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Background: Despite wide use of the Global Initiative for Chronic Obstructive Pulmonary

Disease (GOLD) 2011, little is known about between-stage transitions and what factors

predict worsening transitions in patients with chronic obstructive pulmonary disease

(COPD).

Objective: To investigate the transition frequency between GOLD 2011 stages among

patients with stable COPD over a 2-year follow-up, to identify potential non-pulmonary

predictor factors for worsening transitions, and to compare transition frequencies between

GOLD 2011 stages and the new GOLD 2017 stages.

Patients and Methods: We prospectively included 137 patients with stable COPD (mean

age, 66.9 ± 8.3 years). GOLD 2011 and GOLD 2017 stages were measured at baseline,

1-year follow-up, and 2-year follow-up. To evaluate non-pulmonary variables as potential

predictors of worsening transitions, we used regression models adjusted for sociodemo-

graphic, clinical, and pulmonary variables using generalized estimating equations.

Results: The study period included 246 opportunities for transition, and 39 worsening

transitions occurred within GOLD 2011 stages. Predictors of worsening transitions included

BODE index (OR, 1.20; 95% CI, 1.00–1.44), quadriceps strength (OR, 0.87; 95% CI,

0.76–0.99), and limited mobility activities (OR, 1.02; 95% CI, 1.00–1.05). The frequency

of worsening transitions for stages B and C differed between GOLD 2011 and GOLD 2017.

Stages A and D were the most stable in both classifications.

Conclusion: Non-pulmonary factors predicted worsening transitions among the GOLD

2011 stages of COPD severity. The choice of GOLD 2011 versus GOLD 2017 may influence

transition identification, especially for stages B and C.

Keywords: GOLD, quadriceps strength, BODE, mobility activities, COPD exacerbations

Introduction
Until 2011, chronic obstructive pulmonary disease (COPD) evaluation was primar-

ily based on forced expiratory volume during the first second (FEV1). However, it

has now been demonstrated that FEV1 is only a partial descriptor of this multi-

systemic disease, which does not reflect its complexity and effects beyond pulmon-

ary function, including reductions of health status, physical performance, and

functional status.1–3

In 2011, the Global Initiative for Chronic Obstructive Pulmonary Disease

(GOLD) proposed a multidimensional assessment of the disease, in which patients

with COPD are evaluated according to FEV1 value (expressed as a percentage of
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the predicted value), as well as individual history of pre-

vious exacerbations and symptoms, including dyspnea

according to the modified Medical Research Council

scale (mMRC), and health status based on the Chronic

obstructive pulmonary disease Assessment Test (CAT).4

Under the GOLD 2011 assessment, patients with COPD

are classified into four severity stages (A–D). The distri-

butions of these stages vary among different populations

and studies, but generally range between 17.8% and 24%

for group A, 14–37.9% for group B, 4.8–23% for group C,

and 39.5–40% for group D.2,3,5

Many epidemiological studies have examined the preva-

lence of GOLD 2011 stages; however, few studies have

investigated the frequency of transitions between these

stages,2 or the prognostic factors associated with such transi-

tions. In the few studies that have analyzed these transitions,

the data indicate that patients in groups A and D remained

stable during follow-up, while groups B and C exhibit greater

temporal variability.2 CAT score and BODE index have been

identified as predisposing factors to transitions;2 however,

since this is demonstrated in only one study, additional

investigations are needed to verify their prognostic ability.

Moreover, that study only evaluated pulmonary and clinical

factors; thus, the relevance of non-pulmonary factors (eg,

peripheral muscle strength or physical performance) remains

unknown. The identification of modifiable risk factors might

be useful for developing interventions to reduce worsening

GOLD transitions, and to improve a patient’s ability to cope

with the consequences of COPD.2

In the present study, we investigated the frequency of

transitions between GOLD 2011 stages, and explored sev-

eral non-pulmonary factors as possible predictors of wor-

sening transitions, among patients with COPD over

a 2-year follow-up. We also determined the frequency of

transitions among the new GOLD 2017 stages, and com-

pared these findings with the results using GOLD 2011

stages. Our hypothesis, based on the study by Soriano

et al6 was that the frequencies of transitions would differ

between these classifications.

Patients and Methods
Study Design and Participants
For this longitudinal study, patients with COPD were pro-

spectively recruited from an outpatient pulmonary service

at Morales Meseguer Hospital, Murcia, Spain, in 2015.

Patients were included if they had a diagnosis of COPD

according to the GOLD recommendations,4 stable stage,

and age of between 40 and 80 years. Patients were

excluded if they exhibited an unstable cardiac condition

within 4 months of the start of the study, cognitive dete-

rioration, or an inability to walk.

Over a 1-year period, a consecutive sample of eligible

patients was identified on a rolling-basis, based on patient

health examinations. The study was conducted in accor-

dance with the Declaration of Helsinki. All study partici-

pants provided written informed consent, and the study

protocol was approved by the Ethics Committee of

Clinical Research of the General University Hospital

(approval number: EST-35/13).

Measurements
Study data were obtained through patient interviews con-

ducted by a pulmonologist at baseline (T0), 1-year follow-

up (T1), and 2-year follow-up (T2). At baseline, we obtained

data regarding sociodemographic, clinical, pulmonary, and

non-pulmonary variables, as described elsewhere.7 Briefly,

the non-pulmonary variables included handgrip, quadriceps,

and elbow strength that were assessed on the dominant side

with a handgrip dynamometer (KERNMAP 80K1, KERN&

Sohn GmbH 1) and hand-held dynamometer (HHD)

(Nicholas Manual Muscle Tester, model 01160; Lafayette

Instrument).8 To measure quadriceps strength, participants

stayed seated with knee flexed 70º and a break test was

performed. For elbow and handgrip strength, participants

stayed seated with their shoulder adducted 0º, elbow flexed

90º, and forearm in a neutral position.8 Six-minute walk test

(6MWT), the BODE index, the Short Physical Performance

Battery (SPPB) and the self-reported mobility questionnaire

were also measured.

Clinical and pulmonary variables included dyspnea,

measured with the self-administered modified British

Medical Research Council (mMRC);9 perceived health sta-

tus assessed by the COPD Assessment Test (CAT);10 and

depression, assessed by the depression subscale of the

Hospital Anxiety and Depression Scale (HADS).11

Pulmonary function was assessed with spirometry accord-

ing to the American Thoracic Society guidelines.12 The

patient’s medical history was reviewed to determine smok-

ing pack-years, current smoker status, the number of comor-

bidities measured using the Functional Comorbidity

Index,13 the number of exacerbations (moderate defined as

use of corticosteroids and/or antibiotics; severe defined as

requiring hospitalization), and the presence of heart disease.

Follow-up interviews were required within 4 weeks of the

due date.
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Outcome Measure
We assessed patients using both the GOLD 2011 and

GOLD 2017 stages. According to these GOLD versions,

patients were classified into four groups with increasing

severity from A to D.4 A transition was defined as

a change in the GOLD stage between one year and the

next. These measures were not available if a participant

dropped out or died before follow-up. Each annual transi-

tion was categorized according to the GOLD stage at

baseline and at the end of the year—for example,

a transition was termed D–B when the initial stage was

D and the final stage B. Moreover, transitions were also

categorized into two patterns: worsening (increased sever-

ity) or improving (decreased severity). Non-transitions

were categorized a stable state.

Statistical Analysis
Using descriptive statistics, we summarized the baseline

characteristics of the whole sample as mean and standard

deviation (SD) for continuous variables, and number and

percentage for categorical data. We also made compari-

sons between the GOLD 2011 stage groups (A–D) using

the Pearson’s chi-square test, Kruskal–Wallis test (for non-

normally distributed data), and one-way ANOVA test,

based on the variable type and distribution. We calculated

the absolute and relative frequencies of GOLD stages at

baseline and at the 2-year follow-up, and of each category

of annual transition and non-transition, using both GOLD

2011 and GOLD 2017.

To determine the effects of potential predictor vari-

ables, we applied generalized estimating equations to fit

a repeated measures logistic regression with the dependent

variable being the annual transitioning status to worsening

transitions vs non-transitions and improving transitions

according to GOLD 2011 stages. Several models were

constructed for these analyses. Model 1 included each

clinical and pulmonary variable, after adjustment for age,

sex, and Body Mass Index (BMI). Model 2 was simulta-

neously adjusted for all significant (P < 0.05) clinical and

pulmonary variables, as well as age, sex, and BMI. The

final model included each non-pulmonary variable,

adjusted for age, sex, BMI, and variables that were sig-

nificant (P < 0.05) from model 2. Each model provided

odds ratios for worsening transitions in the GOLD 2011

stages. All analyses were performed using the Statistical

Package for the Social Sciences (SPSS) version 24.0 (IBM

SPSS, Chicago, IL, USA).

For the sample size calculation, we selected the gen-

eralized estimating equation (GEE) approach. In accor-

dance with PASS 2020 software14 a sample of 116

subjects (each one scheduled to be measured 3 times)

was established to achieve a power of 0.80 when using

a two-sided Wald test from a GEE analysis to test at

a significance level of 0.05. Missing values were assumed

to occur completely at random. Using similar studies,2 we

assumed an autocorrelation of 0.5 between adjacent mea-

surements of the GOLD stage within a subject. We also

assumed that this autocorrelation adequately represents the

autocorrelation pattern across our 3-assessment design.

Results
Participants
At baseline, this study included 137 patients with a mean

age of 66.9 years. Within this cohort, 87.6% were male,

and 29.9% were current smokers. Baseline COPD severity

according to GOLD 2011 stages were distributed as

24 (17.5%) in stage A, 22 (16.1%) in stage B, 12 (8.8%)

in stage C, and 79 (57.7%) in stage D. Analysis of var-

iance revealed that some stage groups differed in the

frequency of current smokers, level of dyspnea ≥2, and
number of exacerbations ≥2, and in degree of handgrip

strength, 6MWT, BODE index, SPPB, 5STS, and mobility

activities with limitation (Table 1).

During follow-up, 127 patients (92.7%) remained in

the study at T1, and 119 (86.9%) remained at T2.

Among patients lost to follow-up at T2, 6 (4.3%) died, 8

(5.8%) dropped out due to lung cancer, and 4 (2.9%) chose

not to continue. No patients were removed due to unstable

stage or exacerbation occurring close to a follow-up visit.

The patients lost during follow-up did not significantly

differ from those who continued throughout the study.

Rates and Probabilities of a Transition in

the GOLD 2011
The 2-year follow-up included 246 annual opportunities for

transition between GOLD 2011 stages: 44 were in GOLD

stage A (23 between T0–T1, 21 T1–T2), 40 in B (21 between

T0–T1, and 19 T1–T2), 27 in C (12 between T0–T1, and 15

T1–T2), and 135 in D (71 between T0–T1, and 64 T1–T2)

(Figure 1A). Based on these opportunities for transition, we

calculated the 1-year probability of transition between

GOLD 2011 stages.

Figure 1A shows the percentages of non-transitions,

ie, stable state, which varied among the groups. Stages
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A and D were more stable (65.9% and 77%, respec-

tively) than stages B and C (47.5% and 29.6%, respec-

tively). Stage A cases that worsened shows similar

frequencies of worsening to each other stage (ranging

between 9.1% and 13.6%). Stage D cases that improved

showed similar frequencies of changing to stages

B (10.4%) and C (8.9%), but a lower frequency of

changing to stage A (3.7%).

In total, including all four stages, we identified 39

worsening transitions, 47 improving transitions, and 160

non-transitions. The percentages of worsening transitions

from initial stages of A, B, and C were very similar

(34.1%, 35%, and 37%, respectively) (Figure 2). We

observed greater variability in the percentages of improv-

ing transitions from B, C, and D (17.5%, 33.4%, and 23%,

respectively).

At the 2-year follow-up, the distribution of GOLD 2011

stages were 28 patients (23.5%) in A, 18 (15.1%) in B, 9

(7.6%) in C, and 64 (53.8%) in D. Figure 3 shows these

frequencies according to the baseline stages. The majority of

patients with baseline stages A and D remained in their

original stage after two years, while patients with baseline

stages B and C exhibited greater temporal variability.

Predictors of Worsening Transitions in

GOLD 2011 Stages
Table 2 shows clinical and pulmonary predictor factors

that may be associated with worsening transitions (vs

improving transitions and non-transitions). Model 1

(including each clinical and pulmonary predictor, with

adjustment for age, sex, and BMI) suggested that worsen-

ing transitions were positively associated with higher num-

ber of comorbidities, level of dyspnea ≥2, number of

exacerbations ≥2, and higher CAT scores, and negatively

associated with higher percentage FEV1. Model 2 (includ-

ing all significant clinical and pulmonary variables from

model 1, plus age, sex, and BMI) showed that participants

with a number of exacerbations ≥2 had a greater probabil-

ity of worsening transitions in the following year.

Table 3 shows each non-pulmonary factor that may be

associated with worsening transitions, with adjustment for

Table 1 Characteristics of the Study Population (n = 137), Grouped by GOLD 2011 Stage at Baseline*

Characteristics All (N = 137) A (N= 24) B (N = 22) C (N = 12) D (N = 79) P value

Sociodemographic variables

Age (years), mean (±SD) 66.90 (8.3) 65.04 (7.54) 67.73 (8.39) 67.25 (10.19) 67.20 (8.32) 0.691

Male 120 (87.6) 22 (91.7) 16 (72.7) 10 (83.3) 72 (91.1) 0.114

Clinical and pulmonary variables

BMI (kg/m2), mean (±SD) 28.92 (5.05) 28.79 (4.87) 29.10 (4.43) 28.26 (6.17) 29.00 (5.17) 0.966

Smoking pack-years, mean (±SD) 58.72 (25.46) 48.50 (16.83) 62.82 (29.91) 53.75 (22.47) 61.44 (26.20) 0.121

Current smoker 41 (29.9) 5 (20.8) 12 (54.5) 3 (25.0) 21 (26.6) 0.049

Number Comorbidities, mean (±SD) 3.15 (1.64) 2.71 (1.48) 3.18 (1.86) 2.92 (1.78) 3.30 (1.61) 0.451

Heart disease (yes) 19 (13.9) 2 (8.3) 4 (18.2) 0 (0) 13 (16.5) 0.343

Dyspnea (mMRC ≥ 2) 49 (35.8) 0 (2) 6 (27.3) 0 (0) 43 (54.4) 0.001

Exacerbations ≥ 2 † 79 (57.7) 1 (4.2) 2 (9.1) 8 (66.7) 68 (86.1) 0.001

CAT score, mean (±SD) 14.19 (7.31) 6.38 (2.97) 15.82 (6.28) 5.67 (2.01) 17.41 (6.19) 0.001

FEV1 (% predicted), mean (±SD) 50.21 (16.49) 65.88 (13.82) 60.82 (9.92) 49.25 (15.33) 42.65 (13.86) 0.001

Depression (HAD-D ≥ 11) 13 (9.5) 0 (0) 3 (23.1) 0 (0) 10 (76.9) 0.162

Non-pulmonary variables

Handgrip strength (kg), mean (±SD) 28.30 (7.98) 31.73 (7.91) 24.35 (8.43) 26.54 (6.48) 28.62 (7.67) 0.013

Quadriceps strength (kg), mean (± SD) 15.68 (2.87) 16.72 (2.46) 15.40 (2.85) 16.39 (2.79) 15.34 (2.95) 0.155

Elbow strength (Kg), mean (± SD) 15.00 (3.20) 15.93 (3.09) 14.50 (3.74) 14.26 (2.96) 14.97 (3.11) 0.363

6-Minute walk test (meters), mean (±SD) 349.13 (84.69) 378.08 (66.65) 366.00 (73.42) 394.58 (72.80) 327.92 (89.06) 0.007

BODE index, median (P5–95) 2.00 (0–6) 1 (0–3) 1 (0–5) 2 (0–4) 3 (0–7) 0.001

SPPB score, mean (±SD) 9.56 (1.96) 10.75 (1.26) 9.45 (1.99) 10.42 (1.37) 9.10 (2.04) 0.001

5STS score, mean (±SD) 2.28 (1.17) 3.04 (0.85) 2.27 (1.03) 3.00 (0.85) 1.95 (1.19) 0.001

% activities with limitations, mean (± SD) 21.60 (17.46) 12.63 (10.16) 22.12 (16.15) 8.61 (4.37) 26.16 (18.88) 0.001

Notes: *Values represent the number (%) of participants in each group, unless otherwise noted. †Moderate or severe exacerbations in the previous year.

Abbreviations: SD, standard deviation; BMI, body mass index; mMRC, modified British Medical Research Council; CAT, COPD Assessment Test; FEV1, forced expiratory

volume in 1 second; HAD, Hospital Anxiety and Depression Scale; SPPB, short physical performance battery; 5STS, five-repetition sit-to-stand test.
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age, sex, BMI, and all the significant variables from model

2 (Table 2). Lower quadriceps strength, higher BODE

index, and higher percentage of limited activities were

independent predictors of worsening transitions in GOLD

2011 stages among COPD patients.

Comparison of Annual Transitions

Between GOLD 2011 and GOLD 2017
When assigning GOLD 2017 stages, the distribution of

stages at the 246 annual opportunities for transition was

similar to that with GOLD 2011: 44 vs 43 in stage A, 40

vs 50 in stage B, 27 vs 24 in stage C, and 135 vs 129 in

stage D (Figure 1).

GOLD 2011 and GOLD 2017 also showed similar per-

centages of non-transitions from three of the four stages (A,

B, and D) (Figure 2), and similar percentages of annual

improving transitions from stages B, C, and D (Figure 2).

However, GOLD 2011 and GOLD 2017 showed different

percentages of transitions from stages D and C to other stages

(Figure 1). For example, compared to GOLD 2011, GOLD

2017 showed higher percentages of improving transitions

from D to B (26.4% vs 10.4%), from C to A (50% vs

A

37%

8.9%

77%

47.5%
65.9%

29.6%

10.4%
35%

17.5%

11.4%

9.1%
29.6% 3.7%

0%
13.6%

3.7%

29.2%

4.7%

63.6%

52%
65.1%

0%

26.4%
20%

28%

11.6%

11.6%
50% 20.8%

0%
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11.6%

n=44
B
n=40

D
n=135

C
n=27

A
n=43

B
n=50

C
n=24

D
n=129

A GOLD 2011

B GOLD 2017

Figure 1 One-year probabilities of transition between different GOLD 2011 (A) and

GOLD 2017 (B) stages during a 2-year follow-up. Circles represent a single state for the
beginning of each 1-year period. Straight arrows represent the probability of changing to

another stage; curved arrows represent continuing in the same stage for another 1-year

period.
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29.6%), and from C to B (20.8% vs 3.7%). The percentages

of annual worsening transitions were similar between GOLD

2011 and GOLD 2017 only when starting from A stage.

Compared to GOLD 2017, GOLD 2011 showed a higher

percentage of worsening transitions from B stage (35% vs

20%), and a lower percentage of worsening transitions from

C stage (37% vs 70.8%) (Figure 2). However, GOLD 2011

and GOLD 2017 did not differ regarding the percentages of

worsening transitions to other stages (Figure 1), eg, around

30% from stage C to D, and 11.5% from stage A to B.

Discussion
In the present study, we primarily examined the likelihood

that patients with COPDwould experience annual transitions

between GOLD 2011 stages, and evaluated predictors of

worsening transitions. Our results showed that most patients

in stages A and D remained in their initial stage, while

patients in stages B and C showed greater numbers of transi-

tions (ie, higher temporal variability) over 2 years.

Nevertheless, the percentages of worsening transitions were

similar across these groups. The most relevant predictors of

worsening transitions were quadriceps strength, BODE

index, and limitation of mobility activities.

The percentages of non-transitions from stages A and

D, and of transitions from stages B and C, were similar to

the percentages reported over one year by Casanova et al,2

which also demonstrated greater variability for stage C and

more stability for stage D. Those authors proposed that

stage changes may be due to either disease progression or

beneficial effects of therapy. Regardless, these data pro-

vide evidence regarding the degree of heterogeneity in the

natural history of the disease, and may highlight a possible

window of opportunity for intervention therapy.

When using GOLD 2011, our percentages of worsening

transitions from stage A, and of improving transitions from

stage D, were similar to the percentages previously reported

by Casanova et al.2 However, our percentages for transi-

tions from stages B and C were different from the previous

findings. Compared to our present results, Casanova et al

observed a lower percentage of improving transitions from

stage C to A, and a lower percentage of worsening transi-

tions from stage B to D.2 The overall percentages of wor-

sening transitions from stages A and C were similar

between our present results and those of Casanova et al;2

however, their group observed lower percentages of wor-

sening transitions from stage B than in our study. These

Table 2 Multivariate Regression Models Show the Predictive Strengths of Clinical and Pulmonary Factors for

Worsening Transitions vs Improving Transitions and Non-Transitions in GOLD 2011 (N = 39, 1-Year Transitions)

Predictors Model 1* Model 2†

Clinical and pulmonary variables

Smoking, pack-years 1.00 (0.99–1.01) 0.430

Current smoker 1.03 (0.51–2.08) 0.924

Number of comorbidities 1.29 (1.01–1.65) 0.037 1.26 (0.98–1.63) 0.070

Heart disease (yes) 2.86 (0.70–11.59) 0.141

Dyspnea (mMRC ≥ 2) 2.79 (1.22–6.35) 0.014 1.49 (0.57–3.91) 0.408

Exacerbations ≥ 2 2.87 (1.46–5.63) 0.002 2.33 (1.15–4.74) 0.019

CAT score 1.06 (1.00–1.13) 0.028 1.02 (0.95–1.08) 0.504

FEV1 (% predicted) 0.97 (0.95–0.99) 0.023 0.99 (0.97–1.01) 0.610

Depression (HAD-D ≥ 11) 1.14 (0.38–3.36) 0.809

Notes: Values are presented as odds ratio (95% confidence interval) and P value. *Model 1 includes each predictor adjusted for age, sex, and BMI.
†Model 2 is fully adjusted for significant variables from model 1 and age, sex, and BMI.

Abbreviations: mMRC, modified British Medical Research; CAT, COPD Assessment Test; FEV1, forced expiratory volume in 1 s; HAD-D, Hospital

Anxiety and Depression Scale; BMI, body mass index.

Table 3 Multivariate Regression Models Show the Predictive

Strengths of Each One of Non-Pulmonary Factors with

Worsening Transitions vs Improving Transitions and Non-

Transitions in GOLD 2011 (N = 39 1-Year Transitions)

Predictors

Non-Pulmonary variables

Handgrip strength (kg) 0.99 (0.94–1.04) 0.686

Quadriceps strength (kg) 0.87 (0.76–0.99) 0.036

Elbow strength (kg) 0.89 (0.78–1.02) 0.100

6-Minute walk test (m) 0.99 (0.99–1.00) 0.132

SPPB (range 0 ± 12) 0.85 (0.69–1.03) 0.109

5STS (range 0 ± 4) 0.81 (0.58–1.14) 0.236

BODE index (range 0 ± 10) 1.20 (1.00–1.44) 0.047

Self-reported questionnaire (0 ± 100) 1.02 (1.00–1.05) 0.034

Notes: Values are odd ratios (95% confidence intervals) and P value. Each predictor

was adjusted for age, sex, BMI, and significant variables from model 2 (Table 2).

Abbreviations: SPPB, short physical performance battery; 5STS, five-repetition

sit-to-stand test; BMI, body mass index.
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differences may be related to differences between the two

studies; compared to the study of Casanova et al,2 our

present study had a longer follow-up period (1 year vs

2 years, and a greater number of active smokers in stage B).

Our results showed that the BODE index was

a predictor of worsening transitions, which is consistent

with the findings of Casanova et al that the BODE index

was associated with longitudinal changes in GOLD stages

one year later.2 Previous cross-sectional studies have also

demonstrated associations between the BODE index and

GOLD stages.15,16 Medinas-Amorós et al found a similar

relationship between GOLD stages and the BODE index in

an investigation of quality of life among COPD patients.15

Hu et al found that patients in GOLD stage D had a higher

BODE index score compared to patients with less severe

disease.16 These authors15,16 suggested that their findings

may be related to the extrapulmonary manifestations of

COPD, such as decreased exercise capacity, malnutrition,

anxiety, and depression, among others.

To our knowledge, this is the first longitudinal study to

show that non-pulmonary aspects of COPD (eg, quadri-

ceps weakness and limitation in mobility activities) can

lead to worsening of GOLD stage severity. Previously,

only cross-sectional studies have found association

between these factors and the GOLD stage.17,18 Seymour

et al reported that patients with a more severe GOLD stage

exhibited greater weakness of the quadriceps compared to

healthy subjects or patients with a less severe stage.17 The

predictive ability of quadriceps strength may be explained

by the finding that skeletal musculature dysfunction leads

to a sedentary lifestyle, and thus to de-conditioning of

musculature in patients with more severe COPD.19 Our

study found no significant association between GOLD

stages and elbow or handgrip strength, possibly because

COPD-related muscle dysfunction more readily demon-

strable in the lower extremities.20

Ding et al previously found that patients in stages A and

C had comparable levels of difficulty when performing

mobility activities, while patients in stages B and

D exhibited lower performance as measured with the

Functional Performance Inventory-Short Form (FPI-SF)

questionnaire, which is an approximate measure of the dete-

rioration of several activities requiring physical effort.18

These results are comparable to our present findings in the

sense that patients with a higher percentage of limited mobi-

lity activities were more likely to have a more severe GOLD

stage. This suggests that the difficulty in performing

activities may be related to the level of symptoms patients

experience, as well as the presence of exacerbations.18

Our study was not the first to analyze changes between

GOLD 2011 stages over two years. Previously, Agustí et al

investigated the temporal stability of the four stages of

GOLD 2011.3 Both our results and theirs indicated that

the majority of patients in stages A and D remained in

their original stage, while those in stages B and

C exhibited greater temporal variability.3

Another important finding of our study was that the

GOLD 2011 and GOLD 2017 classifications identified

different percentages of transitions among the same

patients. The most relevant differences were found in the

worsening transitions from stages B and C, and the non-

transitions from stage C. Compared to GOLD 2017,

GOLD 2011 identified a higher percentage of worsening

transitions from stage B, and a lower percentage of wor-

sening transitions from stage C. These results cannot be

compared with previous studies. While previous studies

have compared clinical characteristics of patients with

COPD in both GOLD 2011 and GOLD 201716,21-24 to

our knowledge, none have compared the transitions.

Our results regarding the transitions with GOLD 2017

can only be compared with the findings of Soriano et al,

who examined transitions over five years.6 Compared with

their results, we found similar percentages of non-

transitions for stages A, B, and D. In contrast, for stage C,

Soriano et al observed more non-transitions than in our

study,6 while we found higher percentages of worsening

transitions from stage C to D. Compared to their study, we

also found lower percentages of improving transitions from

stage D to stages A and B.

Implications for Practice and Research
In addition to impaired lung function and respiratory

symptoms, COPD involves a series of extrapulmonary

manifestations.16 Here we found that quadriceps strength,

BODE index, and limitations of mobility activities were

predictors of worsening transitions in GOLD 2011 stage.

These factors are potentially modifiable, and may be

improved by physical rehabilitation programs for patients

with stable COPD.25,26 Our results suggest that the exist-

ing evaluation model through GOLD could be improved

by the incorporation of non-pulmonary aspects, which

would enable a more thorough evaluation of potential

deficits, some of which may be improved to help patients

improve or maintain their level of severity.
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In our study, the tested predictive factors were only mea-

sured at baseline. A future more longitudinal analysis might be

able to evaluate whether associations between non-pulmonary

factors (eg, quadriceps strength, mobility activities, and

BODE index) can also be observed in individual patients

over time. Such analysis might reveal whether there is

a synchronous association between changes in GOLD and

changes in non-pulmonary factors, or whether changes in

GOLD stage might be influenced by changes in non-

pulmonary factors. Additional research is also needed to deter-

mine whether the identified non-pulmonary risk factors can

predict worsening transitions when using the GOLD 2017

classification system.

Strengths and Limitations
This study has several strengths. First, it was a longitudinal

study, which has the main advantage of allowing analysis of

changes in individual patients. This study design also

allows measurement of the prevalence of GOLD groups at

multiple time-points. Our evaluation of data from the three

combined time-points could also have provided a more

realistic estimate of the prevalence, possibly strengthening

our results. Second, our models included a wide variety of

previously identified non-pulmonary factors related to

COPD, which had not previously been analyzed in relation

to GOLD stages. Notably, the GOLD classification is

a widely used and previously validated instrument, which

allows classifying subjects in a standardized way, and com-

parisons with other studies that have used standardized

validated instruments.

Our study also has several limitations. First, although

our model included a wide variety of possible predictive

factors of GOLD stage, there may be additional factors that

could have improved its predictive power (eg, the quantity

of drugs regularly taken, participation in rehabilitation pro-

grams, etc.).27,28 Additionally, although many of our pre-

dictive factors may vary over time, only baseline values

were available. Therefore, all covariates in our models were

time-independent. Second, although measurements were

acquired at three time-points (once per year) to determine

the course of GOLD stages over time, it is likely that

additional transitions occurred between these time-points;

However, the three measurement time-points were specifi-

cally chosen to obtain optimal detection of possible changes

in GOLD stage. Although little is known about the patterns

of GOLD stage transitions, we assumed that most changes

occurred annually,3 and we expected that most of these

changes would occur in the first year, as previously

described.2 Third, regarding the results of predictors of

worsening transitions, our cohort included a wide range of

disease severities, but stages A, B and C had less represen-

tation in comparison with stage D. Therefore, we must be

cautious especially with those changes in these stages,

requiring more research. Nevertheless, it seems that these

stages behave consistently with other studies in relation to

prevalence.2 Fourth, due to the fact that the patients were

from a single hospital the cohort might not represent the true

distribution of COPD severity in the general population.

Finally, the population predominantly consisted of males

patients; hence, our results in women should be interpreted

cautiously since some of the cardiovascular comorbidities

are more prevalent in men that in women.

Conclusion
Our present results demonstrated that non-pulmonary fac-

tors were relevant predictors of worsening transitions in

COPD severity stages when using the GOLD 2011 clas-

sification system. We further found that the choice GOLD

2011 versus 2017 may influence the identification of

transitions, especially from stages B and C. Over two

years, patients with baseline stages A and D were more

stable, while baseline stages B and C showed greater

variability.
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