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BACKGROUND: Emerging data from longitudinal studies suggest that preserved ratio impaired
spirometry (PRISm), defined by proportionate reductions in FEV1 and FVC, is a heterogeneous
population with frequent transitions to other lung function categories relative to individuals with
normal and obstructive spirometry. Controversy regarding the clinical significance of these
transitions exists (eg, whether transitions merely reflect measurement variability or noise).

RESEARCH QUESTION: Are individuals with PRISm enriched for transitions associated with
substantial changes in lung function?

STUDYDESIGN ANDMETHODS: Current and former smokers enrolled in theGenetic Epidemiologyof
COPD (COPDGene) study with spirometry available in phases 1 through 3 (enrollment, 5-year
follow-up, and 10-year follow-up) were analyzed. Postbronchodilator lung function categories were
as follows: PRISm (FEV1< 80% predictedwith FEV1/FVC ratio$ 0.7), Global Initiative for Chronic
Obstructive Lung Disease grade 0 (FEV1 $ 80% predicted and FEV1/FVC$ 0.7), and obstruction
(FEV1/FVC< 0.7). Significant transition status was affirmative if a subject belonged to two or more
spirometric categories and had> 10% change in FEV1%predicted and/or FVC%predicted between
consecutive visits. Ever-PRISm was present if a subject had PRISm at any visit. Logistic regression
examined the association between significant transitions and ever-PRISm status, adjusted for age, sex,
race,FEV1%predicted, current smoking,pack-years,BMI, andever-positivebronchodilator response.

RESULTS: Among subjects with complete data (N ¼ 1,775) over 10.1 � 0.4 years of follow-up,
the prevalence of PRISm remained consistent (10.4%-11.3%) between phases 1 through 3, but
nearly one-half of subjects with PRISm transitioned into or out of PRISm at each visit. Among all
subjects, 19.7% had a significant transition; ever-PRISm was a significant predictor of significant
transitions (unadjusted OR, 10.3; 95% CI, 7.9-13.5; adjusted OR, 14.9; 95% CI, 10.9-20.7). Results
were similar with additional adjustment for radiographic emphysema and gas trapping, when
lower limit of normal criteria were used to define lung function categories, and when FEV1 alone
(regardless of change in FVC % predicted) was used to define significant transitions.

INTERPRETATION: PRISm is an unstable group, with frequent significant transitions to both
obstruction and normal spirometry over time.
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Take-home Points

Study Question: Are individuals with preserved ratio
impaired spirometry (PRISm), defined by propor-
tionate reductions in FEV1 and FVC, enriched for
transitions to other lung function categories (normal
and obstructed) associated with substantial changes
in lung function?
Results: Among 1,775 ever smokers with longitudi-
nal data over 10.1 � 0.4 years of follow-up, PRISm at
any time point was a significant predictor of signifi-
cant transitions, defined as a change in lung function
category and > 10% change in FEV1 % predicted or
FVC % predicted between consecutive study visits.
Interpretation: Among ever smokers, PRISm is an
unstable group enriched for significant transitions to
both obstruction and normal spirometry over time.
Preserved ratio impaired spirometry (PRISm), defined as
proportionate reductions in FEV1 and FVC,1 has a cross-
sectional prevalence of 6% to 24.3%2-5 globally and is
associated with increased respiratory symptoms6-8 and
mortality.4,5,9-14 Emerging data from independent
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longitudinal studies suggest that PRISm represents a

transitional state in a significant proportion of individuals,

with subsets either progressing to airflow obstruction or

reverting to normal spirometry over time.13,15,16

Potential contributors to the transitions observed in
PRISm include artifacts due to variability in spirometry

testing17 as well as clinically meaningful changes in lung

function. To explore this topic, we examined transitions

between categories associated with substantial changes

in lung function, defined as > 10% change over 5 years

in postbronchodilator FEV1 and/or FVC % predicted.

We hypothesize that individuals who demonstrate these

significant transitions will be enriched for PRISm

relative to subjects with Global Initiative for Chronic

Obstructive Lung Disease (GOLD) grade 0 and

obstructive spirometry (GOLD grades 1 through 4) and

examine data from current and former smokers enrolled

in the Genetic Epidemiology of COPD (COPDGene)

study with approximately 10 years of follow-up. Some of

the results presented have been previously reported in

the form of an abstract.18
Study Design and Methods
Cohort
Subjects are participants in COPDGene, an observational study of non-
Hispanic White and Black current and former smokers throughout the
United States.19 Institutional review board approval was obtained at
each site, and all subjects provided written informed consent. At
baseline (phase 1, 2008-2011), subjects were 45 to 80 years of age
with $ 10 pack-years of cigarette smoking. Subjects enrolled in
phase 1 were invited to participate in 5-year (phase 2, 2012-2016)
and 10-year (phase 3, 2017-present) follow-up visits. For this
analysis, data from smokers with spirometry available at all three
visits (phases 1, 2, and 3) were analyzed.

Subjects completed questionnaires, spirometry before and after
inhaled albuterol, 6-min walk test, and inspiratory and expiratory
chest CT scanning at all study visits. Methods of ascertaining
quantitative emphysema, gas trapping, and Pi10 on chest CT scan
are specified in the Supplementary Methods. Total lung volume
(TLV) % predicted was derived using CT scan-assessed lung volume
and prediction equations for individuals in the supine position.20

Pectoral muscle area was measured (in cm2) from inspiratory chest
CT scans at the level of the aortic arch using an automated
technique.21
Variable Definitions

Lung function categories were defined using postbronchodilator
spirometry as follows: PRISm (FEV1/FVC $ 0.7 and FEV1 <

80% predicted), GOLD grade 0 (FEV1/FVC $ 0.7 and FEV1 $

80% predicted), and obstruction (FEV1/FVC < 0.7). Simple transitions
between lung function categories were present if an individual
belonged to a different lung function category between two
consecutive visits. Significant transition status was affirmative if a
subject changed lung function categories and had > 10% change in
FEV1 % predicted and/or FVC % predicted between the
corresponding visits. Ever-PRISm was considered present if a subject
had PRISm on spirometry at any visit. Bronchodilator response (BDR)
was positive if an increase of $ 12% and $ 200 mL in FEV1 or FVC
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after inhaled albuterol was present. Comorbid conditions (eg, diabetes,
congestive heart failure [CHF], chronic kidney disease [CKD],
physician-diagnosed asthma) and medication use were self-reported.

Statistical Analyses

Bivariate comparisons were made using c2 or Fisher exact test
(categorical) and Student t test or Wilcoxon rank-sum test
(continuous). Multivariable-adjusted logistic regression examined
the association between significant transitions (dependent
variable) and ever-PRISm status (independent variable) while
adjusting for ever having a positive BDR, baseline age, sex, race,
current smoking status, pack-years, FEV1 % predicted, and BMI.
A secondary model included additional adjustment for
quantitative emphysema and gas trapping. All analyses were
conducted using R statistical software (version 3.4.3; The R
Project for Statistical Computing).
chestjournal.org
Subgroup and Secondary Analyses

To examine features potentially associated with significant transitions
among subjects with PRISm, we compared selected baseline and
longitudinal characteristics of individuals who experienced (1)
significant transition into PRISm and (2) significant transition out of
PRISm relative to the remainder of the analysis cohort. We also
examined the association between ever-PRISm and significant
transitions (1) using > 10% change in FEV1 alone (irrespective of
change in FVC), (2) using > 15% change in either FEV1 or FVC to
denote significant transitions, and (3) associated with either >

10% increase or > 10% decrease in lung function separately.
Exploratory analyses examined whether transitions associated with
significant increases or decreases in lung function were associated
with changes in TLV % predicted. Selected analyses were repeated
using the lower limit of normal (LLN)22 to define the following lung
function categories: PRISmLLN (FEV1/FVC $ LLN and FEV1 <

LLN), GOLD 0LLN (FEV1/FVC $ LLN and FEV1 $ LLN), and
obstructiveLLN (FEV1/FVC < LLN).
Results
The prevalence of PRISm among all current and former
smokers with lung function data available at phase 1
(n ¼ 10,132), phase 2 (n ¼ 5,621), and phase 3 (1,933)
was 12.5%, 12.5%, and 12%, respectively. A total of 1,775
subjects had spirometry data available at all three study
visits over an average of 10.1 � 0.4 years of follow-up (e-
Fig 1); subjects not included in the analysis dataset were
similar in age and BMI at enrollment, but had worse
lung function, greater cumulative smoking, and a higher
proportion of current smokers, men, individuals of
Black race, and individuals with PRISm at baseline. The
prevalence of PRISm within this analysis cohort was
10.4% (phase 1), 10.8% (phase 2), and 11.3% (phase 3);
baseline characteristics of the analysis cohort by lung
function category are shown in Table 1. Individuals with
PRISm at baseline had the highest rates of simple and
significant transitions.

Average rates of change in FEV1 % predicted and FVC
% predicted between visits for the cohort and for the
subgroup who were consistently GOLD grade 0 at all
three visits are shown in e-Table 1. Rates of simple
transitions between lung function categories at each
phase are illustrated in Figure 1. While subjects with
GOLD grade 0 and obstructed spirometry demonstrated
high rates of remaining in their respective lung function
categories during follow-up (76.8%-91.1%), only
approximately one-half (51.9%-53.9%) of subjects with
PRISm remained in the same lung function category at
each follow-up visit. Therefore, although the cross-
sectional prevalence of PRISm at each visit remained
relatively consistent, individual membership within
PRISm was variable over time.13 The prevalence of
significant transitions was 19.7%. Characteristics by
significant transition status are shown in Table 2.

Subjects who experienced significant transitions were
younger, enriched for Black race, had higher baseline
FEV1 % predicted, had lower TLV % predicted, had
lower rates of inhaled corticosteroid and
bronchodilator use at baseline, and had an increased
proportion who were ever-PRISm or ever had a
positive BDR during the study period. Although
subjects with significant transitions had higher
baseline BMI, no significant association between
spirometric transitions with change in BMI was
observed. Similarly, although subjects with
significant transitions had a higher rate of current
smoking at baseline, there were no significant
differences in changes in smoking status during
follow-up. Ever-PRISm was a significant predictor of
significant transitions in both unadjusted and
multivariable-adjusted models (Table 3). In
exploratory analyses with additional covariates
(inhaled corticosteroid, bronchodilator use,
pectoralis muscle area at baseline), none were
independent predictors of significant transitions.
Results were also similar when individuals with
conditions associated with fluid shifts which could
impact pulmonary function (eg, CHF, CKD) were
excluded. PRISm at baseline was also significantly
associated with prospective significant transitions (e-
Table 2).

Subgroup Analyses

Significant transitions With Either > 10% Increase or
> 10% Decrease in Lung Function: When transitions
were subdivided by whether a > 10% increase or > 10%
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TABLE 1 ] Cohort Characteristics by Baseline Lung Function Categories

Characteristic PRISm (n ¼ 185)
PRISm vs GOLD Grade

0 P Value
GOLD Gr 0
(n ¼ 8

GOLD Grade 0 vs
Obstructed
P Value

Obstructed
(n ¼ 706)

PRISm vs
Obstructed
P Value

Sex (female) 103 (55.7) .71 476 (5 ) .003 327 (46.3) .03

Race (Black) 72 (38.9) .08 283 (3 ) < .001 136 (19.3) < .001

Age, y 57.0 � 8 .58 57.4 � 1 < .001 62.0 � 7.9 < .001

BMI, kg/m2 31.9 � 7.1 < .001 29 � < .001 28 � 5.6 < .001

Current smoking 102 (55.1) .06 416 (4 ) .001 274 (38.8) < .001

Pack-years 44.2 � 24.5 < .001 36.1 � .8 < .001 48.8 � 24.4 .02

FEV1 % predicted (postbronchodilator) 70.6 � 7.9 < .001 97.8 � .1 < .001 65.5 � 21.6 .002

FVC % predicted (postbronchodilator) 72.3 � 9.2 < .001 96.8 � .4 < .001 88.5 � 18.9 < .001

Bronchodilator responsive (baseline) 29 (15.8) < .001 61 (7 < .001 230 (32.9) < .001

Percent emphysemaa 2.0 � 3.5 .04 2.5 � < .001 10 � 10.5 < .001

Percent gas trappingb 9.9 � 8.1 .42 10.5 � 4 < .001 30.9 � 17.8 < .001

Pi10c 2.4 � 0.6 < .001 2 � 0 < .001 2.5 � 0.6 .19

Total lung volume % predicteda 90.1 � 14.6 < .001 103.2 � .4 < .001 112.2 � 16.6 < .001

Pectoralis muscle area, cm2, d 43.9 � 15.7 .33 42.5 � .9 < .001 39.5 � 14.0 .001

SGRQ total score 25.9 � 21.7 < .001 14.4 � .6 < .001 27.5 � 21.1 .35

6-min walk distance, m 409.2 � 111.2 < .001 472.5 � 1.1 < .001 428.6 � 110.5 .04

Chronic bronchitis 29 (15.7) .11 99 (1 ) < .001 142 (20.1) .21

Coronary artery disease (baseline) 14 (7.6) .08 37 (4 .02 50 (7.1) .95

Hypertension (baseline) 80 (43.2) .047 311 (3 ) .06 282 (40.0) .48

Congestive heart failure (baseline) 9 (4.9) < .001 8 (0 .47 10 (1.4) .009

Diabetes (baseline) 33 (17.8) .001 83 (9 >.99 66 (9.3) .002

Asthma, physician-diagnosed (baseline) 38 (20.5) .001 100 (1 ) < .001 154 (21.8) .78

Oral steroid use (baseline) 3 (1.6) .30 5 (0 .001 19 (2.7) .57

Inhaled steroid use (baseline) 31 (16.8) < .001 49 (5 < .001 236 (33.4) < .001

Inhaled bronchodilators (baseline) 55 (29.7) < .001 100 (1 ) < .001 370 (52.4) < .001

Any inhaled medication (baseline) 56 (30.3) < .001 102 (1 ) < .001 374 (53.0) < .001

Respiratory exacerbations (year prior to enrollment) 0.3 � 0.8 < .001 0.1 � < .001 0.5 � 1 .11

(Continued)
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decrease in lung function was observed (e-Table 3), ever-
PRISm remained a significant predictor for both types of
transitions (e-Table 4). Notably, 41 subjects experienced
both a significant improvement and deterioration (or
vice versa) over the study period. Ever-PRISm was
significantly associated with experiencing both
significant increases followed by decreases (or vice versa)
in unadjusted models (OR, 10.4; 95% CI, 5.4-21.3),
models adjusted for clinical variables (OR, 17.5; 95% CI,
7.8-42.8), and adjusted models with clinical and
radiographic variables (OR, 14.7; 95% CI, 6.0-38.7).

The average change in TLV % predicted was lower
among the group with transitions associated with >

10% decrease (e-Table 5), whereas a trend toward higher
TLV % predicted was noted for those with >

10% increase.

Defining Significant Transitions by > 10% Change in
FEV1 Only: Of 349 subjects who met the original
definition of significant transition, 115 (33%) qualified
based on FVC % predicted criteria only, 79 (22.6%)
qualified based on FEV1 % predicted only, and 155
(44.4%) qualified based on changes in both. When
significant transitions were defined by > 10% change in
FEV1 alone (e.g., disallowing changes in FVC to count
toward significant transition status), the prevalence of
significant transitions was 13.2%. Ever-PRISm remained
significantly associated with significant transitions (e-
Table 6).

Requiring > 15% Change in FEV1 or FVC for
Significant Transitions: When a minimum >

15% change in FEV1 or FVC was used to denote
significant transition status, ever-PRISm and ever-
PRISmLLN remained highly significant predictors in
both unadjusted and multivariable-adjusted models (e-
Table 7).

Transitions Into and Out of PRISm

There were 133 subjects who experienced a significant
transition into PRISm (67 during phase 1 to phase 2, 66
during phase 2 to phase 3), with most (71.4%, binomial
P <.001) originating from GOLD grade 0 (e-Fig 2A).
Ninety-one subjects had significant transitions out of
PRISm (48 during phase 1 to phase 2, 43 during phase 2
to phase 3) (e-Fig 2B), with 64.8% transitioning to
obstruction (binomial P ¼ .002). The number of subjects
who experienced both significant transitions into and
out of PRISm (n ¼ 29) was greater than expected by
chance (Fisher exact P <.001), with most (n ¼ 20, 69%)
demonstrating an [X]/PRISm/[X] pattern and the
655
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Phase 1
(Enrollment)

83.9%

6.8%

5%

19
.5%

28.6%

GOLD 0
(n = 884)

9.3%

8.6%

PRISm
(n = 185)

Obstructed
(n = 706)

Phase 2
(5-Year F/U)

76.9%

8.8%

3.2%

18
.3%

27.7%

GOLD 0
(n = 839)

14.3%
5.6%

PRISm
(n = 191) 53.9%

91.1%86.4%

51.9%

Obstructed
(n = 745)

Phase 3
(10-Year F/U)

GOLD 0
(n = 722)

PRISm
(n = 201)

Obstructed
(n = 852)

Figure 1 – Rates of simple transitions between lung function categories by study visit among subjects with spirometry data at all three visits in
COPDGene (N ¼ 1,775). Lung function categories were defined as follows: PRISm (FEV1/FVC $ 0.7 and FEV1 < 80% predicted), obstructed (FEV1/
FVC < 0.7), and GOLD grade 0 (FEV1/FVC $ 0.7 and FEV1 $ 80% predicted). F/U ¼ follow-up; GOLD ¼ Global Initiative for Chronic Obstructive
Lung Disease; PRISm ¼ preserved ratio impaired spirometry.
remainder (n ¼ 9, 31%) demonstrating a PRISm / [X]
/ PRISm pattern. Characteristics of individuals with
significant transitions into PRISm and out of PRISm are
shown in e-Table 8.

LLN Analysis

When we used LLN criteria to define lung function
categories, the prevalence of PRISmLLN among all
subjects with lung function data was 10.7% (phase 1, n¼
10,132), 10.6% (phase 2, n ¼ 5,621), and 9.6% (phase 3,
n ¼ 1,933). Approximately one-half (53.1%-55.1%) of
subjects with PRISmLLN remained in the same lung
function category, whereas subjects with GOLD 0LLN
and obstructedLLN spirometry demonstrated high rates
(82.5%-90.5%) of remaining within their respective lung
function categories (e-Fig 3). The prevalence of
significant transitions between LLN-defined lung
function categories was 17.1%. Ever-PRISmLLN was
strongly associated with significant transitions (e-
Table 9), and with transitions associated with significant
increases and decreases in lung function separately (e-
Table 10).

Discussion
In this work, we have (1) confirmed that membership
in PRISm is dynamic, with large subsets moving into
and out of PRISm over time; and (2) presented
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evidence that PRISm is enriched for transitions
associated with substantial changes in lung function.
Our concept of the significant transition, which is
predicated on the inclusion of a minimum percent
change in lung function, is supported by studies of
short-term (days to weeks) within-person variability
and consensus statements presented on year-to-year
variability which report thresholds of 5% to 15% as
denoting significant changes in normal and obstructed
populations.23-26 We assert that our threshold of >
10% change over a 5-year period reduces the impact of
artifactual transitions due to measurement variability
or proximity to lung function category cutoffs17 and
enriches for transitions which likely reflect time-
varying pathologic processes.

A fundamental premise examined in this work—that
PRISm is enriched for individuals who exhibit increased
instability and are more prone to transitions—may
appear to contradict previous work conducted in
COPDGene that identified no transitions to GOLD
grade 0 and a transition rate of 35.8% to GOLD grades 2
through 4 over 5 years among 179 subjects with PRISm
at baseline.17 In the work by Young et al,17 which used
data from COPDGene phases 1 and 2, but not phase 3,
individuals with FEV1 % predicted values within
15.7% of the 80% predicted threshold and within
10.5% of the FEV1/FVC ratio threshold of 0.7 were
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TABLE 2 ] Baseline Characteristics of Individuals by Significant Transition Status

Characteristic

Had Significant Transition During Follow-up?

P ValueNo (n ¼ 1,436) Yes (n ¼ 349)

Sex (female) 717 (50.3) 189 (54.2) .216

Race (Black) 351 (24.6) 140 (40.1) < .001

Age, y 59.4 � 8.3 58.2 � 8.3 .019

BMI, kg/m2 28.7 � 5.7 29.6 � 6.5 .010

Current smoker 598 (41.9) 194 (55.6) < .001

Pack-years 42.1 � 23.0 41.4 � 23.1 .609

FEV1 % predicted 81.4 � 23.7 85.1 � 15.3 .005

FVC % predicted 91.0 � 16.6 90.5 � 15.9 .612

Percent emphysemaa 6.0 � 8.5 3.0 � 4.6 < .001

Percent gas trappingb 20.1 � 17.3 13.1 � 11 < .001

Pi10a 2.2 � 0.6 2.2 � 0.5 .845

Total lung volume % predicteda 106.3 � 17.0 101.9 � 17.1 < .001

Pectoralis muscle area, cm2, c 41 � 14.7 43.2 � 17 .018

SGRQ 20.7 � 19.8 21.3 � 21.2 .652

6MWD, m 449.4 � 111.1 444.8 � 123.0 .500

Chronic bronchitis 225 (15.8) 45 (12.9) .207

Bronchodilator response (baseline) 246 (17.4) 74 � 21.6 .089

Bronchodilator response (ever) 541 (38.8) 158 (45.8) .021

Asthma (baseline) 234 (16.4) 58 (16.6) .989

Asthma (ever) 297 (20.8) 81 (23.2) .367

Oral steroids (baseline) 23 (1.6) 4 (1.1) .693

Inhaled steroids (baseline) 273 (19.1) 43 (12.3) .004

Inhaled bronchodilator (baseline) 443 (31.1) 82 (23.5) .007

Respiratory exacerbation (year prior to enrollment) 0.29 � 0.8 0.26 � 0.8 .583

Respiratory hospitalization (yes/no, year prior to enrollment) 107 (7.5) 27 (7.7) .972

Ever-PRISm (phase 1 to phase 3) 159 (11.2) 197 (56.4) < .001

Change in BMI (phase 1 to phase 2) �0.1 � 2.8 �0.2 � 3.7 .755

Change in BMI (phase 2 to phase 3) 0.4 � 2.8 0.6 � 2.7 .343

Change smoking status (phase 1 to phase 2) 195 (13.7) 60 (17.2) .110

Change smoking status (phase 2 to phase 3) 117 (8.2) 30 (8.6) .897

Change in pectoralis muscle area (phase 1 to phase 2) �2.1 � 7.4 �2.6 � 8.7 .564

Ever congestive heart failure 66 (4.6) 12 (3.4) .409

Ever chronic kidney disease 67 (4.7) 15 (4.3) .859

Data are presented as No. (%) or mean � SD. Lung function categories were defined as follows: PRISm (FEV1/FVC $ 0.7 and FEV1 < 80%), obstructed
(FEV1/FVC < 0.7), and GOLD grade 0 (FEV1/FVC $ 0.7 and FEV1 $ 80%). SGRQ ¼ St. George’s Respiratory Questionnaire; 6MWD ¼ 6-min walk distance;
Asthma (baseline) ¼ self-reported physician-diagnosed asthma at enrollment; Asthma (ever) ¼ affirmative responses to asthma either at baseline, phase 2
or phase 3 visits; Significant transition ¼ change in lung function category plus > 10% change in FEV1 % predicted or FVC % predicted between
consecutive study visits (phase 1 to phase 2 or phase 2 to phase 3).
an ¼ 1,670.
bn ¼ 1,489.
cn ¼ 1,597.
removed from analysis. The discordant findings after
removal of individuals close to the GOLD-delineated
thresholds may be attributable to retaining only
individuals with advanced disease in the Young et al17

analyses. Individuals close to the GOLD-delineated
chestjournal.org
thresholds were not excluded in the current work. In
post hoc analyses of our phase 1 to phase 2 data after
applying the criteria used by Young et al,17 we confirmed
increased rates of both simple (33.4% vs 8.2%) and
significant transitions (18.3% vs 7.5%) among subjects
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TABLE 3 ] Effect Estimates of Ever-PRISm Status as a
Predictor of Significant Transitions in
COPDGene

Predictor: Ever-PRISm (phase 1 to phase 3) OR (95% CI)

Unadjusted 10.3 (7.9-13.5)

Clinical predictors 14.9 (10.9-20.7)

Clinical and radiographic predictors 14.3 (9.9-21)

Clinical predictors included sex, Black race, baseline age, baseline FEV1
% predicted, current smoking status at baseline, BMI, pack-years, and
ever having a positive bronchodilator response. Radiographic predictors
included percent emphysema and percent gas trapping at baseline.
PRISm ¼ preserved ratio impaired spirometry; Significant transition ¼
change in lung function category plus > 10% change in FEV1 % predicted
or FVC % predicted between consecutive study visits (phase 1 to phase 2
or phase 2 to phase 3).
who were excluded relative to those included in the
Young et al17 analyses. Therefore, individuals with mild
to moderate spirometric impairments may be at
increased risk for accelerated lung function decline27,28

due to ongoing, and potentially intervenable, disease
processes (e.g., airway inflammation) and may be a
particularly attractive group for future therapeutic
trials.

Underlying time-varying processes that may contribute
to the enrichment of significant transitions among
PRISm beyond airway inflammation remain largely
uncharacterized. The relationship between body mass
and PRISm has historically warranted and continues to
deserve careful consideration. In this cohort, increased
baseline BMI was associated with future significant
transitions, and quantitative changes in BMI between
study visits (phase 1 to phase 2, phase 2 to phase 3) were
weakly correlated with changes in FEV1 % predicted and
FVC % predicted (Pearson r ¼ �0.1 to Pearson
r ¼ �0.2, respectively; data not shown). However, the
magnitude of lung function changes associated with
longitudinal changes in BMI were modest and were not
significantly different by significant transition status
(Table 2). These findings are consistent with previous
literature which supports that absolute changes in FEV1

and FVC attributable to weight change are small (<
30 mL/kg).29 Even in cases of extreme weight loss (eg,
bariatric surgery populations), average change in FEV1

% predicted and FVC % predicted values ranged from
4.1% to 7.6%.30,31 Therefore, the majority of significant
transitions within this cohort are unlikely to be solely
attributable to changes in body mass.

A second time-varying process which deserves
consideration is change in smoking status.
Approximately 20% of the analysis cohort had a change
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in smoking status during follow-up. Individuals who
experienced a significant transition into PRISm were
enriched for a change in smoking status between phase 1
and phase 2; the vast majority of individuals who
changed smoking status between phase 1 and phase 2
quit smoking (data not shown). However, within the
overall cohort, changes in smoking status were not
differentially distributed by significant transition status.
In post hoc analyses examining transitions associated
with significant increases or decreases in lung function,
and separately by quitting or resuming smoking at phase
1 to phase 2 or phase 2 to phase 3 separately, no
significant associations were observed. These data are
consistent with previous reports where changes in
smoking status are typically associated with changes in
lung function well below the � 10% in % predicted
values32-34 used to denote significant transitions in our
analysis. A healthy smoker effect, in which individuals
resistant to the effects of smoking on lung function may
be more likely to continue smoking, may have limited
our ability to detect an association with current
smoking. However, we assert that factors other than
changes in smoking status likely underly significant
spirometric transitions in this cohort.

Comorbid conditions which predispose to fluid shifts
(eg, CHF, CKD) may contribute to significant
transitions. Individuals with CHF and CKD are known
to have an increased prevalence of both PRISm and
obstruction on spirometry35,36 with some reports of lung
function abnormalities antedating the clinical diagnosis
of cardiac and renal disease.35,37 In advanced stages,
significant accumulation and shifts in corporeal fluid
have been shown to be correlated with changes in
spirometry.38,39 However, within this cohort, CHF and
CKD at any time point were not associated with
significant transitions, and associations with ever-PRISm
remained robust after exclusion of individuals with CHF
and/or CKD. We acknowledge limitations because of the
self-reported nature of comorbidities and lack of clinical
assessment of volume status during study visits; these
topics should be explored in independent cohorts with
more rigorous characterization of these conditions.

Individuals with significant spirometric transitions did
not have differential rates of physician-diagnosed
asthma, but were enriched for ever having a positive
BDR during the study. Analogous to PRISm, BDR varies
over time; while the cross-sectional prevalence of BDR
remained consistent at each visit (w18%), individual
membership in the BDR responsive group was variable
at each visit. Only one-third of individuals with a
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positive BDR at phase 1 or phase 2 demonstrated a BDR
on consecutive visits, and only 6.4% of individuals with a
positive BDR at any point demonstrated consistent BDR
at all three visits. These findings are consistent with
previous work in COPD populations where BDR was
found to vary over time and was a poor predictor of
clinical outcomes (mortality, acute exacerbations).40

Likewise, conflicting reports regarding the clinical
impact of BDR on future lung function exist, with one
study demonstrating no differences in the rate of FEV1

decline by BDR over 11 years of follow-up,41 and
another study reporting attenuation of lung function
decline among individuals with BDR.42 Most studies
have, however, focused on the relationship between BDR
and obstructive lung disease, rather than PRISm. In our
analysis, the overlap between individuals positive for
ever-BDR and ever-PRISm demonstrated a trend toward
enrichment (P ¼ .10, data not shown), but ever-PRISm
remained a significant predictor of significant transitions
independent of ever-BDR. Emerging work has suggested
that the traditional definition of BDR may be relatively
insensitive to associations with respiratory symptoms,
functional capacity, quality of life, radiographic features,
and clinical outcomes43,44; future studies using graded
levels of BDR or examining BDR separately in FEV1 and
FVC may allow for additional insights.

The strengths of our study include a large, rigorously
phenotyped cohort with quantitative CT imaging, use of
postbronchodilator spirometry, inclusion of significant
numbers of Black participants, and an extended
duration of follow-up. Our results were robust regardless
of whether fixed ratio or LLN criteria were used and
when increasingly stringent definitions of significant
transitions were applied. Limitations of our study
include the large number of subjects who did not have
complete longitudinal data, including subjects with
worse lung function at baseline, which raises the
possibility of survivorship bias. Notably, in post hoc
analyses, individuals who demonstrated a significant
chestjournal.org
transition at phase 1 to phase 2 were less likely to enroll
in phase 3 relative to those without significant
transitions (27.4% vs 32.4%, c2 P ¼ .009); similarly,
individuals who were ever-PRISm at phase 1 to phase 2
were less likely to participate in phase 3 (27.4% vs 32.7%,
c2 P ¼ .001). Given the association between significant
transitions and ever-PRISm remained significant at
phase 1 to phase 2 (data not shown), we think loss to
follow-up likely introduced bias toward the null and that
our estimates of the strength of association in the full
phase 1 to phase 3 cohort are likely conservative.
Because enrollment criteria for COPDGene included a
minimum cumulative cigarette smoke exposure, the
relationship between PRISm and significant transitions
in nonsmokers or smokers with < 10 pack-years of
exposure could not be assessed. Although our study
included substantial numbers of Black participants,
individuals of other races and ethnicities were not
enrolled. Finally, although the period of follow-up was
considerable, spirometry was assessed at only three time
points during the study; therefore, changes in lung
function which occur on a more acute timeline could not
be assessed. Future studies in independent cohorts with
shorter intervals between assessments are warranted.
Interpretation
Our work establishes that, contrary to previous
conceptualizations of PRISm as a stable spirometric
abnormality, individual membership in PRISm is fluid,
with frequent transitions to both obstruction and
normal spirometry associated with significant changes in
lung function over time. The strong association between
PRISm and significant transitions is independent of
changes in body mass, history of BDR, and changes in
smoking status. Future work examining the time-
varying processes, including genomic, quantitative
imaging, and functional risk factors which contribute to
these significant transitions is warranted.
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