probability of > 95% 
if the measured value of FVC fell below 55% of 
the predicted value in males or below 40% of 
that in females. In the present study, gender-
based differences in FVC cut-off values were also 
found, but the values with the best discriminatory 
power were slightly different: < 60% in males; 
and < 50% in females.

In the present study, clinical diagnoses 
were valuable for increasing or decreasing the 
predictive value for a diagnosis of restriction. As 
expected, many patients with a working clinical 
diagnosis of obstructive disease presented normal 
TLC. However, the final diagnosis could not be 
ascertained for the cases in which the clinical 
diagnosis on the spirometry request form was 
COPD and the patient presented with reduced 
TLC on plethysmography.

The percentage difference between FEV1 
and FVC proved to be of value in estimating 
the probability of restriction. It is expected that, 
in lung diseases that increase lung recoil, such 
as pulmonary fibrosis, FVC% is decreased to a 
greater degree than is FEV1%. However, a smaller 
reduction in FVC% results in a lower probability 

the diagnosis of asthma was made based on 
a positive bronchodilator response or on the 
results of a methacholine bronchial provocation 
test. A significant bronchodilator response can 
discriminate between the restrictive pattern 
and the nonspecific pattern. However, in the 
present study, the bronchodilator response had 
a low sensitivity for identifying the nonspecific 
pattern. In our study, the nonspecific pattern was 
seen in 67 of the 211 cases analyzed. The most 
common causes were similar, but interstitial and 
neuromuscular diseases were also found. We did 
not exclude patients with low DLCO.

In asthma, the closure of susceptible 
airways can result in extensive air trapping in 
the areas of the lung that do not contribute 
to the expiratory flow, consequently increasing 
RV and maintaining TLC within the normal 
range.(6,8,16) However, a “true” restrictive pattern, 
as evidenced by reduced TLC on plethysmography, 
is found in a proportion of patients, albeit a 
small proportion.(17)

Various diseases can result in bronchiolitis 
and a nonspecific pattern of pulmonary function 
test results. An expiratory CT should be obtained 
in nonsmoking patients who do not have asthma 
but present with dyspnea, reduced FVC, normal 
FEV1/FVC, and irrelevant or normal chest X-ray 
findings.(18) In patients with bronchiectasis, 
bronchiolitis obliterans is common, and RV can 
be elevated.(19)

Obesity is a common cause of nonspecific 
lung disease.(8) Obesity results in reductions 
in TLC, functional residual capacity, and FVC, 
together with a slight decrease in RV. In obese 
males, airway narrowing seems to be greater 
than what would be expected to result from 
reduced lung volume alone.(20) In population-
based studies, asthma has been associated with 
obesity, especially in females.(21)

In individuals with asthma, the increase in 
RV is greater than the decrease in FVC, due to a 
simultaneous increase in TLC. The neural drive 
to the inspiratory muscles increases the outward 
recoil of the chest wall, resulting in greater 
TLC.(15) The combination of obesity and airflow 
obstruction can result in increased RV, without 
proportional increases in TLC, due to lower chest 
wall compliance, thereby reducing FVC and FEV1 
in a proportional manner.(22) In obese individuals, 
reduced FVC should not to be ascribed to 
excessive weight, unless complementary tests 
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of restriction than does a greater reduction in 
FEV1%.

In conclusion, the interpretation of a 
restrictive pattern, identified by means of 
spirometry, can be made more accurately by 
incorporating the magnitude of the reduction in 
FVC, the probability of a restrictive pattern being 
calculated on the basis of the clinical diagnosis, 
as well as on the percentage difference between 
FEV1 and FVC. A significant bronchodilator 
response suggests an inapparent obstructive 
component or defect. The application of the 
present data to another cohort of cases with 
suspected restriction is needed in order to 
validate the present findings.
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