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A B S T R A C T

Objectives: This analysis describes the protocol of a study with a case-cohort to design to prospectively evaluate the
incidence of subclinical atherosclerosis and Cardiovascular Disease (CVD) in Chronic Inflammatory Disease (CID)
participants compared to non-diseased ones.
Methods: A high-risk group for CID was defined based on data collected in all visits on self-reported medical diag-
nosis, use of medicines, and levels of high-sensitivity C-Reactive Protein >10 mg/L. The comparison group is the
Aleatory Cohort Sample (ACS): a group with 10% of participants selected at baseline who represent the entire
cohort. In both groups, specific biomarkers for DIC, markers of subclinical atherosclerosis, and CVD morbimortal-
ity will be tested using weighted Cox.
Results: The high-risk group (n = 2,949; aged 53.6 ± 9.2; 65.5% women) and the ACS (n=1543; 52.2±8.8;
54.1% women) were identified. Beyond being older and mostly women, participants in the high-risk group pres-
ent low average income (29.1% vs. 24.8%, p < 0.0001), higher BMI (Kg/m2) (28.1 vs. 26.9, p < 0.0001), higher
waist circumference (cm) (93.3 vs. 91, p < 0.0001), higher frequencies of hypertension (40.2% vs. 34.5%, p <
0.0001), diabetes (20.7% vs. 17%, p = 0.003) depression (5.8% vs. 3.9%, p = 0.007) and higher levels of GlycA a
new inflammatory marker (p < 0.0001) compared to the ACS.
Conclusions: The high-risk group selected mostly women, older, lower-income/education, higher BMI, waist cir-
cumference, and of hypertension, diabetes, depression, and higher levels of GlycA when compared to the ACS.
The strategy chosen to define the high-risk group seems adequate given that multiple sociodemographic and clini-
cal characteristics are compatible with CID.
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Introduction

Cardiovascular Diseases (CVD) are the leading cause of mortality
worldwide, with a particular burden in Low-Middle Income Countries
(LMIC).1,2 Since the middle of the 20th century, cardiovascular mortality
has been the leading cause of death in Brazil,3 with a high burden in
blacks and people from low socioeconomic status, mainly expressed as a
substantial number of premature deaths.4

Chronic Inflammatory Diseases (CID) are a group of diseases charac-
terized by a strong inflammatory component, including numerous rheu-
matic diseases such as rheumatoid arthritis, systemic lupus
erythematosus, primary Sj€ogren's syndrome, primary vasculitis, and also
psoriasis. Recently, celiac disease was included as part of the group.5

CVD and atherosclerosis have been considered to share many of the
hallmarks and physiopathological processes of inflammatory diseases.6,7

Indeed, CVD is a frequent cause of death in patients with CID.8-10 In
addition, several inflammatory steps are an essential part of CVD patho-
physiologies, such as endothelial dysfunction, oxidative stress, the accu-
mulation of macrophages and cytokines. Thus, it is not unexpected to
hypothesize that the atherosclerotic process, the most critical point in
CVD, is probably accelerated in the setting of CID as a comorbidity.8-10

It is also known that both the use of cardiovascular risk scores such as
Framingham or Reynolds is subestimated in patients with rheumatoid
arthritis not only because these scores were validated in samples with
low cardiovascular risk11,12 but also because of the low levels of LDL-
cholesterol in these patients compared to population samples.8-10 How-
ever, these patients presented a higher frequency of cardiovascular
events and mortality. This was defined as the lipid paradox: the associa-
tion of lower risk scores and LDL-cholesterol with a higher frequency of
subclinical atherosclerosis,13 cardiovascular events, and mortality.14

The Brazilian Longitudinal Study of Adult Health (ELSA-Brasil) is an
ongoing multicenter prospective cohort study of civil servants followed
since 2008‒2010.15 The cohort is focused on the study of CVD and dia-
betes, and associated factors. One of the innovations of the study was
the possibility to evaluate not only classical risk factors for CVD but also
non-classical risk factors since the former do not explain all CVD events,
especially in high-risk groups, as is the case of rheumatoid arthritis and
other inflammatory diseases.10,16,17 Here, the authors describe the study
design and protocols as well as baseline characteristics of the sample
divided into two groups: the high-risk group for CID and the comparison
group of the aleatory cohort sample. The authors of the present study
will use this sample to prospectively evaluate the incidence of subclini-
cal atherosclerosis and clinical CVD in the study participants. In addi-
tion, the study is an interesting setting to investigate the lipid paradox
described in rheumatoid arthritis in other CID.
Materials and methods

Design and population study

ELSA-Brasil is a prospective cohort study that follows 15,105 civil
servants, 35 to 74 years from six universities and research institutions in
different cities in Brazil: Salvador (BA), Vit�oria (ES), Belo Horizonte
(MG), Rio de Janeiro (RJ), S~ao Paulo (SP) and Porto Alegre (RS).15,18-20

The ELSA-Brasil protocol was approved in all six centers by the Institu-
tional Review Boards addressing research in human participants, accord-
ing to the Declaration of Helsinki. Written informed consent was
obtained from all participants. According to standard protocols, each
participant was interviewed in the workplace, and then they visited the
Research Center for clinical interviews and measurements. Interviews
and examinations at each site were conducted by trained personnel
under strict quality control. After the baseline, the second visit was per-
formed from 2012‒2014, the third visit from 2017‒2019, and a new
data collection expected to begin in 2021 was postponed for 2022 or
even later depending on the burden of COVID-19 in the country.
2

Case-cohort design

For most CID in this analysis, a case-cohort study design will be used.
Possible cases identified by prior self-reported medical diagnosis or use
of specific medications for the treatment of CID or high-sensitivity C-
Reactive Protein (hs-CRP) higher than 10 mg/L in one or more visits
were selected to be included in the high-risk group. The comparison
group is composed of 1,543 participants of the Aleatory Cohort Sample
(ACS) that was selected randomly at the beginning of the baseline exam-
ination. It includes 10% of the entire sample, and it is representative of
all 15,105 participants in the study. Stored serum samples of both
groups of participants will be tested for specific biomarkers for each one
of the CID listed as part of the study. The only exception is for psoriasis,
which will be confirmed based on a prior medical diagnosis of disease.
ELSA-Brasil was strategically designed to permit case-cohort studies.
Case-cohort studies are less costly since only a subsample of participants
selected independent of the outcomes is included as the comparison
group for all ancillary studies that are part of this project. Moreover,
also as part of the study strategy, participants selected in the ACS have
additional biological samples collected and stored at each visit, which
permits the rational use of stored biological samples.21

Sample selection

In the baseline examination (2008‒2010), information was collected
about the presence of arthritis without specification, and specifically
about rheumatoid arthritis and systemic lupus erythematosus using the
question: Have you been previously told by a physician that you had/
have arthritis? Rheumatoid arthritis? Systemic lupus erythematosus?
The study also included as part of the questionnaire an open question
about the previous medical diagnosis of other diseases with the possibil-
ity to inform any diseases such as Sj€ogren's syndrome, vasculitis, sclero-
derma, Reiter, psoriasis, and several others that were not specifically
included in the questionnaire. If a disease was informed, the year of
medical diagnosis was also recorded. Information on the celiac disease
was captured in the question on reasons for changing the previous diet
in the last 6 months at baseline, and from an open question asking about
the presence of gastrointestinal symptoms and malabsorption syndromes
at baseline.

In the third visit (2017‒2019), the same questions on prior history of
rheumatoid arthritis and systemic lupus erythematosus were applied;
and a new question about the previous medical diagnosis of psoriasis
was introduced, always asking the year of medical diagnosis. The
authors also have information on reasons for diet changes in the 6
previous months.

The study also has detailed information about the use of continuous
medication in the 15 days before coming to the research center and the
use of sporadic medication utilized as pain killers and non-steroidal and
steroidal inflammatory medications in the three face-to-face examina-
tions (2008‒2010; 2012‒2014; and 2017‒2019). In addition, the study
has information about hs-CRP in all samples in all three visits. Therefore,
the high-risk for CID includes participants that self-reported prior medi-
cal diagnosis of CID, use of specific medications to treat CID, or high lev-
els of inflammatory biomarkers in at least one of data collection. In
addition, all these participants will be tested for specific biomarkers of
CID. When the authors obtain the results of all biomarkers, cases of CID
will be confirmed based on the presence of self-reported medical diagno-
sis, use of specific medication to treat the disease, and the presence of
biomarkers following the strategy used by Kuller et al. to define rheuma-
toid arthritis in previous analyses.8

Cohort surveillance and event follow-up

ELSA-Brasil clinical cardiovascular endpoints include acute myocar-
dial infarction, unstable angina pectoris, cardiac revascularization,
resuscitated cardiac arrest, heart failure, peripheral arterial disease,
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atherothrombotic stroke, transient ischemic attack, incident diabetes,
and chronic kidney disease. The study also ascertains diabetes-related
events (blindness, amputation) and acute complications resulting in hos-
pitalization (ketoacidosis, hyperosmolar state, severe hypoglycemia). In
addition, by direct comparison of data from repeated examinations over
time, the study also investigates changes in weight, blood pressure, dys-
lipidemia, and other metabolic disorders, and the occurrence of microal-
buminuria, retinopathy, cognitive dysfunction, and psychiatric illnesses
by comparison of data from repeated examinations over time.

Surveillance is being conducted through annual telephone inter-
views, return visits to ELSA‒Brasil clinics (every 4 to 5 years), employer
reports, and linkage to national databases, such as the National Mortal-
ity System.

Events are classified according to the ELSA-Brasil protocols by a
panel of trained physicians from the study. Deaths are identified primar-
ily from reports by next of kin and employers. Underlying and contribut-
ing causes of deaths are classified according to death certificates and
available hospital records and, for out-of-hospital deaths, according to
information obtained from interviews with next of kin and physicians.

Measurement of biomarkers of inflammatory diseases

In the group of participants with a high risk for CID, and also in the
aleatory cohort sample, several biomarkers will be tested: rheumatoid
factor (FR LATEX COMPLETO, WAMA, S~ao Carlos, Brazil), anti-cyclic
citrullinated peptides antibodies for rheumatoid arthritis (Anti-CCP
(IgG- ELISA, Euroimmun, L€ubek, Germany); anti-nuclear antibodies
(Hep-2-IgG immunofluorescence); anti-dsDNA (Crithidia luciliae IgG
immunofluorescence); anti-Sm IgG-ELISA, Euroimmun, L€ubek, Ger-
many); C3 complement (plaque IDR C-3 CAT ND08-12); and C4 comple-
ment (plaque IDR C-4 CAT ND08-12), Biocientífica, Curitiba Brazil);
anti-Ro/SSA ELISA IgG − ELISA, Euroimmun, L€ubek, Germany) and
anti-La/SSB (ELISA IgG − ELISA) for primary Sj€ogren's syndrome, anti-
proteinase 3 (Anti-PR3 IgG − ELISA, Euroimmun, L€ubek, Germany),
anti-myeloperoxidase (Anti-MPO ELISA − IgG − ELISA, Euroimmun,
L€ubek, Germany) and antineutrophil cytoplasmic antibodies (ANCA) for
primary vasculitis and anti-tissue transglutaminase antibodies (IgA,
ELISA, Euroimmun, L€ubek, Germany) for celiac disease. Hs-CRP was
analyzed using Immunochemistry (nephelometry) (Dade Behring;
Siemens).

The investigation of these autoantibodies is very important not only
as a support for diagnosis but also because they are serological markers
that may precede the diagnosis of chronic inflammatory diseases by
years, such as anti-Ro/SSA in primary Sj€ogren's syndrome.22-24

GlycA, a new inflammatory activity marker, quantifies the acute
phase glycoproteins by the magnetic resonance signal of their N-acetyl-
methyl group protons on the N-acetylglucosamine (GlcNAc) moieties
located on bi-, tri-, or tetra-antennary branches. For lipid tests using
Nuclear Magnetic Resonance (NMR), their signal was deconvoluted
from overlapping lipoproteins (predominantly triglycerides in very-low-
density lipoproteins), and their amplitude converted to micromoles per
liter (mmoL/L).25 Data were acquired from ethylenediaminetetraacetic
acid plasma samples used by LabCorp clinical laboratory in Raleigh, NC.
The nuclear magnetic resonance Profiler platform consisted of a 9.4-T
(400-MHz 1 Hz frequency) spectrometer with an integrated fluidic sam-
ple delivery system. Proprietary deconvolution software was used to
quantify the lipid signal.26

Measurement of subclinical vascular disease

Carotid Intima-Media Thickness (CIMT) protocol was published
earlier.27,28 The authors defined the average between the mean left and
mean right carotid intima-media measurements as CIMT. Briefly, CIMT
was measured in the outer wall of a 1 cm predefined carotid segment
from 1 cm below the carotid bifurcation during three cardiac cycles.
Abnormal CIMT values were defined as those above the 75th percentile.
3

CIMT was also used as a continuous variable. All images were sent to the
core reading center in S~ao Paulo and underwent image quality assess-
ment. The authors used the MIA software (Coralville, IA) to standardize
the reading and interpretation of valid carotid scans. CIMT was mea-
sured at baseline and in visit 3 over a 9-year follow-up allowing prospec-
tive analyses. As CIMT was available in subsamples of the main study
and after exclusion of participants reporting prevalent CVD at baseline,
only 3,246 participants have cIMT information.

Only participants in the research center of S~ao Paulo (n=4547)
underwent a Coronary Artery Calcification (CAC) examination per-
formed with a 64-detector computed tomographic scanner (Brilliance
64; Philips Healthcare, Best, The Netherlands). Briefly, each patient
underwent an electrocardiogram-gated prospective calcium score exam-
ination with a tube potential of 120 kV and a tube current adjusted to
body habitus. Images were reconstructed in 2.5 mm slice thickness using
standard filtered back projection. The CAC was expressed as Agatston
units, and the percentile was evaluated in a blinded fashion by an experi-
enced cardiologist using semiautomatic software (Calcium Scoring, Phi-
lips Workstation).29 CAC severity was further categorized according
to 0 or >0, < 100, or ≥ 100.30,31 CAC images were obtained at baseline
and over a 4 year follow-up period. After excluding prevalent cases of
CVD at baseline, only 1,325 participants have information about CAC at
baseline.

Lipid paradox

Data from ELSA-Brasil permit the calculation of several risk scores:
Framingham risk score, the ASSIGN score,32 the QRISK®2 score,33 the
Systematic Coronary Risk Evaluation (SCORE) algorithm,34 the Ameri-
can College of Cardiology and American Heart Association m Pooled
cohort Equations (PCE)35 and the Reynolds Risk Score (RRS).36 The PCE
involved a highly admixed sample, and the Reynold Risk Score incorpo-
rates the inflammatory marker C-Reactive Protein (CRP) in addition to
traditional risk factors. The QRISK®2 score incorporated rheumatoid
arthritis as an independent risk factor. This and the possibility to analyze
lipid biomarkers using three different techniques (traditional, vertical
ultra-centrifugation, and NMR) make it possible to analyze lipid sub-par-
ticles and their relationship with the lipid paradox. It is also a great
opportunity to study the lipid paradox in other inflammatory diseases
beyond rheumatoid arthritis.

Sociodemographic and clinical variables

Sociodemographic characteristics: sex; age (years); educational
attainment (less than high school, high school and some college and at
least complete college; mean family monthly income (≤ US$ 1245, US
$ 1246 to US$ 3319 and ≥ US$ 3320) and self-reported race/skin color
(White, Mixed, Black, Asian and Indigenous). Smoking and alcohol use
were categorized as never, past or current.20

The anthropometric measures of weight, height, and waist circumfer-
ence were obtained using international criteria and standards techni-
ques.37 The body weight was measured with the subject barefoot,
fasted, wearing a standard uniform over his underwear. An electronic
scale (Toledo®, model 2096 PP) was used, with a capacity of 200 kg
and a precision of 50 g. The height was measured with a wall stadiome-
ter (Seca®, Hamburg, BRD) with a precision of 1 mm, attached to the
wall with the individual in the supine position, barefoot, leaning on the
head, buttocks, and heels on the wall and with the stare in the horizontal
plane. The height was verified in the inspiratory period of the respira-
tory cycle. Waist Circumference (WC) was measured with the partici-
pant in fasting and with the bladder empty, standing upright breathing
normally, with the feet together, the part of the dress erected, and with
the arms crossed in front of the chest. The measure is made with an inex-
tensible tape measure at the midpoint between the iliac crest and the
lower border of the costal arch, and the Body Mass Index (BMI) was cal-
culated as weight (kg) divided by squared height (m2).15,37
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Blood Pressure (BP) was measured using a validated Omron HEM
705CPINT oscillometric device. Three blood pressure measurements
were taken at one-minute intervals, and the mean of the last two meas-
urements was considered as the value for casual systolic or diastolic
blood pressure. Hypertension was defined as the use of medication to
treat hypertension or systolic blood pressure ≥ 140 mm Hg, or diastolic
blood pressure ≥ 90 mm Hg. Diabetes was defined as the previous medi-
cal history of diabetes, use of medication to treat diabetes, fasting
plasma glucose ≥ 126 mg/dL, 2-hour plasma glucose ≥ 200 mg/dL, or
HbA1C ≥ 6.5%. Dyslipidemia was defined as LDL-cholesterol ≥ 130 mg/
dL or use of any lipid-lowering medication. Thyroid function was
defined based on TSH, FT4, FT3 levels, and the use of levothyroxine or
thiamazole. Leisure-time physical activity was classified according to
the World Health Organization criterion using the International Physical
Activity Questionnaire (IPAQ), in which physically active were those
with at least 150 minutes of moderate-intensity or 75 minutes of high-
intensity leisure-time aerobic physical activity or the combined equiva-
lent of both each week. Any weekly activity below the described thresh-
old was classified as partly active, and the remaining participants were
classified as sedentary.38 For mental health it was used the Clinical Inter-
view Schedule Questionnaire, version Revised (CIS-R) elaborated by
Lewis et al., in 1992 for diagnosis of non-psychotic psychiatric diagnosis
at primary care.39 The answer to the questionnaire permits psychiatric
classification diagnosis according to the International Classification of
Diseases version 1040 as common mental health, depressive disorder,
and generalized anxiety disorders.
Other laboratory tests
Thyroid function
Venous blood samples were drawn after an overnight fast and centri-

fuged at 2500g for 15 min to obtain serum for biochemistry and determi-
nation of hormone levels.

The study includes information about fasting plasma glucose (Hexo-
kinase method; ADVIA Chemistry; Siemens, Deerfield, Illinois), 2h
plasma glucose after a glucose overload (Oral Glucose Tolerance Test ‒
OGTT), glycated hemoglobin (High pressure liquid chromatography,
Bio-Rad Laboratories, Hercules, California), fasting insulin and 2h insu-
lin (Immunoenzymatic assay, ELISA, Siemens), total cholesterol, and
HDL cholesterol (Enzymatic colorimetric assay, ADVIA Chemistry), LDL
cholesterol (Calculated by means of the Friedewald equation), triglycer-
ides (Enzymatic colorimetric assay, glycerol phosphate peroxidase,
ADVIA Chemistry), high sensitivity C-Reactive protein (Immunochemis-
try nephelometry), creatinine (Enzymatic colorimetric assay, Jaff�e,
ADVIA Chemistry), liver enzymes (Alanine Aminotransferase ‒ ALT,
Aspartate Aminotransferase ‒ AST, (Modified International Federation
for Clinical Chemistry [enzymatic] assay, ADVIA Chemistry) and
Gamma-Glutamil Transpeptidase ‒ GGT (Kinetic colorimetric assay),
uric acid (Enzymatic colorimetric assay), ADVIA Chemistry, thyroid
function (Thyroid-Stimulating Horomone ‒ TSH, Free Thyroxine ‒ FT4
and Free Triiodothyronine ‒ FT3) and Thyroperoxidase Antibodies ‒
TPOAb, (for all of them, Roche Diagnostics, Manheim, Germany) total
blood cell count, microabuminuria Immunochemistry (nephelometry)
(Dade Behring; Siemens), urinary sodium and potassium (Potentiometry
(ion-selective electrodes) (ADVIA Chemistry), and serology for Chagas
disease. (Microplate ELISA (Chagatest ELISA; Wiener Laboratories,
Rosario, Argentina).41 Beyond these classical tests, ELSA-Brasil also has
information about lipids measured with innovative techniques such as
Nuclear Magnetic Resonance (NMR) and vertical ultracentrifugation.
Stored samples
ELSA-Brasil has a central biorepository in the Research Center of S~ao

Paulo. Since 2008 serum, plasma, and urine samples of all participants
have been stored in nitrogen to be used in future analysis.42
4

Statistical analysis

Descriptive characteristics at baseline
Categorical variables are presented as proportions and compared

using the chi-squared test. Continuous variables, if normally distributed,
are presented as mean (standard deviation) and compared using
ANOVA; if non-normal, they will be presented as median (interquartile
range) and compared using Mann-Whitney or Kruskall-Wallis tests as
indicated.

Future analyses related to the associations between CID and CVD:
Cross-sectional associations of CID with CVD will be analyzed using

logistic regression models. The results will be presented as Odds Ratio
(OR) and respective 95% Confidence Intervals (95% CI) both as crude
(non-adjusted) and adjusted for sociodemographic variables (age, sex,
self-reported race, education, and mean monthly family net income).
Further multivariate adjustment for cardiovascular disease risk factors
(hypertension, diabetes, dyslipidemia, smoking, alcohol use, and physi-
cal activity) and specific confounders determined for each analysis will
be performed.

For prospective associations, the authors will use weighted Cox-pro-
portional hazards according to the Barlow method presented as Relative
Risk (RR) with respective 95% CI crude, adjusted for sociodemographic
models, and with multivariate adjustment for confounders as described
above.43 In some cases, Poisson regression with robust variance to deter-
mine the Relative Risk (RR) with respective 95% CI, both as crude esti-
mates and with the multivariate adjustment presented above. The
association of inflammatory diseases with fatal and non-fatal cardiovas-
cular events and mortality will be analyzed using Kaplan-Meier curves
(compared using the log-rank test).

Results

Figure 1 describes in a Venn diagram the selection of participants in
the high-risk group according to previous self-reported medical diagno-
sis, and/or use of medication to treat CID and/or hsCRP > 10 mg/L in
one or more than one Visit: 26 participants present all 3 criteria,
333 presented 2 criteria, and 2589 presented just one criterion (Fig. 1)

Table 1 shows sociodemographic and clinical characteristics of the
sample according to the high risk of CID and the ACS. Participants in the
group with high-risk of CID were older (p < 0.0001), mostly women (p
< 0.0001) with a higher frequency of Blacks and a lower frequency of
Asians (p = 0.04), presented low education attainment (p = 0.005),
lower average net monthly income (p < 0.0001), a higher frequency of
never or past alcohol intake (p = 0.005), a higher BMI and waist circum-
ference (for both p < 0.0001), and a higher frequency of hypertension (p
< 0.0001), diabetes (p = 0.003) and depression (p = 0.007). Levels of
GlycA (p < 0.0001) were higher compared to participants in the ACS.

Two surrogate markers for subclinical atherosclerosis were com-
pared between both groups after excluding participants reporting preva-
lent cardiovascular diseases at baseline (myocardial infarction,
revascularization, and stroke). After exclusions, cIMT was available
in 3,246 participants. Mean Carotid IMT (CIMT) was higher in partici-
pants in the CID group compared to the ACS (p < 0.0001). Regarding
CAC, after exclusions, 1,325 participants had CAC measurements avail-
able at baseline. There was no difference regarding the percentage of
CAC > 0 between groups.

Discussion

Comparisons between the CID and the ACS groups suggest that the
study’s proposed strategy to identify CID was effective. Participants in
the high-risk group for the inflammatory disease were older, mostly
women, with low education attainment and low socioeconomic status.
Anthropometric markers such as BMI and waist circumference were
higher in the CID group as well as the levels of GlycA. Beyond that, par-
ticipants in the high-risk group presented a higher prevalence of



Figure 1. Venn diagram showing the selection of participants to the high-risk groups for chronic inflammatory diseases according to the number of criteria.
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hypertension, diabetes, depression, and a trend to thyroid diseases. For
subclinical atherosclerosis biomarkers, mean CIMT was higher in the
high-risk group, but no difference was detected for CAC. As expected,
some participants were selected by more than one criterion. These data
suggest that the strategy used to identify the high-risk group was effec-
tive. Both groups will be adequate for further testing of specific bio-
markers for each inflammatory disease in this subsample.

The study has some characteristics that need to be highlighted. Two
epidemiologic designs are possible in cohort studies that have stored
biological samples: the nested case-control study and the case-cohort
study. The most used is the nested case-control study. In the follow-up of
a cohort study, several diseases are going to be diagnosed. Researchers
can assign one or more controls selected according to sociodemographic
and clinical characteristics similar to the cases for each analysis to be
done. Biomarkers related to the disease can be tested in all cases, and a
selected smaller group of comparison paired by age and sex would be
tested in the place of the entire cohort. Therefore, the costs of tests
become less expensive than including the entire cohort. An example of
success using this strategy is an article focused on the association of
inflammatory biomarkers in women selected after a cardiovascular
event and a comparison paired group in the Women's Health Initiative
(WHI). The inflammatory biomarkers were tested only in 304 women
that developed cardiovascular events at follow-up and 304 women with-
out any cardiovascular events chosen as the comparison group. Consid-
ering that the study had 75,343 participants, this approach was more
cost-effective than testing the entire cohort. The results showed that
women with higher levels of hs-CRP at baseline present a higher risk of
a cardiovascular event at follow-up.44 One limitation of this type of
design is that it is necessary to define a new group of comparison paired
at least by age and sex for each performed analysis. Compared to the
nested case-control design, the case-cohort design was proposed to
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minimize this problem.45 At the beginning of the cohort study, a repre-
sentative subsample of participants can be randomly selected.21 This
subsample of generally 10% to 15% of the entire sample has more
biological samples collected and stored at any phase of the study. There-
fore, in a case-cohort study, this subsample of participants can be the
comparison group for different analysis. This strategy reduces costs,
maintaining the cohort representativeness. In the present analysis,
only 2,949 participants in the CID group and 1,543 of the ACS,
totaling 4,492 participants, will be tested as opposed to all 15,105 cohort
participants. Thus, the authors chose to use a case-cohort design because
of the many advantages offered by this design in terms of less expensive
costs, the simplified logistics of using the same comparison group for all
analyses as well as the possibility to study many diseases with the same
comparison group.

The present study’s strategy in the analysis for each type of inflam-
matory disease is similar to a previous analysis used to identify rheuma-
toid arthritis in the WHI. In this study, women who self-report a
previous medical diagnosis of rheumatoid arthritis or that use Disease-
Modifying Anti-Rheumatic Drugs (DMARDs) were selected as cases to
be tested for anti-CCP antibodies and Rheumatoid Factor. In the end,
11,017 women were tested of the 161,808 participants of WHI. The
authors reported an almost two times higher mortality in women with
rheumatoid arthritis compared to controls.8 They used as comparison
group women reporting arthritis but not rheumatoid arthritis
(n = 57,572) and a second group of women reporting no arthritis
(n = 76,160). Participants in both comparison groups were not tested
for any biomarker. After the results of biomarkers, the final diagnosis of
probable rheumatoid arthritis was made considering all women with
anti-CCP positive and women with anti-CCP negative but using
DMARDS; women that reported rheumatoid arthritis but presented neg-
ative anti-CCP and were not using DMARDS were classified in the group



Table 1
Sociodemographic and clinical characteristics from the participants of the ELSA-
Brasil study according to the risk of inflammatory diseases (high-risk cases and
aleatory cohort sample).

Aleatory cohort
sample
(n = 1,543)

Inflammatory
diseases
(n = 2,949)

p

Age (years) 52.2 ± 8.8 53.6 (9.2) < 0.0001
Women (%) 834 (54.1) 1932 (65.5) < 0.0001
Race (%) 0.04
White 772 (50.4) 1454 (49.8)
Mixed 418 (27.3) 824 (28.2)
Black 271 (17.7) 558 (19.1)
Asian 50 (3.3) 55 (1.9)
Indigenous 20 (1.3) 30 (1)
Education (%) 0.005
Less than high school 175 (11.3) 412 (14)
High school and some College 523 (33.9) 1058 (35.8)
Complete College or more 845 (54.8) 1479 (50.2)
Average family monthly

income (%)
< 0.0001

<US$ 1245 382 (24.8) 856 (29.1)
US$ 1245 − 3320 561 (36.5) 1139 (38.7)
>US$ 3320 585 (38.7) 946 (32.2)
Smoking (%) 0.47
Never 866 (56.2) 1600 (54.3)
Past 490 (31.7) 982 (33.3)
Current 186 (12.1) 367 (12.4)
Alcohol intake 0.005
Never 146 (9.4) 341 (11.5)
Past 314 (20.4) 675 (23)
Current 1082 (70.2) 1925 (65.5)
Body-mass Index (kg/m2) 26.9 ± 4.6 28.1 ± 5.5 < 0.0001
Waist circumference (cm) 91 ± 12.8 93.3 (13.7) < 0.0001
Mean systolic blood pressure

(mm Hg)
121 ± 16 122 ± 18 0.09

Mean diastolic blood pressure
(mm Hg)

76 ± 10 76.4 ± 11 0.32

Hypertension (%) 532 (34.5) 1184 (40.2) < 0.0001
Diabetes (%) 263 (17) 610 (20.7) 0.003
Dyslipidemia %) 705 (45.8) 1386 (47.2) 0.37
Depression (%) 60 (3.9) 170 (5.8) 0.007
Thyroid function 0.053
Overt hyperthyroidism 5 (0.3) 26 (0.9)
Subclinical hyperthyroidism 26 (1.7) 38 (1.3)
Euthyroidism 1301 (84.5) 2431 (82.6)
Subclinical hypothyroidism 86 (5.6) 164 (5.6)
Overt hypothyroidism 121 (7.9) 281 (9.6)
Fasting plasma glucose 106 ± 27 108 ± 30 0.09
2h plasma glucose mg/dL 204 ± 83 222 ± 95 0.11
Total Cholesterol mg/dL 200 ± 41 202 ± 44 0.12
HDL - Cholesterol mg/dL 53.8 ± 13.2 54.3 ± 13.6 0.19
LDL - Cholesterol mg/dL 118.8 ± 35.4 119.4 ± 34.9 0.57
Triglycerides mg/dL 126 ± 74 130 ± 105 0.42
High sensitivity C Reactive

protein mg/L
2,56 ± 3,29 5,65 ± 8.64 < 0.0001

Glyc A µmoL/L 413 ± 65 443 ± 77 < 0.0001
Mean carotid IMT mm 0.60 ± 0.13 0.62 ± 0.13 < 0.0001
CAC >0 (%) Agatston units 156 (30.3) 221 (17.3) 0.24

IMT, Intima-Media of carotid; CAC, Coronary Artery Calcium.
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of not likely clinical rheumatoid arthritis. Compared to the WHI study,
in the present analyses, the authors will use a case-cohort strategy that
included biomarker testing in the CID and the comparison group that
will be the same for all diseases included as part of the project. The
authors have information about women reporting arthritis not related to
rheumatoid arthritis. Therefore, the authors can use the same strategy
used in the WHI of using one group of comparison reporting arthritis not
related to rheumatoid arthritis and one group reporting no arthritis. The
authors have the possibility to use different strategies in the analysis of
CID, which brings versatility to the study and the possibility to explore
the same data in different ways. For diseases that did not present specific
biomarkers as is the case of psoriasis, in which the gold-standard for
6

diagnosis is a prior medical diagnosis, it is possible to include all the
other participants in the study without CID as the comparison group
or using new techniques of paired analysis as the propensity score
matching.

This protocol is an excellent opportunity to study the lipid paradox
using new techniques to measure lipids such as by RNM or ultra-vertical
centrifugation that are not frequently available in cohort studies. As sev-
eral diseases will be studied simultaneously, one of the advantages of
the study design is the possibility of spreading information about the
lipid paradox originally described for rheumatoid arthritis to other
inflammatory diseases.

The strength of the analysis is to use data from the ELSA-Brasil study
with information collected under strict quality control protocols after
centralized training of all study teams before the periods of acquisition
of data. Most cohort studies on CID were performed in high-income
countries, and there is scarce information about inflammatory diseases
in LMIC. ELSA-Brasil is an excellent opportunity to evaluate CID and its
relationship with cardiovascular disease, cardiovascular events, and all-
cause, cardiovascular, and other specific causes of mortality. For exam-
ple, it is possible to use this data to study gastro-intestinal mortality asso-
ciated with celiac disease in a multiethnic sample from an LMIC. The
study also has some limitations related to the possible underestimation
of cases of mild CID that may not be selected in the high-risk group and
will be out of the analysis, overestimating the association of CID with
cardiovascular disease, events, and mortality that tend to be lower in
mild cases. In addition, even in a large sample, as the prevalence of
some diseases included in the analysis is low, it is possible that the
authors were not able to conduct some specific analysis for diseases with
s small number of cases, as is the case of primary vasculitis

In conclusion, the strategy to select the sample and the design to be
used in the analysis is a very cost-effective strategy, and this is a signifi-
cant approach in a country with limited funding for research compared
to high-income countries. Moreover, data from this project will bring
new information about the cross-sectional and prospective association
of CID and the increased risk of CVD events and mortality, the most com-
mon cause of death, and a strong burden of related disabilities in the
country.
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