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Abstract

Background We estimated the prevalence and mortality risks of preserved ratio impaired spirometry (PRISm)
and chronic obstructive pulmonary disease (COPD) in the US adult population.

Methods We linked three waves of pre-bronchodilator spirometry data from the US National Health and Nutritional
Examination Survey (2007-2012) with the National Death Index. The analytic sample included adults ages 20 to 79
without missing data on age, sex, height, BMI, race/ethnicity, and smoking status. We defined COPD (GOLD 1, 2,

and 3-4) and PRISm using FEV,/FVC cut points by the Global Initiative for Chronic Obstructive Lung Disease (GOLD).
We compared the prevalence of GOLD stages and PRISm by covariates across the three waves. We estimated adjusted
all-cause and cause-specific mortality risks by COPD stage and PRISm using all three waves combined.

Results Prevalence of COPD and PRISm from 2007-2012 ranged from 13.19%-14.3% and 9.6%-10.2%, respectively.

We found significant differences in prevalence by sex, age, smoking status, and race/ethnicity. Males had higher

rates of COPD regardless of stage, while females had higher rates of PRISm. COPD prevalence increased with age,

but not PRISm, which was highest among middle-aged individuals. Compared to current and never smokers, former
smokers showed lower rates of PRISm but higher rates of GOLD 1. COPD prevalence was highest among non-Hispanic
White individuals, and PRISm was notably higher among non-Hispanic Black individuals (range 31.4%-37.4%). We
found associations between PRISm and all-cause mortality (hazard ratio [HR]: 2.3 95% Cl: 1.9—2.9) and various cause-
specific deaths (HR ranges: 2.0-5.3). We also found associations between GOLD 2 (HR: 2.1, 95% Cl: 1.7-2.6) or higher
(HR: 4.2,95% ClI: 2.7-6.5) and all-cause mortality. Cause-specific mortality risk varied within COPD stages but typically
increased with higher GOLD stage.

Conclusions The prevalence of COPD and PRISm remained stable from 2007-2012. Greater attention should be paid
to the potential impacts of PRISm due to its higher prevalence in minority groups and its associations with mortality
across various causes including cancer.
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Introduction

Chronic obstructive pulmonary disease (COPD) is the
third leading cause of death in the US [1-4]. The clini-
cal diagnosis of COPD requires a spirometry FEV,/FVC
ratio of less than 0.7, representing the ratio of the maxi-
mum amount of air that the subject can forcibly expel
during the first second following maximal inhalation
(FEV,) divided by the forced vital capacity (FVC). How-
ever, COPD is a progressive and chronic lung obstruc-
tion operating on a spectrum, and those not meeting
the clinical COPD definition may still experience lung
obstruction abnormalities.

Nomenclature for low lung function is heterogene-
ous [5]. Recently, Preserved Ratio Impaired Spirom-
etry (PRISm), [6-9] defined as those with an FEV,/FVC
ratio greater or equal to 0.7 and FEV, less than 0.8,
has been proposed as a pre-clinical COPD abnormal
spirometry. PRISm replaces terms such as Global Ini-
tiative for Chronic Obstructive Lung Diseases (GOLD)-
Unclassified and restrictive spirometry [9, 10]. PRISm
serves as a more informative name that distinguishes
the patterns of PRISm as different from restriction and
non-specific abnormality [10]. PRISm is associated with
increased cardiovascular mortality, physical strength
limitations, higher body mass index (BMI), respiratory
symptoms, diabetes, a history of stroke, and hyperten-
sion [4, 11-15]. However, those with PRISm are not
easily categorized into a specific disease pathway given
its comorbidities [7, 8, 14, 16] and the uncertainty of
progression into a future COPD diagnosis [7, 8]. With
only 22.2%-35.8% of individuals with PRISm expected
to be diagnosed with COPD within five years, [17, 18]
the causal pathway remains unclear, but those with
PRISm are a population with poor health outcomes [6].

With an annual direct cost of $32 billion to the US
healthcare system from COPD, [19] it is important to
better understand the prevalence and mortality risks
associated with different severity levels of abnormal
spirometry. It is possible that addressing PRISm prior
to a formal clinical COPD diagnosis could allow for
preventative measures to help alleviate the physical
burden of COPD for patients. Despite this, spirometry
data are rarely collected in US population-based stud-
ies, making examinations of the prevalence and health
risks of PRISm and COPD challenging.

The National Health and Nutrition Examination
Survey (NHANES) Study collected spirometry data
for three waves from 2007-2012. We used this data
to examine the prevalence of PRISm and the differ-
ent stages of COPD severity, and associations between
PRISm and COPD severity and all-cause and cause-
specific mortality using the NHANES Linked Mortality
Files [20].
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Methods

Study and data

Conducted by the National Center for Health Statistics
at the US Centers for Disease Control and Prevention,
NHANES is a nationally representative, cross-sectional
survey of the civilian, non-institutionalized US popu-
lation [21]. This study used three waves of data from
NHANES: 2007-2008, 2009-2010, and 2011-2012 based
on the availability of spirometry values. NHANES data
were collected via household interviews and standard-
ized physical examinations. Underrepresented subgroups
such as Hispanic and Black populations, and low-income
white persons were oversampled. The Asian racial/eth-
nic group was also oversampled in 2011-2012. NHANES
sample selection and a more detailed survey description
can be found elsewhere [22].

Population

COPD and PRISm prevalence was estimated using a
subset of US adults aged 20 to 79 eligible for spirometry
tests [23]. Age limits of 20-79 were established based on
Hankinson’s lung function predictive equation, which
starts at ages 20 for males and 18 for women [24], and
were capped at age 79 as the maximum eligible age for
the NHANES spirometry. Response rate for the spirom-
etry test was 77.3%, 87.3%, and 86.9% in 2007-2008,
2009-2010, and 2011-2012, respectively. The final preva-
lence analytic sample (N=4,237 in 2007-2008, N=4,783
in 2009-2010, and N=4,308 in 2011-2012) included
those with complete spirometry values and no-missing
data for the lung function predictive equation or covari-
ates (age, sex, height, BMI, race/ethnicity, and smoking
status [N=6,722 excluded (33%)]).

The final analytic sample for the mortality analyses
(N=13,307) included all participants who met the inclu-
sion criteria for the prevalence analysis and had vital
status ascertained through the NHANES Linked Mortal-
ity Files, which links NHANES records to the National
Death Index [20].

Spirometry, COPD, and PRISm definitions
The FVC, the FEV,, and FEV,/FVC were the spirom-
etry values utilized for this analysis. Normal FEV,
values were estimated using Hankinson’s [24] gender-
specific, non-Hispanic White predictive equations (FEV,
predicted for males=0.5536—0.01303*age-0.000172*age"2
+0.00014098*BMI"2 and FEV, predicted for females=
0.4333-0.00361%age-0.000194*age”2 + 0.00011496*
BMI*2) for all race/ethnicities following the methodology
of similar studies [25].

We decided against Hankinson’s race-specific equa-
tions, which were created and validated for the NHANES
III Study, [24] as there is growing evidence that use of
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race-specific equations the underestimates the preva-
lence of COPD across racial groups [26—29].

To maximize our analytic sample, COPD diagno-
sis was based on pre-bronchodilator spirometry values
data (respondents with pre-bronchodilator N=20,050,
respondents with post-bronchodilator N=1,564); an
approach consistent with other studies [30]. We defined
COPD as recommended by the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) as FEV,/
FVC ratio of less than 0.7 [31] and further classified into
GOLD stages based on FEV, predicted values: GOLD 1
(FEV,>80%), GOLD 2 (50%<FEV,<80%), and GOLD
344 (FEV,<50%). Preserved ratio impaired spirometry
(PRISm) was defined as those with an FEV,;/FVC value
of >0.7 but with abnormal spirometry (i.e., FEV; <80%)
[16]. Individuals without PRISm or COPD were classified
as GOLD 0 or normal spirometry.

Covariates

Covariates were selected based on the inputs for the
FEV, predictive equations: age, gender, smoking status,
body mass index (BMI) and race/ethnicity [7, 8, 14, 16].
For prevalence estimates, age was recoded as three age
groups: 20-39, 40—64, and 65+. Gender was defined as
male or female. NHANES categorized race/ethnicity into
five categories: non-Hispanic White, non-Hispanic Black,
Mexican—American, Hispanic Other, and Other. For
cigarette use status, we considered: “Have you smoked
at least 100+ cigarettes in your lifetime?” and “Are you
currently smoking?” Current smokers smoked at least
100 +cigarettes in their lifetime and were currently
smoking. Former smokers smoked at least 100+ ciga-
rettes in their lifetime and did not currently smoke at the
time of the survey. Never smokers were those who had
not smoked 100+ lifetime cigarettes. BMI was catego-
rized into three groups: normal (BMI<25), overweight
(25 <BMI < 30), and obesity (BMI > 30).

Outcomes

For the prevalence analysis, COPD (Total, GOLD 1,
GOLD 2 and GOLD 3-4) and PRISm were the outcomes
of interest. For the mortality analysis, we estimated all-
cause and cause-specific (i.e., cancer, cardiovascular dis-
ease, and chronic lower respiratory diseases) mortality
for overall COPD, GOLD stages and PRISm.

Statistical analysis

For each of the NHANES wave used, we calculated the
weighted [32] population prevalence estimates for each
of the outcomes, as well as the prevalence by age, gen-
der, smoking status, and race/ethnicity using full sam-
ple mobile examination center exam weight. Differences
in the prevalence of disease point estimates and 95%
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confidence intervals (95% CI) were compared across the
three waves. Cox proportional hazard models were esti-
mated to examine all-cause and cause-specific mortality
risks for COPD (overall COPD, GOLD 1, GOLD 2 and
GOLD 3-4) and PRISm, adjusting for age (both cate-
gorically and continuously in separate analyses), gender,
BMI, smoking status, and race/ethnicity. Weights were
adjusted for mortality analyses to enable the pooling of
all three survey waves [33]. Analyses were performed
using STATA 17.0 and R 4.3.2.

Sensitivity analyses

Given recent debates over the merits of race-specific
predicative equations for spirometry, [28, 29, 34—36] in
addition to Hankinson’s non-Hispanic White predictive
equation of lung function, we also applied a race-neutral
reference equation to explore differences in COPD prev-
alence and mortality. We used the Global Lung Func-
tion Initiative’s (GLI) race-neutral predictive equation
for this secondary analysis [35]. The race-neutral equa-
tion removes race-specific adjustments which may bias
spirometry results and reflects the wide variation of lung
function within and between populations.

In this secondary analysis, we estimated COPD (Total,
GOLD 1, GOLD 2 and GOLD 3-4) and PRISm preva-
lence and all-cause mortality for COPD GOLD stages
and PRISm. We also plotted the estimates from the GLI
race-neutral predictive equation compared to the respec-
tive outcomes using the Hankinson non-Hispanic White
predictive equation.

Results
Table 1 presents the weighted demographics and COPD
prevalence for 2007-2012 and each wave individually.
Characteristics of the sample remained stable over the
period.

Prevalence of COPD and PRISm

The overall prevalence estimates for COPD and PRISm
are available in Table 1 and Fig. 1: Panel A. Across all
three waves, the prevalence of COPD was 13.8% (95% CI:
12.8%—14.9%) and PRISm 9.8% (95% CI: 8.9%—10.8%).
Trends in COPD remained relatively stable from 2007 to
2012. Similar stability was seen among participants with
PRISm. Prevalence estimates of COPD using spirometry
were substantially higher than self-reported COPD at
5.9% (95% CI: 5.0%—6.9%) for 2007-2012 (Appendix 1).

Prevalence of COPD and PRISm by gender, smoking status,
BMI, age group, and race/ethnicity

Estimates of COPD and PRISm by gender show
(Fig. 1: Panel B; Appendix 2) that overall COPD
was statistically significantly higher in males (range:
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Table 1 Sample characteristics for each NHANES wave
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Overall 2007-2012

2007-2008 (N=4237)

2009-2010 (N=4783) 2011-2012 (N=4308)

(N=13,328)
%(N) 95% ClI %(N) 95% Cl %(N) 95% Cl %(N) 95% Cl
Age (years)
20-39 39.7% (5009) 37.5%—42.0% 40.5 (1529) 37.3%—43.7% 39.5(1787) 36.7%—422% 39.2 (1693) 34.0%—44.7%
40-64 48.1% (6071)  46.2%—49.9% 48 (1935) 45.5%—50.6% 47.8(2180) 45.5%—50.1% 484 (156) 43.9%—53%
65+ 12.2% (2248)  114%—13.1% 115 (773) 10.0%—13.1% 12.7 (816) 11.4%—14.2% 124 (659) 11.1%—13.9%
Gender
Male 49.5% (6650) 48.6%—504% 49.6% (2131) 482%—51.1% 49.6% (2353)  483%—51% 49.1% (2166)  47.2%—51.2%
Female 50.5% (6678) 49.6%—514% 50.4% (2106) 49%—51.8% 504% (2430)  49%—51.7% 50.9% (2142) 48.8%—52.8%

Smoking Status

Current 21.7% (3030) 20.3%—23.1% 23.8% (1016) 20.8%—27.1% 209% (1102)  19.3%—22.6% 205% (912)  18%—23.2%
Former 233% (2999) 21.8%—249% 23.7% (1017) 22.1%—254% 23% (1069) 20.1%—264% 23.2% (913)  20.1%—26.6%
Never 55.0% (7299) 53.0%—57.1% 52.5% (2204) 48.5%—564% 56.1% (2612)  52.2%—59.9% 56.4% (2483) 53.1%—59.6%
Race/Ethnicity
Mexican 84% (2108)  6.5%—10.7%  8.5% (768) 6%—12% 8.8% (905) 51%—14.6%  7.8% (434) 4.8%—124%
Other Hispanic 5.6% (1436)  4.2%—7.3% 4.9% (481) 3%—7.9% 5.3% (521) 3.1%—8.9% 6.5% (434) 4%—10.3%
NH White 68.0% (5698) 63.5%—72.1% 70.1% (1970) 61.9%—773% 67.8% (2231)  604%—745% 66.2% (1497) 57.2%—74.1%
NH Black 11.3% (2911)  93%—13.5%  10.7% (852)  7.2%—155%  11.3% (876) 9.5%—133%  11.8%(1183) 7.8%—17.4%
Other 6.9% (1175)  5.7%—8.3% 5.9% (116) 3.8%—8.9% 6.8% (249) 5%—9.3% 7.8% (760) 5.7%—10.7%
COPD Severity
GOLD O 764% (9677)  752%—77.6% 76.2% (3072) 74.1%—78.1% 77.25% (3565) 752%—79.2% 75.8% (3040  73.3%—78.1%
PRISm 9.8% (1862)  89%—10.8%  9.6% (536) 8.1%—114%  9.6% (593) 79%—117%  102%(733)  87%—11.9%
GOLD 1 6.9% (810) 6.2%—7.7% 1% (287) 6.2%—8.3% 7.2% (299) 5.7%—9.1% 6.5% (224) 5.4%—7.8%
GOLD 2 6.0% (836) 5.4%—6.6% 6.3% (300) 5.2%—7.5% 5.3% (277) 4.6%—6% 6.5% (259) 5.3%—7.9%
GOLD 3-4 0.9% (143) 0.7%—1.1% 0.9% (42) 0.5%—1.4% 0.7% (49) 04%—1.1% 1.2% (52) 0.8%—1.6%
COPD (GOLD 1-4) 138%(1789) 12.8%—14.9% 143%(629) 124%—163% 13.1% (624) 11.2%—154% 14.19% (535)  12.3%—16%

17.4%—17.9%), while PRISm was higher among females
(range 10.5%—11.3%), albeit not significantly, for all
survey waves. However, we did not observe significant
differences in disease stages (Appendix 2).

Overall, the prevalence of COPD was statistically sig-
nificantly higher among current and former cigarette
users compared to never users (Fig. 1: Panel C; Appen-
dix 3). PRISm estimates were highest among current
users for all years except 2011-2012 when the high-
est prevalence was among never users (10.9%, 95% CI:
8.7%—11.3%), but differences between groups were not
statistically significant. Former users had the lowest rates
of PRISm across all three waves of data, but the high-
est rates of GOLD 1 (range: 10.2%-11.6%), while cur-
rent users reported the highest rates of GOLD 2 (range:
11.8%—12.9%) and GOLD 3-4 (range: 1.5%—3.1%).

COPD prevalence was lower for individuals with obe-
sity compared to those with a BMI categorized as normal
or overweight (Fig. 1: Panel D, Appendix 4). The differ-
ences in prevalence were particularly notable for GOLD
1, which was roughly twice as high among normal-weight
individuals compared to those with obesity. PRISm

estimates across all three waves were higher for people
with obesity than people with a normal BMI.

Estimates by age group showed increases in COPD
with age and reported the highest prevalence among ages
65-79 (range: 28.1%-36.1%) (Fig. 1: Panel E; Appendix 5).
Conversely, PRISm prevalence was highest among ages
40-64 (range: 11.0%—11.9%) and lowest at ages 20-39
(range: 6.6%—8.9%).

Distinct patterns were observed for prevalence estimates
by race/ethnicity (Fig. 1: Panel F; Appendix 6). PRISm prev-
alence was higher among Non-Hispanic Black participants
(range: 31.4%—37.4%), followed by those classified as hav-
ing other race/ethnicity (range: 11.2%—20.4%). Conversely,
non-Hispanic White participants had the highest preva-
lence of COPD across all three survey waves (range: 15.5%—
17.5%), with GOLD 1 making up roughly half of those cases
(range: 8.2%—9.3%). The prevalence of COPD and PRISm
were roughly equal among Mexican Americans.

Mortality estimates
Of the 13,307 participants in the mortality analysis, 1,079
(8.15%) died, with a median follow-up of 9.4 years. In
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Panel A: Overall Panel B: Gender

Overall
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Panel C: Smoking Status

Female Current Smoker

2011-2012
2011-2012
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2007-2008
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Never Smoker
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Fig. 1 COPD and PRISm prevalence by covariates and cohort waves. Legend: Figure 1 presents prevalence of each COPD GOLD stage and PRISm
by subgroup and wave of NHANES. Point estimates and confidence intervals are available in Table 1 (overall estimates) and Appendices 2-6

(subgroups)

multivariable models adjusting for gender, race/ethnicity,
age at screening exam, BMI, and smoking status, the risk
of all-cause mortality was higher among those at GOLD
2 (HR: 2.1 95% CI: 1.7-2.6) or higher (HR: 4.2, 95% CIL:
2.7-6.5) and for those at PRISm (HR: 2.3, 95% CI: 1.9—
2.9) compared to GOLD 0 (Fig. 2, Table 2).

COPD stages and PRISm were also significant predic-
tors of cause-specific mortality from cancer, cardiovas-
cular disease, and chronic lower respiratory diseases.
GOLD 2 was associated with a significant risk of can-
cer mortality (HR: 2.0, 95% CI: 1.4-2.8), as was PRISm
(HR: 2.0, 95% CI: 1.2-3.2) compared with GOLD 0.
GOLD3+4 (HR: 4.7, 95% CI: 2.3-9.8) showed the high-
est risk of cardiovascular mortality, followed by GOLD 2
(HR: 2.4, 95% CI: 1.6-3.7) and PRISm (HR: 2.4, 95% CI:
1.6-3.6) which conferred similar cardiovascular mortality
risks. Finally, GOLD 3+4 (HR: 53.2, 95% CI: 14.0-202.0)
and PRISm (HR: 5.3, 95% CI: 1.1-26.0) were both associ-
ated with an increased risk of chronic lower respiratory
disease-related mortality when compared to GOLD 0.

We found no differences in estimates when using con-
tinuous age compared to categorical with the exception
of the risk of mortality from chronic lower respiratory
diseases among individuals with PRISm which was no
longer statistically significant (Appendix 7).When com-
paring PRISm to any COPD (Appendix 8 and 9), mortal-
ity risks from PRISm trended higher than those of any
COPD except for chronic lower respiratory disease-spe-
cific mortality.

Race-neutral predictive equation

When using the Global Lung Function Initiative (GLI)
Race-Neutral predictive equation (Fig. 3, Appendix 10),
we find significantly lower estimates of PRISm. Both
equations led to the same overall COPD prevalence.
While we found no statistically significant differences
in COPD GOLD stage between the two equations,
there may be downstaging with the race-neutral equa-
tion. The race-neutral equation results show higher
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Panel A: All-Cause Mortality
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Panel B: Cancer-Specific Mortality
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Panel D: Chronic Lower Respiratory Disease-Specific Mortality
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Fig. 2 COPD and PRISm survival curves by mortality outcome. Legend: Figure 2 presents Kaplan-Meier curves for each survival outcome by COPD
GOLD stage and PRISm. Curves show the proportion of individuals still alive at a given time point. Shaded areas represent 95% confidence intervals

point-estimates for GOLD 1, and lower point-estimates
for GOLD 2 and 3—4 relative to the Hankinson equation.

Use of the race-neutral equation resulted in no statisti-
cally significant differences mortality outcomes (Appen-
dices 11 and 12).

Discussion

In a nationally representative dataset of US adults, our
study found that from 2007-2012, COPD and PRISm
trends were stable. The average prevalence of PRISm was
9.8% and 13.8% for COPD. Using race-neutral predictive
equations, we found lower estimates of PRISm, but con-
sistent estimates of COPD. By GOLD stages, we found
that the prevalence of GOLD 1 was 6.9%, 6.0% for GOLD
2, and 0.9% for GOLD 3-4. Both COPD and PRISm were
associated with greater all-cause mortality, with greater
mortality risk at higher COPD stages. Further, despite
having different demographic and cigarette smoking pro-
files, both COPD stages and PRISm were associated with
an increased risk of cause-specific mortality outcomes,
including cancer- and cardiovascular disease-specific
mortality.

Our PRISm prevalence estimates were generally con-
sistent with those reported in other national and inter-
national studies. Using data from the US National Heart,
Lung, and Blood Institute (NHLBI) pooled cohort study;,

Wan et al. reported a PRISm prevalence of 8.5% between
1975-2018. Similarly, researchers found a PRISm preva-
lence of 11.0% in a United Kingdom population between
2006-2013, [37] while a cohort study from Rotterdam,
Netherlands found a PRISm prevalence of 7.6% [4]. These
prevalence estimates highlight the importance of moni-
toring PRISm trends using nationally representative sur-
veys. Left unattended, PRISm could contribute to the
increasing global chronic obstructive respiratory disease
burden.

In the US, there is a lack of COPD nationally repre-
sentative prevalence estimated from spirometric values.
This is partly due to NHANES being the only national
health survey that collected spirometric values among
those who collect COPD-associated data (i.e., the Popu-
lation Assessment of Tobacco and Health, the Behavio-
ral Risk Factor Surveillance System, and the National
Health Interview Survey). Still, comparisons of our
spirometric COPD estimates and those obtained from
self-reported COPD data show that COPD prevalence
as defined by spirometry is almost double that from
self-reported measures. From 2011 to 2020, the Behav-
ioral Risk Factor Surveillance System reported a stable
prevalence of around 6.0% [38]. Another study using
NHANES self-reported data from 2007-2012 reported a
COPD prevalence of 5.2% [39]. Similarly, we performed
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Table 2 Cox proportional hazard models for all-cause and cause-specific mortality for NHANES 2007-2012
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All-Cause Mortality Cancer Cardiovascular Diseases Chronic Lower Respiratory
Diseases
Hazard Ratio 95% Cl Hazard Ratio  95% Cl Hazard Ratio  95% Cl Hazard Ratio 95% Cl

COPD Status

GOLD O Ref Ref Ref Ref

PRISm 23 (1.9—29) 2.0 (1.2—3.2) 24 (1.6—3.6) 5.3 (1.1—26.0)

GOLD 1 12 (0.9—1.6) 14 (09—24) 09 (0.6—14) 14 (04—54)

GOLD 2 2.1 (1.7—2.6) 2.0 (1.4—2.8) 24 (1.6—3.7) 33 (1.0—11.3)

GOLD 3-4 4.2 (2.7—6.5) 13 (0.6—2.8) 4.7 (23—9.8) 53.2 (14.0—202.0)
Gender

Female Ref Ref Ref Ref

Male 1.7 (1.5-2.0) 1.7 (1.3—2.4) 2.1 (1.5—3.1) 16 (0.7—3.6)
Age

Age 20-39 0.3 (0.2—0.4) 0.1 (0.0—0.3) 0.2 (0.1—0.4) 0.1 (0.0—0.9)

Age 40-64 Ref Ref Ref Ref

Age 65+ 4.7 (4.0—5.5) 4.3 (3.1—6.0) 6.6 (49—89) 43 (1.3—13.7)
Body Mass Index

Normal Ref Ref Ref Ref

Overweight 09 (0.7—1.1) 0.8 (0.5—1.3) 13 (0.8—2.1) 0.5 (0.2—1.8)

Obese 1.1 (0.9—14) 1.0 (07—14) 1.8 (1.1—2.7) 09 (02—323)
Smoking Status

Never Smoker Ref Ref Ref Ref

Current Smoker 2.1 (1.7—2.6) 23 (1.4—3.6) 1.6 (1.1—23) 5.8 (1.6—21.7)

Former Smoker 12 (0.9—14) 1.1 (0.7—1.7) 09 (0.7—1.3) 3.0 (0.9—9.9)
Race/Ethnicity

Non-Hispanic White ~ Ref Ref Ref Ref

NH Black 1.0 (0.8—1.2) 09 (0.6—1.3) 1.0 (0.7—1.5) 04 (0.2—0.9)

Mexican American 0.8 (0.6—1.0) 0.6 (04—1.1) 0.9 (0.6—1.5) 04 (0.0—3.5)

Other Hispanic 0.8 (0.6—1.1) 0.8 (05—1.2) 1.1 (0.6—1.8) 0.1 (0.0—1.1)

Other 0.6 (0.4—0.8) 06 (03—13) 06 (03—1.0) 1.0 (0.2—4.4)

Values in bold are statistically significant

a sensitivity analysis using self-reported defined COPD
from NHANES 2007-2012 and estimated a prevalence
of 5.9% across this period (Appendix 6). Reliance on self-
reported measures appears to underestimate the burden
of COPD systematically. It has previously been reported
that a substantial number of individuals, nearly 80%, with
spirometry-defined COPD cannot be identified with self-
reported questionnaires [40, 41]. Furthermore, studies
that compare self-report and spirometry results suggest
that those with more regular contact with the healthcare
system are more likely to be diagnosed with COPD, [39]
which may bias prevalence estimates to those with better
access to medical care.

Our stratified findings by sub-group covariates also
revealed similar results to those in the literature. Self-
report studies have suggested limited differences in
COPD by gender, yet females may be more likely to
be diagnosed with COPD [39, 42]. However, using

spirometry to define COPD, we found that females
have a lower prevalence of COPD and a higher preva-
lence of PRISm than males. These results are consist-
ent with previous studies that find a faster decline in
FEV, among female smokers and overall increases in
COPD prevalence among women [43, 44]. The observed
higher PRISm prevalence estimates among females than
males could potentially reflect the faster decline in lung
function.

As with previous studies, our estimates show that
COPD prevalence increased by age group [45-47]. How-
ever, this was not the case for PRISm, with the highest
prevalence at ages 40—64. Other studies in the US have
also reported that a higher prevalence of PRISm is found
in subjects aged 45 to 68 [16, 48]. Those with PRISm in
middle ages might transition to COPD before reach-
ing age 65, therefore “diluting” the prevalence of PRISm
at older ages as FEV, and FVC decline at different rates.
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COPD Status
PRISm | ™
GOLD 1 T Predictive Equation
GOLD 2 I MHankinson NH-White
GOLD 3-4 5 ©GLI Race—Neutral
COPD (GOLD1-4) -
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Fig. 3 Comparison of COPD GOLD stage and PRISm prevalence estimates using Hankinson’s non-Hispanic White and the GLI race-neutral
predictive equations. Legend: Figure 3 presents a forest plot that displays prevalence estimates and 95% confidence intervals of COPD GOLD stages
and PRISm using weighted NHANES data from 2007-2012. These results are presented in tabular form in Appendix 10

Alternatively, individuals with PRISm may die at younger
ages due to the increased mortality risk of PRISm [49].
Still, more evidence on the natural history of COPD and
the role of PRISm in developing COPD is necessary.

Our results found that current cigarette users had the
highest COPD prevalence, followed by former smokers
and then never smokers, which is also consistent with
previous literature [42, 50]. While smoking is an estab-
lished risk factor for COPD, other risk factors such as
asthma and hazardous work conditions contribute to
the prevalence of COPD among never smokers [51]. As
with other sub-group categories, PRISm prevalence did
not follow the same patterns as COPD when stratified
by smoking status. Current and never users had higher
PRISm prevalence, with former smokers having the low-
est. This pattern might also be explained by the transition
of PRISm to COPD.

COPD has been strongly associated with BMI. Our
findings add to the evidence which shows, regardless of
the COPD definition (i.e., self-reported or spirometry),
that individuals with obesity showed a lower COPD prev-
alence. Published studies have reported that overweight
and obese individuals are less likely to have GOLD stage
3—4 than individuals with a normal BMI [52]. This may
be due in part to lower FVC and FEV; among people
with obesity [53]. Alternatively, COPD patients with obe-
sity report more symptoms and poorer quality of life than
patients with a normal weight, [54] which may lead undi-
agnosed individuals with obesity to seek treatment ear-
lier than those with normal BMI. Coupled with receiving
more intense treatment, [55] those with obesity may see
improved lung function. Previous studies have also found
a substantially higher prevalence of PRISm among people
with higher BMI [16].

COPD and PRISm prevalence stratified by race yielded
several interesting results. Generally, the highest COPD
prevalence was among non-Hispanic Whites, followed
by non-Hispanic Blacks, those of other race/ethnicity,

non-Mexican—American Hispanic individuals, and
those in the Mexican—American racial category. Of note,
non-Hispanic Blacks had the highest PRISm prevalence
(30%+), resulting in a difference of around 20 percent-
age points between PRISm and COPD prevalence for this
group. Previous studies have found inconsistent results
on the relationship between race and PRISm/COPD
prevalence [48, 57]. More work is necessary to identify
the extent to which racial/ethnic differences in COPD
and PRISm prevalence exist and the root causes of these
differences.

Through our survival analysis, we found that COPD
and PRISm were both significantly associated with an
increased mortality risk. PRISm was a consistent indica-
tor of increased mortality risk from cancer, cardiovascu-
lar disease, and chronic lower respiratory disease, despite
being comprised of fewer current and former smokers
than COPD states.

When combined with findings from various countries
and data sources, the results from our nationally rep-
resentative study provide compelling evidence of the
impact of COPD and PRISm on mortality. The increased
mortality risk from PRISm has been corroborated by
Yang et al., whose meta-analysis reports an increased
risk of all-cause cardiovascular and respiratory-related
mortality compared to normal spirometry [49]. In the
US, Wan et al,, reported that PRISm diagnosis is associ-
ated with an increased risk for all-cause, cardiovascular
and respiratory mortality compared to individuals with
normal spirometry using the National Heart, Lung and
Blood Institute Pooled Cohort Study, a non-nationally
representative sample [48]. Similar risks have also been
reported for all-cause mortality in the UK using data
from the UK BioBank, [37] for all-cause and cardiovascu-
lar mortality in the Netherlands, [4] and for all-cause and
cardiovascular mortality in Japan [58].

Less is known of the impacts of PRISm on cancer mor-
tality. Our study’s results indicating a significant impact
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are the first such finding in a US general population. Nev-
ertheless, these findings align with research from South
Korea which found PRISm increased the risk of mortality
from lung cancer [59].

Emerging evidence suggests that, like COPD, PRISm
is a heterogeneous condition. Studies have indicated
that PRISm can be categorized into restrictive PRISm
(FEV1/FVC>0.7, FEV1<80%, and FVC <80%) and non-
restrictive PRISm (FEV1/FVC>0.7, FEV1<80%, and
FVC>80%). This variability extends to differences in
risk factors, [60] the likelihood of transitioning to air-
flow obstruction, exacerbations, and mortality risks for
all-cause and cardiovascular mortality [61-63]. There-
fore, future efforts should prioritize improving diagnostic
approaches and mortality risks for individuals with this
condition.

For COPD, our results show an increased risk of all-
cause mortality as well as cardiovascular disease-specific
mortality for GOLD 2 or higher. While we found evi-
dence of significant increases in the risk of chronic lower
respiratory disease-related mortality among GOLD 3-4
patients, the smaller number of individuals in this group
limits confidence in these estimates, as is reflected in the
large confidence intervals. Notably, we consistently find
higher risk of mortality with PRISm than with GOLD 1
which questions the hypothesis that PRISm serves as a
precursor state to COPD.

In recent years, a substantive body of research has
demonstrated the bias associated with use of race-spe-
cific predictive equations [26, 29, 34, 36]. As such, we
avoided the use of race-specific equations in all our anal-
yses and opted to use Hankinson’s non-Hispanic White
predictive equation for all races and the GLI race-neutral
predictive equation in a secondary analysis. Apart from
lower rates of PRISm using the GLI equation, we find no
statistically significant differences in COPD prevalence
between these two approaches. However, the lower rates
of PRISm with race-neutral equations, as well as higher
trends of lower stages of COPD may suggest that race-
neutral equations are downstaging patients. Regardless,
this did not have impacts on mortality estimates. More
research is needed, particularly evaluating the precision
of race-neutral equations for the identification of PRISm.

This study has several limitations. First, our prevalence
data are cross-sectional, and we cannot make inferences
regarding the causal pathways of PRISm and COPD. Sec-
ond, spirometry data were only available in the NHANES
data between 2007-2012, limiting our ability to examine
longer-term and more recent trends in COPD and PRISm
prevalence as spirometry examination by NHANES was
discontinued in 2013. Enhancing future research requires
the collection of longitudinal spirometric data alongside
additional nationally representative cross-sectional data.
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Broadening datasets to encompass spirometry results
that reflect the current trends and diversity of the disease
across the nation is essential. Third, we used pre-bron-
chodilator spirometry values due to sample size limita-
tions for post-bronchodilator values in this study. While
some research has found a non-significant discrepancy
between the use of pre-bronchodilator or post-broncho-
dilator for air obstruction diagnosis, GOLD standards
recommend the use of post-bronchodilator data [64, 65].
Although there is still controversy on the estimated out-
comes from each measure [66]. Previous studies using
the NHANES data have been published with the same
limitation, [11, 15] and nationally representative data
with post-bronchodilator data are needed. Furthermore,
we defined COPD based on an FEV,/FVC ratio of 0.7,
as is commonly done in research, rather than the lower
limit of normal (LLN). FEV,/FVC ratio is age-dependent,
and its utilization may result in misdiagnosed airflow
obstruction [68]. Consequently, there is a possibility that
our analysis may overestimate the prevalence of PRISm
among younger individuals and underestimate PRISm
among older individuals. Finally, we did not account
for the potential impacts of measurement error in the
spirometry [68].

Conclusion

Using a nationally representative sample of US adults
with spirometry data between 2007-2012, we found that
approximately 10% of the US adult population meet the
criteria for PRISm, and 14% meet the criteria for COPD.
Moreover, both PRISm and COPD were associated with
an increased risk of all-cause and cause-specific mor-
tality, demonstrating the importance of examining the
potential impact of PRISm at the national level. Much
remains unknown about PRISm and the extent to which
it may progress to a formal COPD diagnosis; as such,
increasing spirometric data collection is essential.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512931-024-02841-y.

[ Supplementary Material 1. }

Authors’ contributions

The authors contributed to the paper as follows: Conception and design: HO,
CJC, MKH, LMSR. Methodology: HO, CJC, LMSR. Data curation: HO. Formal
analysis: HO, CJC, LMSR. Original draft: HO, CJC, LMSR. Critical revision of manu-
script: HO, CJC, MKH, DM, SC, RM, DTL, LMSR. All authors reviewed the results
and approved the final version of the manuscript.

Funding

This project was funded through the National Cancer Institute (NCl) and Food
and Drug Administration (FDA) grants KO1CA260378 and U54CA229974.

Mr. Cadham receives additional funding through pre-doctoral fellowships


https://doi.org/10.1186/s12931-024-02841-y
https://doi.org/10.1186/s12931-024-02841-y

Cadham et al. Respiratory Research (2024) 25:208

from the Canadian Institutes of Health Research (DFD - 187708) and the
PhRMA Foundation (AWD024330). The opinions expressed in this article are
the author’s own and do not reflect the views of the funders, the National
Institutes of Health, the Department of Health and Human Services, the FDA
or the United States government.

Availability of data and materials

All data used in this study is publicly available from the US Centers for Disease
Control and Prevention through the National Center for Health Statistics
which manages NHANES.

Declarations

Ethics approval and consent to participate
Not applicable, this study uses publicly available anonymous data.

Consent for publication
Not applicable.

Competing interest
CJC received research support funding from Imvaria, Inc. for unrelated work.

Author details

'School of Public Health, Department of Health Management and Policy,
University of Michigan, Ann Arbor, MI, USA. 2Georgetown University-Lombardi
Comprehensive Cancer Center, Washington, DC, USA. *Division of Pulmonary
and Critical Care, University of Michigan Health System, Ann Arbor, MI, USA.
“Division of Pulmonary and Critical Care Medicine, University of Kentucky, Lex-
ington, KY, USA. °COPD Foundation, Miami, FL, USA. ®School of Public Health,
Department of Epidemiology, University of Michigan, Ann Arbor, MI, USA. 7BC
Cancer Research Institute, Vancouver, Canada.

Received: 15 January 2024 Accepted: 6 May 2024
Published online: 15 May 2024

References

1. Ford ES.Trends in Mortality From COPD Among Adults in the United
States. Chest. 2015;148:962-70.

2. CDC. Leading Causes of Death in 2020. 2022; at https://www.cdc.gov/
nchs/fastats/leading-causes-of-death.htm.

3. GOLD COPD Report 2020. Global Initiative for Chronic Obstructive Lung
Disease (GOLD); 2020. https://goldcopd.org/gold-reports/.

4. Wijnant SRA, Roos ED, Kavousi M, Stricker BH, Terzikhan N, Lahousse L,
et al. Trajectory and mortality of preserved ratio impaired spirometry: the
Rotterdam Study. European Respiratory Journal 2020;55:.

5. Schiffers C, Mraz T, Breyer M-K, Hartl S, Breyer-Kohansal R, Wouters EFM.
Restrictive Spirometry or PRISm: Does it Matter? Am J Respir Crit Care
Med. 2023;208:905-7.

6. Han MK, Agusti A, Celli BR, Criner GJ, Halpin DMG, Roche N, et al. From
GOLD 0 to Pre-COPD. Am J Respir Crit Care Med. 2021;203:414-23.

7. WanEs, Balte P Cassano P a, Couper D, Jacobs D, Kalhan R, et al. Prevalence
and Longitudinal Risk Patterns Associated with Preserved Ratio Impaired
Spirometry (PRISm): The NHLBI Pooled Cohorts Study. C43 COPD AND POPU-
LATION HEALTH American Thoracic Society; 2019. p. A4873-A4873. https//
doi.org/10.1164/ajrccm-conference.2019.199.1_MeetingAbstracts.A4873.

8. Adibi A, Sadatsafavi M. Looking at the COPD spectrum through “PRISm.”
Eur Respir J. 2020;55:1902217.

9. Wan ES, Castaldi PJ, Cho MH, Hokanson JE, Regan EA, Make BJ, et al.
Epidemiology, genetics, and subtyping of preserved ratio impaired
spirometry (PRISm) in COPDGene. Respir Res. 2014;15:89.

10. Wan ES. The Clinical Spectrum of PRISm. Am J Respir Crit Care Med.
2022;206:524-5.

11. Mannino DM, Buist AS, Petty TL, Enright PL, Redd SC. Lung function and
mortality in the United States: data from the First National Health and
Nutrition Examination Survey follow up study. Thorax. 2003;58:388-93.

12. VazFragoso CA, Gill TM, McAvay G, Yaggi HK, Van Ness PH, Concato J. RES-
PIRATORY IMPAIRMENT AND MORTALITY IN OLDER PERSONS: A NOVEL
SPIROMETRIC APPROACH. J Investig Med. 2011;59:1089-95.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

Page 10 of 11

. TranT, Kinney GL, Comellas AP, Hoth KF, Baldomero AK, Wilson C, et al.

Prevalence of Abnormal Spirometry in Ever Smokers with No Known

Obstructive Lung Disease. A102 ASSESSMENT OF RESPIRATORY PHYSI-
OLOGY American Thoracic Society; 2022. p. A2213-A2213. https://doi.
org/10.1164/ajrccm-conference.2022.205.1_MeetingAbstracts.A2213.

. Mannino DM, Holguin F, Pavlin BI, Ferdinands JM. Risk factors for preva-

lence of and mortality related to restriction on spirometry: findings
from the First National Health and Nutrition Examination Survey and
follow-up. Int J Tuberc Lung Dis. 2005;9:613-21.

. Mannino DM, Ford ES, Redd SC. Obstructive and restrictive lung dis-

ease and functional limitation: data from the Third National Health and
Nutrition Examination. J Intern Med. 2003;254:540-7.

. Schwartz A, Arnold N, Skinner B, Simmering J, Eberlein M, Comellas AP,

et al. Preserved Ratio Impaired Spirometry in a Spirometry Database.
Respir Care. 2021;66:58-65.

. Wan ES, Hokanson JE, Regan EA, Young KA, Make BJ, DeMeo DL, et al.

Significant Spirometric Transitions and Preserved Ratio Impaired
Spirometry Among Ever Smokers. Chest. 2022;161:651-61.

. Wan ES, Fortis S, Regan EA, Hokanson J, Han MK, Casaburi R, et al.

Longitudinal Phenotypes and Mortality in Preserved Ratio Impaired
Spirometry in the COPDGene Study. Am J Respir Crit Care Med.
2018;198:1397-405.

. Lokke A, Lange P, Lykkegaard J, Ibsen R, Andersson M, de Fine LS, et al.

Economic Burden of COPD by Disease Severity — A Nationwide Cohort
Study in Denmark. Int J Chron Obstruct Pulmon Dis. 2021;16:603-13.
National Center for Health Statistics Division of Analysis and Epidemiol-
ogy. Continuous NHANES Public-use Linked Mortality Files, 2019. Hyatts-
ville, Maryland. Available from: https.//www.cdc.gov/nchs/data-linkage/
mortality-public.htm. doi:https://doi.org/10.15620/cdc:117142.

National Center for Health Statistics. NHANES - National Health and Nutri-
tion Examination Survey Homepage. 2022;at <https://www.cdc.gov/
nchs/nhanes/index.htm>.

Zipf G, Chiappa M, Porter KS, Ostchega Y, Lewis BG, Dostal J. National
health and nutrition examination survey: plan and operations, 1999
2010. Vital Health Stat. 2013;1:1-37.

Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al.
Standardisation of spirometry. Eur Respir J. 2005;26:319-38.

Hankinson JL, Odencrantz JR, Fedan KB. Spirometric Reference Values
from a Sample of the General U.S. Population. Am J Respir Crit Care Med
1999;159:179-187.

Vollmer WM, Gislason Th, Burney P, Enright PL, Gulsvik A, Kocabas A, et al.
Comparison of spirometry criteria for the diagnosis of COPD: results from
the BOLD study. Eur Respir J. 2009;34:588-97.

Baugh AD, Shiboski S, Hansel NN, Ortega V, Barjaktarevic |, Barr RG, et al.
Reconsidering the Utility of Race-Specific Lung Function Prediction Equa-
tions. Am J Respir Crit Care Med. 2022;205:819-29.

Cooper BG, Stocks J, Hall GL, Culver B, Steenbruggen |, Carter KW, et al.
The Global Lung Function Initiative (GLI) Network: bringing the world'’s
respiratory reference values together. Breathe (Sheff). 2017;13:e56-64.
Kaminsky DA. Is There a Role for Using Race-Specific Reference Equa-
tions? Yes and No. Am J Respir Crit Care Med. 2022;205:746-8.

Regan EA, Lowe ME, Make BJ, Curtis JL, Chen QG, Crooks JL, et al.

Early Evidence of Chronic Obstructive Pulmonary Disease Obscured

by Race-Specific Prediction Equations. Am J Respir Crit Care Med.
2024;209:59-69.

Ford ES, Mannino DM, Wheaton AG, Giles WH, Presley-Cantrell L, Croft JB.
Trends in the Prevalence of Obstructive and Restrictive Lung Function
Among Adults in the United States. Chest. 2013;143:1395-406.

GOLD COPD 2019 Report. 2019;

CDC. NHANES Response Rates and Population Totals. at <https.//wwwn.
cdc.gov/nchs/nhanes/ResponseRates.aspx>.

Johnson CL, Paulose-Ram R, Ogden CL, Carroll MD, Kruszon-Moran D,
Dohrmann SM, et al. National Health and Nutrition Examination Survey:
Analytic guidelines, 1999-2010. 2013;at <https://wwwn.cdc.gov/nchs/
data/nhanes/analyticguidelines/99-10-analytic-guidelines.pdf>.

Moffett AT, Bowerman C, Stanojevic S, Eneanya ND, Halpern SD, Weiss-
man GE. Global, Race-Neutral Reference Equations and Pulmonary Func-
tion Test Interpretation. JAMA Netw Open. 2023;6: €2316174.

Bowerman C, Bhakta NR, Brazzale D, Cooper BR, Cooper J, Gochicoa-
Rangel L, et al. A Race-neutral Approach to the Interpretation of Lung
Function Measurements. Am J Respir Crit Care Med. 2023,207:768-74.


https://www.cdc.gov/nchs/fastats/leading-causes-of-death.htm
https://www.cdc.gov/nchs/fastats/leading-causes-of-death.htm
https://goldcopd.org/gold-reports/
https://doi.org/10.1164/ajrccm-conference.2019.199.1_MeetingAbstracts.A4873
https://doi.org/10.1164/ajrccm-conference.2019.199.1_MeetingAbstracts.A4873
https://doi.org/10.1164/ajrccm-conference.2022.205.1_MeetingAbstracts.A2213
https://doi.org/10.1164/ajrccm-conference.2022.205.1_MeetingAbstracts.A2213
https://www.cdc.gov/nchs/data-linkage/mortality-public.htm
https://www.cdc.gov/nchs/data-linkage/mortality-public.htm
https://doi.org/10.15620/cdc:117142
https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm
https://wwwn.cdc.gov/nchs/nhanes/ResponseRates.aspx
https://wwwn.cdc.gov/nchs/nhanes/ResponseRates.aspx
https://wwwn.cdc.gov/nchs/data/nhanes/analyticguidelines/99-10-analytic-guidelines.pdf
https://wwwn.cdc.gov/nchs/data/nhanes/analyticguidelines/99-10-analytic-guidelines.pdf

Cadham et al. Respiratory Research (2024) 25:208

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

Ekstrém M, Mannino D. Race-specific reference values and lung func-
tion impairment, breathlessness and prognosis: Analysis of NHANES
2007-2012. Respir Res. 2022;23:271.

Higbee DH, Granell R, Davey Smith G, Dodd JW. Prevalence, risk factors,
and clinical implications of preserved ratio impaired spirometry: a UK
Biobank cohort analysis. Lancet Respir Med. 2022;10:149-57.

CDC. National Trends in COPD. Chronic Obstructive Pulmonary Disease:
Data and Statistics 2022;at <https://www.cdc.gov/copd/data-and-stati
stics/national-trends.html>.

Tilert T, Paulose-Ram R, Howard D, Butler J, Lee S, Wang MQ. Prevalence
and factors associated with self-reported chronic obstructive pulmonary
disease among adults aged 40-79: the National Health and Nutrition
Examination Survey (NHANES) 2007-2012. EC Pulmonol Respir Med.
2018;7:650-62.

Borlée F, Yzermans CJ, Krop E, Aalders B, Rooijackers J, Zock J-P, et al.
Spirometry, questionnaire and electronic medical record based COPD

in a population survey: Comparing prevalence, level of agreement and
associations with potential risk factors. In: Leroyer C, editor. PLoS One
2017;12:e0171494.

Shahab L, Jarvis MJ, Britton J, West R. Prevalence, diagnosis and relation
to tobacco dependence of chronic obstructive pulmonary disease in a
nationally representative population sample. Thorax. 2006;61:1043-7.
Cook SF, Hirschtick JL, Fleischer NL, Arenberg DA, Barnes GD, Levy

DT, et al. Cigarettes, ENDS Use, and Chronic Obstructive Pulmonary
Disease Incidence: A Prospective Longitudinal Study. Am J Prev Med.
2023;65:173-81.

Barnes PJ. Sex Differences in Chronic Obstructive Pulmonary Disease
Mechanisms. Am J Respir Crit Care Med. 2016;193:813-4.

Gan WQ, Man SFP, Postma DS, Camp P, Sin DD. Female smokers beyond
the perimenopausal period are at increased risk of chronic obstructive
pulmonary disease: a systematic review and meta-analysis. Respir Res.
2006;7:52.

Kurth L, Doney B, Halldin C. Prevalence of airflow obstruction among
ever-employed US adults aged 18-79 years by longest held occupation
group: National Health and Nutrition Examination Survey 2007-2008.
Occup Environ Med. 2016;73:482-6.

Raherison C, Girodet P-O. Epidemiology of COPD. Eur Respir Rev.
2009;18:213-21.

Wang Z, LiY, Lin J,Huang J, Zhang Q, Wang F, et al. Prevalence, risk fac-
tors, and mortality of COPD in young people in the USA: results from a
population-based retrospective cohort. BMJ Open Respir Res. 2023;10:
€001550.

Wan ES, Balte P, Schwartz JE, Bhatt SP, Cassano PA, Couper D, et al.
Association Between Preserved Ratio Impaired Spirometry and Clinical
Outcomes in US Adults. JAMA. 2021;326:2287-98.

Yang S, Liao G, Tse LA. Association of preserved ratio impaired spirometry
with mortality: a systematic review and meta-analysis. Eur Respir Rev.
2023;32: 230135.

Stang P, Lydick E, Silberman C, Kempel A, Keating ET. The prevalence of
COPD: using smoking rates to estimate disease frequency in the general
population. Chest. 2000;117:354S5-5359.

Celli BR, Halbert RJ, Nordyke RJ, Schau B. Airway obstruction in never
smokers: results from the Third National Health and Nutrition Examina-
tion Survey. Am J Med. 2005;118:1364-72.

Putcha N, Anzueto AR, Calverley PMA, Celli BR, Tashkin DP, Metzdorf N,
et al. Mortality and Exacerbation Risk by Body Mass Index in Patients with
COPD in TIOSPIR and UPLIFT. Ann Am Thorac Soc. 2022;19:204-13.
Jones RL, Nzekwu M-MU. The effects of body mass index on lung vol-
umes. Chest 2006;130:827-833.

Cecere LM, Littman AJ, Slatore CG, Udris EM, Bryson CL, Boyko EJ, et al.
Obesity and COPD: associated symptoms, health-related quality of life,
and medication use. COPD. 2011;8:275-84.

Collins BF, Ramenofsky D, Au DH, Ma J, Uman JE, Feemster LC. The Asso-
ciation of Weight With the Detection of Airflow Obstruction and Inhaled
Treatment Among Patients With a Clinical Diagnosis of COPD. Chest.
2014;146:1513-20.

Verberne LDM, Leemrijse CJ, Swinkels ICS, Van Dijk CE, De Bakker DH,
Nielen MMJ. Overweight in patients with chronic obstructive pulmonary
disease needs more attention: a cross-sectional study in general practice.
npj Prim Care Resp Med 2017;27:63.

Page 11 of 11

57. VazFragoso CA, Gill TM, McAvay G, Yaggi HK, Van Ness PH, Concato J. Res-
piratory Impairment and Mortality in Older Persons: A Novel Spirometric
Approach. J Investig Med. 2011;59:1089-95.

58. WashioY, Sakata S, Fukuyama S, Honda T, Kan-O K, Shibata M, et al. Risks
of Mortality and Airflow Limitation in Japanese Individuals with Preserved
Ratio Impaired Spirometry. Am J Respir Crit Care Med. 2022;206:563-72.

59. Heo IR, Kim HC, Lee SJ, Yoo J-W, Ju S, Jeong YY, et al. Impact of coexistent
preserved ratio impaired spirometry on the survival of patients with lung
cancer: Analysis of data from the Korean Association for Lung Cancer
Registry. Thoracic Cancer. 2021;12:2478-86.

60. Sun XW, Zhang LY, Li QY. Understanding Preserved Ratio Impaired
Spirometry in Multiple Dimensions: Concerns over Restrictive Preserved
Ratio Impaired Spirometry. Am J Respir Crit Care Med. 2023;208:1139.

61. Pan J, Adab P, Jiang CQ, Zhang WS, Zhu F, Jin YL, et al. All-cause and
cause-specific mortality from restrictive and obstructive spirometric pat-
terns in Chinese adults with and without dyspnea: Guangzhou Biobank
Cohort Study. Respir Med. 2019;151:66-80.

62. Miura S, Iwamoto H, Omori K, Yamaguchi K, Sakamoto S, Horimasu Y, et al.
Preserved ratio impaired spirometry with or without restrictive spiromet-
ric abnormality. Sci Rep. 2023;13:2988.

63. Guerra S, Carsin A-E, Keidel D, Sunyer J, Leynaert B, Janson C, et al.
Health-related quality of life and risk factors associated with spirometric
restriction. Eur Respir J. 2017,49:1602096.

64. Smith LJ. Postbronchodilator Reference Values: Should They Be the
Norm? Am J Respir Crit Care Med. 2023,;208:356-7.

65. Mannino DM, Diaz-Guzman E, Buist S. Pre- and post-bronchodilator lung
function as predictors of mortality in the Lung Health Study. Respir Res.
2011;12:136.

66. Sterk PJ. Let's not forget: the GOLD criteria for COPD are based on post-
bronchodilator FEV1. Eur Respir J. 2004;23:497-8.

67. Haynes JM. Basic spirometry testing and interpretation for the primary
care provider. Can J Respir Ther 2018;54.

68. Enright PL, Beck KC, Sherrill DL. Repeatability of Spirometry in 18,000
Adult Patients. Am J Respir Crit Care Med. 2004;169:235-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.cdc.gov/copd/data-and-statistics/national-trends.html
https://www.cdc.gov/copd/data-and-statistics/national-trends.html

	The prevalence and mortality risks of PRISm and COPD in the United States from NHANES 2007–2012
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study and data
	Population
	Spirometry, COPD, and PRISm definitions
	Covariates
	Outcomes
	Statistical analysis
	Sensitivity analyses


	Results
	Prevalence of COPD and PRISm
	Prevalence of COPD and PRISm by gender, smoking status, BMI, age group, and raceethnicity
	Mortality estimates
	Race-neutral predictive equation

	Discussion
	Conclusion
	References


