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ABSTRACT

Background Metabolic syndrome (MS) is defined by the
clustering of specific metabolic disorders in one subject.
MS is highly prevalent globally and currently considered

a growing public health concern. MS comprises obesity,
hypertension, dyslipidaemia and insulin resistance.
Mechanisms linking MS with cancer are poorly understood,
and it is as yet unknown if MS confers a greater risk than
the risk entailed by each of its separate components. The
main objective of this study is to compare the association
between MS and 14 site-specific cancer against the
association between one or two individual components

of MS and cancer. The secondary objective is to evaluate
the time elapsed since the diagnosis of MS and the
subsequent onset of cancer within the 2006—2017 period
by sex.

Methods and analysis A case—control study will be
conducted for the main objective and a cohort of patients
with MS will be followed for the evaluation of the second
objective. Incident cases of fourteen types of cancer in
patients >40 years of age diagnosed prospectively will

be selected from electronic primary care records in the
Information System for Research in Primary Care (SIDIAP
database; www.sidiap.org). The SIDIAP database includes
anonymous data from 6 million people (80% of the Catalan
population) registered in 286 primary healthcare centres.
Each matched control (four controls for each case) will
have the same inclusion date, the same sex and age

(=1 year) than the paired case. Logistic regression and

a descriptive analysis and Kaplan-Meier analysis will be
performed, in accordance with the objectives.

Ethics and dissemination The protocol of the study was
approved by the IDIAP Jordi Gol Clinical Research Ethics
Committee (protocol P17/212). The study’s findings will
be published in a peer-reviewed journal and disseminated
at national and international conferences and oral
presentations to researchers, clinicians and policy makers.

INTRODUCTION

Metabolic syndrome (MS) consists in the clus-
tering of various cardiometabolic risk factors
such as obesity, specifically central obesity as
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Strengths and limitations of this study

» Data on cancer diagnoses in the Information System
for Research in Primary Care database are reliable.

» Long follow-up times.

» Underestimation of the prevalence of some diseases
and left truncation.

» Waist circumference is only available for a small
proportion of individuals.

» Under-recording and quality of variables in the pri-
mary care setting.

measured by waist circumference, hyperten-
sion, dyslipidaemia and insulin resistance.' It
is a growing public health problem due to its
high global prevalence. For instance, a study
from the USA indicated a prevalence of MS
around 24% in the general population and
of 50% in patients with ischaemic cardiop-
athy and other vascular conditions and also
a significant increase in prevalence with age.”
In Spain, previous studies have shown that the
prevalence of MS ranges between 23% and
31%; it increases with age, and until 65 years
of age, it is higher in men than in women;
conversely, the prevalence of MS after 65
years of age is higher in women.”*

While MS was initially considered a risk
factor for diabetes and cardiovascular disease,5
emerging studies suggest that it is also a risk
factor for different types of cancer. However,
to our knowledge, no evidence exists to date
to indicate whether MS confers a higher risk
of cancer than its individual components.”

According to various studies,7_10 MS is asso-
ciated with a higher risk of liver, colorectal
and bladder cancer in men and endome-
trial, pancreatic, colorectal, ovarian and
postmenopausal breast cancer in women.
Evidence concerning the possible association
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with prostate cancer is still conflicting. Whereas a study by
Esposito et al'' did not find any association between MS
and prostate cancer, a recent publication by Gacci et al'®
found a slight correlation. Data and publications for less
prevalent types of cancer (incidence <6,/100 000/year)"?
and for thyroid cancer, multiple myeloma, non-Hodgkin
lymphoma and leukaemias are currently scarce. However,
a recent meta-analysis found a higher risk of haematolog-
ical cancer'* in patients with MS.

The pathophysiology that underlies the association of
MS with cancer is as yet poorly understood. Components
of MS such as obesity,"” glucose levels'® and high blood
pressure'® ' are associated with higher risk of various
types of cancer. In the pathophysiology of MS, adipose
tissue is known to deregulate cytokine production,
causing a chronic inflammatory state that can ultimately
mediate tumorous development. Additionally, adipose
tissue has been linked to insulin resistance,'® although
insulin resistance is not found in all obese patients.? It is
thus possible for the association between MS and cancer
to be mediated by the coexistence of obesity and insulin
resistance as the main factors.” There are some patients
who besides having MS also have hyperinsulinaemia,
because the pancreas compensates the insulin resistance
with insulin extrasecretion. Other studies suggest that
high-density lipoprotein cholesterol (HDL-C) cholesterol
is inversely correlated with cancer.®*

Whether MS carries a higher risk than the risk of each
separate MS component is unclear. Recent research looks
to elucidate if the effect of MS as a whole is stronger than
the effect of each component individually. Indeed, our
study would allow us to analyse this aspect. For instance,
in the case of endometrial cancer, obesity on its own
carries a higher risk than MS as a whole.*! MS is slightly
associated with prostate cancer, but a stronger associa-
tion exists between prostate cancer and hypertension.'?
With respect to kidney cancer, the time of progression
to cancer has shown to be shorter in patients with MS,
whereas it remains unchanged when considering any
single component of MS.** In postmenopausal breast
cancer, the association with MS is also higher than with
individual components.®' In conclusion, it is yet unclear if
the risk of MS is higher than the risk of MS single compo-
nents in some types of cancer.

This project will contribute new evidence on the associ-
ation between MS and cancer using a large database with
electronic primary care records of people that attended
primary care centres in Catalonia during the 2006-2017
period. In addition, we will be able to determine the time
of exposure to MS, that is, from the MS diagnosis until
the diagnosis of cancer. With these data, we will be able
to evaluate the role of MS in cancer risk and the risk of
cancer with one or twoMS components. Additionally, the
use of an anonymised and validated databases facilitates
the agile retrieval of retrospective data. Our database,
known as the Information System for the Development of
Research in Primary Care (SIDIAP) (www.sidiap.org),23
includes approximately 6 million people, that is, 80% of

the Catalan population, and thus facilitates the study of
less prevalent cancer types that have been scarcely studied
to date. Research studies with databases provide large
amounts of information (clinical, laboratory and phar-
maceutical data) at a reasonable cost. In addition, long
follow-up times are made possible since the electronic
medical records started in 2005. Arguably, the main
justification of this study on MS and its relationship with
cancer is that MS can be modified by adopting healthy
lifestyles that reduce obesity, cholesterol and blood pres-
sure. Indeed, healthy lifestyles can contribute to reduce
the prevalence of MS in the adult population.**

The current study will provide scientific evidence for
the future implementation on new preventive strategies
in primary healthcare and to obtain significant results
in the fight against cancer. Patients with MS could be
encouraged to be screened for cancer and, more impor-
tantly, to adopt healthier lifestyles as prevention strategy.”

The main objective of this project will be to investigate
the association of MS with 14 types of cancer diagnosed in
the electronic primary care records from 1 January 2006
to 31 December 2017 in SIDIAP database, as well as to
compare the association between MS and cancer versus
0, 1 or 2 single MS components. As secondary objec-
tive, from the cohort of patients with MS obtained from
the case—control study, we will analyse the time elapsed
between diagnosis of MS and onset of cancer.

METHODS AND ANALYSIS

Design

Case—control study for the main objective and in a
subgroup of patients, longitudinal study to evaluate time
of MS exposure to onset of cancer.

Data collection

This study collects all information from SIDIAP data-
base. In Spain, primary care doctors and nurses have a
pivotal role in the public health system since they have
primary responsibility for the health of the population.
The Spanish public health system has a coverage of over
98% of the population, most of which visit their GP at
least once a year. The computerisation of primary care
medical records in Catalonia started in 2005. The SIDIAP
is a reliable database with information from primary
care records for use in biomedical research. From
2005, the SIDIAP collects information of approximately
6million patients® * and is thus representative of the
whole Catalan region. The SIDIAP includes information
collected by primary care professionals during visits such
as physical measurements, clinical diagnoses, laboratory
tests, treatments, referral to specialist, sociodemographic
and lifestyles information.

Sample size

In the SIDIAP database, we have over 350000 patients
with cancer, of which 171275 correspond to the subtypes
considered in the study. Furthermore, we estimate that
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approximately 400000 patients could be exposed to MS.
Assuming an OR=1.3 (power of 80%, alpha risk 5%, no
losses, 18% controls exposed to MS and four controls
per case), we would need a minimum of 939 cases of
cancer and 3756 controls for the main objective. This
study involves all cases in the SIDIAP, and thus, we exceed
the minimum cancer cases required. There are more
than 2000 patients for each type of cancer registered in
SIDIAP and included in the study, with the exception
of Hodgkin’s disease. In this case, we will have approxi-
mately 725 patients, and assuming an OR=1.3, the power
will be 69%.

Study population and inclusion/exclusion criteria
All participants in the SIDIAP database of 240 years of age
collected from 1 January 2006 to 31 December 2017.
The case — control study aims to analyse the cases of
cancer that have been exposed to MS or to 0, 1 or 2 single
components of MS and evaluate if the risk of MS on cancer
is greater than the risk provided by 1 or 2 components.
Patients with incident cancer between 1 January 2008 and
31 December 2017 will be selected. It is required that the
cancer case has to be exposed for a minimum of two years
to the MS; in other words, the onset of exposure to MS
must be at least two years before the diagnosis of cancer.
Secondary cancers and metastases will be excluded. The
date of the diagnosis of cancer will be considered the
index date. Four controls will be selected for each case,
considering as index date of the control the date of the
selection of the case. The onset of the exposure to MS in
the controls, as in the cases, must begin at least two years
before to index date. Each paired case— control will be of
the same sex and age (+ 1 year).

The cohort of patients diagnosed with MS selected in
the case—control study will be followed, the time elapsed
until the onset of cancer will be evaluated and the cancer-
free time will be thus calculated and compared by sex.

Study variables

MS and components

For the construction of the variable MS, the criteria

defined by the International Diabetes Federation Task

Force on Epidemiology and Prevention; National Heart,

Lung, and Blood Institute; American Heart Association;

World Heart Federation; International Atherosclerosis

Society; and International Association for the Study of

Obesity' °?” published by Alberti et alin 2009 was used:

1. High blood pressure (defined using the International
Statistical Classification of Diseases and Related Health
Problems, version 10 (ICD-10) codes)): I110-115 or dis-
pensed pharmacological treatment of any antihyper-
tensive drug or blood pressure 2130/85mm Hg.

2. Waist circumference 2102 cm for men and 288 cm for
women.

3. HDL-Cholesterol (High Density Lipoprotein) or drug
treatment for reduced HDL-C or blood levels <40 mg/
dL in men and <50mg/dL in women.

4. Triglycerides) 2150 mg/dL.

5. Fasting glucose levels 2100mg/dL.

For the diagnosis of MS, at least 3 of 5 cardiometabolic
parameters are required.

MS and its components will be used to construct a
composite variable: 0, 1, 2 and 23 (MS) components.

The first pathological value of one of these variables
registered in the database will be taken as the reference
date, and from that moment, it will be considered that a
patient is exposed to this factor in a constant and fixed
manner until the end of the study. In a sensitivity analysis,
we will consider two measures of parameters separated
at least by 2 weeks (maximum lyear) to ensure that the
patient has that pathological component of MS.

We will assume two considerations in relation to the
WHO definition of MS?": since we anticipate that waist
circumference will be mostly unavailable for the majority
of individuals, we will also consider a body mass index
>30kg/m” as an MS component. Since this represents
a strong limitation, we will perform a sensitivity analysis
including only those individuals who have a registered
waist circumference measurement in the database.

A first diagnosis can indicate the first time a condition is
recorded in the data base but not necessarily the moment
from which the patient is exposed to a specific condition.
Specifically, this situation is a fact in those cases where the
data of registration is in 2006, when the data start to be
collected in the database. For this reason, we will carry
out a sensitivity analysis including only those patients who
have the first registration of a component from 2007.

Cancer case

We will use the ICD-10 to define cancer and we will only
consider incident cases. We will select the most preva-
lent types of cancer with published evidence of associa-
tion with MS such as colon (ICD-10 code: C18), rectum
(ICD-10 code: C20), prostate (ICD-10 code: C61), liver
(ICD-10 code: C22), bladder (ICD-10 code: C67), endo-
metrium (ICD-10 code: Cb4), pancreas (ICD-10 code:
C25) and breast (ICD-10 code: Cb50). Although few
published data are available, we will also include lung
cancer (ICD-10 code: C34) and kidney cancer (ICD-10
code: C64) because of their high prevalence. Finally,
we will include types of cancer for which little evidence
available, which might also be associated with MS such
as thyroid cancer (ICD-10 code: C73), Hodgkin disease
(ICD-10 code: C81), non-Hodgkin lymphoma (ICD-10
code: C82-85) and leukaemias (ICD-10 code: C91-95).

Other covariables

We will retrieve the following variables from the SIDIAP:
sex; age; the MEDEA index ("Mortalidad en dreas
pequenas Espanolas y Desigualdades Socioecondémicas
y Ambientales": a deprivation index for urban census
sectors thatidentifies the areas with the most unfavourable
socioeconomic conditions, categorised in quintiles)®;
smoking (non-smoker, smoker and ex-smoker); alcohol
consumption calculated in standard units (the categories
are determined by an alcohol calculator incorporated
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Table 1 Study variables from the SIDIAP database in Catalonia, 2006-2017

Variables

Period

Main variable
(independent)

Metabolic syndrome.
fasting glucose.
Dependent variable

Covariables

Incident cancers: ICD-10 codes and location.

Sex, age, the MEDEA index, smoking status, alcohol
consumption, physical activity, drugs, urban/rural setting,

First diagnosis 2006-2017.

Components: HBP, waist circumference, BMI, HDL, TG and First diagnosis 2006-2017 of 0, 1, 2MS

components and no diagnosis of 3SMS
components.

Incident cancer 2008-2017 (at least
2years of exposure).

Collected 2 years before cancer
diagnosis

number of visits to the GP, number of pregnancies, age at

menarche and menopause.

MEDEA index: deprivation index for urban census sectors that identifies the areas with the most unfavourable socioeconomic conditions.
BMI, body mass index; GP, general practitioner; HDL, high-density lipoprotein; HPB, high blood pressure; ICD-10, International Statistical
Classification of Diseases and Related Health Problems, version 10; MS, metabolic syndrome; SIDIAP, Information System for the

Development of Research in Primary Care; TG, triglycerides.

into the electronic clinical record) (no alcohol, low,
moderate and high consumption); physical activity
(none, low, moderate and high); use of drugs (ATC classi-
fication system (Anatomical Therapeutic Chemical Classi-
fication) and information collected from drugs dispensed
in pharmacies); area (rural and urban); number of visits
to the primary healthcare centre; number of pregnancies;
age at menarche; and menopause (yes/no) and its date.
These data will be collected at least two years before the
diagnosis of cancer.

A summary of the variables collected from SIDIAP is
presented in table 1.

Statistical analysis

Descriptive statistics will be used for each variable to iden-
tify asymmetric distributions. The continuous variables
will be analysed as mean (SD) or median (25th and 75th
centiles) based on the normality/non-normality of the
distribution, and categorical variables will be described as
percentages. To evaluate baseline differences, the appro-
priate statistics will be applied based on the type of vari-
able and their distribution (XQ, F-distribution, Student’s
t-distribution, analysis of variance, Mann-Whitney U and
Kruskal-Wallis).

For the case—control study, we will carry out a logistic
regression model adjusted for the potential confounders
described in the covariables section to analyse the risk of
MS on cancer and the risk of cancer comparing the effect
of MS versus the individual components of MS. A descrip-
tive analysis will determine the time elapsed between
exposure to MS to cancer event. Kaplan-Meier curve will
be computed by each sex and logrank, and Breslow tests
will be applied to compare curves.

The analysis will be stratified by type of cancer.

Sensitivity analysis:

1. Two measures will be necessary to consider a value of
specific factor as pathological.

2. We will conduct an analysis in those cases that waist
circumference is registered.

3. We will conduct an analysis with those patients who in
2006 have not registered any parameter and the first
registration is in 2007.

All analyses will be carried out with the statistical pack-

ages SPSS V.24 and Stata V.15.

Patient and public involvement

The study is based on real world data in which the
anonymity and confidentiality of the data are guaranteed.
Even so, although patient are not involved in the devel-
opment of study, patient involvement will be guaranteed
in the dissemination of data through different channels
of communication, adapting the results of the study
to citizen participation and adapting it to the natural
language of citizens/patients. The dissemination of the
possible effects of the MS on cancer risk can be useful to
encourage citizens to reduce MS through and improve-
ment of lifestyles.

This study is not a randomised clinical trial.

DISCUSSION

This project will contribute new evidence on the associ-
ation between MS and 14 site-specific cancers in a large
database containing the electronic primary care records
of approximately 6million people in Catalonia during
the 2006-2017 period.

Recent studies have suggested that MS might be a risk
factor for different cancer sites. However, to date, the
role of MS in cancer development is still uncertain. The
possible link between MS and cancer has been scarcely
studied in our setting.

MS can be modulated by adopting healthy lifestyles
that reduce obesity, cholesterol and blood pressure. Since
cancer is one of the main causes of mortality worldwide,
the possible association with MS could have a significant
clinical and financial impact on health services. If the
results of the study show that there is a statistically signif-
icant association, these results will be added to existing
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recommendations on cancer, the risk of MS as a whole
rather than only the risk originating from individual MS
components. The training of primary care physicians and
nurses will be enhanced by the results of this study, specif-
ically with regard to cancer risk factors and the reduction
of MS by means of healthy lifestyles.

We foresee the following potential limitations in this
study: the possible underestimation of the prevalence of
some diseases and a left truncation, that is, the onset of
some diseases and risk factors will remain unknown since
the database starts in 2005, when in reality the diagnosis
of MS or some of its components might precede this date.
In addition, we need to take into account the possible
under-recording and quality of variables in the primary
care setting and the lack of data on diet, a lifestyle item
that can affect MS components and cancer risk. Data
on cancer diagnoses in the SIDIAP database have been
shown to be reliable, as shown in preliminary results from
a validation study performed in collaboration with two
populations’ cancer registries in Catalonia (results still
not published). Another possible limitation is the diffi-
culty in obtaining adequate controls. The design of the
study with paired controls selected from the SIDIAP mini-
mises this potential bias.
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