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Background: Preserved ratio impaired spirometry (PRISm) has been associated with adverse outcomes and increased transition to 
other spirometric categories over time. We aimed to examine its prevalence, trajectories over time, and outcomes in a population-based 
sample from Latin America.
Methods: Data were obtained from two population-based surveys of adults from three cities in Latin America (PLATINO study), 
conducted on the same individuals 5–9 years after their baseline examination. We estimated the frequency of PRISm defined by FEV1 

/FVC≥0.70 with FEV1 <80%, describing their clinical characteristics, longitudinal transition trajectories over time, factors associated 
with the transition.
Results: At baseline, 2942 participants completed post-bronchodilator spirometry, and 2026 at both evaluations. The prevalence of 
normal spirometry was 78%, GOLD-stage 1 10.6%, GOLD 2–4 6.5%, and PRISm was: 5.0% (95% CI 4.2–5.8). PRISm was 
associated with less schooling, more reports of physician-diagnosis of COPD, wheezing, dyspnea, missing days at work, having ≥2 
exacerbations in the previous year but without accelerated lung function decline. Mortality risk was significantly higher in PRISm (HR 
1.97, 95% CI 1.2–3.3) and COPD GOLD 1–4 categories (HR 1.79, 95% CI 1.3–2.4) compared with normal spirometry. PRISm at 
baseline most frequently transitioned to another category at follow-up (46.5%); 26.7% to normal spirometry and 19.8% to COPD. The 
best predictors of transition to COPD were closeness of FEV1/FVC to 0.70, older age, current smoking, and a longer FET in the second 
assessment.
Conclusion: PRISm, is a heterogeneous and unstable condition prone to adverse outcomes that require adequate follow-up.
Keywords: preserved ratio impaired spirometry PRISm, airflow obstruction, COPD, lung function decline

Introduction
A reduced spirometric function, whether with a restrictive or obstructive pattern is associated with adverse outcomes 
including shorter survival.1,2 There is a need to identify people with reduced lung function or at risk of progressing to 
airflow obstruction (COPD or other conditions), or other abnormal spirometric patterns over time for closer monitoring 
and risk management.

The spirometric restrictive pattern defined as Preserved Ratio Impaired Spirometry (PRISm) has been reported in 6– 
17% of different surveys3–6 and is a heterogeneous and unstable population in terms of its longitudinal transition to 
different lung function categories (reverting to normal spirometry, developing COPD, or remaining as persistent PRISm), 
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and associated with cardiovascular disease (CVD) burden, or early mortality.3–6 Limited information exists in the field, in 
particular in a population-based study that also included never-smokers.

Di He et al4 using data from the English Longitudinal Study of Aging (ELSA) cohort, reported that patients defined as 
having severe PRISm (both FEV1 and FVC<80% predicted values, FEV1/FVC≥0.70) had increased respiratory symp-
toms, greater risk of mortality and greater likelihood of progressing to COPD (GOLD 2–4) than those defined as mild 
PRISm (either of FEV1 and FVC<80% predicted, FEV1/FVC≥0.70). Similar results have been reported in other studies 
related to the increased risk of mortality in PRISm subjects and their transition to other spirometric categories over 
time.3,4,7

The Proyecto Latinoamericano de Investigación en Obstrucción Pulmonary (PLATINO study) described cross- 
sectionally8 and longitudinally9,10 the main characteristics of COPD in a population-based sample of Latin America 
(LA) Utilizing the data from the PLATINO follow-up study, the present study aimed to identify the prevalence of the 
PRISm group (FEV1/FVC≥0.70 based on low FEV1 <80% predicted), assess their stability (longitudinal transition 
trajectories) over time, their main characteristics, and the impact on survival, exacerbations and lung function decline in 
comparison with normal spirometry group at baseline. In addition, we examined the factors associated with the 
transitions to different lung function categories over time.

Methods
Study Design and Population
The detailed methods of the PLATINO baseline and follow-up studies have been described elsewhere.8,9 The PLATINO 
study was a population-based study carried out in five centers in Latin America (Montevideo, Santiago de Chile, São 
Paulo, Mexico City, and Caracas) from 2002 to 2004, among adults aged ≥40 years.8 The study was conducted in two 
phases: 1) the baseline survey that occurred in all the five centers8 and 2) the follow-up visit that occurred in three of the 
five centers; Montevideo, Santiago, and São Paulo 5, 6, and 9 years after the baseline surveys, respectively.9

The baseline study sample (with post-bronchodilator spirometry testing) consisted of 5183 subjects (Montevideo: 
884; Santiago: 1140; São Paulo: 918; Mexico City: 964, and Caracas: 1277), and the prevalence of post-bronchodilator 
(post-BD) FEV1/FVC ratio <0.70 ranged from 7.8% to 19.7% across the five centers. At follow-up, subjects in 
Montevideo, Santiago de Chile, and São Paulo from the original baseline sample were located and re-interviewed and 
performed post-BD spirometry. In addition, mortality data were prospectively collected from the time of the baseline visit 
to the follow-up visit. Individuals were visited at their homes based on the contact information provided by them during 
the baseline exam.

Ethical approval was obtained from the Institutional Review Boards at all five sites (Instituto Nacional de 
Enfermedades Respiratorias, Universidad Central de Venezuela, Pontificia Universidad Católica de Chile, Federal 
University of Pelotas, the Federal University of São Paulo) for the baseline exam and the three sites participating in 
the follow-up exams. All participants signed a written informed consent approved by the Boards. The study was done in 
accordance with Good Clinical Practice including the Declaration of Helsinki.

Assessments and Measurements
The PLATINO questionnaire is available at the website: http://www.platino-alat.org. The same core questionnaire was 
used at the PLATINO baseline and follow-up visits. Spirometry was undertaken on individuals who did not present any 
exclusion criteria (99% of the sample) using an ultrasonic spirometer (EasyOne; ndd Medical Technologies, Zurich, 
Switzerland). Spirometry was performed before (pre-BD) and 15 minutes after the administration of 200 μg of 
Salbutamol (post-BD) according to the American Thoracic Society (ATS) criteria of acceptability and reproducibility.11

Lung function categories were defined using post-BD spirometry and based on the FEV1/FVC ratio, and the FEV1 

expressed as a percentage of predicted (FEV1%) by the PLATINO reference values12 as follows:

(a) PRISm group: FEV1/FVC≥0.70 post-BD and FEV1 <80% predicted.
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(b) GOLD COPD criteria: FEV1/FVC<0.70 post-BD (GOLD-1 FEV1≥80%; GOLD-2 FEV1% ≥50 and <80%; 
GOLD-3 FEV1 ≥30% and <50%; GOLD-4 FEV1<30%).

Exacerbation was self-reported and defined as a deterioration of breathing symptoms that affected usual daily 
activities or caused missed work, asking also the number of such episodes, the episodes that needed to see a doctor or 
required hospitalization within the 12 months preceding the study.

Statistical Analyses
The main comparison was among the PRISm group and participants with airflow obstruction according to GOLD criteria 
(COPD), having as control those with normal spirometry. The main groups (normal, PRISm, and COPD) were compared 
by analysis of variance (ANOVA) with Bonferroni adjustment for multiple comparison tests for quantitative variables or 
by Fisher’s exact test for nominal variables. The groups were also compared on their survival using Cox proportional 
hazard models, lung function decline using multiple regression models, and 2 or more exacerbations in the last year using 
logistic regression models. The results of the models were reported crude and adjusted by covariables, such as age, 
gender, current smoking (expressed as yes or no and by the number of cigarettes smoked per day), cumulative smoking in 
pack-years, body mass index (BMI>30 kg/m2), years of schooling, and previous medical diagnosis of respiratory diseases 
or other comorbidities obtained through a questionnaire.

Concordance of lung function categories at baseline (normal, PRISm, and COPD) and follow-up was evaluated in the 
same individuals using the Kappa statistic. Logistic regression models were fitted to explore baseline characteristics 
associated with a transition to a different category at follow-up, including age, sex, BMI, and self-reported physician- 
diagnosed comorbidities (asthma, chronic bronchitis, COPD, heart disease, and diabetes mellitus).

The impact of the participants’ FEV1% and the FEV1/FVC proximity to the category’s thresholds (FEV1% of 80% 
and FEV1/FVC of 70%), utilizing the difference between the measured FEV1/FVC or FEV1% from the thresholds, were 
evaluated in logistic regression models as independent variables, as well as the impact of the spirometry test quality and 
particularly the forced expiratory time (FET), the duration of the forced expiration during spirometric testing at baseline 
and follow-up. In repeated tests, transitions to a different category are more likely if baseline results are borderline13 and 
also if the expiratory duration (FET) was different, since, with longer expiration, FEV1/FVC tends to drop, rising the 
probability of diagnosing airflow obstruction.14 Finally, we analyzed the groups with consistent PRISm in both assess-
ments versus those that migrated to COPD or normal spirometry in the second evaluation, to determine the predictors of 
the group change.

Results
Baseline Characteristics
From the 3151 study participants in the three cities, 2942 completed post-BD spirometry at baseline (Table 1), 2815 were 
evaluated at follow-up, 2136 performed spirometry at follow-up (858 from Santiago, 683 from Montevideo, and 595 
from Sao Paulo) and 301 deaths were documented (population considered for survival analysis). Follow-up rates for each 
independent variable category were around 80%.15

The baseline prevalence of normal spirometry was 78.0% (2294 individuals, 95% CI 76.4–79.5), 10.6% for GOLD 
stage 1 (311 subjects, 95% CI 9.5–11.7), 6.5% for GOLD 2–4 (191 subjects. 95% CI 5.6–7.4), and for PRISm 5.0% (146 
subjects, 95% CI 4.2–5.8) (Table 1).

The baseline clinical characteristics and lung function of the study population by the different lung function 
categories are shown in Table 1 and Table 2. Subjects in the PRISm group in comparison with those in the GOLD 1 
and GOLD 2–4 were more often female, younger, with higher BMI and obesity, and less frequently current smokers 
(Table 1). PRISm group compared with GOLD 1 subjects, had more exacerbations, physician consultations in the 
last year, and worse health perception, whereas compared with GOLD 2–4 category, PRISm group reported fewer 
physician diagnoses of asthma, tuberculosis, and chronic bronchitis, exacerbations, physician consults, missing days at 
work in the last year, use of respiratory medication, and reports of feeling depressed or with little energy (Table 1). The 
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perception of good or excellent health was similar among the PRISm and GOLD 2–4 subjects. The groups had a similar 
proportion of good-quality pre-BD and post-BD spirometry tests (Table 2).

In a multinomial logistic regression, the PRISm group was associated with less schooling, report of wheezing, 
dyspnea, missing days of work, and previous COPD diagnosis, whereas COPD was associated with older age, male 
gender, lower BMI, current tobacco smoking, cumulative smoking as pack-years, previous COPD diagnosis, chronic 
bronchitis, emphysema, asthma, tuberculosis, cough or phlegm, wheezing, use of respiratory medicine and missing days 
of work (Table S1).

Table 1 Baseline Characteristics of the Study Population by Different Lung Function Categories Groups

Variables Normal (2294) GOLD 1 (311) GOLD 2–4 (191) PRISm (FEV1<80%) (146)

Men (95% CI)† 39 (37–41) 56 (51–62) 51 (44–58) 36 (29–44)

Age, (years)* 55 (11) 65 (12)‡ 62 (11)‡ 57 (12)

Height, (cm)* 160 (10) 161 (9.8) 162 (9.7)‡ 158 (10.2)

BMI (kg/m2)* 28 (5) 27 (5)‡ 27 (6)‡ 29 (6)

Current smoker† 29 (28–32) 37 (32–43) 39 (33–46) 35 (28–43)

Exposure to occupations with dust (10+ years)† 30 (28–32) 39 (34–44) 42 (35–49) 40 (32–48)

Exacerbations in the last year* 0.1 (0.7) 0.08 (0.5) 5 (38)‡ 3 (30)‡

Two or more exacerbations in the last year† 2 (2–3) 2 (0.6–4) 9(6–15) 5 (2 −10)

History of asthma (95% CI)† 13 (12–14) 16 (13–21) 40 (33–47) 21 (15–29)

History of COPD (95% CI) † 3 (2 −4) 5 (3–8) 20 (15–26) 9 (5–15)

Previous tuberculosis† 3 (2–3) 5 (3–8) 9 (6–15) 5 (3–11)

Chronic bronchitis (phlegm)† 7 (6–8) 8 (6–12) 19 (14–26) 13 (8–20)

Chronic bronchitis (cough or phlegm)† 10 (9–12) 14 (10–18) 27 (21–34) 16 (11–23)

Chronic bronchitis (cough and phlegm)† 3 (2–4) 4 (2–7) 11 (7–16) 6 (3–12)

Use of any respiratory medication† 15 (13–16) 16 (13–21) 42 (35–49) 18 (13–26)

Missing any day of work last year† 11 (10–12) 12 (9–16) 31 (25–38) 20 (14–27)

Consultation with physician last year† 4 (3–5) 3 (1–5) 10 (6–15) 7 (4–12)

Self-perception of good or excellent health† 72 (70–74) 75 (70–79) 56 (49–63) 58 (50–66)

Feeling with little calm 17 (15–18) 15 (12–20) 21 (16–28) 18 (12–25)

Feeling depressed† 11 (10–12) 10 (7–14) 18 (13–24) 14 (9–20)

Little energy† 10 (9–12) 9 (6–12) 20 (15–27) 11 (7–17)

Obesity† 31 (29–33) 25 (21–31) 24 (19–31) 37 (29–45)

Diabetes mellitus 9 (8–10) 8 (5–12) 8 (5–13) 12 (7–18)

Cardiovascular disease 42 (40–44) 43 (37–48) 48 (41–55) 49 (41–57)

Notes: Data are presented as mean (SD) and n (95% CI).ANOVA: *p <0.05 (comparison among normal, GOLD 1, GOLD 2–4, and PRISm). Fisher exact test: †p <0.05 
(comparison among normal, GOLD 1, GOLD 2–4, and PRISm). ANOVA Bonferroni (analysis of variance and covariance with Bonferroni multiple-comparison test only 
for age, height, BMI, and exacerbation in the last year): ‡p <0.05. Exacerbation was a self-reported deterioration of breathing symptoms that affected usual daily activities 
or caused missed work. 
Abbreviation: BMI, body mass index.
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Survival, Exacerbations and Lung Function Decline
Table 3 describes the association of the PRISm group at baseline with survival, exacerbations in the past year, and lung 
function decline in the follow-up. The reference group was participants with normal spirometry. The PRISm group was 
not associated with accelerated lung function decline and had on average an increase in FEV1 post-BD during follow-up 
compared with the normal spirometry group (coefficients on FEV1 decline were positive). The impact of PRISm on the 
time to death and exacerbations was reduced after adjustment by FEV1 (adjusted 2).

Figure 1 shows the survival curves of subjects with normal spirometry, COPD (GOLD 1–4) and PRIMs adjusted by 
age, female gender, education, pack-years of smoking, and comorbidities. Mortality risk was significantly higher in 
PRISm and COPD GOLD 1–4 categories compared with normal spirometry.

Longitudinal Transitions into the Different Lung Function Categories
Table 4 shows the longitudinal transition trajectories by baseline lung function categories. PRISm subjects at baseline 
more often changed towards a different lung function category (46.5%) than subjects with COPD (30.2%) or normal 

Table 2 Baseline Lung Function of the Study Population by Different Lung Function Categories Groups

Variables Normal (2294) GOLD 1 (311) GOLD 2–4 (191) PRISm (FEV1<80%) (146)

FEV1 pre-BD, (L) 2.73 (0.73) 2.35 (0.69) 1.57 (0.58) 1.83 (0.59)

FEV1 post-BD, (L) 2.83 (0.74) 2.45 (0.69) 1.71 (0.59) 1.87 (0.55)

FVC pre-BD, (L) 3.58 (0.96) 3.67 (1.1) 2.85 (0.93) 2.47 (0.78)

FVC post-BD, (L) 3.53 (0.93) 3.78 (1.0) 3.00 (0.93) 2.41 (0.71)

FEV1/FVC pre-BD, (%) 77 (6) 64 (7) 55 (11) 74 (7)

FEV1/FVC post-BD, (%) 80 (5) 65 (5) 57 (11) 78 (5)

Good quality pre-BD* (95% CI) 96 (95–97) 94 (91–96) 93 (89–96) 97 (92–99)

Good quality post-BD* (95% CI) 96 (95–96) 93 (89–96) 95 (90–97) 97 (92–99)

Notes: Data are presented as mean (SD) and n (95% IC). *Grade A or B according to ATS/ERS 2005 criteria. 
Abbreviations: FVC, forced vital capacity; FEV1, forced expiratory volume in one second.

Table 3 Adjusted Association (HR 95% CI) Between PRISm Group at Baseline with Survival, Lung-Function Decline, and 
Exacerbations in the Follow-Up

PRISm groups Unadjusted Adjusted 1 Adjusted 2

Deaths

HR (95% CI) P-value HR (95%IV) P-value HR (95% CI) P-value

PRISm (FEV1<80%) 2.18 (1.3–3.6) 0.002 1.96 (1.18–3.26) 0.009 1.41 (0.80–2.47) 0.23

Lung-function decline

β (95% CI) P-value β (95% CI) P-value β (95% CI) P-value

PRISm (FEV1<80%) 19.8 (11–29) <0.0001 19.5 (11–28) <0.0001 8.9 (−0.5–18) 0.06

Exacerbations in the past year (at least 2)

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

PRISm (FEV1<80%) 3.58 (1.63–7.85) 0.001 3.56 (1.58–8.02) 0.002 1.11 (0.42–2.95) 0.82

Notes: Reference group: participants with normal spirometry. The models included participants with COPD, but the results are not depicted in the table 
Impact on survival was evaluated with a Cox proportional hazard model, that on post-bronchodilator FEV1 decline with linear multiple regression, and with 
the exacerbations with a logistic regression model. Adjusted 1: age, sex, BMI, comorbidities, cig pack-day, and years at school Adjusted 2: age, sex, BMI, 
comorbidities, cig pack-day, years at school, and FEV1. Exacerbation was a self-reported deterioration of breathing symptoms that affected usual daily 
activities or caused missed work.
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spirometry (12.4%). In the PRISm group, 26.7% turned to normal spirometry, and 19.8% towards COPD. The great 
majority of normal subjects remained normal in the second evaluation (87.6%), 7.9% moved towards COPD, and 4.5% to 
PRISm. Among subjects with COPD (GOLD 1–4), the majority remained in the same category (69.8%), 6.7% transited 
toward PRISm, and 23.5% to normal spirometry.

Agreement between lung function categories at baseline and follow-up was moderate. The overall agreement in the 
PRISm group, was 83.5% (Kappa statistic=0.54, 95% CI 0.51–0.58). Individuals persisting in the PRISm group were 
younger, more often female, and had a shorter forced expiratory time (FET) at the second assessment. Those who 
switched from PRISm to COPD were older, had lower baseline FEV1%, and FEV1/FVC were more often female, had 
a longer FET at the second assessment (2.1 seconds on average), and more frequently reported diagnosis of asthma and 
smoking. Those who switched to normal spirometry were more often men, with diabetes or heart disease were less often 
current smokers, and had less often an asthma diagnosis.

Individuals who switched from COPD to PRISm had lower FEV1%, shorter FET at the second assessment, higher 
BMI, and more frequent heart disease. On the other hand, individuals who switched from normal spirometry to PRISm 

Table 4 Longitudinal Transition Trajectories Among Groups with Normal Spirometry, Airflow 
Obstruction (GOLD 1–4), and PRISm (FEV1<80%)

First evaluation Second Evaluation

Normal GOLD (1–4) PRISm (FEV1<80%) Total

Normal 1434 (87.6%) 129 (7.9%) 74 (4.5%) 1637

GOLD (1–4) 70 (23.5%) 208 (69.8%) 20 (6.7%) 298

PRISm (FEV1<80%) 23 (26.7%) 17 (19.8%) 46 (53.5%) 86

Total 1527 354 140 2021

Notes: Comparison between baseline categories and those at follow-up. Agreement 83.5%, Kappa statistic 0.54, SE 0.018.

Figure 1 Survival curves of subjects with normal spirometry, COPD GOLD 1–4, and PRIMs are defined as FEV1<80% (adjusted by age, gender, years of education, pack- 
years of smoking, and the number of comorbidities). HR for COPD (GOLD stages 1–4) was 1.79 (95% CI 1.3–2.4, long-dashed line) and for PRISm was 1.97 (95% CI 1.2–3.3, 
short-dashed line) with no statistical difference between the two, compared with participants with normal spirometry (continuous line).
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had lower baseline FEV1 and FVC%, shorter FET at the second assessment (2 s on average), and more frequently 
reported heart disease.

The most important predictors of transition from normal spirometry or PRISm to COPD were closeness of FEV1/FVC 
to 0.70 (OR 18, 95% CI 9.7–36), age (OR 1.05, 95% CI 1.03–1.08), current smoking (OR 2.0, 95% CI 1.2–3.2), self- 
assessment of good health (OR 0.52, 95% CI 0.33–0.85) and a longer FET in the second assessment (OR 0.69, 95% CI 
0.65–0.73) (Table S2).

In a logistic regression model having as the dependent variable a transition to any other spirometric category, having 
an FEV1% close to 80% and an FEV1/FVC close to 0.70 (borderline results) were predictors of a group change at follow- 
up. The risk of a transition increased if the FET in the follow-up was longer than at baseline (OR 1.09, 95% CI 1.04– 
1.12), and if the follow-up post-BD spirometry had lower quality than the first spirometry (OR 1.7 95% CI 1.2–2.4), 
supporting the contribution of technical issues to category transitions. If FET at follow-up was longer than at baseline, 
there was a tendency to transit to COPD14 and if the second was shorter the change was more likely towards PRISm or 
normal pattern.

Current smoking increased the risk to change to COPD (OR 2.0, 95% CI 1.2–3.2), and reduced the chance to move to 
normal spirometry (OR 0.47, 95% CI 0.26–0.87). Advanced age increases the risk of transitioning to COPD (OR 1.05, 
95% CI 1.03–1.08), and a self-assessment of “good health” reduces the risk of changing to COPD (OR 0.50, 95% CI 0.30 
to 0.80) or normal (OR 0.53, 95% CI 0.30–0.95).

Discussion
The main findings of this study on prevalence, and trajectories of spirometric categories in a population-based cohort 
from Latin America were: first, the PRISm prevalence ranged from 5% if defined by an FEV1 <80%, it was associated 
with less schooling, more reports of COPD physician-diagnosis, wheezing, dyspnea, absences from work, increased risk 
of death, and exacerbations, but without accelerated lung function decline; second, PRISm group compared to COPD 
were more often female, younger, with higher BMI and fewer current smokers; third, PRISm subjects at baseline 
switched most frequently than COPD or individuals with normal spirometry switched to a different lung function 
category (46.5%), and the best predictors of transition to COPD were closeness of FEV1/FVC to 0.70, older age, current 
smoking and a longer expiration (FET) in the second assessment.

Few population-based studies have evaluated the prevalence of PRISm subjects and their transition to other 
spirometric categories over time.3,7,16 Mild PRISm in the ELSA study tended to transition toward normal spirometry 
(40.2%), 7.6% changed to GOLD 1, and 10% to GOLD 2–4, while severe PRISm tended to maintain the status (42.4%) 
or transition toward GOLD 2–4 (28.3%).4 PRISm groups had higher BMI, the highest inactive physical activity (severe 
PRISm group), more cardiovascular disease (CVD) and cancer.4

In the Rotterdam population-based cohort, with the crude prevalence of PRISm at baseline was 7.1% and 7.6% if age- 
adjusted, more often transitioned towards a different lung function category (43.0%), 32.6% transitioned to COPD, and 
10.4% to normal spirometry.7 Overall, PRISm subjects had the highest BMI at baseline, were more often female, and 
smoked less.7 Another longitudinal study (COPDGene) in current and former smokers showed that the prevalence of 
PRISm remained consistent (10.4%–11.3%) between the study phases and nearly one-half of them transitioned into or 
out of PRISm at each visit.5

The results of the present study, are consistent with the previous findings: PRISm category with a prevalence of 5%, 
changed more often (almost half) over time.4,5,7 They also coincide in terms of the clinical characteristic of PRIMs 
subjects (more often female, younger, with higher BMI, and fewer smokers). In addition, our results showed that the best 
predictors of transition from PRISm to COPD were closeness of FEV1/FVC to 0.70, older age, current smoking, and 
a longer FET in the second assessment.

Standard spirometric diagnostics have included the restrictive disease pattern, and several conditions may explain its 
presence in addition to the presence of true restrictive disease with reduced Total Lung Capacity (TLC) due to a stiff lung 
or chest wall or weak inspiratory muscles. The nonspecific spirometric pattern, characterized by low FVC with normal 
TLC, may be due to early obstructive or restrictive disease, small airway disease, or emphysema with air-trapping.17,18 

Incomplete inspiration or expiration due to poor effort can also lead to low FVC and FEV1.19 A poor effort may lead to 
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pattern change in follow-up studies due to changes in spirometry quality or FET. Known longitudinal variations in lung 
function can modify functional category, especially if results at baseline are close to spirometric thresholds.13 

Furthermore, repeated tests, acceptable and classified as good quality tests, can lead to a modified FEV1/FVC and thus 
the diagnosis of airflow obstruction if FETs are variable, a situation improved by utilizing FEV1/FEV6 with clearly 
defined measuring time (6 seconds) compared with FVC than can be measured at different times.14 In our study, 
a transition to a restrictive pattern occurred more frequently if the second study FET was shorter than the first, whereas 
a change to an obstructive pattern occurred if the second FET was longer. Transitions to a different group were strongly 
favored by borderline tests, understandable even with “normal” variations in longitudinal lung function, but also if FET 
changes in consecutive tests. In addition to technical variations, there were other relevant risk factors for changing groups 
at follow-up. Transiting to airflow obstruction at the follow-up was more likely in older men, those with poor health 
perception, with a previous diagnosis of asthma, and current smokers. Change to PRISm was more likely if BMI was 
higher, with a previous diagnosis of heart disease.

In comparison with reference groups, PRISm and COPD GOLD 2–4 were predictors of all-cause mortality in adjusted 
survival analyses and also predictors of CVD mortality.7 Data from the studies NHLBI and ELSA reported that PRISm compared 
with normal spirometry significantly increased the risks of all-cause, respiratory, and CVD mortality.1,3,4 Our results confirm the 
previous findings and show a mortality risk significantly higher in PRISm and COPD GOLD 1–4 categories compared with 
normal spirometry and similar between PRISm and COPD GOLD 1–4 categories. Comorbid diseases that contribute to CVD 
mortality, may affect lung function due to cardiomegaly, parenchymal or pleural fluid accumulation, or airway edema. However, 
the prevalence of CVD and diabetes in our study was similar among the different lung function categories, and also the survival 
analysis if adjusted for comorbidities. Therefore, this makes it unlikely that comorbidities explain the difference in survival.

This study has some limitations. Being a population-based study, few cases of severe airflow obstruction were 
observed. Comorbidities and exacerbations were self-reported and may be underestimated compared to what can be 
expected from a comprehensive clinical search. Only two spirometric evaluations were performed in three cities from the 
five analyzed at baseline, which may offer less accurate estimates of lung function decline, but measurements were done 
with the same equipment and well-trained technicians and were separated by 6–9 years with high rates of follow-up. In 
contrast to large cohorts of smokers, or groups of patients with COPD, having a proper control group in a non-obstructed 
population, exposed and non-exposed to tobacco and other known risks are key for relevant comparisons.

In conclusion, PRISm is an unstable and heterogeneous population that, due to its association with exacerbations and 
reduced survival, requires additional evaluations and follow-up. In this category, severe conditions, such as those 
associated with a true restriction may be present or develop (for example, interstitial lung diseases, muscle weakness, 
among others), as well as, early changes in restrictive or obstructive disease. However, we must not forget the basic 
instability of borderline cases, considering repeating the tests during the follow-up, and complementing the evaluation 
with other lung function tests or imaging, depending on the cases.
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