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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is the fourth leading cause of death worldwide. The
study aimed to determine and compare the prevalence of COPD in the general population aged 45-74 years old
according to fixed ratio and lower limit of normal (LLN) thresholds in four cities in the Southern Cone of Latin
America.

Methods: The Pulmonary Risk in South America (PRISA) study used a 4-stage stratified sampling method to select 5814
participants from 4 cities in the Southern Cone of Latin America (Bariloche and Marcos Paz, Argentina; Temuco, Chile;
and Pando-Barros Blancos, Uruguay). Data on demographic information, medical history, risk factors, pre-bronchodilator
and post-bronchodilator spirometry were obtained using a standard protocol. According to GOLD, COPD was defined
as a post-bronchodilator ratio of forced expiratory volume in one second (FEV1) over forced vital capacity (FVC) less than
70%. The LLN threshold was defined as the lower fifth percentile for predicted FEV1/FVC, and was evaluated as an
alternative COPD definition.

Results: Overall COPD prevalence was 9.3% (95% CI 8.4, 10.2%), and men had a higher prevalence [11.8% (95% CI 10.3,
13.3%)] than women [7.3% (95% CI 6.2, 8.3%)] with the fixed ratio. Overall COPD prevalence using LLN was 4.7% (95% CI
4.1, 5.3%), higher in men: 5.8% (95% CI 4.7, 6.8%) than women: 3.9% (95% CI 3.1, 4.7%). COPD prevalence was significantly
higher among those who were older, had <high-school education and lower body-mass index, were cigarette smokers,
and had self-reported history of asthma and tuberculosis.

Conclusions: First, COPD and its risk factors are highly prevalent in the general population of Argentina, Chile, and
Uruguay. Second, the prevalence of COPD by LLN criterion was significantly lower with lesser degrees of severity
compared to fixed ratio of FEV1/FVC. Implementing LLN criterion instead of fixed ratio of FEV1/FVC may reduce the risk
of over-diagnosis of COPD, although further prognostic studies of COPD adverse outcomes should be conducted using
both definitions. Third, these data suggest that national efforts on the prevention, treatment, and control of COPD
should be a public health priority in the Southern Cone of Latin America.
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Background
Chronic obstructive pulmonary disease (COPD) is the
fourth leading cause of mortality worldwide [1, 2]. Under-
diagnosis and a lack of rigorous population-based studies
from low- and middle-income countries (LMIC) likely con-
tribute to the underestimates of the actual COPD burden
globally [3]. To date, only four population-based studies
have been conducted in Latin America. They found a wide
variation in COPD prevalence among populations [4–7].
The four studies used reliable measurements and consist-
ent diagnostic criteria. Additionally, PLATINO and PRE-
POCOL studies were included in a recent study to explore
the determinants of COPD prevalence worldwide, focused
on its underdiagnosis, from international surveys [8].
There is a large agreement that the diagnostic confirm-

ation of COPD requires spirometric evidence of post-
bronchodilator airflow limitation that is not fully reversible.
However, no consensus has been achieved regarding the
cut-off for separating obstructed from healthy subjects. The
Global Initiative for Chronic Obstructive Lung disease
(GOLD) criteria defines COPD with a fixed ratio of post-
bronchodilator forced expiratory volume in the first second
to forced vital capacity (FEV1/FVC) of <0.7. However, the
American Thoracic Society and the European Respiratory
Society recommends setting the cut-off at the 5th percentile
of the normal distribution (LLN), in order to avoid poten-
tial misclassification. This discrepancy can be translated
into different estimates of the COPD prevalence and dis-
ease burden.
COPD is a progressive disease that is highly underdiag-

nosed, particularly among people with early stage disease,
who could benefit from preventive strategies. Therefore,
achieving accurate estimates of the prevalence of COPD is
essential [9].
Here, we will report the population-based cross-sectional

baseline results of the PRISA study, which aimed to deter-
mine and compare the prevalence of COPD according to
fixed ratio and LLN thresholds. As a secondary aim, we
analyze the strength of the associations between COPD and
risk factors for each of the COPD definitions, such as age,
sex, smoking history and education, as well as others risk
factors for persistent post-bronchodilator obstruction, such
as indoor air pollution from burning biomass fuels, asthma
and tuberculosis.

Methods
Study participants
The details of study design and the sampling method of
the PRISA study have been previously published [10].
Briefly, the Pulmonary Risk in South America (PRISA)
study is a population-based prospective cohort study
that evaluates the prevalence, incidence and determi-
nants of COPD in the Southern Cone of Latin America
as well as individual changes in lung function over time.

A total of 5814 women and men aged 45 to 74 were re-
cruited between February 2011 and December 2012
from randomly selected samples in four small to mid-
sized cities in the Southern Cone of Latin America: two
in Argentina (Marcos Paz and Bariloche), one in Chile
(Temuco), and one in Uruguay (Pando-Barros Blancos).
Marcos Paz and Pando-Barros Blancos are small cities
with 54,000 and 58,000 residents, respectively, according
to the latest census data of each country. Participants
were recruited from the urban population of these sites.
Bariloche (Argentina) and Temuco (Chile) are larger cit-
ies with 134,000 and 245,000 residents, respectively, ac-
cording to the latest census of each country. These study
locations were selected based on population characteris-
tics reflecting their country averages.
A 4-stage stratified sampling method was used to se-

lect a representative sample of the general population of
the Southern Cone of Latin America. In the first stage,
census radii were randomly selected from each of the
four locations, and stratified by socio-economic level. In
the second stage, a number of blocks proportional to the
radius size were randomly selected. In the third stage,
households within each block were selected by system-
atic random sampling. All members in the selected
households between 45 and 74 years of age were listed
to create the study sampling frame. In the final stage of
sampling, one listed member per household was ran-
domly selected to be included in the study.
Male and female permanent residents aged 45-74 years

living at one of the study locations for at least six months a
year who were willing to participate in the study were eli-
gible. Individuals with contraindications to spirometry test-
ing (active tuberculosis; pregnancy; history of detached
retina or myocardial infarction; and ocular, thoracic, or ab-
dominal surgery within prior six weeks) were excluded.
Among 5814 participants, 491 were ineligible or declined
spirometry and 391 declined post-bronchodilator spirom-
etry. In addition, participants with spirometric data which
did not meet the American Thoracic Society/European Re-
spiratory Society (ATS/ERS) standards were contacted to
repeat the spirometry test.

Data collection
Study data were collected at a home visit and a clinical visit.
During the home visit, information on socio-demographic
characteristics (age, sex, education, occupation, and house-
hold income), medical history (asthma, tuberculosis,
COPD, and hospitalization due to pulmonary disease), and
risk factors (tobacco use, secondhand smoking, indoor air
pollution, and lifestyle factors) was obtained using a stand-
ard questionnaire. The Global Adult Tobacco Survey
(GATS) questionnaire was used to assess former and
current tobacco use, number of pack-years smoked, and
secondhand smoking exposure [11]. Participants were
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defined as current smokers if they were smoking at the
time of the survey and had smoked more than 100 ciga-
rettes in their lifetime, and classified as former smokers if
they smoked more than 100 cigarettes in their lifetime but
were not current smokers [12]. Pack-years were calculated
by multiplying the number of packs of cigarettes smoked
per day by the number of years smoking. Participants were
considered to have secondhand smoke exposure if they an-
swered that someone had smoked in their presence at
home and/or work for at least five of the past seven days
[13]. Exposure to biomass was assessed by asking partici-
pants if they used wood, coal, or others biomass fuels to
cook and heat their home and time of exposure (hours per
day, days per week, and number of years). Exposure to bio-
mass fuels was defined as ≥200 h/year [14–16].
Body weight and height were measured twice during

the clinical examination. Weight was measured in light
indoor clothing without shoes in kilograms to one deci-
mal place, using standing scales supported on a steady
surface. Height was measured without shoes in centime-
ters to one decimal place with a stadiometer. Body-mass
index (BMI) was calculated as weight in kg/height in m2.
Spirometry was performed with a portable, battery op-

erated, ultrasound transit-time based EasyOne™ spirom-
eter (Medical Technologies, Chelmsford, Massachusetts
and Zürich, Switzerland) [17]. Daily calibration was per-
formed with a three-liter syringe. Trained professionals
administered a questionnaire to determine spirometer
eligibility and then performed spirometry following
ATS/ERS guidelines [18]. Participants performed at least
three and up to eight forced expiratory maneuvers until
the forced vital capacity (FVC) and forced expiratory
volume in the first second (FEV1) were reproducible
within 150 mL. A beta-agonist bronchodilator (Albuterol
200 μg) was then administered and spirometry was re-
peated 15 min later, using the same criteria. All spiro-
metric maneuvers were performed with the participant
in a seated position, wearing a nose clip and using a dis-
posable mouthpiece. Test results were stored in the spir-
ometer and downloaded weekly to a central computer.

Definitions
COPD was defined as a post-bronchodilator ratio of
forced expiratory volume in one second (FEV1) over
forced vital capacity (FVC) less than 0.7, according to
the Global Initiative for Obstructive Lung Disease
(GOLD) criteria [19]. The observed/predicted spirom-
etry values based on the Perez Padilla reference equa-
tions for Latin America were calculated [20]. The lower
limit of normal (LLN) threshold was evaluated as an al-
ternative COPD definition. The LLN was defined as the
lower fifth percentile for predicted FEV1/FVC. The re-
duction in FEV1 was used to stage the degree of ob-
struction: GOLD stage I was defined as FEV1 ≥ 80%

predicted, GOLD stage II as FEV1 50-79% predicted,
GOLD stage III as FEV1 30-49% predicted, and GOLD
stage IV as FEV1 < 30% predicted.

Statistical analysis
The PRISA study was designed to provide precise esti-
mates of the prevalence of COPD by sex and region (Mar-
cos Paz and Bariloche, Argentina; Temuco, Chile; and
Pando-Barros Blancos, Uruguay) in three age groups: 45-
54, 55-64, and 65-74 years old. Sample sizes were esti-
mated to meet recommended requirements for precision
in a complex survey [21]. All calculations were weighted
to represent the general adult population aged 45-74 years
in the study sites. Weights were calculated using data
from the 2010 Population Census and the PRISA study
sampling scheme, and took into account several features
of the survey, including oversampling for specific age
groups, non-response, and other demographic differences
between the sample and the total population.
Mean level and prevalence estimates of COPD were cal-

culated for the overall population and by the three age
groups. Additionally, age-standardized prevalence estimates
were calculated for men and women, and the four study
sites, after age-standardization to the overall 2010 popula-
tion distribution in the Southern Cone of Latin America.
Standard errors were calculated by a technique appropriate
for the complex survey design. Multivariable logistic regres-
sion analyses were conducted to explore risk factors for
COPD in all study participants, as well as in current
smokers, non-current smokers, and never smokers. Using
the LLN definition as the reference standard to identify
true obstruction, we calculated the agreement between
both criteria using the kappa estimate. We also calculated
sensitivity, specificity, positive predicted value, and nega-
tive predicted value of the fixed ratio. All data analyses
were generated using SAS/STAT software, Version 9.3 of
the SAS System for Windows (SAS Institute Inc., Cary,
NC, USA) and STATA 12.0 (StataCorp LP, College Station,
TX, USA).
The study complies with the Declaration of Helsinki.

The study protocol has been approved by the Institutional
Review Boards in all participating institutes in Argentina,
Chile, Uruguay, and the US. The written informed consent
has been obtained from all study participants. All partici-
pants received test result feedback.

Results
From 5814 eligible participants, spirometry was not per-
formed in 491, was not repeated with bronchodilators in
391, and was considered of poor quality in 578 participants
(Fig. 1).
Final analyses were based on 4354 PRISA study partic-

ipants, (74.9% of the overall sample). Additional file 1:
Table S1 shows the percentage of non-respondents and
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excluded participants according to location, sex, age by
groups and education. Non respondents were slightly
higher among women, older age, higher education, and
quite similar between smokers and nonsmokers. The
general characteristics of the study population aged 45-
74 in the four cities of the Southern Cone of Latin
America are presented in Table 1. Overall, approximately
27.3% (CI 95% 25.7, 28.9) of the general population was
current smokers. The prevalence of smoking was signifi-
cantly higher in men, 30.9% (CI 95% 28.3, 33.4) than in
women, 24.3% (CI 95% 22.2, 26.3). Likewise, overall
28.7% (CI 95% 27.1, 30.3) were former smokers, with a
prevalence of 36.5% (CI 95% 34.0, 39.1) in men and
22.2% (CI 95% 20.3, 24.1) in women. Among current
smokers, 25.4% (CI 95% 22.0, 28.7) smoked 10-19 pack-
years in lifetime and 47.4% (CI 95% 43.6, 51.2) smoked
more than 20 pack-years in lifetime. Approximately
18.7% (CI 95% 17.4, 20.0) of the general population was
exposed to second-hand smoking (19.9% in men and
17.7% in women) and 35.0% (CI 95% 33.3, 36.7) were ex-
posed to burning biomass fuels (30.5% in men and
38.7% in women). In addition, 6.0% (CI 95% 5.2, 6.8) of
the population had a self-reported history of asthma
(4.3% in men and 7.4% in women) and 1.6% (CI 95% 1.2,
2.1) self-reported having tuberculosis (1.5% in men and
1.8% in women).

Measures of pulmonary function
Pulmonary function measures can be seen in Table 2. Over-
all mean pre-bronchodilator FEV1 was 2.58 L (CI95% 2.56,
2.61) and pre-bronchodilator FVC was 3.35 L (CI 95% 3.33,
3.38) with a pre-bronchodilator FEV1/FVC ratio of 76.8%
(CI 95% 76.6, 77.1). Pre-bronchodilator FEV1 and FVC were
significantly higher in men than in women, but FEV1/FVC

were higher in women, and decreased with aging. Overall
mean post-bronchodilator FEV1 was 2.65 L and post-
bronchodilator FVC was 3.37 L with a post-bronchodilator
FEV1/FVC ratio of 78.5%. Post-bronchodilator FEV1 and
FVC were significantly higher in men but FEV1/FVC ratio
was higher in women. Post-bronchodilator FEV1, FVC, and
FEV1/FVC ratio all decreased with aging.

Prevalence of COPD
The overall prevalence of spirometric airflow limitation
was 9.3% (CI 95% 8.4, 10.2) by GOLD criteria using the
fixed ratio (FR), and 4.7% (CI 95% 4.1, 5.3) by LLN in
the general population aged 45-74 years in the Southern
Cone of Latin America (Table 3). The prevalence of air-
flow limitation by fixed ratio was greater than that by
LLN, except among young women where both estimates
were similar: 4.1% (CI 95% 2.7, 5.4) vs 3.5% (CI 95% 2.2,
4.8) with confidence intervals with overlapping values.
Larger differences in prevalence between both criteria
were seen among men as compared to women, and
these differences increased with aging. In the older age
group (6574) the difference in prevalence estimates be-
tween the two diagnostic criteria more than doubled:
23.3% FR (CI 95% 19.3, 27.3) vs 9.9% LLN (CI 95%
7.2,12.6) in men but in age group this discrepancy was
also seen in women. 13.8% FR (CI 95% 11.0, 16.6) vs
4.8% LLN (CI 95% 3.1, 6.4).
The prevalence of COPD was significantly higher in

men (11.8% FR (CI 95% 10.3, 13.3) or 5.8% LLN (CI 95%
4.7, 6.8)) than in women (7.3% FR (CI 95% 6.2, 8.3) or
3.9% LLN (CI 95% 3.1, 4.7)), and rapidly increased with
age using both diagnostic criteria. The ratio of forced ex-
piratory volume in the first second to forced vital
capacity (FEV1/FVC) by age in adult men and women
are shown in Additional file 2: Figure S1 and Additional
file 3: Figure S2.
The prevalence of stages I, II, and III-IV COPD was

3.7%, 4.2% and 1.4%, respectively with the FR, and 0.9%,
2.5% and 1.3%, respectively with LLN. As was expected,
stages III and IV were similar using both criteria, and dif-
ferences in overall prevalence between both methods were
mostly explained by a higher prevalence of less severe
stages (I and II) in GOLD compared to LLN (Table 3).
Overall agreement between LLN and FR was moder-

ate, kappa coefficient = 0.66 (95% CI 0.65, 0.67), though
better in participants between 45 and 54 years old
(kappa coefficient = 0.84). Overall, sensitivity, specificity,
positive predictive value, and negative predictive value of
the fixed ratio were 100%, 95.5%, 51.6% and 100%, re-
spectively (Additional file 4: Table S2).

Risk factors for COPD
Age-standardized prevalence of COPD was significantly
higher in individuals with less than high-school education,

Fig. 1 Flowchart showing study participants
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BMI < 25 kg/m2, current cigarette smoking, exposure to
second-hand smoking, and a self-reported history of
asthma or tuberculosis, irrespective of the criteria used to
define COPD (Additional file 5: Table S3). Among current
smokers, there was a dose-response association between
lifetime pack-years of smoking and prevalence of COPD.
We also analyzed the relationship between intensity,
duration of smoking, and prevalence of COPD. Both fac-
tors were significantly associated with this condition
(Additional file 6: Table S4). In the logistic regression

analysis adjusted for age, sex, and study locations (model
1), male sex, older age, <high-school education, BMI <
25 kg/m2, current cigarette smoking, pack-years, history
of asthma, and history of tuberculosis were significantly
associated with increased risk of COPD (Table 4). In
model 2, which simultaneously included all risk factors in
the model 1 (except cigarette smoking or second-hand
smoking), male sex, older age, BMI < 25 kg/m2, pack-years
smoked, history of asthma and history of tuberculosis
were significantly associated with increased risk of COPD.

Table 1 General Characteristics and Risk Factors of the Study Population in the Southern Cone of Latin America

No. of study
participants

<high
school,
%

Body-mass
index (mean,
kg/m2)

Cigarette
smoking, %

Pack-year in
current smokers, %

Second-hand
smoking,a %

Biomass
exposure,a

%

Self-reported
asthma, %

Self-reported
tuberculosis,
%Current

smoker
Former
smoker

10-19
pack-year

≥20
pack-year

Overall 4354 58.8
(57.1,
60.6)

28.9 (28.7,
29.0)

27.3
(25.7,
28.9)

28.7
(27.1,
30.3)

25.4
(22.0,
28.7)

47.4
(43.6,
51.2)

18.7 (17.4,
20.0)

35.0 (33.3,
36.7)

6.0 (5.2, 6.8) 1.6 (1.2, 2.1)

Sex

Men 1790 58.7
(56.1,
61.4)

28.5 (28.3,
28.7)

30.9
(28.4,
33.4)

36.5
(34.0,
39.1)

23.2
(18.4,
27.9)

56.8
(51.3,
62.3)

19.9 (17.8,
21.9)

30.5 (28.0,
33.0)

4.3 (3.3, 5.3) 1.5 (0.8, 2.1)

Women 2564 58.9
(56.5,
61.2)

29.2 (29.0,
29.4)

24.3
(22.2,
26.3)

22.2
(20.3,
24.1)

27.8
(23.1,
32.5)

37.0
(32.3,
41.7)

17.7 (16.0,
19.4)

38.7 (36.4,
41.0)

7.4 (6.1, 8.6) 1.8 (1.2, 2.4)

Location

Marcos
Paz,

Argentina 1245 80.5
(78.2,
82.8)

30.0
(29.7,
30.2)

28.6
(25.9,
31.2)

26.0 (23.5,
28.6)

20.6 (15.6,
25.6)

71.9 (66.3,
77.4)

30.2 (27.5,
32.9)

4.7 (3.4, 5.9) 5.2 (4.0, 6.5) 1.4 (0.7,
2.0)

Bariloche, Argentina 1107 65.9
(63.0,
68.8)

28.4
(28.1,
28.6)

28.0
(25.2,
30.9)

31.5 (28.7,
34.4)

24.6 (19.3,
30.0)

51.3 (44.9,
57.6)

19.1 (16.6,
21.5)

57.8 (54.7,
60.8)

4.6 (3.4, 5.9) 1.3 (0.7,
2.0)

Temuco,
Chile

1063 42.1
(39.1,
45.2)

29.0 (28.8,
29.3)

26.1
(23.3,
29.0)

26.4
(23.7,
29.1)

30.6
(23.3,
37.9)

24.6
(18.0,
31.3)

12.0 (9.9,
14.1)

37.4 (34.4,
40.4)

6.2 (4.7, 7.7) 1.9 (1.1, 2.7)

Barros
Blancos,
Uruguay

939 76.3
(73.5,
79.1)

28.7 (28.4,
29.0)

28.1
(25.0,
31.1)

31.6
(28.6,
34.7)

20.4
(14.7,
26.1)

65.6
(58.9,
72.2)

27.7 (24.7,
30.7)

11.2 (9.1,
13.2)

8.0 (6.3, 9.8) 1.6 (0.8, 2.5)

Age
groups,
years

45-54 1610 51.9
(49.1,
54.7)

28.5 (28.2,
28.8)

36.2
(33.5,
39.0)

24.1
(21.7,
26.5)

26.9
(22.3,
31.4)

43.5
(38.5,
48.5)

23.5 (21.2,
25.7)

30.9 (28.2,
33.5)

5.7 (4.4, 6.9) 1.2 (0.6, 1.7)

55-64 1594 61.6
(58.8,
64.4)

28.8 (28.5,
29.0)

23.1
(20.8,
25.5)

33.7
(31.1,
36.4)

21.2
(15.9,
26.6)

52.8
(46.4,
59.1)

16.4 (14.5,
18.4)

37.7 (35.0,
40.5)

6.2 (4.8, 7.6) 2.2 (1.3, 3.0)

65-74 1150 71.2
(68.2,
74.2)

29.4 (29.2,
29.7)

12.1
(10.0,
14.2)

31.6
(28.6,
34.6)

28.4
(18.5,
38.2)

58.8
(48.2,
69.3)

10.7 (8.9,
12.5)

40.5 (37.2,
43.7)

6.4 (4.9, 8.0) 1.9 (0.9, 2.9)

Data are percentages (95% CI)
aSecond-hand smoking was defined as exposed to second-hand smoking ≥5 days/week at home or work; biomass exposure was defined as the use of wood or
coal for cooking ≥200 times/year
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Discussion
We are reporting here the prevalence and risk factors of
COPD in the general population of the Southern Cone
of Latin America. PRISA utilized a multistage sampling
method to select a representative sample of the general
population aged 45-74. In addition, standardized
methods consistent with ATS/ERS guidelines were used
to collect spirometry data. Therefore, our results are
comparable with those from other international studies.
Our data documented that, while COPD is highly

prevalent in the Southern Cone of Latin America, spe-
cific prevalence estimates are dependent on the criteria
used to define COPD. We found an estimated preva-
lence of 9.3% using GOLD fixed ratio and 4.7% using

ATS lower limit of normal. With both criteria, the
prevalence of COPD was higher in men than in women,
related to historical smoking patterns, and increased
with aging [22]. Low education, body-mass index,
current cigarette smoking and history of asthma or tu-
berculosis, were associated with an increased prevalence
of COPD or at least with persistent post-bronchodilator
obstruction regardless of the diagnostic criteria used.
COPD population-based prevalence estimates compari-

sons across different geographic locations are generally
based on GOLD criteria (fixed ratio) as population studies
in the region have mainly used this diagnostic criterion to
define COPD. In this regard, the prevalence of COPD was
lower in our study compared to that reported in the

Table 2 Age-adjusted and Age-specific Pulmonary Function Measures of the Study Population in the Southern Cone of Latin
America

FEV1,
a FVCa FEV1/FVC ratio

Pre-BD Post-BD Pre-BD Post-BD Pre-BD Post-BD

Overall 2.58 (2.56, 2.61) 2.65 (2.63, 2.67) 3.35 (3.33, 3.38) 3.37 (3.34, 3.40) 76.84 (76.63, 77.06) 78.51 (78.29, 78.73)

Men 3.04 (3.01, 3.07) 3.12 (3.09, 3.15) 3.98 (3.95, 4.02) 4.01 (3.97, 4.04) 75.99 (75.64, 76.34) 77.56 (77.20, 77.91)

45-54 years 3.39 (3.34, 3.44) 3.46 (3.41, 3.51) 4.34 (4.28, 4.40) 4.34 (4.29, 4.40) 78.05 (77.58, 78.52) 79.76 (79.28, 80.23)

55-64 years 2.92 (2.87, 2.98) 3.00 (2.95, 3.06) 3.86 (3.80, 3.92) 3.88 (3.82, 3.94) 75.37 (74.70, 76.03) 77.04 (76.36, 77.73)

65-74 years 2.53 (2.47, 2.59) 2.62 (2.57, 2.68) 3.46 (3.40, 3.53) 3.54 (3.47, 3.60) 72.85 (72.10, 73.61) 74.00 (73.24, 74.75)

Women 2.21 (2.19, 2.23) 2.26 (2.24, 2.28) 2.84 (2.81, 2.86) 2.84 (2.82, 2.87) 77.53 (77.26, 77.81) 79.28 (79.00, 79.55)

45-54 years 2.46 (2.43, 2.50) 2.52 (2.49, 2.55) 3.12 (3.09, 3.16) 3.12 (3.08, 3.15) 78.85 (78.45, 79.26) 80.68 (80.25, 81.11)

55-64 years 2.13 (2.10, 2.17) 2.19 (2.15, 2.22) 2.75 (2.72, 2.79) 2.76 (2.73, 2.80) 77.29 (76.83, 77.74) 78.94 (78.51, 79.37)

65-74 years 1.81 (1.78, 1.84) 1.87 (1.83, 1.90) 2.40 (2.36, 2.44) 2.42 (2.38, 2.46) 75.31 (74.69, 75.93) 77.02 (76.43, 77.60)

Data are means (95% CI)
a FEV1 = forced expiratory volume in one second (liters) and FVC = forced vital capacity

Table 3 Age-standardized and Age-specific Prevalence of Chronic Obstructive Pulmonary Disease According to GOLD and Lower
Limit Normal Stage in the Southern Cone of Latin America

COPD according to FEV1/FVC COPD according to LLN

Total Stage I Stage II Stage III-IV Total Stage I Stage II Stage III-IV

Overall 9.3 (8.4, 10.2) 3.7 (3.1, 4.3) 4.2 (3.6, 4.8) 1.4 (1.0, 1.8) 4.7 (4.1, 5.3) 0.9 (0.6, 1.2) 2.5 (2.0, 2.9) 1.3 (1.0, 1.7)

Men 11.8 (10.3, 13.3) 5.0 (4.0, 6.1) 5.1 (4.1, 6.1) 1.7 (1.1, 2.3) 5.8 (4.7, 6.8) 1.0 (0.5, 1.5) 3.1 (2.3, 3.9) 1.6 (1.0, 2.2)

45-54 years 5.5 (3.7, 7.4) 2.9 (1.5, 4.4) 2.1 (1.0, 3.1) 0.5 (0.0, 1.0) 3.4 (2.0, 4.7) 0.9 (0.2, 1.6) 2.0 (0.9, 3.0) 0.5 (0.0, 1.0)

55-64 years 12.3 (9.7, 15.0) 4.9 (3.1, 6.6) 4.6 (2.9, 6.2) 2.9 (1.5, 4.3) 6.2 (4.2, 8.1) 1.1 (0.2, 1.9) 2.2 (1.1, 3.3) 2.9 (1.5, 4.3)

65-74 years 23.3 (19.3, 27.3) 9.5 (6.7, 12.2) 11.7 (8.7, 14.7) 2.1 (0.8, 3.5) 9.9 (7.2, 12.6) 1.2 (0.2, 2.2) 6.7 (4.5, 8.9) 2.0 (0.7, 3.2)

Women 7.3 (6.2, 8.3) 2.6 (2.0, 3.2) 3.5 (2.8, 4.2) 1.2 (0.7, 1.7) 3.9 (3.1, 4.7) 0.7 (0.4, 1.1) 2.0 (1.5, 2.6) 1.1 (0.6, 1.6)

45-54 years 4.1 (2.7, 5.4) 1.1 (0.5, 1.8) 2.0 (1.1, 2.9) 1.0 (0.2, 1.8) 3.5 (2.2, 4.8) 0.9 (0.3, 1.5) 1.7 (0.8, 2.5) 1.0 (0.2, 1.8)

55-64 years 7.1 (5.4, 8.8) 2.7 (1.6, 3.8) 3.4 (2.2, 4.6) 1.1 (0.5, 1.6) 3.7 (2.5, 4.9) 0.5 (0.1, 0.9) 2.2 (1.2, 3.1) 1.1 (0.5, 1.6)

65-74 years 13.8 (11.0, 16.6) 5.4 (3.5, 7.4) 6.5 (4.6, 8.3) 1.9 (0.7, 3.0) 4.8 (3.1, 6.4) 0.9 (0.1, 1.6) 2.4 (1.3, 3.5) 1.5 (0.5, 2.5)

Location

Marcos Paz, Argentina 17.1 (15.0, 19.1) 6.9 (5.5, 8.3) 8.3 (6.8, 9.8) 1.8 (1.1, 2.5) 9.7 (8.1, 11.4) 1.7 (0.9, 2.4) 6.1 (4.8, 7.4) 1.8 (1.1, 2.5)

Bariloche, Argentina 9.9 (8.1, 11.6) 4.4 (3.2, 5.7) 4.4 (3.2, 5.7) 1.0 (0.4, 1.5) 4.3 (3.1, 5.5) 1.1 (0.5, 1.7) 2.2 (1.3, 3.2) 1.0 (0.4, 1.5)

Temuco, Chile 6.4 (5.0, 7.8) 2.9 (1.9, 3.9) 2.2 (1.4, 3.0) 1.3 (0.6, 1.9) 2.9 (1.9, 3.9) 0.5 (0.1, 1.0) 1.2 (0.6, 1.8) 1.2 (0.6, 1.8)

Barros Blancos, Uruguay 11.0 (9.0, 13.0) 2.7 (1.7, 3.7) 6.2 (4.7, 7.7) 2.1 (1.2, 3.1) 6.7 (5.1, 8.4) 0.9 (0.2, 1.5) 3.9 (2.7, 5.2) 2.0 (1.0, 2.9)

Data are percentages (95% CI)
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PLATINO study [5]. However, our data show a higher
prevalence of GOLD stage II, III and IV than that reported
by PLATINO. Since pulmonary volumes, especially FEV1,
decline with age, the use of a fixed ratio of FEV1/FVC to
define COPD may result in over-diagnosis of this condi-
tion in older populations [23]. This was clearly observed
in our study where the differences in COPD prevalence
estimates between the two sets of diagnostic criteria were
much larger in older age groups than in younger age
groups, independent of sex. In this regard, the lack of a
widespread and accepted diagnostic criteria of COPD may
lead to a potential problem of over-diagnosis. There is cur-
rently no consensus on the best criteria to be used for the
spirometric confirmation of clinical diagnosis of COPD. A
debate revolves around the two airflow limitation defini-
tions used, either a fixed ratio with a FEV1 less than 80%
of the predicted value (GOLD II, III, and IV) or LLN.
However, in advanced stages, where spirometric criteria
for airflow limitation are associated with more symptoms
and frequency of exacerbations, both methods show simi-
lar prevalence rates [24].
A reference standard for diagnosing COPD is currently

lacking, particularly when the relationship between diag-
nostic criteria and clinical relevance is evaluated. The asso-
ciation of the two criteria with clinical outcomes has been
assessed in a recent systematic review [25]. This review,
based on 11 studies, showed that both the FR and LLN cri-
teria are related with clinically relevant outcomes but LLN

tends to better reflect FEV1-decline whereas FR might be
better associated with comorbidity. Other authors argue
that disagreement between FR and LLN is suggestive for an
alternative diagnosis and reconsidered to require both spi-
rometric abnormalities to reduce overdiagnosis of COPD.
Misdiagnosing patients might lead to poorer outcomes, in-
appropriate medication, or incorrect treatments, especially
if misdiagnosing involves cardiovascular disease [26, 27].
The definition of airflow limitation still leads to con-

troversy. The FR method may be heavily biased by age.
There was a steady increase in false positive results with
advancing age; false positives exceeded 10% in subjects
64 years old in our study.
On the other hand, risk factors and strength of associa-

tions with COPD were similar using either GOLD or LLN
criteria. In this regard, cigarette smoking continues to be a
major public health challenge in the Southern Cone of
Latin America [28]. In our study, current smoking is
strongly and independently associated with increased risk
of COPD. In addition, we identified a dose-response asso-
ciation between lifetime pack-years of smoking and preva-
lence of COPD among current smokers. We did not find
any differences between intensity of tobacco use vs dur-
ation as a risk factor for COPD. There was no significant
difference in COPD prevalence between former smokers
and never smokers after adjustment for multiple risk fac-
tors. These results indicate that smoking-related risk of
COPD could be eradicated after smoking cessation.

Table 4 Odds Ratios (95% Confidence Intervals) for Chronic Obstructive Pulmonary Disease among Adults Aged 45-74 Years in the
Southern Cone of Latin America

Risk factors COPD according FEV1/FVC
Odds ratios and 95% CI

COPD according LLN
Odds ratios and 95% CI

Model 1 Model 2 Model 1 Model 2

Sex, men 1.7 (1.4, 2.1) 1.8 (1.4, 2.3) 1.5 (1.1, 2.0) 1.5 (1.1, 2.2)

Age, years 45-54 ref ref ref ref

55-64 2.1 (1.5, 2.9) 2.3 (1.7, 3.3) 1.4 (1.0, 2.0) 1.5 (1.0, 2.2)

65-74 4.6 (3.4, 6.2) 6.1 (4.4, 8.6) 2.1 (1.4, 3.0) 2.7 (1.7, 4.1)

< High-school education 1.4 (1.1, 1.8) 1.5 (1.1, 2.0) 1.7 (1.2, 2.5) 1.8 (1.1, 2.7)

Body-mass index <25 kg/m2 1.7 (1.3, 2.1) 1.4 (1.1, 1.9) 2.2 (1.6, 3.0) 1.9 (1.3, 2.7)

Cigarette smoking Never ref ref ref ref

Former 1.3 (0.9, 1.7) 1.1 (0.8, 1.4) 1.4 (1.0, 2.2) 1.2 (0.7, 1.8)

Current 2.8 (2.1, 3.7) 2.8 (2.1, 3.8) 3.1 (2.1, 4.6) 3.1 (2.1, 4.5)

Lifetime exposure in current
smokers, pack-years

<10 ref – ref –

10-19 2.1 (1.0, 4.4) – 1.0 (0.4, 2.7) –

≥20 4.0 (2.1, 7.7) – 2.2 (1.1, 4.4) –

Second-hand smoking 1.0 (0.6, 1.6) – 0.8 (0.4, 1.4) –

Exposure to biomass 1.2 (0.9, 1.6) 1.2 (0.8, 1.7) 1.3 (0.8, 2.1) 1.2 (0.7, 2.0)

Self-reported history of asthma 8.8 (6.2, 12.5) 9.8 (6.7, 14.4) 10.8 (7.3, 16.0) 13.0 (8.4, 19.9)

Self-reported history of tuberculosis 3.9 (1.8, 8.3) 3.3 (1.4, 7.8) 6.4 (2.9, 14.2) 5.6 (2.2, 14.3)

Model 1: model for each risk factor adjusted for age, sex, and study site; Model 2: model adjusted for age, sex, study site, high school education, body-mass index,
cigarette smoking, exposure to biomass, self-reported history of asthma, and self-reported history of tuberculosis
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In our study, mild to moderate COPD was associated
with overweight while lower BMI was related to more
severe stages using both methods to estimate COPD
prevalence. Several previous studies have reported that
the prevalence of COPD is higher in those with lower
BMI. Nutritional depletion and weight loss is common
among patients with COPD, most likely as a conse-
quence of COPD. In addition, low BMI is associated
with poor prognosis and higher mortality in these pa-
tients [29–31].
Education level is an important index of socioeconomic

status, and low socioeconomic status has been associated
with increased risk of COPD as well as poor prognostic
outcomes among patients with COPD [32, 33]. Our study
found that less than high-school education was associated
with higher prevalence of COPD, independently from
other risk factors. Furthermore, this association was even
stronger among never smokers. Self-reported history of
asthma and tuberculosis was associated with persistent air-
flow limitation. Asthma is the strongest risk factor for air-
flow limitation in our study: a history of asthma was
associated with an increase of COPD in both current
smokers and never smokers. It was suggested that chronic
airway inflammation and airflow obstruction in individuals
with asthma and increased airway hyper-responsiveness
might cause lung remodeling from thickening and fibrosis
of the airway walls [34]. This remodeling process could re-
sult in irreversible and progressive airflow obstruction. In
a cohort study of 3099 patients, asthma was the strongest
risk factor for subsequent COPD, even more than tobacco
smoking (hazard ratio 12.5 vs 2.9, attributable risk 18.5%
vs 6.7%) [35].
Interestingly, in the PRISA study, among all the pa-

tients with diagnosis of COPD, only 14% received in-
haled bronchodilators, and 87% of them used only short-
acting β-agonists or short-acting muscarinic antagonists
(SAMA). Inhaled corticosteroids (IC) alone or combined
with long-acting bronchodilators were used by less than
10% of the population.
While asthma does not cause COPD, symptoms are

similar, which may cause misclassification in studies
which do not provide testing to differentiate asthma
from COPD.
Tuberculosis was associated with an increase of COPD

in never-smokers. Pulmonary tuberculosis is a specific
infectious disease associated with airway fibrosis, and
the immune response to mycobacteria can result in air-
way inflammation, which is characteristic of airways ob-
struction [36]. A positive association between self-
reported history of asthma as a major risk factor for
COPD and post-treatment pulmonary tuberculosis was
found in all studies conducted in Latin America [37].
Well-designed prospective studies are necessary to as-
sess direction of association.

Exposure to biomass fuel in this study was not associ-
ated with airway obstruction or COPD. Biomass fuel is as-
sociated with a chronic inflammatory response and
ultimately pulmonary damage that increases the risk of
COPD. We found a higher use of biomass fuels for cook-
ing in two cities, Temuco in Chile (37.4%) and Bariloche
in Argentina (57.8%), according to participant self-report.
However, the study was conducted in an urban setting,
and most of the population studied used clean cookstoves,
which may explain this lack of association [38, 39].
Some limitations in our study should be mentioned.

First, we did not use the NHANES III reference equa-
tion, which was the standard in the PLATINO and
BOLD studies, two of the most important population
based studies to estimate COPD prevalence. However,
we used the reference equation of Perez Padilla for the
Latin American population, that has been used in the
PREPOCOL study [4, 20]. Second, we did not analyze
respiratory symptoms. Recently, it has been remarked
the importance of respiratory symptoms as factors at
least as sensitive as airflow limitation in establishing a
diagnosis of smoking induced disease. [40, 41] Third, ex-
posure to biomass fuel was measured by a questionnaire,
not by objective methods. Third, self-reported diagnostic
of asthma or post-treatment tuberculosis, has limitations
compared to direct diagnostic evaluation. Fourth, the
sampling frame in each country is not nationally repre-
sentative. While the study sample was randomly selected
from each city included, caution is needed to extrapolate
our findings to the overall country. However, socio-
demographic data as well as risk factor prevalence of se-
lected geographic locations are consistent with the re-
sults shown in national surveys in the Southern Cone,
which suggests no major biases due to the selection of
cities included in the PRISA study.

Conclusions
The PRISA study, a large population-based study of the
Southern Cone of Latin America, documented a large
burden of COPD in the Southern Cone of Latin
America. The prevalence of COPD by LLN criterion was
significantly lower compared to GOLD criterion based
on the fixed ratio of FEV1/FVC. This difference in
prevalence rates was mostly explained by higher rates of
stage I COPD according to GOLD. Estimating COPD
prevalence by LLN criterion instead of fixed ratio of
FEV1/FVC, or using both definitions may reduce the
risk of over-diagnosis of COPD. Low education, low
body-mass index, current cigarette smoking, and history
of asthma or tuberculosis were associated with an in-
creased prevalence of COPD, regardless of the diagnostic
criteria used. While further prospective studies are
needed to evaluate whether the discrepancies found be-
tween both methods may have implications for
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management and treatment with the aim of reducing the
global burden of COPD, these data suggest that national
efforts on the prevention, treatment, and control of
COPD must be a public health priority in the Southern
Cone of Latin America.

Additional files

Additional file 1: Table S1. Percentage of non-respondents or
excluded participants by location, sex, age, education and smoking
status. (DOCX 15 kb)

Additional file 2: Figure S1. Ratio of forced expiratory volume in the
first second to forced vital capacity (FEV1/FVC) versus age in adult men.
(DOCX 167 kb)

Additional file 3: Figure S2. Ratio of forced expiratory volume in the
first second to forced vital capacity (FEV1/FVC) versus age in adult
women. (DOCX 213 kb)

Additional file 4: Table S2. Performance of the Fixed-Ratio method
versus the Lower-Limit-of-Normal method. (DOCX 15 kb)

Additional file 5: Table S3. Age-standardized Prevalence (95%
Confidence Intervals) of Chronic Obstructive Pulmonary Disease
According to Demographic and Other Risk Factors. (DOCX 19 kb)

Additional file 6: Table S4. Age-standardized Prevalence (95%
Confidence Intervals) of Chronic Obstructive Pulmonary Disease in
Current Smokers according to intensity and duration exposure.
(DOCX 14 kb)

Abbreviations
ATS: American Thoracic Society; BMI: Body-mass index; BOLD: Burden of
Obstructive Lung Disease Study; CI: Confidence Interval; COPD: Chronic
obstructive pulmonary disease; ERS: European Respiratory Society;
FEV1: Forced expiratory volume in 1 s; FR: Fixed ratio; FVC: Forced vital
capacity; GATS: The Global Adult Tobacco Survey; GOLD: Global Initiative for
Chronic Obstructive Lung disease; L: Litres; LLN: Lower limit of normal;
LMIC: Middle-income countries; mL: Millilitres; NHANES: National Health and
Nutrition Examination Survey; PLATINO: Latin American Project for Research
in Pulmonary Obstruction; Post-BD: Post-bronchodilator; Pre-BD: Pre-
bronchodilator; PREPOCOL: Prevalencia de EPOC en Colombia; PRISA: The
Pulmonary Risk in South America Study

Acknowledgements
The authors would like to acknowledge gratefully the contribution of all
CESCAS I study staff. Thanks also to participants for taking part of the study.

Funding
This work was supported by the National Heart, Lung, and Blood Institute,
National Institutes of Health, US Department of Health and Human Services,
under contract no. 268200900029C. The funder of the study had no role in
study design, data collection, data analysis, data interpretation, or writing of
the manuscript.

Availability of data and materials
Data relating to this study is from available from the Author on request.

Authors’ contributions
VI, JH, and AR initiated and designed the study. ES, VI, LG, FL, MC, JP, NM, PS,
JH, and AR, supervised the recruitment of participants and acquisition of
data. ES, LG and CC analyzed the data under supervision of VI, JH, and AR.
ES, AL, VI, LG, CC, JH, and AR interpreted the results. ES, VI, JH, and AR wrote
the first draft of the manuscript. All authors critically revised the manuscript
and approved the final version of the paper.

Ethics approval and consent to participate
The study protocol has been approved by IRBs in all participating institutes
in Argentina (Comité de Ética de Protocolos de Investigación del Hospital
Italiano de Buenos Aires), Chile (Comité de Ética del Servicio de Salud

Araucanía Sur, Universidad de la Frontera), Uruguay (Comité de Ética para
Proyectos de Investigación de la Universidad de la República) and US (Tulane
University Biomedical IRB). The written informed consent has been obtained
from all study participants.

Consent for publication
Not applicable.

Competing interests
All the authors declare that they have no competing interests.

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

Author details
1Institute for Clinical Effectiveness and Health Policy, Buenos Aires, Argentina.
2Department of Epidemiology, Tulane University School of Public Health and
Tropical Medicine, New Orleans, LA, USA. 3CIGES, Faculty of Medicine of the
Universidad de la Frontera, Temuco, Chile. 4Sanatorio San Carlos, Bariloche,
Argentina. 5Department of Family and Community Medicine, Universidad de
la República, Montevideo, Uruguay. 6Secretaría de Salud, Municipalidad de
Marcos Paz, Pcia. de Buenos Aires, Argentina. 7Icahn School of Medicine at
Mount Sinai, Division of Pulmonary, Critical Care and Sleep Medicine, New
York, NY, USA. 8National Ministry of Health, Buenos Aires, Argentina.

Received: 30 January 2017 Accepted: 29 November 2017

References
1. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, Abraham J, Adair

T, Aggarwal R, Ahn SY, Alvarado M, Anderson HR, Anderson LM, Andrews KG,
Atkinson C, Baddour LM, Barker-Collo S, Bartels DH, Bell ML, Benjamin EJ, Bennett
D, Bhalla K, Bikbov B, Bin Abdulhak A, Birbeck G, Blyth F, Bolliger I, Boufous S,
Bucello C, Burch M, Burney P, Carapetis J, Chen H, Chou D, Chugh SS, Coffeng LE,
Colan SD, Colquhoun S, Colson KE, Condon J, Connor MD, Cooper LT, Corriere M,
Cortinovis M, de Vaccaro KC, Couser W, Cowie BC, Criqui MH, Cross M,
Dabhadkar KC, Dahodwala N, De Leo D, Degenhardt L, Delossantos A,
Denenberg J, Des Jarlais DC, Dharmaratne SD, Dorsey ER, Driscoll T, Duber H,
Ebel B, Erwin PJ, Espindola P, Ezzati M, Feigin V, Flaxman AD, Forouzanfar MH,
Fowkes FG, Franklin R, Fransen M, Freeman MK, Gabriel SE, Gakidou E, Gaspari F,
Gillum RF, Gonzalez-Medina D, Halasa YA, Haring D, Harrison JE, Havmoeller R,
Hay RJ, Hoen B, Hotez PJ, Hoy D, Jacobsen KH, James SL, Jasrasaria R, Jayaraman
S, Johns N, Karthikeyan G, Kassebaum N, Keren A, Khoo JP, Knowlton LM,
Kobusingye O, Koranteng A, Krishnamurthi R, Lipnick M, Lipshultz SE, Ohno SL,
Mabweijano J, MF MI, Mallinger L, March L, Marks GB, Marks R, Matsumori A,
Matzopoulos R, Mayosi BM, JH MA, MM MD, McGrath J, Mensah GA, Merriman
TR, Michaud C, Miller M, Miller TR, Mock C, Mocumbi AO, Mokdad AA, Moran A,
Mulholland K, Nair MN, Naldi L, Narayan KM, Nasseri K, Norman P, O'Donnell M,
Omer SB, Ortblad K, Osborne R, Ozgediz D, Pahari B, Pandian JD, Rivero AP,
Padilla RP, Perez-Ruiz F, Perico N, Phillips D, Pierce K, Pope CA 3rd, Porrini E,
Pourmalek F, Raju M, Ranganathan D, Rehm JT, Rein DB, Remuzzi G, Rivara FP,
Roberts T, De León FR, Rosenfeld LC, Rushton L, Sacco RL, Salomon JA, Sampson
U, Sanman E, Schwebel DC, Segui-Gomez M, Shepard DS, Singh D, Singleton J,
Sliwa K, Smith E, Steer A, Taylor JA, Thomas B, Tleyjeh IM, Towbin JA, Truelsen T,
Undurraga EA, Venketasubramanian N, Vijayakumar L, Vos T, Wagner GR, Wang
M, Wang W, Watt K, Weinstock MA, Weintraub R, Wilkinson JD, Woolf AD, Wulf S,
Yeh PH, Yip P, Zabetian A, Zheng ZJ, Lopez AD, Murray CJ, MA AM, Memish ZA.
Global and regional mortality from 235 causes of death for 20 age groups in
1990 and 2010: a systematic analysis for the global burden of disease study 2010.
Lancet. 2012;380:2095–128. https://doi.org/10.1016/S0140-6736(12)61728-0.

2. GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and
national age-sex specific all-cause and cause-specific mortality for 240 causes of
death, 1990-2013: a systematic analysis for the global burden of disease study
2013. Lancet. 2015;385:117–71. doi: 10.1016/S0140-6736(14)61682-2.

3. Casas Herrera A, Montes de Oca M, López Varela MV, Aguirre C, Schiavi E,
Jardim JR, PUMA Team. COPD Underdiagnosis and misdiagnosis in a high-
risk primary care population in four Latin American countries. A key to
enhance disease diagnosis: the PUMA study. PLoS One. 2016;11(4) doi: 10.
1371/journal.pcbi.1004820.

Sobrino et al. BMC Pulmonary Medicine  (2017) 17:187 Page 9 of 10

dx.doi.org/10.1186/s12890-017-0537-9
dx.doi.org/10.1186/s12890-017-0537-9
dx.doi.org/10.1186/s12890-017-0537-9
dx.doi.org/10.1186/s12890-017-0537-9
dx.doi.org/10.1186/s12890-017-0537-9
dx.doi.org/10.1186/s12890-017-0537-9
http://dx.doi.org/10.1016/S0140-6736(12)61728-0
http://dx.doi.org/10.1016/S0140-6736(14)61682-2
http://dx.doi.org/10.1371/journal.pcbi.1004820
http://dx.doi.org/10.1371/journal.pcbi.1004820


4. Caballero A, Torres-Duque CA, Jaramillo C, Bolívar F, Sanabria F, Osorio P,
Orduz C, Guevara DP, Maldonado D. Prevalence of COPD in five Colombian
cities situated at low, medium, and high altitude (PREPOCOL study). Chest.
2008;133:343–9. https://doi.org/10.1378/chest.07-1361.

5. Menezes AM, Perez-Padilla R, Jardim JR, Muiño A, Lopez MV, Valdivia G,
Montes de Oca M, Talamo C, Hallal PC, Victora CG. Chronic obstructive
pulmonary disease in five Latin American cities (the PLATINO study): a
prevalence study. Lancet. 2005;366:1875–81. doi: 10.1016/S0140-
6736(05)67632-5.

6. Menezes A, Macedo SC, Gigante DP, da Costa JD, Olinto MT, Fiss E, Chatkin M,
Hallal PC, Victora CG. Prevalence and risk factors for chronic obstructive
pulmonary disease according to symptoms and spirometry. COPD. 2004;1:173–17.

7. Jaganath D, Jaime Miranda J, Gilman RH, Wise RA, Diett GB, Miele CH,
Bernabe-Ortiz A, Checkley W, CRONICAS Cohort Study Group. Prevalence of
chronic obstructive pulmonary disease and variation in risk factors across
four geographically diverse resource-limited settings in Peru. Respir Res.
2015;16:40. doi: 10.1186/s12931-015-0198-2.

8. Lamprecht B, Soriano JB, Studnicka M, Kaiser B, Vanfleteren LE, Gnatiuc L,
Burney P, Miravitlles M, García-Rio F, Akbari K, Ancochea J, Menezes AM, Perez-
Padilla R, Montes de Oca M, Torres-Duque CA, Caballero A, González-García M,
Buist S, BOLD Collaborative Research Group, the EPI-SCAN Team, the PLATINO
Team, and the PREPOCOL Study Group. BOLD Collaborative Research Group
the EPI-SCAN Team the PLATINO Team and the PREPOCOL Study Group.
Chest. 2015 Oct;148(4):971–85. doi: 10.1378/chest.14-2535.

9. Hill K, Goldstein RS, Guyatt GH, Blouin M, Tan WC, Davis LL, et al. Prevalence
and underdiagnosis of chronic obstructive pulmonary disease among patients
at risk in primary care. CMAJ. 2010;182:673–8. doi: 10.1503/cmaj.091784.

10. Rubinstein AL, Irazola VE, Bazzano LA, Sobrino E, Calandrelli M, Lanas F, Lee AG,
Manfredi JA, Olivera H, Ponzo J, Seron P, He J. Detection and follow-up of
chronic obstructive pulmonary disease (COPD) and risk factors in the Southern
Cone of Latin America. The pulmonary risk in South America (PRISA) study.
BMC Pulmonary Medicine. 2011;11:34. https://doi.org/10.1186/1471-2466-11-34.

11. World Health Organization. GATS (global adult tobacco survey). Available: http://
www.who.int/tobacco/publications/surveillance/tqs/en/. Accessed on April 10,
2015.

12. Centers for Disease Control and Prevention. (CDC). Cigarette smoking among
adults-United States, 2006. MMWR Morb Mortal Wkly Rep. 2007;56:1157–61.

13. Yin P, Jiang CQ, Cheng KK, Lam TH, Lam KH, Miller MR, Zhang WS, Thomas
GN, Adab P. Passive smoking exposure and risk of COPD among adults in
China: the Guangzhou biobank cohort study. Lancet. 2007;370:751–7. doi:
10.1016/S0140-6736(07)61378-6.

14. Perez-Padilla R, Fernandez R, Lopez Varela MV, Montes de Oca M, Muiño A,
Tálamo C, Brito Jardim JR, Valdivia G, Baptista Menezes AM. Airflow
obstruction in never smokers in five Latin American cities: the PLATINO
study. Arch Med Res. 2012;43:159–65.

15. Perez-Padilla R, Regalado J, Sverre V, Pare P, Chapela R, Sansores R, Selman
M. Exposure to biomass smoke and chronic airway disease in Mexican
woman: a case-control study. Am J Respir Crit Care Med. 1996;154:701–6.
doi: 10.1164/ajrccm.154.3.8810608.

16. Ramírez-Venegas A, Sansores RH, Pérez-Padilla R, Regalado J, Velázquez A,
Sánchez C, Mayar ME. Survival of patients with chronic obstructive
pulmonary disease due to biomass smoke and tobacco. Am J Respir. Crit
Care Med. 2006;173:393–7.

17. Pérez-Padilla R, Vázquez-García JC, Márquez MN, Jardim JR, Pertuzé J, Lisboa C,
Muiño A, López MV, Tálamo C, de Oca MM, Valdivia G, Menezes AM, Latin
American COPD Prevalence Study (PLATINO) Team. The long-term stability of
portable spirometers used in a multinational study of the prevalence of
chronic obstructive pulmonary disease. Respir Care. 2006;51:1167–71.

18. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, Crapo R,
Enright P, van der Grinten CP, Gustafsson P, Jensen R, Johnson DC,
MacIntyre N, McKay R, Navajas D, Pedersen OF, Pellegrino R, Viegi G,
Wanger J. ATS/ERS task force. Standardisation of spirometry. Eur Respir J.
2005;26:319–38. doi: 10.1183/09031936.05.00034805.

19. Vestbo J, Hurd SS, Agustí AG, Jones PW, Vogelmeier C, Anzueto A, Barnes
PJ, Fabbri LM, Martinez FJ, Nishimura M, Stockley RA, Sin DD, Rodriguez-
Roisin R. Global strategy for the diagnosis, management, and prevention of
chronic obstructive pulmonary disease: GOLD executive summary. Am J
Respir Crit Care Med. 2013;187:347–65. doi: 10.1164/rccm.201204-0596PP.

20. Perez-Padilla R, Valdivia G, Muiño A, et al. Valores de referencia
espirométrica en 5 grandes ciudades de Latinoamérica para sujetos de 40 o
más años de edad. Arch Bronconeumol. 2006;42:317–25.

21. Plan and operation of the Third National Heaith and Nutrition Examination
Survey, 1988-94. National Center for Heaith Statistics. Vial Health Stat 1(32).
1994.

22. Ciapponi A, Alison L, Agustina M, Demián G, Silvana C, Edgardo S. The
epidemiology and burden of COPD in Latin America and the Caribbean:
systematic review and meta-analysis. COPD. 2014;11:339–50. https://doi.org/
10.3109/15412555.2013.836479.

23. Swanney MP, Ruppel G, Enright PL, et al. Using the lower limit of normal for
the FEV1/FVC 1ratio reduces the misclassification of airway obstruction.
Thorax. 2008;63:1046–51. doi:10.1136/thx.2008.098483.

24. Güder G, Brenner S, Angermann CE, Ertl G, Held M, Sachs AP, Lammers JW,
Zanen P, Hoes AW, Störk S, Rutten FH. GOLD or lower limit of normal
definition? A comparison with expert-based diagnosis of chronic
obstructive pulmonary disease in a prospective cohort-study. Respir Res.
2012;13:13. doi: 10.1186/1465-9921-13-13.

25. Van Dijk WD, Gupta N, Tan WC. Bourbeau Clinical relevance of diagnosing
COPD by fixed ratio or lower limit of normal: a systematic review. J COPD.
2014;11(1):113–20. doi: 10.3109/15412555.2013.781996.

26. Van Dijk W, Tan W, Li P, Guo B, Li S, Benedetti A, Bourbeau J, CanCOLD
Study Group. Clinical relevance of fixed ratio vs lower limit of normal of
FEV1/FVC in COPD: patient-reported outcomes from the CanCOLD cohort.
Ann Fam Med. 2015;13(1):41–8. doi:10.1370/afm.1714.

27. Miller MR, Levy ML. Chronic obstructive pulmonary disease: missed
diagnosis versus misdiagnosis. BMJ. 2015;1:351. doi: 10.1136/bmj.h3021.

28. Barreto SM, Miranda JJ, Figueroa JP, Schmidt MI, Munoz S, Kuri-Morales PP,
Silva JB Jr. Epidemiology in Latin America and the Caribbean: current situation
and challenges. Int J Epidemiol. 2012;41(2):557–71. doi: 10.1093/ije/dys017.

29. Montes de Oca M, Tálamo C, Perez-Padilla R, Jardim JR, Muiño A, Lopez MV,
Valdivia G, Pertuzé J, Moreno D, Halbert RJ, Menezes AM. PLATINO Team
Chronic obstructive pulmonary disease and body mass index in five Latin
America cities: the PLATINO study Respir Med. 2008;102:642–50. doi: 10.
1016/j.rmed.2007.12.025.

30. Harik-Khan RI, Fleg JL, Wise RA. Body mass index and the risk of COPD.
Chest. 2002;121:370–6.

31. Landbo C, Prescott E, Lange P, Vestbo J, Almdal TP. Prognostic value of
nutritional status in chronic obstructive pulmonary disease. Am J Respir Crit
Care Med. 1999;160:1856–61. doi: 10.1164/ajrccm.160.6.9902115.

32. Prescott E, Vestbo J. Socioeconomic status and chronic obstructive
pulmonary disease. Thorax. 1999;54:737–41.

33. Lange P, Marott JL, Vestbo J, Ingebrigtsen TS, Nordestgaard BG.
Socioeconomic status and prognosis of COPD in Denmark. COPD. 2014;11:
431–7. doi: 10.3109/15412555.2013.869580.

34. Vignola AM, Kips J, Bousquet J. Tissue remodeling as a feature of persistent
asthma. J Allergy Clin Immunol. 2000;105(pt 1):1041–53.

35. Silva GE, Sherrill DL, Guerra S, Barbee RA. Asthma as a risk factor for COPD in a
longitudinal study. Chest. 2004;126:59–65. doi:10.1378/chest.126.1.59.

36. Snider GL, Doctor L, Demas TA, Shaw AR. Obstructive airway disease in
patients with treated pulmonary tuberculosis. Am Rev Respir Dis. 1971;103:
625–40. doi: 10.1164/arrd.1971.103.5.625.

37. Menezes AM, Hallal PC, Perez-Padilla R, Jardim JR, Muiño A, Lopez MV, et al.
Tuberculosis and airflow obstruction: evidence from the PLATINO study in
Latin America. Eur Respir J. 2007;30:1180–5. doi: 10.1183/09031936.00083507.

38. William Torres-Duque C, Maldonado D, Pérez-Padilla R, Ezzati M, Viegi G.
Forum of international respiratory studies (FIRS) task force on health effects
of biomass exposure. Biomass fuels and respiratory diseases Proc Am
Thorac Soc. 2008;5:577–90. doi: 10.1513/pats.200707-100RP.

39. Kurmi OP, Semple S, Simkhada P, Smith WC, Ayres J. COPD and chronic
bronchitis risk of indoor air pollution from solid fuel: a systematic review and
meta-analysis. Thorax. 2010;65:221–8. doi: 10.1136/thx.2009.124644.

40. Vanfleteren LE, Spruit MA, Groenen M, et al. Clusters of comorbidities based
on validated objective measurements and systemic inflammation in
patients with chronic obstructive pulmonary disease. Am J Respir Crit Care
Med. 2013;187:728–35.

41. Woodruff PG, Barr RG, Bleecker E, et al. Clinical significance of symptoms in
smokers with preserved pulmonary function. N Engl J Med. 2016;374:1811–21.

Sobrino et al. BMC Pulmonary Medicine  (2017) 17:187 Page 10 of 10

http://dx.doi.org/10.1378/chest.07-1361
http://dx.doi.org/10.1016/S0140-6736(05)67632-5
http://dx.doi.org/10.1016/S0140-6736(05)67632-5
http://dx.doi.org/10.1186/s12931-015-0198-2
http://dx.doi.org/10.1378/chest.14-2535
http://dx.doi.org/10.1503/cmaj.091784
http://dx.doi.org/10.1186/1471-2466-11-34
http://www.who.int/tobacco/publications/surveillance/tqs/en/
http://www.who.int/tobacco/publications/surveillance/tqs/en/
http://dx.doi.org/10.1016/S0140-6736(07)61378-6
http://dx.doi.org/10.1164/ajrccm.154.3.8810608
http://dx.doi.org/10.1183/09031936.05.00034805
http://dx.doi.org/10.1164/rccm.201204-0596PP
http://dx.doi.org/10.3109/15412555.2013.836479
http://dx.doi.org/10.3109/15412555.2013.836479
http://dx.doi.org/10.1136/thx.2008.098483
http://dx.doi.org/10.1186/1465-9921-13-13
http://dx.doi.org/10.3109/15412555.2013.781996
http://dx.doi.org/10.1370/afm.1714
http://dx.doi.org/10.1136/bmj.h3021
http://dx.doi.org/10.1093/ije/dys017
http://dx.doi.org/10.1016/j.rmed.2007.12.025
http://dx.doi.org/10.1016/j.rmed.2007.12.025
http://dx.doi.org/10.1164/ajrccm.160.6.9902115
http://dx.doi.org/10.3109/15412555.2013.869580
http://dx.doi.org/10.1378/chest.126.1.59
http://dx.doi.org/10.1164/arrd.1971.103.5.625
http://dx.doi.org/10.1183/09031936.00083507
http://dx.doi.org/10.1513/pats.200707-100RP
http://dx.doi.org/10.1136/thx.2009.124644

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study participants
	Data collection
	Definitions
	Statistical analysis

	Results
	Measures of pulmonary function
	Prevalence of COPD
	Risk factors for COPD

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

