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Abstract
Background: A spirometrically-defined restrictive ventilatory defect is a common finding when performing spirometry.
Aims: We aimed to determine the frequency, geographical variation, individual consequences, and ‘severity’ of the restrictive ventilatory defect.

Methods: A population-based study was conducted in Spain. The response rate from 11 participating centres was 88.9%, totalling 3,802
participants. A restrictive ventilatory defect was defined according to pre-bronchodilator spirometry as forced expiratory volume in
1s/forced vital capacity (FEV1/FVC) >0.70 and a predicted FVC <80%, in accordance with current American Thoracic Society/European
Respiratory Society guidelines.

Results: The prevalence of a restrictive ventilatory defect was 12.7% (95% Cl 9.7% to 15.7%), with the highest in Seville (19.4%) and
Burgos (18.5%) and the lowest in Oviedo (5.2%) and Madrid-La Princesa (5.7%) (p<0.001). Although most of the participants (97.1%)
with a restrictive ventilatory defect were objectively considered ‘mild’ by spirometry (%predicted FVC 50-80%), they reported more
phlegm, dyspnoea, and wheezing than healthy control participants (p<0.001), and scored worse in all St George's Respiratory
Questionnaire domains of quality of life and activities of daily living (p<0.001). Interestingly, they scored similarly to participants with
chronic obstructive pulmonary disease (COPD) in both (p=0.102 and p=0.217). In a multivariate analysis, older age, male gender, heavy
smoking, low education, and high body mass index were independently associated with having a restrictive ventilatory defect.
Conclusions: A restrictive ventilatory defect in spirometry is a common finding (12.7%) with a highly variable geographical distribution
(range 3.7) whose population burden is important in terms of quality of life and activities of daily living and similar to that of an
obstructive pattern compatible with COPD.
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conducting spirometry, with a prevalence in the general adult
population ranging from 7% to 13% in a number of surveys.**
The clinical relevance of a spirometrically-defined restrictive
Introduction ventilatory defect is uncertain in the absence of respiratory

A restrictive ventilatory defect is a common finding when Symptoms, signs of pulmonary fibrosis, or other assessments.? A
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number of factors have been associated with a restrictive
ventilatory defect® including overweight/obesity, post-
tuberculous lung damage,* ethnic inhalation of tobacco,®
occupational exposures,®” vertebral spine and other bone
problems,® and some have even hypothesised an association with
the future development of diabetes® and lung cancer.”® There is
growing evidence to suggest that a restrictive spirometric
ventilatory defect is relatively common, yet the morbidity and
mortality related to this lung function impairment and its relative
impact in comparison with the better known obstructive
patterns — i.e. chronic obstructive pulmonary disease (COPD) —
remains to be fully quantified, both in primary care and at all
secondary levels. It is widely recognised that, for an accurate
measurement of a restrictive ventilatory defect, it is fundamental
to monitor the correct duration and intensity of forced
spirometry (>6s in adults and at least 3s in children), as well as
fulfilling all standards and quality control set by expert guidelines
such as the American Thoracic Society/European Respiratory
Society (ATS/ERS) consensus™ and the Primary Care Respiratory
Society UK (formerly General Practice Airways Group).*

This study aimed to determine the frequency, severity,
geographical variability, and determinants of individual
consequences (respiratory symptoms, impact on daily activities
and quality of life) of a restrictive ventilatory defect in the
population.

Methods
The methodology and protocol of the EPI-SCAN study have been
described previously.” Briefly, EPI-SCAN is a population-based,
multicentre, cross-sectional, observational, epidemiological study
carried out on a national scale in Spain with a randomised
selection of participants using two-stage sampling, stratified by
areas close to the participating centres. The following participating
centres were selected from four geographical areas of Spain
(north, east, south and centre): Barcelona, Burgos, Cordoba,
Huesca, Madrid (two centres), Oviedo, Seville, Valencia, Vic, and
Vigo. Men and women in the general population aged between
40 and 80 years and resident in Spain were included in the survey.
The fieldwork was performed between May 2006 and July
2007. Information was collected on sociodemographic data,
smoking habits, previous diagnosis of respiratory diseases and
other pathologies, dyspnoea, and treatment for respiratory
diseases, among other variables. The presence of respiratory
symptoms (daily morning cough, frequent sputum, and the
presence at some time of dyspnoea and wheezing) was collected
using the Spanish version of the CECA questionnaire.** Other
questionnaires included the London Chest Activity of Daily Living
(LCADL) scale* translated and validated into Spanish;* co-
morbidities using the Charlson index;"” the generic health status
EQ-5D questionnaire®® translated and validated into Spanish;*
and the respiratory-specific health status St George’s Respiratory
Questionnaire (SGRQ)* translated and validated into Spanish.?*
The study was authorised by the corresponding ethics
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committees for clinical research (centralised CEl approval at the
Hospital Clinic i Provincial de Barcelona CEIC#2006-05-155) and
all participants gave their voluntary written consent to participate
in the survey.

Spirometry

Forced spirometry was carried out with MasterScope CT (VIASY
Healthcare®, Hoechberg, Germany) using the acceptability and
reproducibility criteria and the selection of manoeuvres proposed
in the most recent recommendations of the ATS/ERS;* the
reference values of the ECSC were used.?? The manoeuvres were
repeated 15-30min after inhaling 200ug salbutamol. Following
the criteria of the ATS/ERS guidelines,® the bronchodilator test
was considered positive if there was an increase in forced
expiratory volume in 1s (FEV1) or forced vital capacity (FVC) of
>200ml and >12% from the baseline value. The primary focus of
EPI-SCAN was chronic obstructive pulmonary disease (COPD),
with results to date available elsewhere.*?® A restrictive
ventilatory defect was defined as an FEV1/FVC >0.70 and an FVC
<80% predicted. By definition and design (Figure 1), an EPI-
SCAN participant diagnosed as having COPD according to the
Global Initiative for Chronic Obstructive Lung Disease (GOLD)
cannot have a restrictive ventilatory defect.*

Statistical analysis

The calculation of the sample size of the EPI-SCAN study was
carried out assuming a prevalence of COPD of 12%, with an
accuracy of +1% and assuming a 20% drop-out rate.** Since the
mean number of participants in the 11 areas of the EPI-SCAN was
345, with a maximum of 471 in Seville and a minimum of 136 in
Oviedo, there is statistical power for most areas with regard to the
mean prevalence of both COPD and restrictive ventilatory defect.
The results for each variable are shown as the mean with
standard deviation in the case of continuous variables, and the
number of cases for each category and frequency regarding the
total number of responses in the case of categorical variables. The
prevalence of restrictive ventilatory defect and its 95%
confidence interval was calculated. The statistical significance
shown in Appendix 1 and 2 (available online at www.thepcrj.org)
was compared in each variable by area in relation to the global
EPI-SCAN study, performing first an ANOVA and then a bilateral
test for continuous variables and a x? test for categorical variables.
In the final multivariate analysis the reference categories were:
age 40-49 years; female; never smoker; university degree
education; Charlson index O; and normal weight as body mass
index (BMI) 18.5-24.9kg/m?. All variables in the bivariate analysis
were forced into the multivariate analysis even if they had no
significance in the bivariate analysis. Finally, in the adjusted model
also by centre, Seville — the centre with the greatest number of
participants (n=471) — was considered a posteriori the reference
category. A level of statistical significance <0.05 was used in all
the statistical tests.

Results
Overall, of 4,274 subjects randomly contacted by telephone at
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Figure 1. CONSORT flow diagram of participants to determine obstructive (COPD), restrictive and normal spirometry

patterns
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the 11 sites, 3,885 agreed to participate in the study and
3,802 (response rate 88.9%) were available for analysis
(complete minimum dataset on gender, age, and lung
function). The 389 subjects (9.1%) who refused to take
part in the survey were slightly older and included more
women and never and former smokers.

From the total population of 3,802 individuals
performing full forced spirometry, 52 had pre-
bronchodilator (BD) FEV1/FVC <0.70, post-BD FEV1/FVC
>0.70 and pre-BD FVC <80% and 429 had pre-BD
FEV1/FVC >0.70, post-BD FEV1/FVC >0.70 and pre-BD
FVC <80% (marked with an asterisk, Figure 1). The
prevalence of a spirometrically-defined restrictive
ventilatory defect was therefore 12.7% (95% CI 9.7% to

Figure 2. Map of prevalences of spirometrically defined

restrictive ventilator, by centre
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21.7%) and Madrid-La Princesa (5.7%, 95% CI 0 to
15.6%), and with a range of 3.7, p=0.000 (Figure 2 and
Appendix 1 available online at www.thepcrj.org).

The 481 participants with a restrictive ventilatory defect had a
mean age of 63 years, 57% were men, mean BMI 29.3kg/m?
(13.5% with morbid obesity (BMI >35kg/m?), and had a
substantial smoking exposure (mean 31.5 pack-years from 20%
current smokers and 33% ex-smokers) (Table 2 and Appendix 2
available online at www.thepcrj.org). Although most (97.1%) of
the participants with a restrictive ventilatory defect were objectively
considered ‘mild’ by spirometry (%opredicted FVC 50-80%), they
reported more phlegm, dyspnoea, and wheezing than healthy
control participants (p=0.000; Table 2). Compared with patients
with COPD, they reported fewer respiratory symptoms but more
wheezing (45.5%; p=0.000). Participants with a restrictive
ventilatory defect had a significant worsening in mMRC dyspnoea
and a higher Charlson index than the reference group but they
did not differ from the COPD group (p=0.338; Table 2).
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On further assessment, subjects with a restrictive ventilatory
defect scored worse in all SGRQ domains of quality of life and in
half of the LCADL activities of daily living (self-care and physical,
but not domestic and leisure) than the reference group
(p=0.000; Table 3). Interestingly, they scored similarly to
participants with COPD (p=0.102), except for the utility score of
the EQ-5D (p=0.000).

Finally, in a multivariate analysis in the EPI-SCAN participants
without COPD, only older age, male gender, heavy smoking
(>30 pack-years), low education, and BMI >30kg/m? (even more
in those with BMI >40kg/m? were independently associated
with having a restrictive ventilatory defect, the last three factors
showing a consistent dose-response gradient (Table 4). Both the
direction and magnitude of these effects were sustained when
additionally adjusted by centre, with an increase in the goodness
of fit of the overall model (Cox and Snell r>=0.102 without centre
adjustment versus r’=0.126 with centre adjustment).
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Table 1. Demographic and clinical characteristics of

EPI-SCAN participants, total and those with a restrictive
ventilatory defect

Table 2. Demographic and clinical characteristics in

participants with a restrictive ventilatory defect
compared with reference and COPD subjects

TOTAL Restrictive Restrictive | Reference | All COPD
ventilatory ventilatory | (n=2930) (n=386)
defect defect

N 3,802 481 (n=481)

Age in years, mean + SD 56.6 +10.7 62.8 +10.5 Gender, men, n (%) 273 (568) 1249 (426)* 272 (705)*

Male, n (%) 1,797 (47.3%) 273 (56.8%) Age, mean + SD 62.8 +10.5 | 54.6 £ 9.98* | 64.0 + 10.2

- * *

Pack-years, mean = SD 26.1 215 315 1248 Pack \,l/ears,l mean +SD | 31.5+24.7 | 22.4 + 18.4* |41.5 +26.2

. Smoking history, n (%)

Smokers, n (%) Smoker 98 (20.4) | 758 (25.9* |132 (34.2)*
Current 989 (26.0%) 98 (20.4%) Ex-smoker 160 (33.3) | 857(29.3) |154(39.9)
Former 1,174 (30.9%) 160 (33.3%) Never smoker 222 (46.3) 1312 (44.8) 100 (25.9)
Never 1,635 (43.0%) 222 (46.3%) Quit attempt ever, n (%) | 22 (11.4) | 183 (13.4) |38 (8.5)

Tried to quit, n (%) 243 (11.3%) 22 (11.4%) BMI, mean =+ SD) 293+51 [270+43* [2804+48*

BMI in kg/m?, mean + SD 27.4 +6.9 29.3 +5.1 BMI >40, n (%) 17 (3.5) 29 (1.0)* 5(1.3)

BMI thresholds, n (%) Education, n (%)
<18.5kg/m? 19 (0.5%) 2 (0.4%) Less than primary school | 68 (14.2) 227 (7.8)* 63 (16.4)
18.5-24.9kg/m? 1,000 (26.4%) 68 (14.2%) Primary school 200 (41.7) 1039 (35.5) | 152 (39.5)
25.0_29.9kg/m2 1,708 (451 %) 205 (42.7%) Se;ondgrycjschool 133 (277) 875 (299) 95 (247)
30.0-39.9kg/m* 1,007 (26.6%) 188 (39.2%) University degree 74 (15.4) 767 (26.2) 70 (18.2)
>40.0kg/m? 51 (1.3%) 17 (3.5%) Symptoms, n (%)

. o Cough 51(10.6) 251 (8.6) 106 (27.5)*

Education, n (%) Phlegm 49(10.2) | 220(7.5)* |102 (26.5)
Lower than primary 358 (9.4%) 68 (14.1%) Dyspnoea 83 (17.3) 180 (6.2)* 112 (29.1)*
Primary 1,393 (36.7%) 200 (41.6%) Wheezing 219 (45.5) 899 (30.7)* 112 (29.1)*
fJeFO”dfitfy 11;?;’ gzg‘;f’; 132 %471:;0; mMRC, mean (SD) 146 (0.71) | 1.17 (0.43) | 1.64 (0.86)

niversity 0% 4% - =
Don't know/don't answer 30 (0.8%) 6 (1.2%) Charlson index, mean (SD)| 0.44 (0.73) | 0.25 (0.55) 0.52 (0.79)

Symptoms, n (%) *p<0.05 in the comparisons of restrictive ventilatory defect versus control and

Cough 409 (10.8%) 51 (10.6%) all COPD participants, respectively.

Phlegm 372 (9.8%) 49 (10.2%) Morbid obesity = BMI >40kg/m?.

Dyspnoea 375 (9.9%) 83 (17.3%) BMI=body mass index, COPD=chronic obstructive pulmonary disease.
Wheezing 1,365 (36.0%) 219 (45.5%)

HISHED ) pmdfded FEV: 290 200 | 763 =117  quality of life and many LCADL activities of daily living than

Pre-BD % predicted FVC b8 il 708 +86  reference participants with ‘normal spirometry’ and

Pre-BD FEV4/FVC 7685 +/7.98 |7847 822 = comparable morbidity to those with COPD. The study also

Post-BD % predicted FEV; 1021 =*193 [ 817 #127  shows that the population distribution of the restrictive

Post-BD % predicted FVC 9.8 163 | 748 %106  ventilatory defect is geographically highly variable, with a

Post-BD FEV1/FVC 7850 #766 |79.40 552  range of 3.7 within the 11 areas surveyed.

Prevalence restrictive,
n (%) [95% Cl]

Severity restrictive, n (%)

481 (12.7%) [9.7% to 15.7%]

Mild 467 97.1%
Moderate 13 2.7%
Severe 1 0.2%

BD=bronchodilator, BMI=body mass index, FEV =forced expiratory volume in 1s,
FVC=forced vital capacity.

Discussion

Main findings

The results of this study show that a spirometrically-defined
restrictive ventilatory defect is a common spirometric finding
(12.7%) which is even more common in the same population
than COPD (10.2%).% It is associated with significant
morbidity including a higher frequency of respiratory
symptoms and worse outcomes in all SGRQ domains of
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Just as the spirometric finding of an obstructive pattern in
a smoker at risk of COPD might be considered to be the
beginning of a diagnostic process* eventually leading to a
lifestyle and/or therapeutic intervention, we propose that
further investigations such as carbon monoxide diffusing
capacity and lung volumes may be indicated when a restrictive
ventilatory defect is documented after high quality spirometry,
even in the absence of other clinical signs and symptoms. At
the primary care level, restrictive disease cannot be diagnosed
solely by spirometry but can be excluded if vital capacity is
normal and, as discussed by Levy et al.,** a restrictive
ventilatory defect finding in primary care requires referral for
measurement of total lung capacity and gas transfer in a
specialised laboratory. Newly available evidence in the primary
care setting has shown that an educational intervention to
minimise the risk of low quality spirometries being influenced
by poor technique (particularly a poor inspiratory or expiratory
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effort) might then lead to a reduction in many unnecessary
secondary care referrals.®

Strengths and limitations of this study

The EPI-SCAN study of restrictive ventilatory defects has
several strengths and limitations. The large sample size,
standardised use of tools and spirometry with the highest
ventilatory quality standards, and equiposity among the investigators
defect (n=481) about the frequency and burden of restrictive ventilatory
LCADL defect can be confirmed, as it was not intended at the
Total 16.4(15.0t017.8) | 15.7 (15310 16.0) | 16.6 (16.0t0 17.3) inception of the protocol or fieldwork to study it further.
Self-care 44(4.2104.6) 42(411042)" | 47(451048 Among the limitations, there were no imaging tests or

Table 3. Score and 95% Cl of the activities of daily living
(LCADL) and health status (EQ-5D and SGRQ)

questionnaires in participants with a restrictive
ventilatory defect compared with reference and COPD
subjects

Reference All COPD
(n=2930) (n=386)

Restrictive

Domestic HEbUBEY 58 ime ) 2ol st pathology associated with the study protocol and no further

Physical 29@61033) 2:5Q:41026) 31301033) respiratory or cardiovascular tests were performed in these

Leisure 3.2(3.0t03.3) 3.1(3.0t03.1) 3.3(3.2t03.4) .. . g .

Eomn participants. We did not conduct specific quality control tests
or further statistical analyses in those participants who were

VAS score 73.1(7121075.0) | 77.2 (756 10 78.8) | 70.9 (69.1 t0 72.7) bl p i b : |

Utity score | 0.90 (0.84 t0 0.96) | 0.90 (085 10 0.95) | 0.86 (0.81 0 0.91)  UNADIE to undergo spirometry to prove obstruction. In a

SGRQ recent publication which focused on high-resolution
computed tomographic imaging and interstitial lung disease,*

Total 16.4(13.01019.9) | 8.8 (7.61010.0* | 21.2(19.2 0 23.2)

Symptoms 213(17.2t0254) | 111 9.7 10 12.5* | 26.7 24.3 t0 29.1) the odds of a restrictive deficit in participants with interstitial
Activity 234 (18.01028.8) | 12.6 (10.7 to 14.5)* | 29.7 (27.0 to 32.4) abnormalities were 2.3 times the odds in participants without
Impact 10.3 (7310 13.3) | 5.6 (4.6 to 6.6)* 14.1 (12.3 10 15.9) such abnormalities.

Interpretation of findings in relation to previously
published work

There is growing evidence for the increased frequency and
associated morbidity and mortality of restrictive spirometry. In
an Italian study conducted in 265 elderly participants (51.9%

*p<0.05 in the comparisons of restrictive ventilatory defect versus control and

all COPD participants, respectively.

COPD=chronic obstructive pulmonary disease, EQ-5D= EuroQol 5 Dimensions
questionnaire, LCADL= London Chest Activities of Daily Living, SGRQ, St George’s
Respiratory Questionnaire, VAS= Visual Analogue Scale

Table 4. Risk factors for a restrictive ventilatory defect: crude and adjusted logistic regression analysis

Variable Threshold Crude odds ratio Adjusted odds ratio Adjusted* odds ratio
(95% Cl) (95% ClI) (95% Cl)
Age 40-49 years (ref.) 1 1 1
50-59 years 1.49 (1.09 to 2.05) 1.43 (1.02 to 1.99) 1.42 (1.01 to 1.99)
60-69 years 4.17 (3.10 to 5.60) 3.75(2.71 t0 5.19) 3.68 (2.65 t0 5.11)
70-80 years 7.87 (5.81 to 10.65) 7.59 (5.37 t0 10.71) 7.41 (5.21 to 10.54)
Gender Female (ref.) 1 1 1
Male 1.77 (1.45 to 2.15) 1.79 (1.42 to 2.28) 1.82 (1.43 to 2.42)
Smoking Never smoker (ref.) 1 1 1
1-14 pack-years 0.62 (0.47 to 0.83) 1.02 (0.74 to 1.40) 0.99 (0.72 to 1.38)
15-30 pack-years 0.80 (0.61 to 1.06) 1.21 (0.88 to 1.67) 1.20 (0.86 to 1.67)
>30 pack-years 1.75 (1.35 to 2.27) 1.64 (1.20 to 2.24) 1.68 (1.22 to 2.32)
Education Less than primary school 3.10 (2.16 to 4.45) 1.54 (1.02 to 2.31) 1.68 (1.10 to 2.59)
Primary school 1.99 (1.50 to 2.65) 1.52 (1.11 to 2.07) 1.53 (1.11 to 2.11)
Secondary school 1.57 (1.17 t0 2.13) 1.58 (1.15 to 2.18) 1.66 (1.20 to 2.31)
University degree (ref.) 1 1 1
Charlson Charlson index score 1.56 (1.36 to 1.79) 1.06 (0.90 to 1.23) 1.10 (0.93 to 1.29)
BMI <18.5kg/m? 1.79 (0.40 to 8.05) 2.72 (0.59 to 12.54) 2.86 (0.61 to 13.44)

18.5-24.9kg/m? (ref.)

1

1

1

25.0-29.9kg/m?

1.94 (1.45 to 2.58)

1.30 (0.96 to 1.77)

1.43 (1.05 to 1.95)

30.0-39.9kg/m’

3.37 (2.51 to 4.53)

2.11(1.54 to 2.90)

2.58 (1.86 to 3.58)

>40.0kg/m?

7.35(3.85 to 14.05)

6.80 (3.38 to 13.69)

8.86 (4.25 to 18.44)

Reference categories: age 40-49 years; female; never smoker; education: university degree; Charlson 0; and normal weight (BMI 18.5-24.9kg/m?).

*Adjustment also by centre. As stated in the text, risks are estimated for the whole EPI-SCAN population in all participants without COPD.

BMI=body mass index, COPD=chronic obstructive pulmonary disease.
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men, age 65-97 years), a restrictive ventilatory defect was
associated with increased mortality. The authors concluded
that the same medical attention should be given to these
patients as to those with an obstructive ventilatory defect
compatible with COPD. Guerra et al. recently reported a 25-
year follow-up study of 2,048 adults; 12% had a restrictive
ventilatory defect at baseline which was associated with an
increased risk of all-cause mortality (adjusted HR 1.7, 95% ClI
1.3 to 2.3) and of life-threatening co-morbidities. Our data
add to these reports, documenting worse health status and
lower activities of daily living compared with individuals with
either ‘normal’ or obstructive spirometry.

Implications for future research, policy and practice
Future studies might further evaluate individuals with a
spirometric finding consistent with restriction by profiling the
clinical diagnosis given after additional tests and evaluations
such as volumes by plethysmography and chest imaging, as
well as obesity and other metabolic assessments. More
longitudinal data are needed to evaluate further the clinical
relevance of a restrictive ventilatory defect.

The reasons for the observed geographical variability
(range 3.7) remain largely unknown. Our previous research on
the geographical variability of COPD (range 2.7) found no
association with COPD mortality or smoking prevalence.?”
Further studies of this variation in other populations are
therefore needed.

Both the Proyecto Latinoamericano de Investigacion en
Obstruccién Pulmonar (PLATINO)* and the Burden of
Obstructive Lung Disease (BOLD)* initiatives have greatly
expanded our knowledge of the worldwide distribution of
COPD. However, it can be hypothesised that these and other
major initiatives that have targeted obstructive spirometry,
irrespective of the COPD definition, have perhaps missed an
important public health target by not exploring the frequency
and outcomes of restrictive spirometry. We therefore
encourage a re-analysis of their data to determine the
population variability, such as in the study conducted within
EPI-SCAN.** Contrary to COPD underdiagnosis,® it is largely
inappropriate to refer to underdiagnosis with restrictive
ventilatory defect. However, we should consider the
magnitude of undertreatment with respiratory medications in
this study. With 73% of patients with restrictive ventilatory
defect not treated with respiratory medications (ranging from
91.3% to 45% in our 11 participating centres; Appendix 2
available online www.thepcrj.org), it can be extrapolated that
more than 2.1 million people in Spain have respiratory
symptoms that are not managed or clinically identified. From
a public health perspective, the combined effects of ageing,
obesity, and cumulative smoking at the population level, all
reaching epidemic levels — in the developed and also in the
developing world — must be emphasised.* There remain
many unknowns regarding the individual and population
burden of obstructive and restrictive airflow limitations — from
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how to define them to how to manage them — both at the
primary care level as well as the secondary care level.*3*
Conclusions

We conclude that a spirometrically-defined restrictive
ventilatory defect is a common and geographically variable
finding, and is associated with an individual burden similar to
that of COPD.
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