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Abstract

Background: Restrictive lung function may indicate various underlying diseases. The

aim of this study was to evaluate the accuracy of different restrictive spirometry

patterns (RSPs) to identify restrictive lung function (total lung capacity [TLC] < lower

limit of normal [LLN]) according to reference values by the Global Lung Function

Initiative (GLI) in a wide age‐ranged, general population sample.

Methods: A general population sample (n = 607, age 23–72 years, smokers 18.8%)

with proper dynamic spirometry and TLC measurements, was included. Accuracy of

two main categories of RSP to identify TLC < LLN were evaluated: traditional RSPs

(definition 1: FVC < 80% of predicted and FEV1/FVC ≥ 0.7 and definition 2: FVC <

LLN and FEV1/FVC ≥ LLN) and RSPs defined by Youden's method (definition 3:

FVC < 85.5% of predicted and FEV1/FVC ≥ LLN and definition 4: FVC Z‐score < −1.0

and FEV1/FVC ≥ LLN).

Results: The prevalence of restrictive lung function (TLC < LLN) was 5.3%. The most

accurate cut‐offs for FVC to identify TLC < LLN were 85.5% for FVC% of predicted,

and −1.0 for FVC Z‐score. The traditional RSP definitions 1 and 2 had higher

specificity (95.0% and 96.9%) but substantially lower sensitivity compared to RSP

definitions 3 and 4.

Conclusion: Based on the GLI reference values, the RSP definition FVC < LLN and

FEV1/FVC ≥ LLN yielded the highest specificity and may appropriately be used to

rule out restrictive lung function. The RSP definition with the most favourable trade‐

off between sensitivity and specificity, FVC < 85.5% of predicted and FEV1/FVC ≥

LLN, may serve as an alternative with higher sensitivity for screening.
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1 | INTRODUCTION

Restrictive lung function may indicate various underlying diseases

that may decrease quality of life and life expectancy (Eriksson

et al., 2013; Godfrey & Jankowich, 2016). Restrictive lung

function is common in several conditions and diseases including

lung and pleural diseases but also obesity, deformities of thorax

and neuromuscular disease, and notably, other conditions than

lung and pleural (Bradley et al., 2008; Stansbury & Mannino,

2009). In addition, the COVID‐19 pandemic may increase

the global prevalence of restrictive lung function due to in-

flammatory response in the lungs (E. et al., 2021; Iversen et al.,

2022; Torres‐Castro et al., 2021). On a population level,

prevalence estimates of restrictive lung function using dynamic

spirometry, that is, restrictive spirometry pattern (RSP), based on

normal forced expiratory volume in a one second (FEV1)/

forced vital capacity (FVC) (or VC) ratios and decreased FVC

(or VC) have yielded results between 6% and 8% in the United

States (Ford et al., 2013; Kurth & Hnizdo, 2015), from 5% to 19%

in Spain (Scarlata et al., 2008), and in Sweden about

10% (Backman et al., 2016).

Decreased total lung capacity (TLC) is the gold standard

measure of restrictive lung function and referral to a pulmonary

function laboratory is necessary in the diagnostic pro-

cess (Bradley et al., 2008; Godfrey & Jankowich, 2016; Pellegrino

et al., 2005; Wanger et al., 2005). In clinical practice, RSP has

been used for a primary screening to increase diagnostic feasi-

bility and reduce unnecessary lung volume testing, as advocated

by the current ERS/ATS guidelines (Pellegrino et al., 2005),

mostly to rule out restrictive pulmonary concerns. However, a

study of patients referred to a tertiary care pulmonary function

laboratory showed that only 41% with the FVC < lower limit of

normal (LLN) and FEV1/FVC ≥ LLN pattern also had TLC <

LLN (Aaron et al., 1999). Despite several studies on RSP (Aaron

et al., 1999; D'Aquino et al., 2010; Glady et al., 2003; Torén et al.,

2020; Vandevoorde et al., 2008), there is no clear consensus on

the most accurate definition of RSP to rule out pulmonary re-

striction (Godfrey & Jankowich, 2016). In addition, most previous

studies in the field have applied older reference values for

spirometry and lung volumes (Crapo et al., 1982; Quanjer et al.,

1993; Torén et al., 2020; Vandevoorde et al., 2008) mainly in

selected patient populations (Crapo et al., 1982; Quanjer et al.,

1993; Vandevoorde et al., 2008). There is also only one recent

population‐based estimate of the prevalence of restrictive lung

function based on TLC measurements, at 5.4%, however, this

result was based on examinations of a population in a narrow age

range (Torén et al., 2020).

The aim of this study was to evaluate the accuracy of different

RSPs to identify restrictive lung function defined as TLC < LLN ac-

cording to the 2021 reference values for TLC by the Global Lung

Function Initiative (GLI; Hall et al., 2021). The secondary aim was to

estimate the prevalence of restrictive lung function in a wide age‐

ranged population sample.

2 | METHODS

The study was conducted within the Obstructive Lung Disease in

Northern Sweden (OLIN) research programme. In 1992, a general

population sample of 5681 individuals in ages 20–72 years, living in

Norrbotten County in Northern Sweden, was invited to participate in

a postal questionnaire survey on respiratory diseases and symptoms.

Of these, 4851 (85%) responded and in 1994–1995 a random sample

of the responders (n = 970) was invited to clinical examina-

tions (Lindberg et al., 2005). Structured interviews and lung function

testing including pre‐ and post‐bronchodilator (BD) spirometry, static

lung volumes and diffusing capacity according to the American

Thoracic Society (ATS) recommendations (AmericanThoracic Society,

1987, 1991) were conducted. Exclusion criteria for lung function

testing included a recent myocardial infarction (within 1 month) or a

limited ability to cooperate for other reasons (Miller et al., 2005).

Overall, 664 participated in the study, among which both spirometry

and static lung volumes that met appropriate quality requirements

(American Thoracic Society, 1987, 1991; Wanger et al., 2005) were

obtained in 607 individuals (age range 23–72 years). The ethical

approval for this study was provided by the Regional Ethical Review

Board at Umeå University (DNR 1991‐236). The study adheres to the

Strengthening the Reporting of Observational Studies in Epidemiol-

ogy (STROBE) guidelines.

2.1 | Static lung volumes

All pulmonary volume measurements were obtained with the same

methodology and device. Functional residual capacity (FRC) was

evaluated from the volume of thoracic gas, measured in a body ple-

thysmograph (Sensormedics Autobox 6200). Inspiratory and ex-

piratory volumes were thereafter evaluated from the volume flow in

a mass flow sensor (Sensormedics 2200). At least three sufficient

measurements were required. Peak to peak variation of the oral

pressure was not allowed to exceed 2 kPa. Open pressure‐volume‐

loops were disregarded. The mean value of three FRC measurements

was calculated and this value should not deviate from the single

measurements with more than 5%. TLC was calculated as FRC + the

highest value of inspiratory capacity (IC). One trained laboratory

technician, with more than 20 years of experience in lung function

testing, performed all measurements. Pre‐bronchodilator values were

used in this study, and the GLI 2021 reference values were ap-

plied (Hall et al., 2021).

2.2 | Spirometry

Flow‐volume curves were recorded with a dry volume spirometer

(Mijnhardt, Vicatest 5). At least three sufficient recordings were re-

quired, the highest values of FVC and FEV1 were used for calculation

of an FEV1/FVC ratio. The chosen values were not allowed to exceed

the second highest with more than 5%, or 100ml for values below
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1 L. Pre‐bronchodilator values were used in this study. All spirometry

measurements were performed by nurses specially trained for this

purpose. The GLI 2012 reference values were applied (Quanjer

et al., 2012).

2.3 | Definitions

The definition of decreased total lung volume, that is, a restrictive

lung function, was TLC < LLN, in accordance with current guidelines

(Pellegrino et al., 2005), with the LLN defined as the fifth percentile

of the GLI reference values (Hall et al., 2021). Accuracy of two main

categories of RSPs to identify TLC < LLN were evaluated: (a) tradi-

tional, that is, commonly used in epidemiological studies (Godfrey &

Jankowich, 2016), and European Respiratory Society/American

Thoracic Society (ERS/ATS) guideline‐suggested (Pellegrino et al.,

2005) RSPs and (b) RSPs defined by Youden's method (Youden, 1950)

based on the study sample. The traditional RSPs (Godfrey &

Jankowich, 2016) were defined as a combination of decreased FVC

and a normal or increased FEV1/FVC ratio as follows:

Definition 1. (Godfrey & Jankowich, 2016): FVC < 80% of predicted

and FEV1/FVC ≥ 0.7.

Definition 2. (Pellegrino et al., 2005): FVC < LLN and FEV1/

FVC ≥ LLN.

The RSPs defined by Youden's method were defined based on

cut‐offs with the highest Youden index for the spirometry measures

in the study sample as follows:

Definition 3. FVC < [new cut‐off for FVC% of predicted] and FEV1/

FVC ≥ LLN.

Definition 4. FVC < [new cut‐off for FVC Z‐score] and FEV1/

FVC ≥ LLN.

2.4 | Statistics

The study data were analysed with SPSS (IBM SPSS Statistics for

Macintosh, Version 26.0. Armonk, NY: IBM Corp). Chi‐square test

was used to compare proportions, and Student's t‐test to compare

means. p values < 0.05 from two‐sided tests were considered statis-

tically significant. Sensitivity, specificity and positive and negative

predictive values were calculated for the respective RSPs ability to

identify TLC < LLN. The equation used to calculate test efficiency

TABLE 1 Overall characteristics and lung function measures among all participants and stratified by sex

Parameter
All Men Women

pn = 607 n = 311 n = 296

Restrictive lung function (TLC < LLN), n (%) 32 (5.3) 15 (4.8) 17 (5.7) 0.612

Age (years) 48.6 ± 12.5 49.4 ± 12.2 47.8 ± 13 0.123

Height (cm) 170.7 ± 9.1 177.1 ± 6.5 163.8 ± 5.8 <0.001

Body mass index (kg/m2) 25.6 ± 3.5 26.0 ± 3.1 25.3 ± 4.0 0.013

Never‐smoker, n (%) 269 (44) 126 (41) 143 (48) 0.059

Ex‐smoker,a n (%) 179 (29) 115 (37) 64 (22) <0.001

Smoker, n (%) 159 (26) 70 (23) 89 (30) 0.032

Any wheeze last 12 months, n (%) 213 (35) 105 (34) 108 (36) 0.463

TLC% of predicted 99.2 ± 11.7 98.6 ± 11.1 99.9 ± 12.2 0.182

TLC Z‐score −0.084 ± 0.99 −0.12 ± 0.96 −0.04 ± 1.01 0.307

FEV1% of predicted 92.7 ± 15.6 92.8 ± 15.7 92.5 ± 15.6 0.795

FEV1 Z‐score −0.51 ± 1.1 −0.49 ± 1.1 −0.53 ± 1.1 0.688

FVC% of predicted 94.7 ± 13.4 94.1 ± 13.0 95.5 ± 13.7 0.192

FVC Z‐score −0.38 ± 0.97 −0.43 ± 0.95 −0.32 ± 1.0 0.150

FEV1/FVC 0.80 ± 0.024 0.79 ± 0.020 0.81 ± 0.023 <0.001

FEV1/FVC Z‐score −0.29 ± 1.0 −0.17 ± 1.0 −0.41 ± 1.0 0.004

FEV1/FVC < LLN, n (%) 56 (9) 27 (9) 29 (10) 0.635

Note: Results presented as mean ± SD unless otherwise stated.

Abbreviations: FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; LLN, lower limit of normal; n, number; SD, standard deviation; TLC, total

lung capacity.
aEx‐smoker = smoked for at least 1 year but not during the last 12 months.
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was: (∑true positive cases +∑true negative cases)/∑overall cases.

Receiver operating characteristic (ROC) curves and area under the

curves (AUROC) were calculated to determine accuracy. The most

accurate cut‐off values for the two new RSPs were defined with

Youden's method (Youden, 1950) from the coordinate tables for re-

spective AUROC. Youden's method (Youden index = sensitivity +

specificity − 1) is an acknowledged way to define the highest com-

bination of sensitivity and specificity for a cut‐off for a specific

variable.

Sensitivity analysis was conducted by use of VC, that is, the

highest of forced and slow vital capacity, instead of FVC.

3 | RESULTS

The prevalence of restrictive lung function defined as TLC < LLN was

5.3%, and there were no differences between men and women

(Table 1). Basic characteristics did not differ significantly between the

groups with and without restrictive lung function (Table 2). Spiro-

metry values were lower in individuals with restrictive lung function

versus those without, with FEV1 percent of predicted 77.4% versus

93.5%, p < 0.001, and FVC% of predicted 76.3% versus 95.8%,

p < 0.001. Mean TLC% of predicted and Z‐score was 100.5% and

0.03, respectively, among those without restrictive lung function

(Table 2). In addition, mean (±SD) TLC Z‐scores and TLC% of

predicted were −0.18 ± 0.92 and 97.6 ± 12.8, respectively, in never‐

smokers with no self‐reported or doctor‐diagnosed asthma, chronic

bronchitis or emphysema (Figure 1). There were no differences inTLC

or spirometry values expressed as per cent of predicted, or Z‐scores,

by sex.

The most accurate cut‐offs for RSPs defined by Youden's method

were for FVC% of predicted 85.5%, FVC Z‐score −1.0, FEV1% of

predicted 87.5%, and FEV1 Z‐score −0.98. Of these, FVC Z‐score

(cut‐off −1.0) and FVC% of predicted (cut‐off 85.5%) had superior

sensitivity, specificity and AUROC with very narrow 95% confidence

intervals compared to both per cent of predicted and Z‐score for

FEV1 (Figures 2 and 3 and Table 3). In addition, FEV1/FVC ratio (cut‐

off 79.3%) and FEV1/FVC Z‐score (cut‐off −0.457) had both low

AUROC (0.597 and 0.615, p = 0.064 and p = 0.029, respectively). The

cut‐offs with best accuracy for identifying TLC < LLN (i.e., FVC% of

predicted and FVC Z‐score) were applied in the RSP Definitions 3 and

4 (Table 4).

The prevalence of RSP Definitions 1–4 was 7.4%, 5.4%, 18.5% and

20.6%, respectively. The traditional RSP Definitions 1 and 2 had higher

specificity, but substantially lower sensitivity compared to the RSP

Definitions 3 and 4 by Youden's method (Table 4). Among the single

spirometry measures, FVC<85.5% and FVC Z‐score <−1.0 yielded

equivalent negative predictive values but slightly lower test efficiency

compared to RSP Definitions 1–4 (Tables 3 and 4). However, the tradi-

tional RSP Definitions 1 and 2 had higher specificity (i.e., ability to rule out

the disease) compared to all other RSPs (Table 4). The overlap of the

different RSP definitions and restrictive lung function is illustrated by

proportional Venn diagrams (Figures 4 and S1). Similar results regarding

accuracy and prevalence of RSP Definitions 1–4 were found by using VC

instead of FVC. This data is presented in Supporting Information file 2.

4 | DISCUSSION

The accuracy of four definitions of RSP to identify restrictive lung

function (TLC < LLN) according to the 2021 GLI reference values

were evaluated in this population‐based study (Hall et al., 2021).

The ERS/ATS guideline supported definition for RSP of FVC < LLN

and FEV1/FVC ≥ LLN had the best ability to rule out those not

having restrictive lung function, while FVC < 85.5% and FEV1/

FVC ≥ LLN had the best ability to identify those with restrictive

lung function. Moreover, the prevalence of restrictive lung

TABLE 2 Characteristics and lung function measures in
individuals with and without restrictive lung function defined by
TLC < LLN

Parameter
Restrictive lung
function, n = 32

No restrictive
lung
function, n = 575 p

Age 51.4 ± 11.6 48.4 ± 12.6 0.187

Female sex, n (%) 17 (53.1) 279 (48.5) 0.612

Height 168.5 ± 8.8 170.8 ± 9.1 0.166

Body mass index
(kg/m2)

26.1 ± 4.2 25.6 ± 3.5 0.406

Never‐smoker,
n (%)

15 (46.9) 254 (44.2) 0.756

Ex‐smoker,a n (%) 11 (34.4) 168 (29.2) 0.538

Smoker, n (%) 6 (18.8) 153 (26.6) 0.323

PD asthma 6 (18.8) 55 (9.6) 0.093

PD emphysema or
chronic
bronchitis

2 (6.3%) 31 (5.4%) 0.326

TLC% of predicted 76.7 ± 5.2 100.5 ± 10.6 <0.001

TLC Z‐score −2.1 ± 0.5 0.03 ± 0.9 <0.001

FEV1% of
predicted

77.4 ± 13.3 93.5 ± 15.3 <0.001

FEV1 Z‐score −1.6 ± 0.9 −0.4 ± 1.1 <0.001

FVC% of predicted 76.3 ± 10.7 95.8 ± 12.7 <0.001

FVC Z‐score −1.7 ± 0.8 −0.3 ± 0.9 <0.001

FEV1/FVC 0.8 ± 0.02 0.8 ± 0.02 0.338

FEV1/FVC Z‐score 0.1 ± 0.8 −0.3 ± 1.0 0.020

Note: Results presented as number and proportion (%) of individuals and/
or mean ± SD unless otherwise stated.

Abbreviations: FEV1, forced expiratory volume in 1 s; FVC, forced vital
capacity; LLN, lower limit of normal; PD, physician diagnosis; SD, standard
deviation; TLC, total lung capacity.
aEx‐smoker = smoked for at least 1 year but not during the last 12
months.
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function was 5.3% in our adult sample. Importantly, TLC was

clearly centred around 100% of predicted and Z‐score 0 in those

without restrictive lung function, indicating an appropriate fit for

the 2021 GLI reference values for static lung volumes in this

Swedish population.

The ERS/ATS guideline suggests using the LLN for defining a

normal FEV1/VC ratio along with low VC as primary screening for

restrictive lung function (Pellegrino et al., 2005). As FVC today is the

most commonly assessed measure of vital capacity, and as it per-

forms similarly as VC in this setting (Glady et al., 2003), we used FVC

instead of VC in our definitions of RSP, in line with most other

studies (Aaron et al., 1999; Ford et al., 2013; Glady et al.,

2003; Godfrey & Jankowich, 2016; Kurth & Hnizdo, 2015; Torén

et al., 2020). Of importance, the ERS/ATS guideline supported defi-

nition (Pellegrino et al., 2005) of RSP yielded a similar prevalence as

observed regarding TLC < LLN, that is, 5.4% compared to 5.3%, as

well as compared to a 5.4% prevalence of TLC < LLN in another

Swedish study (Torén et al., 2020). In contrast, the two RSPs defined

by Youden's method both overestimated the prevalence of restrictive

lung function almost fourfold, a prevalence substantially higher also

compared with previous reports on RSP prevalence (Backman

et al., 2016; Torén et al., 2020). In line with results from others (Aaron

et al., 1999), all the combined RSP definitions, that is, including also

the FEV1/FVC ratio, are preferable to single spirometry values to

detect signs of restrictive lung function, as both FVC% of predicted

and FVC Z‐score as single measures had slightly lower test efficiency

and substantially lower specificity compared to the combined RSPs.

The lower sensitivity of the traditional definitions of RSPs is

explained by lower cut‐off for FVC < 80% of predicted compared to

FVC < 85.5% of predicted defined by Youden´s method. This is well

in line with previous findings based on patient‐based materials (Glady

et al., 2003) that cut‐offs around 85% for FVC % of predicted may be

both most accurate and should be applied in a clinical setting instead

of the conventional cut‐off at 80% of predicted. In line with our

results, other studies have indicated that about half or less of patients

with FVC < LLN and FEV1/FVC ≥ LLN (Aaron et al., 1999) in fact have

TLC < LLN, and similar results have been seen for the RSP FVC < 85%

and FEV1/FVC ≥ 0.55 (Glady et al., 2003). Importantly, according to

the 2021 GLI reference values (Hall et al., 2021), FVC% of predicted

<85.5% or FVC Z‐score < −1.0 performed similarly well regarding

ability to identify restrictive lung function. Additionally, FVC per-

formed similarly as VC, that is, no noteworthy differences between

FVC and VC derived RSPs regarding prevalence or accuracy to

identify TLC < LLN were found in this cohort.

F IGURE 1 Histogram of frequency distribution for total lung
capacity (TLC) Z‐scores in never‐smokers with no self‐reported or
doctor‐diagnosed asthma, chronic bronchitis or emphysema (n = 228).
Grey bars indicate TLC Z ≥ LLN while black bars indicate TLC
Z < LLN. LLN, lower limit of normal

F IGURE 2 Receiver operating characteristic
(ROC) curves for the ability of FVC Z‐score
(AUROC: 0.904, 95% CI: 0.867–0.941) and FVC%
of predicted (AUROC: 0.900, 95%
CI: 0.863‐0.937) to identify restrictive lung
function (TLC < lower limit of normal)
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It is essential to take into account the importance of sensitivity

and specificity in relation to the purpose of performing the test in

terms of ‘ruling out’ or ‘overall screening’. When assessing an in-

dividual patient, it is important to prioritize specificity if the aim is to

accurately rule out those not having restrictive lung function and

avoid unnecessary referral to pulmonary function laboratory for

testing of static lung volumes. In many epidemiologic and clinical

screening studies, identification of only ‘true’ cases with a disease

F IGURE 3 Receiver operating characteristic
(ROC) curves for the ability of FEV1 Z‐score
(AUROC: 0.814, 95% CI: 0.755–0.872) and
FEV1% of predicted (AUROC: 0.812, 95%
CI: 0.754–0.870) to identify restrictive lung
function (TLC < lower limit of normal)

TABLE 3 Accuracy for spirometry measures to discriminate restrictive lung function (TLC < LLN)

Parameter Sensitivity (%) Specificity (%) AUROC (95% CI) p

FVC Z‐score (cut‐off −1.0) 87.5 79.1 0.904 (0.867–0.941) <0.001

FVC% of predicted (cut‐off 85.5%) 90.6 81.7 0.900 (0.863–0.937) <0.001

FEV1 Z‐score (cut‐off −0.98) 81.3 71.8 0.814 (0.755–0.872) <0.001

FEV1% of predicted (cut‐off 87.5%) 81.3 71.0 0.812 (0.754–0.870) <0.001

FEV1/FVC (cut‐off 79.3%) 65.6 52.9 0.597 (0.505–0.689) 0.064

FEV1/FVC Z‐score (cut‐off −0.457) 71.9 39.8 0.615 (0.519–0.710) 0.029

Note: The optimal cut‐off values, sensitivity and specificity for respective parameter are defined by Youden's method (i.e., highest Youden's index).

Abbreviations: AUROC, area under the ROC curve; CI, confidence interval; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; LLN, lower
limit of normal; RSP, restrictive spirometry pattern; TLC, total lung capacity; Z‐score, standardized residual.

TABLE 4 Overall performance and accuracy of different restrictive spirometry patterns (RSP) to discriminate restrictive lung function
(TLC < LLN)

RSP Efficiency Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Definition 1: FVC < 80% of pred and FEV1/FVC ≥ 0.7 0.93 50.0 95.0 35.6 97.2

Definition 2: FVC < LLN and FEV1/FVC ≥ LLN 0.94 46.9 96.9 45.5 97.0

Definition 3: FVC < 85.5% of preda and FEV1/FVC ≥ LLN 0.86 90.6 85.6 25.9 99.4

Definition 4: FVC Z‐score < −1.0a and FEV1/FVC ≥ LLN 0.83 87.5 83.1 24.4 99.2

FVC < 85.5% of preda 0.82 90.6 81.7 21.6 99.4

FVC Z‐score < −1.0a 0.80 87.5 79.1 18.9 99.1

Note: The prevalence of RSP Definitions 1–4 was 7.4% (45/607), 5.4% (33/607), 18.5% (112/607) and 20.6% (125/607), respectively.

Abbreviations: FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; LLN, lower limit of normal; NPV, negative predictive value; PPV, positive
predictive value; RSP, restrictive spirometry pattern; TLC, total lung capacity, % of pred, percent of predicted value.
aThe best cut‐off defined by Youden's method. PPV, NPV, sensitivity and specificity were calculated from cross‐tabulations.
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may be most important, that is, to accurately rule out those without

the disease. In comparison, when utilizing overall screening and as-

sessing population prevalence, the trade‐off between sensitivity and

specificity may be most important. Sensitivity should be prioritized in

settings where it is imperative to find all cases, for example, in a

setting with highly contagious diseases with severe outcome.

Somewhat contrasting, Glady et al. (2003) emphasized the im-

portance of sensitivity rather than specificity of RSP in screening for

restrictive lung function. Especially in rural or geographically large

areas, as our study area, travelling logistics to and from the pul-

monary function laboratory may add additional costs on top of those

for the testing. Nevertheless, regardless of screening test and ap-

proach used, for a definitive diagnosis of restrictive lung function, a

measurement of TLC is needed (Aaron et al., 1999; Crapo,

1994; Pellegrino, 2005).

For a proper diagnostic accuracy, there is a need for reference values

estimated with state‐of‐the‐art methods that cover wide age spans. An

important step is to make sure that the selected reference values fit the

population under study as this undoubtedly will affect the out-

come (Backman et al., 2015). In Sweden, the Hedenström reference va-

lues (Hedenstrom et al., 1985, 1986), a Swedish standard material

published in the 1980s including dynamic spirometry, static lung volumes

and diffusing capacity, has been commonly used. ERS Task Forces have

contributed with the GLI multiethnic, wide age‐ranged reference values

for spirometry published 2012 (Quanjer et al., 2012) and now for static

lung volumes in 2021 (Hall et al., 2021) for individuals of European an-

cestry. The GLI 2021 reference material for lung volumes does not in-

clude Swedish data, but importantly, our results indicated an appropriate

fit for this Swedish sample. Notably, the % predicted values did not quite

align in this sample when using the GLI reference values (Quanjer et al.,

2012) for FEV1 and FVC (93% and 95% of predicted) and the GLI re-

ference values (Hall et al., 2021) for TLC (99% of predicted). Previous

results have also revealed some weaknesses regarding fit for the GLI

reference values for spirometry (Quanjer et al., 2012) in the Swedish

population (Backman et al., 2015). This should be taken into consideration

when interpreting spirometry results in the context of RSPs.

5 | LIMITATIONS AND STRENGTHS
OF THE STUDY

Due to relatively low prevalence, the absolute number of cases with

TLC < LLN was low, and thus some bias in the estimates of sensitivity

and specificity for the RSPs cannot be ruled out. However, as the

results indicated proper fit for the 2021 GLI reference values for

static lung volumes, the prevalence estimates should be considered

reliable and generalizable. Further, the participation rate was high,

and a nonresponder study performed within OLIN indicated only

limited or no bias (Raisanen et al., 2020). To our knowledge, no

previous studies in this study field have utilized established methods

by Youden to identify the most favourable cut‐off for FVC and VC. In

addition, repeated method quality controls were performed

throughout the study and the spirometers were calibrated every

morning on each study day. Finally, despite being performed ac-

cording to the guidelines in practice at the time of data collection, we

acknowledge that a more recent study potentially could find slightly

different prevalence estimates, for example, due to different popu-

lation characteristics in terms of smoking habits, diet, sedentary

lifestyle and BMI.

6 | CONCLUSION

Based on the GLI reference values for lung volumes, the prevalence

of restrictive lung function defined as TLC < LLN was 5.3%. The ERS/

ATS guideline‐defined RSP (FVC < LLN and FEV1/FVC ≥ LLN) yielded

F IGURE 4 Proportional Venn diagrams for
overlap between two different restrictive
spirometry patterns (RSPs) and restrictive lung
function (TLC < lower limit of normal)
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the highest test efficiency and specificity. The RSP with the most

favourable trade‐off between sensitivity and specificity (FVC < 85%

of predicted and FEV1/FVC ≥ LLN) may serve alternative possibilities

with higher sensitivity for screening of restrictive lung function.

Furthermore, the results indicated a proper fit for the GLI reference

values for static lung volumes in this Swedish population.
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