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ARTICLE INFO ABSTRACT
Keywords: Purpose: Myalgic encephalomyelitis, commonly referred to as chronic fatigue syndrome (ME/CFS), is a severe,
Biomarker disabling chronic disease and an objective assessment of prognosis is crucial to evaluate the efficacy of future
Chm_nic fatigue Sy“dmrfle drugs. Attempts are ongoing to find a biomarker to objectively assess the health status of (ME/CFS), patients.
gx;i::r;i);ﬂmonary exercise test This study therefore aims to demonstrate that oxygen consumption is a biomarker of ME/CFS provides a method
Komeans & to classify patients diagnosed with ME/CFS based on their responses to the Short Form-36 (SF-36) questionnaire,
which can predict oxygen consumption using cardiopulmonary exercise testing (CPET).
Methods: Two datasets were used in the study. The first contained SF-36 responses from 2,347 validated records
of ME/CFS diagnosed participants, and an unsupervised machine learning model was developed to cluster the
data. The second dataset was used as a validation set and included the cardiopulmonary exercise test (CPET)
results of 239 participants diagnosed with ME/CFS. Participants from this dataset were grouped by peak oxygen
consumption according to Weber’s classification. The SF-36 questionnaire was correctly completed by only 92
patients, who were clustered using the machine learning model. Two categorical variables were then entered into
a contingency table: the cluster with values {0,1} and Weber classification {A, B, C, D} were assigned. Finally,
the Chi-square test of independence was used to assess the statistical significance of the relationship between the
two parameters.
Findings: The results indicate that the Weber classification is directly linked to the score on the SF-36 ques-
tionnaire. Furthermore, the 36-response matrix in the machine learning model was shown to give more reliable
results than the subscale matrix (p — value < 0.05) for classifying patients with ME/CFS.
Implications: Low oxygen consumption on CPET can be considered a biomarker in patients with ME/CFS. Our
analysis showed a close relationship between the cluster based on their SF-36 questionnaire score and the Weber
classification, which was based on peak oxygen consumption during CPET. The dataset for the training model
comprised raw responses from the SF-36 questionnaire, which is proven to better preserve the original informa-
tion, thus improving the quality of the model.
Introduction on the prevalence of the disease has focused predominately on meta-
analysis due to the variety of this type of data and the complexity of
Myalgic encephalomyelitis (ME), commonly referred to as chronic calculations. ME/CFS is characterized by unexplained and persistent
fatigue syndrome (CFS), is a serious, complex, chronic, multisystem ill- post-exertional fatigue that is not relieved by rest, is exacerbated by
ness of unknown etiology. It is also known as post-viral fatigue syn- physical and mental exertion, and shows other core symptoms such as
drome as it is often triggered by a persistent viral infection. Research cognitive, immunometabolic, autonomic, and neuroendocrine dysfunc-

Abbreviations: ME/CFS, Myalgic encephalomyelitis chronic fatigue syndrome; CPET, cardiopulmonary exercise test; VO2 peak, peak oxygen consumption; VO2
VT1, oxygen consumption at the anaerobic threshold; RPE, rate of perceived exertion; RER, respiratory exchange ratio.
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tion.! Published data indicates a prevalence of between 0.89 and 1.14%
among the population of the United States.? Additional data includes an
analysis of adolescents in the United Kingdom with an estimated preva-
lence range of between 1.47% and 2.99%.° In contrast to these studies,
recent research carried out in China estimates the prevalence among the
Chinese population to be 12.54%.* The prevalence in Australia was es-
timated at 0.79%.° ME/CFS is a major cause of disability, with many
patients feeling unable to fulfil their family responsibilities and forced
to limit their social activities. The condition significantly impacts their
work (difficulty performing their job) and daily life (for example, climb-
ing stairs, lifting or carrying groceries, moving a table, or pushing a
vacuum cleaner).® Patients also have characteristic inflammatory and
muscular symptoms, sleep disturbances, and altered cognitive function.”
Muscular symptoms include pain, generalized muscle weakness, post-
exertional fatigue, and neurological (mental fatigue, impaired cogni-
tion, psychomotor slowing, disturbed sleep, hypersensitivity to noise,
light, and odours, headache, pain, paresthesia and severe dysautono-
mia).® Neurocognitive symptoms have also been reported (slow reaction
time, indicating the likelihood of an ADHD-like pattern of functioning).’

The most widely used international definition for ME/CFS is the
Fukuda criteria, developed in 1994 by the Center for Disease Control
and Prevention (CDC) in Atlanta, Georgia, USA!0, As some symptoms
in the Fukuda criteria overlap with depression, it has been criticized
for its lack of specificity.!! In contrast, the Canadian Consensus Criteria
distinguish patients with ME from those who are depressed, identifying
patients who are more physically debilitated and have greater physi-
cal and cognitive dysfunction.'? These criteria were updated in 2011 to
include post-exertional fatigue.'®

Cardiopulmonary exercise testing (CPET) provides information that
helps identify abnormal values in cardiac and/or ventilatory re-
sponses that rule out ME/CFS, thus differentiating these patients from
those likely to be affected by other etiologies causing exercise intoler-
ance. We used a gas analyser to measure peak oxygen consumption (VO2
peak) and anaerobic threshold oxygen consumption (VO2 VT1) during
exercise. These measurements determine the degree of deterioration of
the patient’s functional capacity (simultaneously the cardiovascular and
ventilatory response to a known metabolic stress are examined) and
early transition to anaerobic metabolism during exercise, respectively.
Both can be measured during a single exercise test which provides infor-
mation on the efficiency of the metabolism in response to physiological
exercise,'* with VO2 peak showing a strong predictive and prognostic
value. Patients with chronic heart failure were evaluated with a single
CPET using Weber and Janicki’s'® established classification system.

Attempts are still ongoing to identify a reliable, objective biomarker
for the health status of ME/CFS patients. Currently, the most widely used
technique to measure ME/CFS patient status is internationally validated
self-administered questionnaires such as the SF-36 questionnaire. Sev-
eral studies have attempted to identify patterns of association between
these questionnaires and the pathophysiology of specific systems and
links to contemporary multidisciplinary molecular pathology, including
comparative MRI,'® exploring symptom co-occurrence using network
analysis,'” and investigating the relationship between oxygen consump-
tion and the physical subscale of the SF-36 questionnaire in retrospective
studies.'® Physicians currently base ME/CFS diagnosis and prognosis on
exclusion and subjective clinical interpretation, and to date, a reliable,
objective method using accessible inexpensive tests that can identify
ME/CFS patients with worse prognosis due to the wide-ranging symp-
toms accompanying the disease and subjective interpretation of results
has not yet been found. Therefore, validating an objective biomarker
such as oxygen consumption in CPET would be helpful as a primary
outcome of trials developing new treatments and for a deeper under-
standing of the evolution of the disease.

This aim of this study was twofold: first, to prove that oxygen con-
sumption is a potential biomarker of ME/CFS; and second, to develop a
new machine learning-based method to identify patients diagnosed with
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ME/CFS and at high risk of physical impairment. Our proposed model
predicts CPET scores from self-administered SF-36 questionnaires in the
primary healthcare setting and assists in the early identification of pa-
tients in need of referral to a dedicated hospital unit.

Patients and Methods
Study Population

This study involved two clinical trials, both approved by the ethics
committee of the Vall d’Hebron University Hospital, Barcelona, Spain:
1) “Population-based Registry of Chronic Fatigue Syndrome Patients”,
approved 10/18/2006; and 2) “Study of exercise intolerance in adult pa-
tients with chronic fatigue syndrome using a cardiopulmonary exercise
stress test (CPET)”, approved 09/22/2020.

The 36-Item Short Form Health Survey

This prospective cross-sectional study included 2,522 patients di-
agnosed with ME/CFS from the Vall d’Hebron University Hospital
(Barcelona, Spain), made up of 90.5% women (mean age 48.11+10.31
years) and 9.5% men (mean age 44.41+11.35 years). Data from the
Spanish version of the SF-36 questionnaire!® between 2008 and 2022
was obtained and recorded. Both the Spanish and English versions of
the SF-36 can be found in Supplementary Material.

The SF-36 questionnaire consisted of 36 questions requiring the pa-
tient to choose one option. The options ranged from 1 to 6, as illus-
trated in Table 1. Eight subscales were defined and calculated based on
the weighted sum of a small number of responses. The score for each
question was coded so that higher scores reflected better health.

Net rank equals the difference between the maximum and minimum the-
oretical values. The minimum is equal to the number of questions formed by
each subscale, as the minimum value of each question is always 1.

The formula to calculate each subscale value:

(Real punctuation — minimum)
Net rank

Subscale = x 100

If the minimum value of each question were zero, the procedure
could be proposed as a weighted sum expressed as a percentage. This
was essential point as it meant the matrices could be converted to a
linear application. Refer to Supplementary Material for further details.

Decoded SF-36 questionnaire

The items and scales on the SF-36 are scored so that a higher score
represents better health. For example, the function scales are scored so
that a higher score indicates better function, and the pain scale is scored
so that a high score suggests the patient is pain-free. After data entry,
the items and scales were scored in three steps:

1.
2.

Re-encode the 10 items listed in the SF-36 manual.

Compute the scale score by summing the items in the same scale
(raw scale score).

Convert the raw scale scores to a 0-100 scale (converted scale
scores).

3.

Modulus

The 36 responses to the SF-36 questionnaire were analysed, with
the eight subscales investigated separately. The 36 responses for each
participant were collected in columns, and each row represented one
participant’s anonymized data. In both cases, a 36-value vector (in the
case of the 36-response matrix) or an 8-dimension vector (in the case
of the subscales) was computed for each participant. For further details,
see Supplementary Material.
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Table 1
Subscales calculation scheme.
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Subscale Number of questions

Physic Function 10
Physic Rol 4
Body Pain 2
General Health 5
Vitality 4
Social Function 2
Emotional Rol 3
Mental Health 5

Rank punctuations (min-max)  Net rank
10-30 20

4-8 4

2-12 10

5-25 20

4-24 20

2-10 8

3-6 3

5-30 25

For each vector, the modulus was calculated as follows:
modulus; = /=9 x2
Jj=1"J

modulus; : the i' register.

d . number of dimensions. 36 for our model.

x; i the j’h element of vector.

Single CPET test dataset

The “Study of exercise intolerance in adult patients with chronic
fatigue syndrome using a cardiopulmonary exercise test (CPET)” is a
prospective, cross-sectional, enrolled cohort study initiated in 2020. De-
tails of the study are set out below:

¢ Objectives: To evaluate exercise intolerance in adult patients
diagnosed with ME/CFS using CPET, taking into consideration
cardiovascular, ventilatory, muscular, and metabolic variables
to determine functional capacity and metabolic efficiency of
exercise.

¢ Inclusion criteria: Participants aged between 18 and 60 and
diagnosed (in accordance with the Fukuda'® and Carruthers'?
criteria) with ME/CFS by the physician of the Central Sensitiza-
tion Syndromes Unit, Vall d’Hebron Hospital, Barcelona. Partici-
pants must have clinical manifestations of the symptomatic mus-
cle group of exercise intolerance, be able to perform the exercise
test, and agree to take part in the study by signing the informed
consent form.

o Exclusion criteria: Patients with contraindications for CPET
or who do not provide informed consent to participate in the
study.

Two hundred and thirty-nine participants were enrolled and referred
to the Cardiopulmonary Rehabilitation Exercise Laboratory to perform
CPETs. The study included 85.7% women (mean age 50.15+8.61 years)
and 14.3% men (mean age 46.94+9.82 years). Patients were advised to
take their regular medication and to avoid strenuous exercise on the
test day. They were also asked to fast for two hours before the test
and to drink only water. The participants were connected to an elec-
trocardiogram, a pulse oximeter, and a blood pressure cuff to contin-
uously monitor their vital signs during all study phases. They under-
went a symptom-limited maximal exercise test using an electronically
braked bicycle ergometer (Ergoline GmbH ER 800 S, Bitz, Germany).
Exhaled air was collected via a two-way breathing valve attached to a
mask that covered the participant’s nose and mouth. Respiratory gasses
breath-by-breath were analyzed using a Vyntus CPX gas analyzer (Er-
goespirometer, Vyaire, Hoechberg, Germany) and SentrySuite 3.0 soft-
ware. The spirometer was calibrated under ambient conditions before
testing. Version V-781239 V 06.02 of the technical manual is available
on the SentrySuite website. We used cardiopulmonary exercise testing
based on work by Dr. Wasserman and colleagues at the University of
California, Los Angeles.?’

CPET Protocol Phases

The CPET tests were performed in the Cardiopulmonary Rehabili-
tation Exercise Laboratory under the supervision of a physician and a
nurse and following the standardized protocols of the Central Sensiti-
zation Syndromes Unit of the Vall d’Hebron Hospital, Barcelona. These
tests were performed in a hospital setting at no additional cost to the
patient. The tests involved the following 3 phases:

Phase 1. Determine baseline cardiovascular and respiratory values as
follows:

e Simple spirometry: three consecutive manoeuvres were per-
formed to obtain reproducible data.

e Slow spirometry: one assessment was performed to determine
maximum voluntary ventilation (MVV).

Phase 2. Maximum incremental cycle ergometer test: starting with
three minutes of rest, followed by two minutes of unloaded pedalling,
then adding an incremental load at a rate of 10 W/min (Watts / min-
utes) while maintaining a pedalling cadence of between 40-50 and 50-60
W/min (depending on the training status and previous fatigue level of
the participant) until exhaustion due to muscular fatigue and/or dysp-
noea, or according to the operator’s medical criteria as electrocardio-
graphic changes or symptoms contraindicating continuation of the test.

Phase 3. Recovery. On cycling completion, recovery from exercise was
monitored for 3 minutes and the reasons for stopping CPET recorded.
Continuous electrocardiographic monitoring of heart rate (12-lead) and
blood pressure was performed every 2 minutes throughout the test. A
Borg test was performed at baseline and at maximal exercise.

Maximal criteria test

Gas exchange data were recorded during CPET and recovery phases.
The criteria used to determine whether participants had reached maxi-
mal physiological effort were as follows: plateau in oxygen consumption
with increasing workload; modified rate of perceived exertion (RPE) >
8 (scale of 0-10); respiratory exchange ratio (RER) > 1.1, reaching at
least 85% of age-predicted maximal heart rate, or a peak blood lactate
> 8 mmol. When two of the three criteria were met, it was considered
that the patient had exerted maximal effort.

The key measure sought in this study was the cardiorespiratory fit-
ness of patients with ME/CFS, as determined by peak oxygen uptake
(VO2 peak: measured during incremental exercise) and representing
the maximum aerobic power during cumulative effort. The VO2 peak
was measured in millilitres of oxygen per kilogram of body weight per
minute (mL*Kg~!*min~1). This parameter is described as the maximum
energy capacity achieved by aerobic metabolism per unit of time (aero-
bic capacity) during an incremental CPET. Any pathophysiological sit-
uation that impairs oxygen transport from the air to the mitochondria
and its utilization during exercise will reduce the predicted values of
peak oxygen uptake according to age and sex.>!
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2,522 participants ME/SFC
diagnosed referred to Chronic
Fatigue Unit
Program (2008-2022)

239 participants ME/SFC

diagnosed CPET trial referred to
rehabilitation exercise laboratory

Program (2020-2022)

A

A

n = 2347 s h
Valid SF-36 questionnaire e,
Webber classification group
tecarded. assigned {A, B, C, D}
Training data. J s
J
: 147 participants do not
answer SF-36
‘ 92 \\
K-Means 2 i " "
; valid SF-36 questionnaire
Unsupervised model-based
recorded. )

n=92

Cluster group assigned {0, 1}

Contingency table.

Cluster & Webber’s groups.

Chi-square test

Figure 1. CONSORT diagram.

Patient enrolment procedure

This research presents data from two studies (see Figure 1): the first,
“Population-based Registry of Chronic Fatigue Syndrome Patients”, was
approved 10/18/2006 and is used for automatic patient clusters using
machine learning; the second, “Study of exercise intolerance in adult pa-
tients with chronic fatigue syndrome using a cardiopulmonary exercise
stress test (CPET)”, was used as a validation set.

The first study, “Population-based Registry of Chronic Fatigue Syn-
drome Patients” included SF-36 questionnaires collected from 2522
patients recruited at the Chronic Fatigue Syndrome Unit of the Vall
d’Hebron Hospital, Barcelona, between 2008 and 2022, with their in-
formed consent to participate in research. From this initial group, only
2347 of the questionnaires were valid. These 2347 questionnaire re-
sponses were used to train the proposed machine learning model to
identify two different ME/CFS clusters.

The second study: “Study of exercise intolerance in adult patients
with chronic fatigue syndrome using a cardiopulmonary exercise stress
test (CPET)” included 239 CPET tests collected between 2020 and 2022
from ME/CFS patients referred to the Cardiopulmonary Rehabilitation
Exercise Laboratory from the Central Sensitization Syndromes Unit of
the Vall d’Hebron Hospital, Barcelona. The CPET results were collected
according to Weber’s classification. From the 239 patients, 92 completed
both studies (CPET and SF-36 questionnaire). A contingency table of the
92 selected datasets was created and the previously trained clustering

model applied, thus classifying each of the 92 patients as belonging to
cluster O or cluster 1. Finally, as a validation step, the Chi-square test
of independence was performed to determine whether there was a re-
lationship between the two categorical variables (Weber’s classification
and clusters).

Statistical Analysis
Contingency table difference analysis

The creation of the contingency table is based on two categorical
variables. The first variable is computed by the previously trained ma-
chine learning model, which assigns a cluster value {0, 1} based on all
the answers from each input SF-36 questionnaire. The second variable
is denoted by a letter {A, B, C, D} contingent on the peak oxygen con-
sumption measured in the CPET.

« Mild to none (A) when Peak VO2 value is > 20 mL*Kg~!*min—!

e Mild to moderate (B) when Peak VO2 value range is 16-20
mL*Kg~1*min~!

e Moderate to severe (C) when Peak VO2 value range 10-16
mL*Kg~!*min~!

e Severe (D) when Peak VO2 value is < 10 mL*Kg~!*min~!

This is evaluated by groups {A, B, C, D} of patients who performed
the exercise test, n=239. The self-administered SF-36 questionnaire was
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completed by 92 patients only. All the SF-36 responses from these 92
patients were assigned to clusters {0, 1} in the model. These data were
then used to create a contingency table for the 92 participants. In sum-
mary, each participant is assigned to a cluster (0 or 1) and given a letter
(corresponding to the peak oxygen consumption: A, B, C or D) that de-
fines the two categorical variables in our analysis (Figure 1).

The Chi-square test of independence is a statistical hypothesis test
used to determine whether two categorical or nominal variables are
likely to be related and can be used when counting the values of two
categorical variables. The parameters were analysed for a more in-depth
evaluation of the results. The likelihood ratio chi-square tests provide a
range of parameterizations that support accurate selections for various
distributions and sample sizes. Pearson’s and Cressie-Read’s chi-squared
tests often tend to select overly complex bivariate parameterizations (up
to 4 options in Weber’s classification). This is because chi-squared statis-
tics are overly inflated when models are fitted to sparse bivariate distri-
butions and minor expected frequencies are used as divisors.>> We de-
cided to compare different strategies using different values of lambda.
Python package Pingouin has used (version 0.5.2) to see if they dif-
fered.?®

Parameters analysed in the contingency table:

e Lambda. A measure of association that reflects the proportional
reduction in error when the values of the independent variable
are used as predictors of the values of a dependent variable. A
value equal to 1 indicates that the independent variable is a
perfect predictor of the dependent variable. A value equal to 0
indicates that the independent variable has no contribution to
the prediction of the dependent variable: Pearson (lambda=1),
Cressie-Read (lambda=0.67) and Log-likelihood (lambda=0).
dof is the Chi-square’s degrees of freedom, and is calculated using
the equation dof = (r — 1) x (¢ — 1), where r is the number of
rows and c is the number of columns.

The p-value is the probability of obtaining a chi-square equal to
or greater than that obtained in the current experiment in the
current experiment, given that the null hypothesis is true. Gener-
ally, a p-value of 0.05 or greater is considered critical. Anything
less indicates significant variances, and the hypothesis must be
rejected.

Cramer’s V is an effect size measurement for the Chi-square
test of independence and measures how strongly two categorical
fields are associated. The degree of freedom (dof) is 3. A value of
between 0.06 and 0.17 is considered small-medium; up to 0.30,
medium-large; and greater than 0.30, large.?® Cramer’s V is based
on Pearson’s Chi-squared statistic and was published by Harald
Cramer.?’

The power of the goodness of fit (§) or Chi-square indepen-
dence test. High power means there is a low probability of con-
cluding that no effect exists when there is one. Statistical power
depends upon effect size and the sample size.

§=dx \/n

Where d is Cohen’s coefficient and n is the number of registers.>*.
Clustering analysis

The clustering analysis was implemented in Python (version 3.7.14)
using and comparing the decoded SF-36 answers and subscale matrices.
The dimensions were 2347 x 36 and 2347 X 8, respectively. To select
the optimal number of clusters, some models were fitted with values
in the range.>° for k (Birch and Spectral Clustering) using the elbow
method.?> and the Calinski and Harabasz metric (see Supplementary
Materials for further details). Three validation metrics were proposed
using the scikit-learn package (version 1.0.2) to evaluate the perfor-
mance of each tested model when the true labels are unknown:
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¢ Silhouette Coefficient
e Calinski-Harabasz Index®
¢ Davies—-Bouldin Index®”

Results
Matrix Analysis

The two databases for analysis were compared and contrasted to de-
termine which provided the best information for classifying patients
with ME/CFS; first, the 36 raw responses, followed by the eight sub-
scales (for all results, see Supplementary Material). No correlation was
found between the variables in the two matrices. However, when the
modulus of each matrix was compared, this yielded different results,
with the modulus of the raw responses showing a different health status
to the modulus of the matrix of the subscales. This finding is to argue
that using one matrix cannot be used as an equivalent to the other, as
the model would give different results for each. A PCA analysis shows
that in both matrices, emotional role (ER) and mental health (MH) are
correlated and symmetric with those parts of the questionnaire deal-
ing with physical function and vitality. Thus, the differences between
the matrices were given by weighting the subscales, which significantly
modified a single value of the SF-36 questionnaire. It shows that the
subscales cannot be interpreted globally and must be analysed explic-
itly. This study demonstrates that the matrix of the 36 raw responses
used as training data improves the results of the unsupervised machine
learning model.

Cluster Analysis

The best-performing model for clustering MS/CFS patients was the K-
means model, with the optimal number of clusters being two. The model
was trained using the 36 raw answers of the 2,347 validated question-
naires to classify each subject into one of the two labelled groups with
values {0, 1}. See Supplementary Material for further details.

Validation group Analysis

A total of 239 validated records were included. The Weber Classifi-
cation results of the study population that completed the CPET are pre-
sented below. Participants’ physical data is shown, and the peak oxygen
consumed during the test is analysed and labelled as stated above:

 Mild to none (A) when Peak VO2 value is > 20 mL*Kg~!*min—!
Mild to moderate (B) when Peak VO2 value range is 16-20
mL*Kg~1*min~!

Moderate to severe (C) when Peak VO2 value range is 10-16
mL*Kg~!*min~!

Severe (D) when Peak VO2 value is < 10 mL*Kg~!*min~!

A total of 239 records were collected and validated. The results are
shown in Table 2.

Contingency table for single CPET: Weber’s classification and clustering
analysis

Only 92 records were selected. These corresponded to patients with
validated SF-36 questionnaire responses and CPET. A similar analysis to
the previous group analysis was performed on each of the 92 patients
individually. Table 3 shows the records grouped according to Weber’s
classification. Note that there are no class D records for the male group
as all collected values for the VO2 Peak variable are greater than 10.

Following this, the 92 selected patients were classified into two clus-
ters using the previously trained machine learning model. Table 4 shows
the results of the data analysed according to the cluster assigned by the
machine-learning-based model.
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Table 2

Weber Classification Results (n=239). Following Weber’s classification, class was defined according to the VO2 value of a single CPET. Weber’s classification stratifies
patients based on peak VO2 and anaerobic threshold to define functional exercise capacity'®: Mild to none (A) when Peak VO2 value is > 20; Mild to moderate (B)
when Peak VO2 value range is 16-20; Moderate to severe (C) when Peak VO2 value range is 10-16; and Severe (D) when Peak VO2 value is < 10. n: Number of
participants in each subgroup. Arithmetic means and standard deviation (in brackets) are shown for other parameters. Age in years, weigh in kg, height in cm and
VO2 peak in mL*Kg~!*min~!.

Gender Class n Age Weight Height VO2 peak

Female A 35 47.37 (10.07) 56.85 (8.46) 160.48 (6.80) 24.56 (3.89)
B 50 49.48 (9.23) 65.36 (13.92) 161.01 (6.02) 17.32(1.01)
C 95 51.47 (7.78) 73.05 (14.39) 160.75 (6.26) 13.13 (1.60)
D 25 50.40 (7.51) 74.68 (17.06) 163.24 (5.26) 8.54 (1.09)

Male A 15 47.0 (12.10) 78.02 (11.30) 174.26 (8.38) 25.19 (3.65)
B 8 42.75 (9.13) 82.25 (11.75) 174.50 (13.58) 17.58 (1.29)
C 9 50.22 (6.18) 88.88 (17.60) 177.11 (6.62) 12.76 (1.78)
D 2 48.50 (2.12) 77.45 (16.19) 177.5 (0.70) 8.80 (0.84)

Table 3

Weber Classification Contingency Table Analysis (n=92). Weber’s classification defined the class according to the VO2 value of a single CPET. Weber’s Classification
stratifies patients based on peak VO2 and anaerobic threshold to define functional exercise capacity'®: Mild to none (A) when Peak VO2 value is > 20; Mild to
moderate (B) if Peak VO2 value range is 16-20; Moderate to severe (C) when Peak VO2 value range is 10-16; and Severe (D) when Peak VO2 value is < 10. n:
Number of participants in each subgroup. Arithmetic means and standard deviation (in brackets) are shown for other parameters. Age in years, weigh in kg, height
in cm and VO2 peak in mL*Kg~!*min~!. Modulus: subgroup means modulus value.

Gender Class n Age Weight Height VO2 peak Modulus
Female A 7 46.85 (10.25) 60.31 (11.15) 159.85 (9.92) 23.15 (0.8) 12.61 (1.89)
B 22 51.54 (9.59) 61.85 (12.35) 161.18 (4.44) 17.51 (0.8) 13.98 (2.35)
C 44 51.59 (7.15) 72.79 (14.92) 160.87 (5.88) 12.87 (1.54) 12.20 (2.46)
D 8 51.87 (8.44) 75.0 (22.4) 160.87 (4.64) 8.12 (1.44) 11.73 (1.99)
Male A 2 51.0 (7.07) 85.0 (14.12) 169.0 (12.73) 24.45 (2.19) 17.17 (1.61)
B 5 44.6 (5.31) 86.24 (13.51) 177.60 (12.76) 17.18 (1.07) 13.65 (2.3)
C 2 47.0 (7.07) 71.5 (12.02) 181.0 (1.41) 14.1 (0.84) 13.47 (1.23)
Table 4

Clustering Classification Contingency Table Analysis (n = 92). Cluster: number defined by the Euclidean K-means result with matrix A. Cluster O corresponds to better
health status because of the higher modulus. Similarly, group one corresponds to patients with worse health status. n: Number of participants in each subgroup.
Arithmetic means and standard deviation (in brackets) are shown for other parameters. Age in years, weight in kg, height in cm and VO2 peak in mL*Kg~'*min~!.
Modulus: mean of modulus value of the subgroup.

Gender Cluster n Age Weight Height VO2 peak Modulus
Female 0 32 53.12 (7.87) 64.96 (16.63) 159.75 (6.45) 16.50 (3.52) 15.06 (1.38)
1 49 49.94 (8.28) 71.57 (14.57) 161.77 (5.17) 13.28 (3.94) 11.12 (1.59)
Male 0 47.50 (5.45) 83.37 (13.97) 178.00 (5.17) 18.56 (4.63) 14.79 (2.23)
1 1 39.00 (-) 77.20 (1) 164.00 (-) 16.50 (-) 11.26 (-)
Table 5

and CPET oxygen consumption values. CPET results were analysed, fo-
cusing on peak VO2 as a determinant of functional capacity and strat-
ified according to Weber’s classification.!> The one-day test has been

Chi-square test results. All parameters defined in the method section.

Test Lambda Chi2 dof p-value Cramer Power

examined in other pathologies such as cardiac and pulmonary,*° and
Pearson 1.00 19.06 3 0.000266 046 0.9 more recently in long COVID-19 syndrome.! Previous studies have
Cressie-read 0.67 1957 3 0.000208  0.46 0.97 y 8 Y o
Log-likelihood  0.00 2299 3 0.000005  0.49 0.98 observed decreased cardiovascular response and increased global and

maximal heart rate in ME/CFS patients using the one-day exercise test,
which may be pathology-specific, resulting in early-onset fatigue, dys-
functional exercise capacity, inconsistent response, or lack of motiva-
tion.?? In contrast, other studies®® suggest that reduced exercise capac-
ity may be related to autonomic dysfunction, as ME/CFS patients have
difficulty reaching their age-predicted maximal heart rates. This may
be one of the reasons why their physical performance is impaired.*?
Data analysis shows that ME/CFS patients have lower cardiorespiratory
fitness levels than healthy control subjects,> and another recent study
revealed that results from an analysis of various factors obtained after a
single CPET could be used as biomarkers for diagnosing ME/CFS.%° Al-
though the exact mechanisms associated with low exercise capacity in

Finally, Chi-square tests were used to determine whether there is a
statistically significant difference between the observed and expected
values. Three tests were performed to analyse the independence of the
variables, as shown in Table 5. It should be emphasised that the three
tests (Pearson, Cressie-read and Log-likelihood) are positively corre-
lated, as a p-value<0.01 indicates a clear relationship between the cat-
egories analysed (clusters and Weber’s Classification). This implies that
the model correctly predicts the CPET scores with a precision equal to
or higher than 99%. As a general guideline for consistency, the observed
and expected contingency tables should not have cells with frequencies

less than 5. patients with ME/CFS have not been determined, a single CPET can be
a reliable and accessible test for patients that provides objective physi-
Discussion ological data on their response to exercise.

It has been suggested that ME/CFS could have an autoimmune etiol-

The purpose of this study was to determine whether there is a rela-
tionship between the results of self-administered SF-36 questionnaires

ogy, as antibodies against beta2-adrenergic receptors (f2AdR) and mus-
carinic acetylcholine receptors (M3 AChR and M4 AChR) have been
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identified in symptoms such as cognitive deficits, autonomic dysregu-
lation, and immune activation.>® To assess this, patients must undergo
laboratory testing, which is considerably more costly to the healthcare
system than filling in a SF-36 questionnaire. Furthermore, laboratory
testing is not considered an optimal method for diagnosing a cognitive
or physical impairment. The procedure that we propose, however, is
based on analysing answers to a SF-36 questionnaire, which is easily ac-
cessible in primary care and has the advantage that only those patients
with specific results (classified as cluster 1 in the proposed model) would
be evaluated for referral to a dedicated unit.

An earlier study demonstrated that low VO2 max values are directly
correlated with a subscale of the SF-36 questionnaire.'® The differences
in peak VO2 values between the male and female populations observed
in our study are in line with those found in previous studies,?”-8 in that
women presented lower peak VO2 values than men on the first CPET
and a worse classification on the Weber scale. This is confirmed in the
clustering analysis shown in Table 4.

Results of the study were based on a chi-square test of independence
(see Table 5) using three tests with different lambda values and indi-
cate clearly that worse physical condition on exertion corresponds to
a worse response to the SF-36 questionnaire (p-value < 0.001, for the
three tests). These results suggest that a CPET can be used as a biomarker
to measure oxygen consumption and objectively assess the health sta-
tus of patients diagnosed with ME/CFS. The relationship between the
SF-36 and CPET results of this study may have important implications
for clinical practice. The SF-36 questionnaire is readily available for all
ME/CFS patient assessment services (both primary care and dedicated
units). Using the questionnaire would help predict oxygen consumption
and could initiate a referral from primary care to a dedicated unit to be-
gin early multidisciplinary evaluation and measure patient progress af-
ter treatments. These results are consistent with other studies discussed
in this paper and highlight the relationship between responses to qual-
ity of life questions the SF-36 questionnaire and CPET results from a
machine learning perspective.

Limitations

The main limitation of our study is that it is performed in only one
hospital centre with an unbalanced gender population. It would be ap-
propriate to contrast our results with a larger number of participants
from multiple centres.

Conclusions

Low oxygen consumption on a CPET could be considered a diagnos-
tic biomarker in patients with ME/CFS. Findings of our study reveal a
relationship between the SF-36 questionnaire and Weber’s classification.
Clustering datasets from health questionnaires such as the SF-36 should
be performed on raw response data, which preserves the original infor-
mation and improves the quality of the model. Adopting this procedure
in primary care by analysing responses to a SF-36 questionnaire may
help early referral of potential patients with ME/CFS to a dedicated unit
(accredited by the Department of Health of the Generalitat de Catalunya
requires a group of professionals, internists, nurses, physiatrists, psy-
chologists and physiotherapists, who carry out multidisciplinary work,
with the application of pharmacological and non-pharmacological treat-
ments, such as programmed physical exercise and cognitive-behavioral
therapy). Further research could focus on confirming the results pre-
sented in a multi-centre scenario.
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