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IMPORTANCE According to numerous current guidelines, the diagnosis of chronic obstructive

pulmonary disease (COPD) requires a ratio of the forced expiratory volume in the first second

to the forced vital capacity (FEV1:FVC) of less than 0.70, yet this fixed threshold is based on

expert opinion and remains controversial.

OBJECTIVE To determine the discriminative accuracy of various FEV1:FVC fixed thresholds for

predicting COPD-related hospitalization andmortality.

DESIGN, SETTING, AND PARTICIPANTS The National Heart, Lung, and Blood Institute (NHLBI)

Pooled Cohorts Study harmonized and pooled data from 4 US general population–based

cohorts (Atherosclerosis Risk in Communities Study; Cardiovascular Health Study; Health,

Aging, and Body Composition Study; andMulti-Ethnic Study of Atherosclerosis). Participants

aged 45 to 102 years were enrolled from 1987 to 2000 and received follow-up longitudinally

through 2016.

EXPOSURES Presence of airflow obstruction, which was defined by a baseline FEV1:FVC less

than a range of fixed thresholds (0.75 to 0.65) or less than the lower limit of normal as

defined by Global Lung Initiative reference equations (LLN).

MAIN OUTCOMES ANDMEASURES The primary outcomewas a composite of COPD

hospitalization and COPD-relatedmortality, defined by adjudication or administrative criteria.

The optimal fixed FEV1:FVC threshold was defined by the best discrimination for these

COPD-related events as indexed using the Harrell C statistic from unadjusted Cox

proportional hazards models. Differences in C statistics were compared with respect to less

than 0.70 and less than LLN thresholds using a nonparametric approach.

RESULTS Among 24 207 adults in the pooled cohort (mean [SD] age at enrollment, 63 [10.5]

years; 12 990 [54%] women; 16 794 [69%] non-Hispanic white; 15 181 [63%] ever smokers),

complete follow-up was available for 11 077 (77%) at 15 years. During a median follow-up of 15

years, 3925 participants experienced COPD-related events over 340 757 person-years of

follow-up (incidence density rate, 11.5 per 1000 person-years), including 3563 COPD-related

hospitalizations and 447 COPD-related deaths. With respect to discrimination of

COPD-related events, the optimal fixed threshold (0.71; C statistic for optimal fixed threshold,

0.696) was not significantly different from the 0.70 threshold (difference, 0.001 [95% CI,

−0.002 to 0.004]) but was more accurate than the LLN threshold (difference, 0.034 [95%

CI, 0.028 to 0.041]). The 0.70 threshold provided optimal discrimination in the subgroup

analysis of ever smokers and in adjustedmodels.

CONCLUSIONS AND RELEVANCE Defining airflow obstruction as FEV1:FVC less than 0.70

provided discrimination of COPD-related hospitalization andmortality that was not

significantly different or was more accurate than other fixed thresholds and the LLN. These

results support the use of FEV1:FVC less than 0.70 to identify individuals at risk of clinically

significant COPD.
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C
hronic obstructive pulmonary disease (COPD) is the

third leading cause of deathworldwide.1 In the United

States, theprevalenceofCOPDisestimated tobe24mil-

lion, of which half remains undiagnosed.2 Confusion regard-

inghowtodiagnoseairflowobstruction, themajorphysiologi-

cal feature of COPD, remains amajor hurdle to improving care

for patients with COPD.3,4

Major respiratory society guidelines recommenddiagnos-

ing airflowobstructionwhen the ratio of the forced expiratory

volume in the first second to the forced vital capacity (FEV1:

FVC) is less than a fixed threshold of 0.70.5-7 This approach is

analogous to current clinical approaches to hypertension and

diabetes, for which the identification of fixed disease thresh-

olds has resulted in significant improvements in early detec-

tion and treatment.8,9 However, there remains no rigorous,

population-basedevidencetosupport the0.70threshold,which

was set by expert opinion as the FEV1:FVC threshold for defin-

ing clinically significant airflow obstruction.

The selection of a threshold for defining airflow obstruc-

tion has major implications for patient care and public health

as the prevalence of airflow obstruction can vary by as much

as 33% depending on which threshold is selected.10 To ac-

countfordifferences inFEV1:FVCaccordingtodemographic fac-

tors,airflowobstructioncanbedefinedbyanFEV1:FVClessthan

the lower limit of normal (LLN), which can be predicted from

population-basednormativedataadjustedforage,sex, race,and

height.11,12However, in addition to pragmatic issues, concerns

regarding the LLN approach include the premise that low ab-

solute levels of lung function couldbe interpretedasnormal in

women, individuals who are not white, or elderly individuals.

The aim of this study was to determine the discrimina-

tive accuracy of various FEV1:FVC fixed thresholds for pre-

dicting COPD-related hospitalization andmortality in a large,

multiethnic, US general population–based sample of adults.

Methods

Study Population

TheNationalHeart, Lung, andBlood Institute (NHLBI) Pooled

Cohorts Studyharmonizeddata from9USgeneralpopulation–

based studies that collected spirometrydata.13The current re-

port is limited to4cohorts that completed follow-up forCOPD-

relatedclinicalevents: theAtherosclerosisRisk inCommunities

Study (ARIC)14; Cardiovascular Health Study (CHS)15; Health,

Aging and Body Composition Study (Health ABC)16; and the

Multi-Ethnic Study of Atherosclerosis (MESA).17 CHS and

Health ABC were designed to study older adults, whereas

ARIC and MESA included both middle-aged and older adults

(eTable 1 in the Supplement).17 All studies were approved by

institutional review boards at participating institutions, and

all participants provided written informed consent. Second-

ary data analysis for thisworkwas approved by the Columbia

University institutional review board.

Spirometry

Spirometry was performed using water-seal, dry-rolling seal

or flow-sensing spirometers in accordancewith theAmerican

Thoracic Society criteria and quality controlled using 2005

criteria.18 Tominimize measurement error, only participants

with valid spirometrymeasurementswere retained for analy-

ses. Using the Global Lung Function Initiative approach, pre-

dicted values were calculated based on age, sex, race, and

height, and the LLN for the FEV1:FVC was defined as the

5th percentile of the distribution of the standard deviation

(Ζ score).12 National Health and Nutrition Examination Sur-

vey (NHANES) III spirometric reference equations were used

in secondary analyses.11

Outcomes

The primary outcome was a composite of COPD-related mor-

tality and COPD-related hospitalization. A clinical events

committee adjudicated COPD-related clinical events in

Health ABC (hospitalizations and deaths) and CHS (deaths

only). For hospitalizations and deaths in ARIC and MESA and

for nonfatal hospitalizations in CHS, International Classifica-

tion of Diseases, Ninth Revision and International Classifica-

tion of Diseases, Tenth Revision (ICD-9; ICD-10) codes were

used to classify COPD-related events (COPD: ICD-9, 496 and

ICD-10, J44; chronic bronchitis: ICD-9, 490-491 and ICD-10

J40-J42; and emphysema: ICD-9, 492 and ICD-10, J43), fol-

lowing a previously validated protocol.13 The primary out-

come, a COPD-related event, was defined as first hospitaliza-

tion or death adjudicated as primarily or secondarily

attributable to COPD or, if adjudication was lacking, events

with COPD listed in any diagnosis field. In prior work in

MESA, 82% of such administratively defined events were

confirmed by a physician as evidence of clinical COPD.17,19

In sensitivity analyses, COPD-related eventsweredecom-

posed into COPD-related hospitalizations and COPD-related

mortality. Also, only those events adjudicatedor ICD coded as

primarily caused byCOPDwere separately assessed. This end

pointwaspreviously found tohave apositivepredictive value

of 97% for physician-adjudicated exacerbations.19

Key Points

Question What is the discriminative accuracy of various

thresholds for the ratio of the forced expiratory volume in the first

second to the forced vital capacity (FEV1:FVC) for predicting

chronic obstructive pulmonary disease (COPD)-related

hospitalization andmortality?

Findings Among 24 207 participants from 4 US general

population–based cohorts, the optimal fixed threshold for

discriminating COPD-related events was 0.71 (C statistic for the

optimal fixed threshold, 0.696). The discriminative accuracy of the

0.71 threshold was not significantly different than that of the 0.70

threshold (difference, 0.001) but it was more accurate than a

lower-limit-of-normal threshold derived from population-based

reference equations (difference between the optimal ratio

threshold vs themodel using the LLN threshold, 0.034). The 0.70

threshold provided optimal discrimination in a subgroup analysis

of ever smokers and in adjustedmodels.

Meaning These results support the use of FEV1:FVC less than

0.70 to identify individuals at risk of clinically significant COPD.
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Covariates

Age and sex were self-reported at enrollment. Race was self-

reported according to fixed categories. The cohorts did not

include a separate question regarding ethnicity, although

MESA and Health ABC participants were asked to self-report

as white, black, Asian/Pacific Islander, or Hispanic/Latino

race/ethnicity (eTable 1 in the Supplement). Race/ethnicity

was included as a covariate since this study aimed to evalu-

ate discriminative accuracy in amultiethnic US general popu-

lation setting, and race/ethnicity has been associated with

lung function and COPD risk.20 Current smoking status and

pack-years were assessed at baseline by self-report, with bio-

chemical verification in a subset.21 Lifetime smoking status

was classified as never or ever by comparison of self-reported

smoking status over all available examinations.13 Height was

measured using standard methods. Due to the extensive

quality control and harmonization efforts performed in the

NHLBI Pooled Cohorts Study,13 missing covariate data at

enrollment were rare (<1% [eFigure 1 in the Supplement]).

Statistical Analyses

The incidence density rate (IDR) of COPD-related events per

1000 person-years of follow-up was plotted by initial FEV1:

FVC, which was stratified by 0.01 increments over the range

of 0.40 to 0.80, as was the IDR for all participants with FEV1:

FVC less than the LLN. The functional form of the relation-

ship between the FEV1:FVC and the IDR was explored by use

of deviance statistics.

Toevaluate thediscriminativeaccuracyofdifferent thresh-

old-baseddefinitions for airflowobstruction, airflowobstruc-

tion was dichotomized according to 11 fixed-ratio definitions

(0.01decrementsover the interval of0.75 to0.65) and theLLN

definition.Each fixed-thresholddefinitionwasmodeled sepa-

rately usingCoxproportional hazardsmodels. Time-to-event

dataweredefined as time sincemeasurement of FEV1:FVC for

each individual. Non-COPD mortality and loss to follow-up

were treatedas censoringevents. Theproportionalhazards as-

sumption was confirmed by Kaplan-Meier curves and re-

sidual plots.

The criterion for identifying the optimal fixed threshold

was defined a priori as the threshold that generated the high-

est Harrell C statistic, which is a rank-correlation measure of

the concordance between observed and predicted outcomes

in the setting of censored survival data.22,23 The Harrell C sta-

tistic is an estimate of the area under the curve for a receiver

operating characteristic curve that adjusts for censoring.

C statistics were compared between the optimal ratio thresh-

old model, the 0.70 threshold model, and the LLN threshold

model. Formal statistical comparisons of C statistics (differ-

ence in C statistics from the model using the optimal ratio

threshold vs the model using the 0.70 threshold and the dif-

ference in C statistics from the model using the optimal ratio

threshold vs the model using the LLN threshold) were per-

formed using a nonparametric approach to compare 2 corre-

lated C statistics with right-censored survival outcomes.24

Model fit was assessed by the Brier score.25

The same unadjusted Cox proportional hazards models

wereused tocalculate classification rates foreach fixed thresh-

old and the LLN. Based on the sensitivity (true positive rate)

and specificity (true negative rate) of each threshold, the

Youden index (sensitivity + specificity−1)was calculated.26 In

the primary analyses, which included a single binary predic-

tor,maximizing theHarrell C statisticwas equivalent tomaxi-

mizing the Youden index. Because the Youden index assigns

equal utility to sensitivity and specificity, which may not be

consistent with clinical priorities, public health priorities, or

both, a weighted Youden index was plotted across a range of

potential relativeweights for sensitivity andspecificity.27Posi-

tive predictive value and negative predictive value were also

calculated based on the observed event rates.

As sensitivity analyses, stratified models were per-

formed according to smoking status and sex. Analyses were

repeated for alternative outcome definitions: COPD-related

hospitalization, COPD-related mortality, and events with

adjudicated or ICD coded as primarily due to COPD. For com-

parison with the primary unadjusted approach, the incre-

mental improvement in discrimination was evaluated when

adding each ratio threshold to a Cox proportional hazards

model adjusted for age at enrollment, sex, race/ethnicity,

height, birth year, site, and cohort. Discrimination by the

LLN-Global Lung Function Initiative was compared with that

of the LLN-NHANES.

A 2-tailed alpha of .05 was considered significant for all

analyses. Because of the potential for type 1 error due tomul-

tiple comparisons, findings for secondary analyses should be

interpreted as exploratory. Beyond the exclusion of partici-

pantswithmissingor invalid spirometry and the censoring as-

sociatedwith loss to follow-upandnon-COPDmortality, there

werenomissingdata in theprimaryanalyses.Secondaryanaly-

ses that were stratified, adjusted for covariates, or both were

restricted to complete case analyses. Analyses were com-

pleted using SAS, version 9.4 (Cary, North Carolina).

Results

Baseline Characteristics

After exclusions (eFigure 1 in the Supplement), there were

24207 participants (Table 1). Mean age at spirometry was 63

years. Women constituted 54% of the cohort; 69%were non-

Hispanicwhite, and24%wereblack. Sixty-threepercentwere

ever smokers and 37% were never smokers. Complete

follow-upforCOPD-relatedeventswasavailable for97%ofpar-

ticipants at 5 years, 85% at 10 years, and 77% at 15 years.

Prevalence of AirflowObstruction

According to theLLNthreshold, 3646 (15%)ofparticipantshad

airflowobstruction (eFigure 2 in the Supplement). Compared

with the LLN threshold, a fixed threshold of less than 0.66

yielded themost similar prevalence (3576participants [15%]),

but 540 (15%) of those with FEV1:FVC less than 0.66 did not

meet the LLN classification, and 610 (17%) of those meeting

the LLN criterion were excluded.

There were 6261 (26%) participants with FEV1:FVC less

than 0.70, including all but 19 (0.5%) of participants meeting

the LLN criterion (eFigure 2 in the Supplement). The IDRwas
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19.0 for participantswith FEV1:FVC less than0.70 but greater

than or equal to the LLN threshold. By comparison, the IDR

was 17.2 forparticipantswithFEV1:FVCbetween0.66and0.70

and less than the LLN threshold. A fixed ratio of less than0.73

was required to capture 100% of participants below the LLN

threshold (eTable 3 in the Supplement).

Incidence of COPD-Related Events

Duringamedianfollow-upof15years (interquartile range[IQR],

9 to 22), 3925 participants experienced COPD-related events

over 340757 person-years of follow-up (IDR, 11.5), including

3563COPD-relatedhospitalizations (IDR, 10.5) and447COPD-

related deaths (IDR, 1.3).

The IDR for COPD-related events was inversely related to

the FEV1:FVC (Figure 1). Initially, a cubic spline–smoothed

curve, with smoothing parameter selected by the generalized

cross-validation score, was used to describe the FEV1:FVC and

corresponding IDR relationship. The optimal functional form

for theFEV1:FVCandcorrespondingIDRrelationshipwasaqua-

draticmodelover the interval (<0.40,0.77)withapiecewise lin-

ear component over the interval (0.77, >0.80); this parametric

modeloutperformedthecubicsplinebasedonthedeviancesta-

tistics for each. This suggested that participants with FEV1:

FVCof at least0.77hadminimalCOPD-relatedevent risk;how-

ever, it did not indicate an inflection point over the remainder

of the FEV1:FVC range.

Discrimination of COPD-Related Events

In the primary analysis, the 0.71 threshold demonstrated the

highest C statistic (0.696 [95%CI, 0.688 to 0.703]) (Figure 2).

Discriminationby the0.71 thresholdwasnot significantly dif-

ferent than by the 0.70 threshold (difference, 0.001 [95% CI,

−0.002 to 0.004]; P = .57), but was significantly more accu-

rate than that of theLLN threshold (difference, 0.034 [95%CI,

0.028 to 0.041]; P < .001; Table 2). Taking all pairwise com-

parisons into account, C statistics were not significantly dif-

ferent vs the 0.70 threshold over the fixed threshold interval

(0.70,0.72) andwere significantlymoreaccurate than theLLN

threshold over the fixed threshold interval (0.66, 0.74)

(Figure 2). Brier scores were nominally lower for the LLN

threshold (eTable 4 in the Supplement).

Sensitivity and Specificity for COPD-Related Events

The sensitivity for theLLNwas52%, and the specificity for the

LLNwas89%,which approximated the results for a fixed0.66

threshold (Figure 3). By comparison, for the 0.70 threshold,

the sensitivity was 66%, and the specificity was 79%. Com-

paredwith theLLN, theweighted sumof sensitivity andspeci-

ficitywere greater for the 0.70 threshold under all conditions

in which sensitivity was given equal or greater weight than

specificity. Thenegative predictive valuewas at least 0.90 for

fixed thresholdsof0.66 to0.71, aswell as for theLLN.Theposi-

tive predictive valuewas 0.44 for the LLN threshold and 0.37

for the 0.70 threshold.

Sensitivity Analyses

In themajority of sensitivity analyses, as in theprimary analy-

sis, the C statistic for the optimal fixed threshold was not

Table 1. Baseline Characteristics

Total sample, No. 24 207

Total events follow-up, person-years, No. 340 757

Cohort

ARIC 12 808 (52.9)

CHS 4814 (19.9)

Health ABC 2578 (10.7)

MESA 4007 (16.6)

Age, mean (SD), y 62.8 (10.5)

Age group, y

45-55 6788 (28.0)

56-65 7827 (32.3)

66-75 6158 (25.4)

>75 3434 (14.2)

Men 11 217 (46.3)

Women 12 990 (53.7)

Body mass index, median (IQR)a 26.8 (24.0-30.3)

Race/ethnicityb

Non-Hispanic white 16 794 (69.4)

Non-Hispanic black 5900 (24.4)

Hispanic/Latino 854 (3.5)

Asian/Pacific Islander 623 (2.6)

Other 36 (0.2)

Education status

<High school 3124 (12.9)

High school 6663 (27.5)

Some college 3226 (13.3)

≥College 11 172 (46.2)

Lifetime current or former smoker 15 181 (62.7)

Pack-years in ever smokers, median (IQR) 22.3 (6.8, 40.5)

Medical history

Hypertensionc 13 303 (55.0)

Diabetes mellitusd 3404 (14.1)

Chronic obstructive pulmonary disease 2027 (8.4)

Coronary artery disease 1803 (7.5)

Asthma 1368 (5.7)

Baseline lung function, mean (SD)

FEV1 percent predicted, % 92.4 (19.2)

FEV1, L 2.5 (0.8)

FVC, L 3.4 (1.0)

FEV1:FVC 0.73 (0.09)

Abbreviations:ARIC,AtherosclerosisRisk inCommunitiesStudy;CHS,Cardiovascular

Health Study; FEV1, forced expiratory volume in the first second; FVC, forced vital

capacity;HealthABC,HealthAgingandBodyComposition; IQR, interquartile range;

MESA,Multi-Ethnic Study of Atherosclerosis.

a Calculated as weight in kilograms divided by height in meters squared.

bRace was self-reported according to fixed, mutually exclusive categories that

differed by cohort (ARIC: non-Hispanic white, non-Hispanic black, Asian

Pacific Islander, or American Indian; CHS: non-Hispanic white, non-Hispanic

black, Asian Pacific Islander, American Indian, or Other; Health ABC andMESA:

non-Hispanic white, non-Hispanic black, Hispanic, or Asian [none asked about

ethnicity at enrollment]).Other specifically includes the category of American

Indian in ARIC and CHS.

c Self-reported hypertension or systolic blood pressure (�140mmHg) or

diastolic blood pressure (�90mmHg) or use of antihypertensivemedications.

dSelf-reported diabetes or elevated fasting blood glucose levels (�126mg/dL)

or use of oral hypoglycemic agents or insulin.
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significantly different from the C statistic for themodel using

a fixed-ratio thresholdof0.70andwassignificantlybetter than

the C statistic for themodel using the LLN (Table 2). The 2 ex-

ceptionswere in groupswith relatively low event rates. First,

a significantdifferencebetweenusing theCstatistic for theop-

timal fixed threshold and the C statistic for themodel using a

fixed-ratio threshold of 0.70 was observed in never smokers

(IDR [4.04]; optimal fixed threshold [0.74]; eFigure 4 in the

Supplement). Second, for COPD-relatedmortality (IDR [1.31];

optimal fixed threshold [0.69]; eFigure 5 in the Supplement),

differences betweenusing theC statistic for the optimal fixed

threshold vs the C statistic for the model using a fixed-ratio

threshold of 0.70 were statistically significant, and differ-

encesbetweenusing theCstatistic for theoptimal fixed thresh-

old vs theC statistic for themodel using the LLNwere not sig-

nificant. Theoptimal fixed thresholdwas0.70 inever smokers

(eFigure 4 in the Supplement) and in men (eFigure 6 in the

Supplement), 0.71 for COPD-related hospitalizations

(eFigure 5 in the Supplement), and 0.69 for the events for

which COPD was the primary or underlying cause (eFigure 7

in the Supplement).

The C statistic for the covariates-only base model was

0.680 (95% CI, 0.671 to 0.689; eFigure 8 in the Supplement).

Addition of any ratio threshold to the covariates-only model

significantly improved discrimination (P < .001 for all). The

optimal fixed threshold, when added to the adjusted model,

was 0.70 (C statistic for the optimal fixed threshold, 0.760

[95% CI, 0.752 to 0.768]), although discrimination was not

significantly different over the fixed-threshold interval (0.66,

0.71). Whereas the LLN threshold yielded significantly less

accurate discrimination than the optimal fixed threshold in

the primary analysis, incremental discrimination by the LLN

and 0.70 thresholds converged once models were adjusted

for age (eFigure 9 in the Supplement), and discrimination by

the LLN threshold was not significantly different from the

optimal fixed threshold in the fully adjusted analysis (differ-

ence in the C statistic for the optimal fixed threshold vs LLN,

Figure 1. Incidence Density Rates for COPD-Related Hospitalization

andMortality According to Initial FEV1:FVC
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COPD-Related
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0.67-0.68 143 711

0.69-0.70 167 833

0.70-0.71 165 974

0.71-0.72 157 1062

0.72-0.73 164 1157
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0.76-0.77 105 1404

0.77-0.78 115 1438
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The incidence density rate (IDR) for chronic obstructive pulmonary disease

(COPD)-related hospitalization andmortality was inversely related to the ratio

of the forced expiratory volume in the first second to the forced vital capacity

(FEV1:FVC) without clear evidence of an inflection point. IDRs and 95% CIs were

computed per 1000 person-years via Poisson regression in mutually exclusive,

incremental categories of initial FEV1:FVC. The predicted IDR (curved black line)

is generated from the best function (quadratic 0.40 to 0.77; piecewise linear

0.77 to 0.80) describing the FEV1:FVC and the corresponding IDR relationship.

The blue line indicates IDR per 1000 person-years (95% CI indicated by blue

shading), computed via Poisson regression, for all patients with an FEV1:FVC

less than the lower limit of normal per Global Lung Function Initiative reference

equations.

Figure 2. Discriminative Accuracy of Various Fixed FEV1:FVC Thresholds

for AirflowObstructionWith Respect to COPD-Related Hospitalization

andMortality
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The C statistics (95% CI) for fixed-ratio thresholds (dots) were estimated

separately in unadjusted Cox proportional hazards models that included only 1

dichotomous predictor (ie, whether a participant had a baseline ratio of forced

expiratory volume in the first second to forced vital capacity [FEV1:FVC] that

was above or below a given ratio threshold). The C statistic for the

lower-limit-of-normal (LLN) threshold is indicated by the solid blue horizontal

line (95% CI indicated by blue shading). The optimal threshold based on highest

C statistic was 0.71, but C statistics were not significantly different for 0.70 to

0.72. Fixed ratio thresholds 0.66 to 0.74 yielded C statistics that were

significantly higher than the LLN threshold (P values <.05).
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−0.002 [95% CI, −0.006 to 0.002]; Table 2). Consistent with

agreement between predicted and observed outcomes, cali-

bration plots of predicted to observed 10-year event risk

showed overlapping predictive performance for LLN and

0.70 thresholds, and Brier scores were similar (eFigure 3 and

eTable 6 in the Supplement). Results were similar after

adjustment in stratified analyses and in analyses using alter-

native end points (eTable 5 in the Supplement).

Compared with the Global Lung Function Initiative defi-

nition for LLN, the NHANES definition for LLN attained a

greaterC statistic inunadjustedanalyses (0.667 [95%CI,0.658

to0.675]), but thedifferencewas small (0.005 [95%CI, 0.002

to0.008]). Both the0.70 and0.71 thresholdswere associated

with significantly greater discriminative accuracy vs the

NHANESLLN (difference inC statistic0.70vsNHANES,0.028

[95% CI 0.022 to 0.034], and difference in C statistic 0.71 vs

NHANES, 0.029 [95% CI, 0.023 to 0.035]).

Discussion

In this study based on pooled data from 4 US general

population–based cohorts, a fixed threshold of 0.70 for

the FEV1:FVC provided discrimination of COPD-related

hospitalization and mortality that was not significantly dif-

ferent or was more accurate than other fixed thresholds and

population-based reference equations. Hence, the present

work provides population-based evidence to support 0.70 as

the optimal FEV1:FVC threshold for defining clinically sig-

nificant airflow obstruction.

Until the findings of this research, the 0.70 fixed

threshold to diagnose airflow obstruction was based on

expert opinion. However, expert opinions have historically

diverged. Over time, 2 distinct perspectives emerged. The

first considers the age, sex, and race/ethnicity dependence

of lung function as part of the normal variance and con-

tends that reference equations drawn from the normal popu-

lation should inform deviation from normality.11,12 This

approach is, to some extent, similar to current definitions of

osteoporosis,28 yet even these are based on normative val-

ues for maximum bone density, not age-specific predictions.

An alternative perspective is that the manner by which a cer-

tain lung size or degree of airflow limitation is achieved is

immaterial, but that beyond this threshold of normal lung

function, respiratory reserve is overcome and there are clini-

cal consequences.3 This latter view, positing a fixed thresh-

old for harm, is more consistent with current guidelines for

high blood pressure and diabetes.8,9

Establishing a diagnostic threshold that is easy to use is

critical to improve adaptation of spirometry in primary care

and to facilitate epidemiologic follow-up and multiregional

clinical trials. Identifying individuals below the 5thpercentile

Figure 3.Weighted Youden Index for Various FEV1:FVC Thresholds Across a Range of RelativeWeights

for Sensitivity and Specificity

Specificity Valued

More Highly

Sensitivity Valued

More Highly

95% CI

Sensitivity Specificity Youden Index PPV NPV

Ratio

Thresholds

0.52 (0.50-0.53) 0.89 (0.89-0.90) 0.41 (0.39-0.43) 0.49 (0.47-0.50) 0.91 (0.90-0.91)0.66
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0.59 (0.57-0.60) 0.85 (0.85-0.86) 0.43 (0.42-0.45) 0.43 (0.42-0.44) 0.91 (0.91-0.92)0.68

0.62 (0.60-0.67) 0.82 (0.82-0.83) 0.44 (0.42-0.46) 0.40 (0.39-0.41) 0.92 (0.91-0.92)0.69

0.66 (0.64-0.67) 0.79 (0.78-0.79) 0.44 (0.43-0.46) 0.37 (0.36-0.39) 0.92 (0.92-0.93)0.70

0.70 (0.68-0.71) 0.75 (0.75-0.76) 0.45 (0.43-0.46) 0.35 (0.34-0.36) 0.93 (0.92-0.93)0.71

0.49 (0.48-0.51) 0.88 (0.87-0.88) 0.44 (0.42-0.45) 0.44 (0.42-0.45) 0.90 (0.89-0.90)LLN
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The weighted Youden index for the

0.70 threshold was higher than

the lower limit of normal (LLN)

threshold for weights of 0.35 or

greater. Where weight equals 0.5,

sensitivity and specificity are

weighted equally. For each ratio

threshold, the sensitivity and

specificity were estimated from

unadjusted Cox proportional hazards

models including ratio thresholds

only. Weight (x-axis) indicates relative

weight assigned to sensitivity vs

specificity. FEV1:FVC indicates the

ratio of the forced expiratory volume

in the first second to the forced

vital capacity.
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of normal using population-based reference values may be

statistically sound, but this approach assumes that the

prevalence of airflow obstruction has to be at least 5%.

It is also sensitive to population differences: this study

found significantly better discrimination by the NHANES III

LLN, which was developed from a US population, vs the

Global Lung Function Initiative LLN. Furthermore, as popu-

lations demonstrate changing demographics such as obesity,

which are not accounted for in the reference equations, dif-

ferent reference equations drawn from the same population

over time can result in differing definitions of normal and

abnormal.29 There are also important differences in refer-

ence equations. For instance, the Global Lung Function Ini-

tiative equation for FEV1:FVC adjusts for height, whereas the

NHANES III LLN does not.

Although the aim of this study was to identify the opti-

mal fixed FEV1:FVC threshold to discriminate risk of COPD-

related events in a general population-based context, a num-

ber of sensitivity analyses were performed. Of particular

clinical interest was a subgroup analysis in ever smokers,

who constitute the majority but far from all of COPD cases.

Among ever smokers, the optimal ratio threshold was 0.70.

In never smokers, the optimal ratio threshold was 0.74, but

event rates were low and 0.70 still offered more accurate pre-

diction compared with the LLN. No thresholds were signifi-

cantly more accurate than 0.70 across strata of sex or in

analyses adjusted for sociodemographic and anthropometric

characteristics, which suggests that 0.70 may be applicable

to all adults.

The selection of a diagnostic threshold requires trade-

offs between sensitivity and specificity with important rami-

fications for underdiagnosis and overdiagnosis, and no ratio

threshold is unassailable. Most reference equations assume

uniformity of variance across patient ages, which means they

are more likely to yield lower values for LLN and hence,

underdiagnose airflow obstruction at older ages. Conversely,

due to the age-related decline in lung function, the possible

consequences of using a fixed threshold are overdiagnosis in

older individuals (which could result in unnecessary medica-

tion) and underdiagnosis in younger individuals (which

could lead to missed opportunities for recommending smok-

ing cessation and early initiation of therapy).4 With respect to

potential overdiagnosis by fixed thresholds, the prior litera-

ture has established that 7% to 23% of older adults meet the

0.70 threshold but not LLN criteria, yet longitudinal studies

have mostly shown that these discordant participants have a

greater degree of structural lung disease on computed

tomography, worse quality of life, and greater health care uti-

lization and mortality when compared with individuals with-

out airflow obstruction by either criteria.2,30-34 With regards

to potential underdiagnosis of younger individuals by a fixed

threshold, evidence suggests this is of minimal importance:

only 1% of young adults meeting the LLN criterion was

missed by the fixed threshold of 0.70 in the Copenhagen

General Population cohort; moreover, compared with those

without airflow obstruction by any criteria, these individuals

were no different in terms of COPD- or asthma-related exac-

erbations on follow-up.35

Regardless of the threshold selected, the specificity and

particularly sensitivity of airflow obstruction were modest,

confirming recent observations that spirometry alone does

not detect all individuals at risk of COPD-related events36 and

also confirming that some patients with airflow obstruction

on spirometry may not report clinical symptoms. For cases in

which the FEV1:FVC value is borderline, especially in the

absence of symptoms, it may be prudent to recommend close

monitoring as recent data suggest the diagnosis of airflow

obstruction in these individuals may not be stable.37 None-

theless, weighted analyses suggested that the 0.70 threshold

would be preferred to lower fixed ratio thresholds and

the LLN as long as sensitivity carries equal or greater weight

than specificity.

Strengths of the current work include the use of a large,

US general population–based sample, supporting the gener-

alizabilityofour results.Thesamplealso includeda largenum-

ber of never smokers and less than 10 pack-year smokerswho

are commonly excluded from major studies of COPD. Lung

functionwas systematically harmonized, andoutcomeswere

defined by adjudication or a validated protocol using admin-

istrative data.13,17

Limitations

This study has several limitations. First, although the GOLD

(Global Initiative forChronicObstructiveLungDisease) guide-

lines recommend using postbronchodilator values for con-

firming airflowobstruction,5 this studyusedprebronchodila-

tor spirometry. Nonetheless, multiple studies have shown

strong correlations betweenprebronchodilator andpostbron-

chodilator spirometry measures, and both perform similarly

inpredicting respiratoryoutcomes.38,39Furthermore, theLLN,

themajor comparator for this work, is calculated on prebron-

chodilator values only.

Second, no adjustments were made for medication use.

Third, as participants were selected across cohorts, there are

baseline differences in demographics and historical differ-

ences in disease management over time. Covariate-adjusted

models included birth year, site, and cohort to alleviate po-

tential biases due to this heterogeneity.

Fourth, although outcomes were longitudinal, the FEV1:

FVC thresholdwasdetermined at baseline. In cases of border-

line lung function, it is possible that some participants do not

consistently meet criteria for airflow limitation.37

Fifth, therewas loss to follow-up among participants, yet

potentialattritionbiasesweremitigatedbyuseofsurvivalmod-

els designed to account for censored data.

Sixth, the composite of COPD-related hospitalization

and mortality was selected as the primary outcome; restrict-

ing the outcome to COPD mortality or to clinical events

deemed to be primarily caused by COPD would be expected

to exclude a large number of participants with mild-to-

moderate disease who suffer exacerbations and in whom

hospitalizations and mortality are more often due to cardio-

vascular causes than to respiratory.40 Regardless, sensitivity

analyses for events primarily caused by COPD yielded an

optimal threshold (0.69) that was not significantly different

with respect to discrimination compared with 0.70. COPD
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hospitalization and mortality can be biased by preexisting

knowledge of lung function, but physicians involved in clas-

sifying events were blinded to study spirometry,19 and clini-

cal spirometry results are not often available in the medical

record. This approach is analogous to that adopted by car-

diovascular risk scores to predict events, but unlike cardiac

events, respiratory events are not characterized by elevated

levels of any biomarkers, and clinical diagnosis is the cur-

rent criterion standard.

Conclusions

Defining airflow obstruction as an FEV1:FVC of less than 0.70

provided discrimination of COPD-related hospitalization and

mortality thatwasnot significantlydifferent thanorwasmore

accurate than other fixed thresholds and the LLN. These re-

sults support use of an FEV1:FVC of less than 0.70 to identify

individuals at risk of clinically significant COPD.
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