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Introduction

Chronicobstructivepulmonarydisease (COPD) is amajor causeofmorbidityandmortalityworldwide
[1] and it is characterised by chronic and irreversible airflow obstruction [2]. Little prospect exists for the
development of COPD-specific biological treatments thus, research emphasis has been on prevention and
establishment of causes, risk factors and covariates of severity andprogressionofCOPD[1].Multiple cor-
respondence analysis (MCA), a variant of correspondence analysis (CA), is an unsupervisedmultivariate
procedure which can detect, identify and represent underlying structures and non-linear interactions in a
data set of categorical variables [3]. Joint correspondence analysis (JCA) is an extension of MCA that
attempts to remedy discrepancies between CAandMCAand improve the interpretability of the graphics
[4]. In a heterogeneous and complex disease as COPD, these procedures may be useful to enhance our
knowledgeon thedisease.This study is aimed to illustrate the applicability ofMCAand JCAin analysing a
cohort of peoplewithCOPD.

Methods

Adatabase comprised of categorical nominal data of 498 individualswas used inMCA(withBurtmat-
rix adjusted inertias) and JCA. Sociodemographic and clinical variables were characterized using
descriptive statistics. Bothmethodologies were applied to all available variables with the exception of the
GOLD-group andGroup variables. Several numerical variableswere converted into categories, including
age, body mass index (BMI), smoking status (pack/years), comorbidities-Charlson comorbidity index
(CCI), number of exacerbations in the previous year, lung function-forced expiratory volume in one
second percentage predicted (FEV1.pp) and forced vital capacity percentage predicted (FVC.pp), impact
of the disease-COPD assessment test (CAT), dyspnea modified British Medical Research Council ques-
tionnaire (mMRC), modified Borg scale (Dysp.Borg), symptoms of anxiety and depression-Hospital
Anxiety andDepressionScale (HADS),Handgrip strength of dominant handpercentagepredicted (Hand-
grip.pp), quadriceps muscle strength-Handheld Dynamometer (QMS.pp), functionality-1-minute sit-to-
stand test (STS_1min.pp), fatigue modified Borg scale (Fatig.Borg) and peripheral oxygen saturation
(SpO2).AK-means algorithm (usingMinkowski distance)was applied to JCAobject scores (individuals)
and the number of clusters was estimated by 30 indices, including silhouette and gap-statistic [5]. The
optimal numberof clusterswas chosenbymajority concordanceof the indicesused.Forbetter interpretab-
ility, all graphic outputs were derived from JCA(except for Figure 1). To assess the concordance between
the formedclusters and theCOPD/Heathygroups the adjustedRand Indexwascalculated.Furthermore, to
assess if variable categories proportion between clusterswere significantly different fromeach other,mul-
tiple proportion tests were performed.All statistical analysis was performed using R (version 4.0.1) [6],
somegraphic visualization obtained usingRpackage ggplot2 [7].
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Table 1 - Summary of sociodemographic and clinical characteristics of the sample (270 people with Chronic
Obstructive Pulmonary Disease: chronical obstructive pulmonar disease and 228 age-, sex, and body max indez-
max healthy individuals).

Variables Category
Group
N(%)

COPD
N=270
54%

Healthy
N=228
-46%

Age
years

<50 16(3.2%) 7(1.4%)
[50, 60[ 40(8%) 45(9%)
[60,70[ 104(20.9%) 92(18.5%)
[70,80[ 81(16.3%) 67(13.4%)
>=80 29(5.8%) 17(3.4%)

Gender Female 60(12%) 59(11.8%)
Male 210(42.7%) 169(33.9%)

Education level
Primary or less 152(30.5%) 123(24.7%)
Intermediate 93(18.7%) 82(16.4%)

Higher 25(5%) 23(4.6%)

Body Mass Index (BMI)
kg/m2

<18.5 9(1.8%) 0
[18.5,25[ 95(19.1%) 59(11.8%)
[25,30[ 103(20.7%) 115(23.1%)
[>=30] 63(12.7%) 54(10.1%)

Smoking status
(Pack/years)

0 58(11.6%) 164(32.9%)
]0,25] 51(10.2%) 39(7.8%)
]25,50] 83(16.7%) 14(2.8%)
>50 78(15.7%) 11(2.2%)

Charlson Comorbidity Index (CCI)
total score

[0,2[ 12(2.4%) 45(9%)
[2,5[ 190(38.1%) 177(35.5%)
>=5 68(12.6%) 6(1.2%)

Lung function

Forced Expiratory Volume in one
second percentage predicted

(FEV₁.pp)

<30 28(5.6%) 0
[30,50] 100(20%) 0
]50,79] 107(21.5%) 20(4%)
>=80 35(7%) 208(41.8%)

Forced vital capacity percentage
predicted (FVC.pp)

[30,50] 18(3.6%) 1(0.2%)
]50,80[ 122(24.5%) 42(8.4%)
>=80 130(26.1%) 185(37.1%)

Number of Exacerbations in the previous year [0,1] 199 (40%) 225(45.2%)
>=2 71(14.3%) 3(0.6%)

COPD Assessment Test
(CAT, points)

[0,9] 78(15.7%) 183(36.7%)
]9,21[ 128(26.7%) 43(8.6%%)
[21,30[ 53(10.6%) 2(0.4%)
>=30 11(2.2%) 0

Dyspnea

Modified British Medical Research
Council dyspnea (mMRC, points)

grade0 40(8%) 161(32.3%)
grade1 89(17.9%) 56(11.2%)
grade2 69(13.9%) 7(1.4%)
grade3 63(12.7%) 4(0.8%)
grade4 9(1.8%) 0

Modified Borg scale (Dysp.Borg)

0 171(34.4%) 209(42%)
[0.5,2] 48(9.6%) 11(2.2%)
3 31(6.2%) 6(1.2%)

[4,6] 17(3.4%) 2(0.4%)
[7,10] 3(0.6%) 0

GOLD
(Global Initiative for Chronic
Obstructive Lung Disease)

Groupsa
A 102(5%)
B 50(18.5%) ______
C 86(31.8)
D 32(11.9%)

HADS
(Hospital Anxiety and Depression
Scale)

HADS Anxiety Abnormal 95(19.1%) 54(10.8%)
Normal 175(35.1%) 174(35%)

HADS Depression Abnormal 105(21.1%) 39(7.9%)
Normal 165(33.1%) 189(38%)

Physical activity
(BPAAT: brief physical activity assessment tool)

Insufficiently 187(37.6%) 135(27.1%)
Sufficiently 83(16.7%) 93(18.7%)

Upper limb muscle strength
(Handgrip strength of dominant hand percentage predicted: Handgrip.pp,
kg)

[0,80[ 20(4%) 14(2.8%)
[80,100[ 58(11.6%) 27(5.4%)
>100 192(38.5%) 187(37.5%)

Quadriceps muscle strength
(Hand held dynamometry percentage predicted: QMS.pp, kgf)

[0,80[ 189(38%) 131(26.3%)
[80,100] 54(10.8%) 64(12.9%)
>100 27(5,4%) 33(6.6%)

Functionality
(1-minute sit-to-stand test percentage predicted: STS_1min.pp)

[0,80[ 143(28.7%) 46(9.2%)
[80,100] 68(13.6%) 71(14.3%)
>=100 59(11.8%) 111(22.3%)

Fatigue score
(Modified Borg scale: Fatig.Borg)

[0,0.5[ 168(33,7%) 195(39.2%)
[0.5,2] 43(8.6%) 21(4.2%)
]2,3] 33(6.6%) 7(1.4%)
]3,6] 20(4.0%) 5(1%)
]6,10] 6(1.2%) 0

Peripheral oxygen saturation (SpO₂)
[85,90[ 14(2.8%) 0
[90,94] 84(17%) 24(4.8%)
]94,100] 172(34.5%) 204(41%)

avariable not iincluded in multiple or joint correspondence analysis..
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Results

270 people with COPD (between 38 to 90 years, 210 male; GOLD stages: 1-100(37%), 2-86(31.9%),
3-65(24.1%),4-19(7%), GOLD groups: A-102(5%), B-50(18.5%), C-86(31.8), D-32(11.9%)) and 228
age-, sex- and BMI-matched healthy individuals (between 43 to 90 years,169male) were used in the ana-
lysis (Table 1). MCA variable contribution values are presented in Table 2 and Figure 1. Dimension 1
(Dim1) and 2 (Dim2) presented eigenvalues of 0.0376 and 0.0055, explained 56.43% and 8.24% of total
variance, respectively (In total, all dimensions explained 80.5%). In JCA, the eigenvalues for Dim1 and
Dim2 were 0.047 and 0.011 respectively, with a total explained variance of 98.5% from all dimensions
(JCAbiplot is showninFigure5).Variablecontributionvalues forboth techniquescanbeobserved inTable
1, Figure 1 and 2. Clustering analysis on JCA outputs revealed 2 distinct clusters (C1 and C2,ARI:0.4):
Healthy individuals weremostly grouped in C1 (73.3%, within cluster) andwhereas subjects with COPD
where mostly grouped in C2 (93.2%, within cluster). Significant differences in the proportion of variable
categories between clusters were found (results of variables with relevant (>5%) contribution are presen-
ted inTable 3) except for age under 50 years, FEV1ppwith percentage from 50 to 79, Dysp.Borg from 7 to
10 andFatig.Borg score from0.5 to 2.

Table 2 - Multiple and Joint variable relative contribution values (%).

Variables MCA JCADim1 Dim2
Age 01.4 13.8 5.08
Gender 0 11.7 2.07
Education level 0.7 7.6 2.09
Body composition - Body mass index (BMI¹) 0.2 3.2 1.84
Smoking status (Pack/years¹) 3.8 5.3 4.37
Comorbidities - Charlson Comorbidity Index (CCI¹) 4.8 15.3 6.74

Lung function
Forced expiratory volume in one second % predicted

(FEV₁.pp¹) 13.1 1.6 10.59

Forced vital capacity % predicted: (FVC.pp¹) 6.8 4.7 5.76
Number of exacerbations in the previous year 6.6 0.3 4.37
Impact of the disease - COPD assessment test total score (CAT¹) 12 4.7 9.41

Dyspnea
Modified British Medical Research Council dyspnea

(mMRC¹⁾ 12.3 1.3 10.76

Modified Borg scale (Dysp.Borg¹) 10.1 5.3 9.23
Hospital Anxiety and
Depression Scale
(HADS)

Anxiety (HADS_anxiety¹) 1.9 8.1 2.39

Depression (HADS_depression¹) 5.3 2.1 3.72

Physical Activity - brief physical assessment tool (BPAAT) 0.8 0 0.67
Upper limb muscle strength - Handgrip strength of dominant hand % predicted
(Handgrip.pp¹), kg 01.7 2.4 1.83

Quadriceps muscle strength - Hand held dynamometry % predicted (QMS.pp¹), kgf 0.6 1.3 1.27
Functionality - 1-minute sit-to-stand test % predicted (STS_1min.pp¹) 3.6 0.4 4.91
Fatigue score - Modified Borg scale (Fatig.Borg¹) 7.5 6.5 9.11
Peripheral oxygen saturation (SpO₂¹) 4.9 2.1 3.75
% of explained inertia 56.4% 8.2% 98%

Figure 1 - Multiple correspondence analysis variable
contribution values by dimension.

Figure 2 - Joint correspondence analysis variable contribution
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Figure 3 - Object scores mean (of individuals) by cluster and
dimension in Joint Correspondence Analysis..

Figure 4 - Distribution of people with Chronic Obstruction
Pulmonary Disease and healthy individuals by cluster in Joint

Correspondence Analysis.

Figure 5 - Joint Correspondence Analysis biplot of variable categories and individuals by cluster

Discussion and conclusions

InMCA, themost contributing variables for the first dimension (D1)mainly comprise of ones connec-
ted to the disease, either physiological (lung function) or patient perceived (dyspnea and impact of the
diseaseCAT)whereas in the seconddimension (D2) ismore related to risk factors. In JCA, individualswith
COPDwere grouped in both clusters with significant differences in category proportion. The attained res-
ults suggest that these methodologies might be useful for unravel the complexity and diversity associated
withCOPD.174(35%)
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Table 3 - Crosstabulations between relevant joint correspondence analysis variables and clusters.

Variables Category
Cluster Proportion test

C1 n(%) C2 n(%) p-value

Age
years

<50 15(3%) 8(1.6%) 0.2056
[50, 60[ 56(11.2%) 29(5.8%) 0.003191
[60,70[ 119(23.9%) 77(15.5%) 0.001084
[70,80[ 87(17.5%) 61(12.2%) 0.02594
>=80 15(3%) 31(6.2%) 0.02354

Charlson Comorbidity Index (CCI)
total score

[0,2[ 51(10.2%) 6(1.2%) 1.946e-09
[2,5[ 230(46.2%) 137(27.5%) 1.512e-09
>=5 11(2.2%) 63(12.7%) 7.185e-10

Lung function

Forced Expiratory Volume in one
second percentage predicted

(FEV₁.pp)

<30 2(0.4%) 26(5.2%) 1.038e-05
[30,50] 6(1.2%) 94(18.9%) < 2.2e-16
]50,79] 55(11%) 72(14.5%) 0.1285
>=80 229(46%) 14(2.8%) < 2.2e-16

Forced vital capacity percentage
predicted (FVC.pp)

[30,50] 1(0.2%) 18(3.6%) 0.0002104
]50,80[ 56(11.2%) 108(21.7%) 1.317e-05
>=80 235(47.2%) 80(16.1%) < 2.2e-16

COPD Assessment Test
(CAT, points)

[0,9] 227(45.6%) 34(6.8%) < 2.2e-16
]9,21[ 64(12.9%) 107(21.5%) 0.0004171
[21,30[ 1(0.2%) 54(11%) 5.446e-13
>=30 0 11(2.2%) 0.00243

Dyspnea

Modified British Medical Research
Council dyspnea
(mMRC, points)

grade0 188(37.8%) 13(2.6%) < 2.2e-16
grade1 92(18.5%) 53(11%) 0.0006401
grade2 9(1.8%) 57(11.4%) 2.137e-09
grade3 3(0.6%) 64(12.9%) 3.202e-14
grade4 0 9(1.8%) 0.007389

Modified Borg scale
(Dysp.Borg)

0 273(55%) 107(21.5%) < 2.2e-16
[0.5,2] 15(3%) 44(9%) 0.0001711
3 4(0.8%) 33(6.6%) 2.717e-06

[4,6] 0 19(3.8%) 3.053e-05
[7,10] 0 3(0.6%) 0.2475

Fatigue score
(Modified Borg scale: Fatig.Borg)

[0,0.5[ 259(52%) 104(21%) < 2.2e-16
[0.5,2] 27(5.4%) 37(7.4%) 0.2448
]2,3] 5(1%) 35(7%) 2.865e-06
]3,6] 1(0.2%) 24(4.8%) 8.339e-06
]6,10] 0 6(1.2%) 0.04062
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