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Abstract This study aims to evaluate the structural validity of
the Community-Oriented Program for the Control of Rheu-
matic Diseases (COPCORD) core instrument as a screening
tool for rheumatoid arthritis (RA) by means of assessing the
existence of domains in the questionnaire. The Mexican ver-
sion of the COPCORD instrument was applied to individuals
overl8 years of age in five regions of the country through a
probabilistic/convenience household survey. Clinical confir-
mation of RA diagnosis was used. The variables analyzed
included self-reported comorbidities and manifestations of
the disease, as well as sociodemographic characteristics. The
statistical approach was based on polychoric exploratory fac-
tor analysis and confirmatory factor analysis by means of
probit structural equation models. A total of 19,213 subjects
were included in the analysis. The average age for the total
sample was 42.89 years old; 40.64 % of the subjects were
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older than 45 years of age and 20.42 % older than 55. More
than 80 % of the variation was related to three underlying
factors: recent pain, historical pain, and disability. The find-
ings verified the usefulness of the COPCORD instrument as a
screening tool for RA. The results also allowed to characterize
how the variation in terms of manifestations of the disease
could be accounted for diagnosing the disease in the Mexican
context and examined the capabilities of the instrument to
measure correctly the main characteristics of patients suffering
from RA.

Keywords Community - COPCORD - Factor analysis -
Rheumatoid arthritis - Screening tool

Introduction

Rheumatic diseases are the main cause of disability world-
wide, producing large personal, family, and economic burdens
[1]. This situation has motivated efforts at the international
level, including the declaration of the World Health Organi-
zation’s (WHO) “Bone Decade” [2]. In the late 1980s, the
International League Against Rheumatic Diseases (ILAR),
together with the WHO, launched the Community-Oriented
Program for the Control of Rheumatic Diseases (COPCORD),
which aimed to control and reduce the burden of the disease.
This initiative, designed for societies with limited access to
healthcare systems, includes screening for rheumatic diseases
based on the identification of musculoskeletal (MSK) com-
plaints, in particular pain/swelling/stiffness and restricted
range of motion in the joints and/or MSK soft tissue [3].
Nowadays, several countries have developed different epide-
miological approaches to the local validation of the
COPCORD instrument, as well as the required cultural adap-
tation [4, 5]. In Mexico, a five-state study was developed
where around 20,000 adults were examined by means of the
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instrument and then diagnosed [6]. This study also allowed the
identification of important features of the instrument’s opera-
tive characteristics [3], providing information about its perfor-
mance as a classification tool.

The objective of our research was to evaluate the structural
validity of the COPCORD core instrument. This analysis,
carried out through factorial analysis at exploratory and con-
firmatory levels, allowed us to assess the capabilities of the
instrument to measure correctly the main characteristics of
patients suffering from rheumatoid arthritis (RA) and, as a
consequence, contribute to the characterization of its perfor-
mance as a screening tool.

Methods
Study population

A detailed description of the COPCORD survey in Mexico has
been reported elsewhere [6]. Briefly, a version of the COPCORD
instrument validated for the Mexican population [5] was applied
to 19,213 individuals over 18 years of age—11,602 (60.39 %)
women and 7,611 (39.61 %) men—who participated in a
study on the prevalence of rheumatic diseases in Mexico.
The study was based on a cross-sectional community survey
in 24 municipalities distributed throughout in five states of
Mexico: northern Mexico (Chihuahua), and the Northeast
(Nuevo Ledn), Northwest (Sinaloa), the South (Yucatan),
and the center of the country (Mexico City). The sample was
drawn by using a multistage random probability scheme
across four states and a convenience sample for Mexico City.
The 2005 population census, stratified by region, was used as
a sampling frame. Municipalities were chosen according to a
proportional sample size design, and finally a door-to-door
survey was carried out using the WHO/ILAR COPCORD
stage 1 questionnaire [6]. All individuals reporting joint pain,
swelling, or stiffness over the previous 7 days and previously
in their lives were evaluated by board-certified rheumatolo-
gists, and RA diagnoses were based on standardized medical
classification criteria according to the 1987 American College
of Rheumatology [7]. The overall prevalence of RAwas 1.6 %
(95 % confidence interval (CI) 1.42—1.78), with 2.09 % (95 %
CI 1.83-2.35) in women and 0.85 % (95 % CI 0.64-1.06) in
men.

COPCORD questionnaire

The COPCORD core questionnaire includes self-reports on
comorbidities, pain manifestations, use of addictive sub-
stances, and disability [3]. Specifically, the variables involved
are age, sex, self-reports on smoking, drug use, and alcohol
use (Y/N), and “yes or no” self-reports on diabetes mellitus,
high blood pressure, heart disease, peripheral vascular disease,
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gastritis, anxiety, depression, obesity, and hyperlipidemia. To
obtain information about the clinical manifestations of rheu-
matologic diseases, the instrument includes questions related
to pain and trauma in the more distant past as well as during
the previous 7 days. Disability was measured using the vali-
dated Mexican version of the Health Assessment Question-
naire (HAQ), which includes questions about whether the
patients can carry out common activities such as getting down
on their knees [8]. Those interviewed were also asked about
previous medical treatments and diagnoses for any diseases
other than RA. Some sociodemographic characteristics are
also included, such as income (less than US$192 per month),
education (years of formal education completed), type of job,
whether or not they handle heavy loads, age at the time the
survey was completed, and gender. Patients reporting pain
because of recent traumas were excluded.

Data analysis

Two statistical approaches were used in this study: an explor-
atory factor analysis (EFA) and a confirmatory factor analysis
(CFA). The major goal of both was to identify and model the
relationships among the observed variables, using a smaller
number of unobserved or latent factors [9]. For the EFA,
nothing was hypothesized about the structure or number of
factors in the COPCORD instrument or even how each ob-
served variable would relate to any other. The correlations
were calculated by means of polychoric coefficients [10]. For
the CFA, the factors used were those identified in the previous
step. The confirmatory process was developed using a robust
weighted least squares (WLS) estimation method to reduce
the effect of assuming a continuous normal latent process
underlying the non-normal/categorical variables in the instru-
ment [11]. Model diagnostics were developed using the
Satorra—Bentler scaled x> as well as robust standard errors
[11, 12].

After carrying out the CFA, a structural equation model
was built, using the result of the screening for RA as the
outcome variable. Details about the diagnosis considerations
and procedures have been described previously [3]. The mod-
el had two goals: first, to provide information about the
domain structure of the instrument regarding the RA diagnosis
and, second, to construct a pathway model to facilitate the
understanding on the relationships among the variables linked
to instrument domains. A multiple-stage WLS probit regres-
sion was used [13]. Because of the size of the calculations
involved, the model was made using the values obtained from
the CFA as initial values in the path [14].

The steps for building the model were as follows: first, the
construction of a full model, involving all the variables and,
second, an assessment of the modification indices provided by
the Linear Structural Relations Package (LISREL) giving
information about which variables were most important in
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Table 1 Total variance explained and eigenvalues

Table 3 CFA linear models for each factor

Factor Eigenvalues Variance explained (%)
1 5.01 54.97
2 3.79 16.56
3 1.54 8.53
4 0.57 9.90
5 0.46 7.99

The figures indicate that there are only three significant factors (they
associated to eigenvalues bigger than 1), and that they are able to explain
above 80 % of the observed variation (once adding the explained variance
from each one)

the model, as well as the correlations between variables,
taking into account underlying latent characteristics, for in-
stance, disability.

The correlated errors in the resulting model were used to
search for further relationships among the variables, especially
those measuring the same aspects of any dimension (for

instance, historical pain and pain during the previous 7 days).

The analyses were developed using the LISREL package
[15] for EFA and polychoric matrix calculations. The Stata 12
package was used for the confirmatory analysis of principal
components [16]. The structural model was created using the
Structural Equation Modelling module of R software [17] and
the Conditional Mixed Process Estimator macro for Stata 12
by Roodman [18].

Table 2 Total variance explained and eigenvalues

Item/question Loading® Factor Factor issue
Pain during the last 7 days  0.7862 1 Related with recent
Intensity of the pain during  0.8046 1 pain
the last 7 days
Previous medical treatments 0.7333 1
Historical pain 0.7596 2 Related with historical
Intensity of historical pain ~ 0.7488 2 pain
Difficulty for dressing 0.6907 3 Related with disability
Difficulty for lying down 0.7523 3
Difficulty for getting up 0.5828 3
Difficulty for walking 0.6551 3
Difficulty for washing 0.6845 3
Difficulty for bowing 0.7321 3
Difficulty for opening 0.6196 3
with keys
Difficulty for crouching 0.7233 3
Difficulty for kneeling 0.7654 3

The loading values in this case indicate the mean input for every item
inside each factor. This way, each variable underlying or unobserved
(latent) could be mathematically obtained by adding these loadings once
each single variable is measured

?These values are obtained by means of exploratory analysis and a
confirmatory one is needed. The confirmatory analysis was also devel-
oped by means of structural equation models and is shown in Table 3

Factor/variable Coef. Std. Zvalue p>Z 95 %CI
Error

Factor 1

Intensity of the pain 0.899 0.001 1944 0 0.898 0.900
during the last 7 days

Previous medical 0.774 0.004 2148 0 0.768 0.782
treatments

Constant 0.051 0.002 29.03 0 0.048 0.055

Factor 2

Intensity of historical 0.847 0 2471 0 0.846 0.848
pain

Constant 0.028 0.001 27.14 0 0.026 0.030

Factor 3

Difficulty for dressing 0.715 0.006 18.12 0 0.704 0.726

Difficulty for lying down 0.734 0.005 1431 0 0.725 0.743

Difficulty for getting up  0.585 0.008 73.73 0 0.570 0.601

Difficulty for walking 0.678 0.005 1824 0 0.668 0.687

Difficulty for washing 0.67 0.007 1056 0 0.657 0.683

Difficulty for bowing 0.775 0.004 19.09 0 0.767 0.783

Difficulty for opening 0.623 0.007 93.09 0 0.610 0.636
with keys

Difficulty for crouching  0.751 0.005 1525 0 0.741 0.760

Difficulty for kneeling 1.414 0.003 3226 0 1.408 1.421

Constant 0.017 0.001 15.83 0.015 0.019

The coefficients and every related p value and confidence interval show
the “corrected” estimations of the loadings of each item inside its corre-
spondent factor. This correction is obtained by means of the structural
equation model (CONFA) and incorporates a constant term designed to
improve the adjusting of the factors

Results

A total of 19,213 subjects were included in the analysis. The
average age for the total sample was 42.89 years old (SD

Table 4 Structural equations model

Latent variables Coef.  Std. Error Z value p>Z 95 % CI

Factor 1 0.037 0.009 401 0 0.019  0.055
Factor 2 0.068 0.009 732 0 0.050  0.086
Factor 3 0.082 0.024 339 0.001 0.035 0.130
Constant —2.898 0.102 —2853 0 —3.097 —2.699

The coefficients and its associated p values and confidence intervals
show the participation of each factor (composed for the variables/items
shown in Table 3) in the likelihood of being classified as with a positive
diagnosis of RA. This way, this model represents a complex system of
linear regressions where each factor is at the same time a regression
model. All variables, observed (items) and latent (factors), are indeed
related with the RA outcome, but its participation is mediated and
controlled for the kind of information every variable is giving. In the case
of each item, providing specific information about the correspondent
domain (for instance, different traits of disability in factor 3), and in the
case of each factor, providing information of a specific construct under-
lying the manifestations of RA
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17.34; min, 17; max, 99); 40.64 % of the subjects were older
than 45 years of age and 20.42 % older than 55.

The principal axis factoring resulted in a three-factor solu-
tion (factors showing eigenvalues bigger than 1) (see Table 1).
Cumulatively, the three factors account for 80.06 % of the
variation. Loadings and variables for each factor are shown in
Table 2. The higher item correlation was 0.53, and the model
showed significant covariation structure [p >y >=0.000]. The
CFA model showed similar values to the initial loadings
identified in the EFA model. All the variables included
showed significant coefficients within each factor. However,
two variables, “pain during the previous 7 days” and “histor-
ical pain,” were excluded from the model because of colin-
earity. The linear models related to each factor are shown in
Table 3.

This procedure achieved at least one significant coefficient
within each factor in the structural equation model. The results
were stable whether or not the variables of age, region, sex,
and income were included. The variables related to use of
addictive substances seem to be unrelated to the diagnosis of
RA. The coefficients and standard errors and confidence

S| Intensity of the pain
| during the last seven days

- - 0.775 i
_ Previous medical P
5=0.004 treatments

Intensity of
historical pain

Difficulty for dressing

Difficulty for lying
down

Difficulty for getting
up

Difficulty for walking |

Difficulty for bowing

Difficulty for opening
with keys

Difficulty for
crouching

Difficulty for kneeling

§=0.003 )

Fig. 1 Graphic representation of the system of structural equations. The
complex structure of relationships underlying the diagnosis of RA in
terms of the items composing the COPCORD instrument is shown. Every
item, represented by a rectangle, has a measurement error § and when
measured, represents a part of the complete manifestation of a domain
(factor). This is the reason why the arrows come from the latent variables
to the observed ones. Instead, the latent variables (unobservable) are
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intervals are shown in Table 4. A graphical representation of
the model is shown in Fig. 1, where the latent variables or
factors are indicated by circles and the observed variables, by
squares. The observed exogenous variables are labeled by
name. The observed endogenous variable is labeled as RA.
The paths are indicated by the value of the coefficient in the
model. The errors are also exposed. For the latent endogenous
variables, the errors are labeled psi (£). For the observed
exogenous variables, these errors are labeled delta (0). Resid-
ual covariance among latent variables is labeled phi (¢).

Discussion

This study explored the structural validity and construct prop-
erties of the COPCORD instrument. The factorial scheme
showed that three factors could be extracted from the ques-
tionnaire. Estimations for specific sex—age-region grouping
were stable and consistent. The total variance explained by the
model was greater than 80 %; thus, the instrument is useful in

e 063‘7
NN

6=0.003

$=0.263 0.

|

\

affecting directly the outcome (RA) but show also complex patterns of
variation and covariation (characterized by the bidirectional arrows
among factors and their unobservable variations £). Finally, the arrows
coming from each latent variable and directed to the outcome variable try
to represent how, once corrected by the complex pattern of covariation,
each domain participates in the presence or not of the disease and its
measurable manifestation
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explaining the variance in the diagnosis of RA, and its struc-
ture is stable across genders and age groups.

Our findings point to the existence of three domains of
information in the questionnaire or, mathematically, three
latent variables. The first factor seems to be related to recent
manifestations of pain in rheumatic patients, verifying the
results reported elsewhere about the quality of life of these
people [19]. The second factor consists of the variables mea-
suring intensity and the presence of historical pain [20]. The
third factor is related to disability. We used each HAQ item
separately instead of the aggregated result of the HAQ scale,
so as to take advantage of all the information provided by the
disability questions and to avoid redundancy in the analysis
linked to the result of the scale.

The system of equations developed excluded some vari-
ables because of colinearity. This means that some of the
questions included in the COPCORD instrument could be
redundant, for instance, about the presence and intensity of
musculoskeletal pain during the previous 7 days. Similar
results were obtained for the second factor, where one of the
two highly correlated variables of historical pain and its in-
tensity had to be removed from the model.

Our findings verify the existence of a clear pattern of
covariation of the COPCORD instrument and support its use
as a screening tool. Our results allow a better understanding
about the symptoms and manifestations characterizing and
grouping cases of RA. However, our model is unable to draw
any conclusions about the risk or probability, or even relative
risk, of developing RA. This exercise simply helps to clarify
that the questionnaire is able to identify correctly sources of
variation involved in the screening process and discriminate
between patients regarding their characteristics and clinical
manifestations.

The path model does not establish any causal relationships,
although this was the first objective in the epidemiological
literature [21]. Our cross-sectional design also fails to allow us
to establish any causal relationship. Our findings must there-
fore be understood as validating which symptoms related to
RA could happen before or after diagnosis and how they are
related. We examined the effect of regional variation on the
stability of the model and did not find significant changes in
the coefficients. However, place-specific research is necessary
to identify whether any particular covariation patterns exist.

Our results confirm the structural validity of the COPCORD
instrument in supporting a specific diagnosis of RA and con-
stitute a more formal approach than that published before [3].
In this work, we concentrated on the mathematical verification
of the structure of the questionnaire and used that to identify the
constructs underlying the variables in the instrument and their
relationship with the clinical manifestations of the disease.
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