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Introduction:

Functional status of people with chronic obstructive pulmonary disease (COPD) is heterogeneous,
complex, and highly meaningful to their daily life. It is also a strong predictor of acute exacerbations of
COPD(AEOPD), healthcare utilisation andmortality (1, 2).Nevertheless, it has beenoverlookedby treat-
ment options.Understanding the heterogeneity of this important health domain,might contribute to better
personalised care.This study sought to identify clusters based on functional status of peoplewithCOPD.

Methods:

Asecondary analysis of socio-demographic, lung function, activity-related dyspnoea (modified Med-
ical Research Council (mMRC)), impact of the disease (COPDAssessment Test (CAT)) and functional
status data collected between 2017-2021 in GENIAL (PTDC/DTP-PIC/2284/2014), PRIME (PTDC/
SAU-SER/28806/2017), 3R (SAICT-POL/23926/2016), andCENTR(AR) (POISE-03-4639-FSE-000597)
was conducted.

People (aged ≥ 18 years old) diagnosedwith COPD, according toGOLDcriteria, and clinically stable
in the previous month (i.e., no hospital admissions,AECOPD, or changes in medication) were included.
Those with the presence of other respiratory diseases or any clinical condition which could have hindered
test performancewere excluded.

The six-minute walk test (6MWT), one-minute sit-to-stand test (1-min STS), quadriceps muscle vol-
untary contraction (QMVC)andhandgripmuscle strength havebeen rescaledusing the z-score formula.A
principal component analysis was performed on scaled data; components extracted were used to group
individualswith theK-means clustering algorithm.Principal components (PCs)were retaineduntil cumu-
lative percentage of total variance reached 70% minimum (3). Multivariate outliers were detected by
comparing the Mahalanobis distance to a chi-square distribution (with a critical value set at 0.999) and
removed from the analysis.The totalwithin-cluster sumof squareswas computed for different values of k;
the optimumnumber of clusterswas taken as the inflexion point on the curve.

Functional status differences between clusters were explored using one-way MultivariateAnalysis of
Variance (MANOVA), followed by one-wayAnalysis ofVariance (ANOVA) with Bonferroni adjusted p-
values and post-hoc multiple pairwise comparison tests. Multivariate skew and kurtosis were evaluated
withMardia’s test formultivariate normality, and chi-square quantile-quantile plot. Homogeneity of vari-
ance-covariance matrices was assessed with Box's M test. Cluster stability was measured by bootstrap
resamplingmethods (999 resampling runs) (4, 5).The Jaccard coefficientwas used as a cluster-wisemeas-
ure of cluster stability, allowing to quantify the quality of the clustering solution (4).

One-wayANOVAwas used for continuous variables followed by pairwise comparisons with Bonfer-
roni correction, and the Pearson's Chi-square or Fisher-exact test for categorical variables, to characterise
clusterswith regard to socio-demographicdata, lung function, activity-relateddyspnoea, and impactof the
disease. Normality and homoscedasticity were assessed with Shapiro-Wilk and Bartlett’s test, respect-
ively.

All statistical analysiswereperformedusingRStatistical Software (4.2.0),with a significance level set
at 0.05.

Results:

In total, 132peoplewithCOPD(107(81.06%),68.15±7.82yrs,FEV156.25±19.27%predicted)were
included for analysis. Two PCs were retained (PC1 56% (2.22); PC2 21% (0.82)), and four clusters were
identified (depicted in Fig. 1, 2). Differences between clusters for the combined dependent variables were

mailto:amarques@ua.pt
https://creativecommons.org/licenses/by/4.0/
https://proa.ua.pt/index.php/jshd
https://proa.ua.pt/index.php/jshd


J. Stat. Health Decis. 2022;4(1):64-66 | https://doi.org/10.34624/jshd.v4i1.28963 65

EXTENDED ABSTRACTClusters of Functional Status in People with COPD

Table 1 - Socio-demographic and clinical characteristics of people with chronic obstructive pulmonary disease for the total sample and per cluster.

Total Cluster 1 Cluster 2 Cluster 3 Cluster 4 p
(n=132) (n=45) (n=29) (n=27) (n=31)

Age, years 68.15 ± 7.82 71.0 ± 6.60b,d 65.45 ± 6.85a,c 70.89 ± 7.05b,d 64.16 ± 8.58a,c <0.001
Sex [male] 107 (81.1) 33 (73.3) 27 (93.1) 17 (63.0) 30 (96.8) 0.001
FEV1 %pred 56.25 ± 19.27 54.56 ± 16.36 59.9 ± 18.28 52.0 ± 19.41 59.0 ± 23.44 0.346
mMRC [≥2] 75 (56.8) 26 (57.8) 15 (51.7) 22 (81.5) 12 (38.7) 0.011
CAT [≥10] 87 (65.9) 32 (71.1) 18 (62.1) 23 (85.2) 14 (45.2) 0.011
6MWT, m 408.8 ± 113.22 411.64 ± 62.29c,d 440.38 ± 67.54c,d 247.74 ± 92.41a,b,d 515.39 ± 50.64a,b,c <0.001
1-min STS, reps 23.30 ± 7.17 23.49 ± 3.85c,d 22.28 ± 3.98c,d 14.11 ± 3.27a,b,d 31.97 ± 4.93a,b,c <0.001
QMVC, kg/F 31.34 ± 9.94 26.73 ± 5.53b,d 40.64 ± 12.14a,c 23.43 ± 5.83b,d 36.2 ± 4.83a,c <0.001
Handgrip strength, kg 34.14 ± 9.22 29.53 ± 6.65b,d 42.24 ± 7.27a,c 26.63 ± 7.39b,d 39.77 ± 5.52a,c <0.001

Continuous variables are presented as mean ±standard deviation and categorical variables as counts and percentages. Legend: 6MWT, 6-minute walk test; 1-min
STS, 1-minute sit-to-stand test; QMVC, Quadriceps maximum voluntary contraction. a – p<0.05 vs cluster 1; b – p<0.05 vs cluster 2; c – p<0.05 vs cluster 3; d –
p<0.05 vs cluster 4
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Figure 1 - Scree plot (elbow criterion) for determining the optimum number of clusters (k = 4).
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Figure 1 - Two-dimensional, graphical representation of the four clusters based on functional status of people with chronic obstructive
pulmonary disease. X-axis or PC1 is the first rank component with the variance percentage of 56%, and Y-axis or PC2 is the second rank
component with the variance percentage of 21%.
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statistically significant, F (12, 331.01) = 44.39, p < 0.001;Wilks'Λ= .079; partial η2 = .45. Follow-up uni-
variate ANOVAs showed that all variables were significantly different between clusters, using a
Bonferroni adjusted α level of 0.0125: 6MWT(F (3, 128) = 77.27, p < 0.001; partial η2= 0.64); 1-minSTS
(F (3, 128) = 94.17, p < 0.001; partial η2 = 0.69); QMVC (F (3, 128) = 35.62, p < 0.001; partial η2 = 0.45);
handgrip strength (F (3, 128) = 39.74, p < 0.001; partial η2 = 0.48). Comparisons between clusters are
presented inTable 1.The Jaccard coefficients for nonparametric bootstrapwere 0.78, 0.59, 0.88, and 0.72,
for cluster 1, 2, 3, and 4, respectively.

Conclusion:

Fourclusterswere identified inpeoplewithCOPD,whichwere significantlydifferent inall variablesof
functional status, activity-related dyspnoea, and impact of the disease. Nevertheless, additional pheno-
typic characterisation based on treatable clinical traits is needed, which may guide tailored treatment
regimens to improve this meaningful outcome. Cluster validity, their behaviour over time and differential
response to treatment needs further investigation.
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