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1 | INTRODUCTION

Metabolic Syndrome (MS) is characterized by a collection
of cardiometabolic risk factors that commonly co-exist.
These factors include obesity, hypertension, dyslipidemia,
and insulin resistance. The prevalence of MS in adults in
Europe is about 10%-30%. In USA, the prevalence of MS
was 32.5% in the 2011-2012 and increased to 36.9% in
2015-2016.2 The prevalence of MS represents a significant
public health concern, and with rising rates of overweight
and obesity anticipated in the future, the number of in-
dividuals affected by MS is projected to increase further.’
Although MS was in the beginning regarded as a likelihood
for diabetes and cardiovascular disease,”* recent articles, in-
cluding one from our group,” have also identified a rela-
tionship among MS and various types of cancer.”®

The fundamental pathophysiological mechanism
linking MS and cancer remains poorly comprehended.
Separate factors of MS such as obesity,”'® elevate glu-
cose levels and hypertension''"? have been linked inde-
pendently to an increased risk of various cancer types.
Nevertheless, prior research has determined that the si-
multaneous presence of obesity and insulin resistance
may constitute the primary factors underlying the link
between MS and cancer.>'>'*

Obesity and others poor metabolic status, such as MS,
have risen significantly in recent times,"”> and these condi-
tions are correlated with contemporary Western lifestyles. In
a previous study,” we observed an association between MS
and different cancers utilizing relative risks, though abso-
lute risks were not explored. Additionally, few studies have
investigated the connection between the individual compo-
nents of MS and their combinations with the risk of a wide
numbers of cancers.'®”'® Only one of these studies was
population-based, with a large database. There is a need to
provide new evidence based on a large sample and focusing
on the combination of individual MS components, a range of

combinations with the highest risk of overall cancer. In combinations with two
components, the highest HR was HDL+Glycemia (HR 1.52, 95% CI: 1.45-1.59) and
Glycemia+HBP (HR 1.48, 95% CI: 1.45-1.50). In combinations with three compo-
nents, the highest HR was HDL+Glycemia+HBP (HR 1.58, 95% CI: 1.55-1.62).

Conclusion: In summary, having one or more MS components raises the risk of
developing at least 11 cancer types and these risk differ according to type of com-
ponent included. Some sex differences are also observed. Our findings suggest
that implementing prevention measures aimed at specific MS components may

lower the risk of various cancer types.

cancer risk factors, epidemiology, metabolic studies, registries

different cancer types, and using both relative and absolute
measures of association. In our previous study,” odds ratios
were employed to assess the relationship between MS com-
ponents and various types of cancer. Nevertheless, the ob-
jective of this present study is to expand our understanding
by incorporating hazard ratios (HR) alongside absolute mea-
sures of association. While relative measures, such as HR,
provide insights into the temporal aspects of the association,
absolute measures, such as risk differences or absolute risks,
allow us to quantify the direct impact of these relationships
on the overall risk in the population. This dual approach not
only enhances the comprehensiveness of our analysis but
also ensures a more robust and nuanced interpretation of the
intricate links between MS components and diverse cancer
types among different populations.

The aim of this study is thus to examine the relation-
ship among MS, its components, and the likelihood of
developing overall cancer, along with the risk of 13 spe-
cific types of cancer. Both relative and absolute measures
of association will be utilized to ensure a comprehensive
understanding of these relationships.

2 | MATERIALS AND METHODS

2.1 | Design

We conducted a cohort study using data collected pro-
spectively from the Information System for Research in
Primary Care (SIDIAP; www.sidiap.org).

2.2 | Data Source and setting

Datawere collected from the SIDIAP database, covering the
period from January 1, 2006, to December 31, 2017, which
consists of the electronic health records of 286 primary
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healthcare centers (approximately 5.8 million individuals,
75% of the residents of Catalonia, Spain).19 The SIDIAP
contains information on sociodemographic characteris-
tics and clinical diagnoses, coded using the International
Classification of Diseases, 10th revision (ICD-10), clinical
parameters, laboratory tests outcomes and prescriptions
and dispensations of medicines (using the Anatomical
Therapeutic Chemical (ATC) Classification Sysl,‘em).20

2.3 | Study population

We included all participants aged 40years or older who
did not have a prior cancer diagnosis as of the index date,
which was either January 1, 2008, or the date when a par-
ticipant turned 40years of age if they were younger than
40 on January 1, 2008. We followed participants starting
from the index date until they were diagnosed with their
first incident (primary) cancer, until their death, until
they were no longer part of the SIDIAP database, until
they reached the age of 100years, or until the conclusion
of the study period (December 31, 2017). There was no
minimum follow-up time.

Patients were excluded from participation if two differ-
ent cancer types were registered on the same date, if they
presented with secondary cancers and metastases, if men
were diagnosed with breast cancer, or there was a possi-
ble error in diagnosis (men with endometrial cancer or
women with prostate cancer).

Information regarding the study's structure and the ac-
curacy of the initial measurements has been documented
in other publications.>***

2.4 | Cancer definition

Cases of cancer were identified as individuals diagnosed
with cancer for the first time between January 1, 2008,
and December 31, 2017. We included all cancers regis-
tered in the database (ICD-10 C00-C99). However, when
the analysis was stratified by cancer type, the following
cancers were included: colorectal (C18+C20), prostate
(C61), liver (C22), bladder (C67), endometrial (C54),
pancreas (C25), breast (C50), lung (C34), kidney (C64),
thyroid (C73), Hodgkin lymphoma (C81), non-Hodgkin
lymphoma (C82-85), leukemia (C91-95) and other can-
cers (C00-C99 not included in the above definitions). We
excluded benign tumors and tumors with uncertain or un-
known behavior (D01-D48). The analyses for breast and
endometrial cancer were stratified according to menopau-
sal status (pre- and post-), guided by evidence suggesting
different effects of obesity and estrogens during these two
life stages.”
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2.5 | MS definition

As per criteria set by the American Heart Association/
National Heart, Lung, and Blood Institute (AHA/NHLBI),
a diagnosis of MS is established in a patient if they exhibit
three or more of the following components: Obesity, high
blood pressure (HBP), reduced HDL cholesterol, elevated
Triglycerides (TG) and high Glycemia.! We character-
ized obesity as a body mass index (BMI) exceeding 30kg/
m?, serving as a measure of overall adiposity. Details of
the definition of MS have been published elsewhere.”
In cases where multiple measurements for a component
were documented on the same day, we calculated the
mean of these values.

MS was treated as time-varying factor.>* Individuals
were considered unexposed until presenting with at least
one MS component. Then, they were considered exposed
to one component until presenting a second component.
If they presented a second component, they were consid-
ered exposed to two components until presenting a third
component, and so on.

Based on these definitions, we generated a combined
variable ranging from 0 to 5 MS components, representing
the presence of MS components.

2.6 | Covariables

We also extracted information on age, sex, nationality
(Spanish, non-Spanish), the MEDEA deprivation index*
(a census tract-based deprivation index used as a proxy
of socioeconomic status in urban areas), smoking status,
alcohol intake calculated in standard units, dispensation
of drugs such as hormonal replacement therapy in meno-
pausal women (ATC GO03), paracetamol, aspirin, ibupro-
fen, presence of hepatitis and menopause (ICD-10N95).
For women lacking data regarding menopausal status,
we considered being >50years of age as indicative of post-
menopausal status. For covariates with missing data, a
“missing” response category was created.

2.7 | Statistical analysis

We conducted a descriptive analysis of the baseline popu-
lation, utilizing the mean (standard deviation) and me-
dian (percentile 25-percertile 75) for numerical variables
and percentages for categorical variables, stratified by the
number of MS components.

A subsample was created using a matched cohort. In
this subsample, a descriptive analysis and cumulative
incidence curves were computed to determine the time
elapsed between the date of having at least one of the MS



LOPEZ-JIMENEZ ET AL.

40f 14 . .
—I—WI LEY_Cancer Medicine _

components prior to cancer incidence, compared to age-
and sex-matched participants with no MS components.
Sex matching was exact, while age matching had an inter-
val of plus/minus 90days. Each MS case was paired with
a participant without MS components at the time of the
pairing.

In the general cohort sample, we fitted Cox propor-
tional hazards models with age as the underlined time
scale to estimate hazard ratios (HR) and 95% confidence
intervals (CI) for the association of the numbers of MS
components, the combinations of different MS com-
ponents, and individual numbers of MS components
in relation to later cancer incidence, calculated sepa-
rately for each cancer type. The cumulative incidence
probability of cancer was estimated using the Aalen-
Johansen estimator, which takes competing risks into
account. Individuals with cancer contributed time to
the study from their index date until their cancer diag-
nosis, whereas individuals without cancer contributed
time to the study from their index date until the con-
clusion of follow-up, date of death, or date of exit from
the study, whichever occurred first. All models were
adjusted for the MEDEA Deprivation Index, smoking
status (never, former, current), alcohol intake (no con-
sumption, low consumption, high consumption, and
nationality Spanish, others). Hepatitis (B, C, and other/
unspecified hepatitis) and other liver diseases (alcoholic
liver disease, toxic liver disease, inflammatory liver dis-
ease, liver disease, unspecified, cystic liver disease) were
accounted as a covariable in the analysis of liver cancer.
Sensitivity analyses were conducted by rerunning the
analyses excluding cases with non-melanoma skin can-
cer (C44).

All statistical analyses were conducted using the soft-
ware packages Stata 17 (StataCorp LLC., College Station,
Texas, USA) and R version 4.1.2.

3 | RESULTS

This study included 3,918,781 participants, of whom
315,803 were diagnosed with cancer during the follow-
up. The distribution of individuals with cancer was as
follows: 36,270 colorectal; 5751 liver; 5421 pancreatic;
37,954 breast (7802 pre-menopausal and 29,819 post-
menopausal); 5381 endometrial (464 pre-menopausal
and 4914 post-menopausal); 20,788 bladder; 6824 kid-
ney; 30,839 prostate; 681 Hodgkin lymphoma; 3611 non-
Hodgkin lymphoma; 6950 leukemia; 20,376 lung, 2707
thyroid, and 132,250 other cancers. We excluded 333 men
with breast cancer and 7 individuals with an error in the
cancer diagnosis (three men with endometrial cancer and
four women with prostate cancer).

Baseline characteristics of all individuals categorized by
the count of MS components are summarized in Table 1.
During the study period, 1,990,124 individuals were diag-
nosed with 1 MS, 1,542,436 individuals were diagnosed
with 2 MS, 1,332,084 were diagnosed with 3 MS, 672,031
were diagnosed with 4 MS and 259,549 were diagnosed
with 5 MS. On average, those without any MS components
were younger (mean age 47.9). Additionally, participants
with a greater number of MS components tended to be
older (mean age 56.0, 59.6, 61.9, 63.2, and 64.2years for
those with 1, 2, 3, 4, and 5 MS components, respectively).
Women accounted for 49.5% of participants with no com-
ponents and 51.2%, 50.6%, 51.8%, 52.9%, and 57.5% in par-
ticipants with 1 -5 MS components, respectively.

Table 2 shows the mean time until cancer diagnosis
according to number of components affected. Patients ex-
posed to metabolic syndrome were diagnosed with cancer
earlier than those not exposed. Furthermore, the diagno-
sis was earlier according to number of components added.
Specifically, the mean time until cancer diagnosis was
(years): 4.35, 4.06, 3.87, 3.68, and 3.46 according to 1, 2, 3,
4, and 5 components respectively.

In Figure 1, we compared the cumulative incidence of
any cancer between people with 1, 2, 3, 4, and 5 MS com-
ponents and people without MS components, matched by
age and sex. The cumulative cancer incidence at 5years
in individuals with 1 MS component was 5.4% (vs. 4.3%
in participants with no components of MS), and the in-
cidence increased to 11.7% at 10years (vs. 10.3% in par-
ticipants with no components MS). These percentages are
higher when the individuals have more MS components.
For example, in individuals with 5 MS components, the
cumulative cancer incidence at 5years was 8.1% and the
cumulative cancer incidence at 10years was 15.8%. The
results are similar when stratifying by cancer type, apart
from pre-menopausal breast cancer (higher incidence in
participants with no MS component), pre-menopausal
endometrial cancer (no differences), and prostate can-
cer (lower incidence in participants with three or more
MS components compared to non-exposed patients)
(Figures S1-S17).

We examined the HRs of all possible combinations
using a variable with multiple categories, where each cate-
gory represents a different combination, as can be observed
in Figure 2. The group with no MS components was used
as the reference category (Figure 2), HDL and Glycemia
stood out as individual factors associated with the high-
est risk of overall cancer (HR 1.46, 95% CI: 1.41-1.52, and
HR 1.40, 95% CI: 1.37-1.44 for HDL and Glycemia, respec-
tively). In participants exposed to two components, the
combinations with higher HR were HDL+Glycemia (HR
1.52,95% CI: 1.45-1.59), Glycemia+HBP (HR 1.48,95% CI:
1.45-1.50), and HDL+HBP (HR 1.44, 95% CI: 1.41-1.48).
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TABLE 2 Mean time until cancer diagnosis according to number of components affected.
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Age Cancer risk Follow-up until cancer (years)

N Mean (SD) Median (IQR) N (%) Mean (SD) Median (IQR)
1 component 1,990,124 56.0 (13.9) 55.1 (44.0-64.8) 152,478 (7.66%) 4.35(2.81) 4.14 (1.91-6.63)
No components 1,990,124 56.0 (13.9) 55.1 (44.0-64.8) 124,777 (6.27%) 4.63(2.73) 4.49 (2.29-6.84)
2 components 1,542,436 59.6 (13.9) 58.1(47.9-69.8) 133,821 (8.68%) 4.06 (2.74) 3.76 (1.67-6.20)
No components 1,542,436 59.6 (13.9) 58.1 (47.9-69.8) 113,793 (7.38%) 4.25 (2.69) 4.00 (1.95-6.36)
3 components 1,100,966 61.9 (13.6) 61.1 (50.9-72.1) 100,096 (9.09%) 3.87(2.68) 3.51 (1.56-5.91)
No components 1,100,966 61.9 (13.6) 61.1(50.9-72.1) 87,421 (7.94%) 4.03 (2.64) 3.71 (1.78-6.07)
4 components 672,031 63.3(13.1) 63.0 (53.1-73.2) 60,630 (9.02%) 3.68 (2.61) 3.27 (1.44-5.59)
No components 672,031 63.3 (13.1) 63.0 (53.1-73.2) 52,312 (7.78%) 3.82(2.58) 3.46 (1.62-5.74)
5 components 259,549 64.2 (12.5) 64.2 (54.8-73.7) 22,112 (8.52%) 3.46 (2.52) 3.04 (1.30-5.28)
No components 259,549 64.2 (12.5) 64.2 (54.8-73.7) 19,023 (7.33%) 3.59 (2.50) 3.15 (1.48-5.35)

Note: Participants with altered MS components compared with participants with no components, matched by age and sex. N: Number of individuals with
MS components (between 1 and 5) and individuals with o MS components matched by age and sex. Age: Mean (SD) and median (IQR) age at which the SM

component(s) was diagnosed. Cancer incidence: Number of individuals who have developed cancer and the % of individuals who have developed cancer
among the total. Follow-up until cancer: Mean (standard deviation) and median (IQR) of years of follow-up of people who have developed cancer.

Abbreviations: IQR, inter quartile range (percentiles 25 and 75); SD, standard deviation.

In participants with three components, the combination
with the highest HR was HDL+Glymecia+HBP (HR 1.58,
95% CI: 1.55-1.62). Patterns differed when we analyzed
specific cancers, the type of associated component can
vary depending on the cancer. (Tables S1-S14). In general,
similar results were found for colorectal, prostate, lung
cancer, and non-Hodgkin lymphoma. The HRs in liver, pre
and post menopausal endometrial, kidney, bladder, and
thyroid cancer were mostly higher than for overall cancer.
Similar results were observed in pancreatic cancer in the
combinations of 2 components and the same pattern was
identified in leukemia, with combinations of 1 component
of MS compared with overall cancer. The HRs in the com-
binations of pre- and post-menopausal breast cancer were
mostly lower than the overall cancer. In Hodgkin's lym-
phoma, only a few statistically significant combinations
were detected, with none found in combinations with one
component of MS, and three significant HRs identified in
two-component combinations.

Sex-specific analyses were performed, revealing sim-
ilar cumulative incidence results for males and females
(Figure S18). The total rate of cancer occurrence was
greater in males compared to females, and the mean age
at cancer diagnosis was higher in females. In the sex-
stratified Cox models depicting all possible MS-component
combinations, the results for women were generally lower
than the HRs for men (e.g., HDL+Glycemia combination:
women 1.21, men 1.81) (Figure 3). The components in
men ordered from the higher HR to the lower were HDL,
Glycemia, HBP, TG, and BMI, whereas in women the
higher HR to the lower were Glycemia, HDL, HBP, TG,
and BMI. In men, the combinations of two components

with the highest HRs are: HDL+Glycemia, HDL+HBP,
and Glycemia+HBP, while in women, the combina-
tions of two components with the highest HRs are
Glycemia+HBP, HDL+HBP, and HDL+Glycemia. In men,
the combinations of three components with the highest
HRs were HBP+HDL4+Glycemia, HBP+Glycemia+TG,
and HBP+HDLA4TG, while in women, the combina-
tions of three components with the highest HRs were
HBP+HDLA+Glycemia, HBP+Glycemia+TG, and
HBP+Obesity+HDL.

Sensitivity analysis was conducted, excluding cases
with non-melanoma skin cancer (C44). The results from
the model incorporating all possible combinations of MS
components (Figure 2) were nearly identical when per-
forming the sensitivity analysis (Figure S19). Graphically,
no differences were observed, and HRs varied by less than
0.1 points (on average, they varied by 0.04 points) (data
not shown). We also repeated the analyses from Figure 2
by creating three age groups: “40-59 years”, “60-79years”,
and “80-99years” (Figure S20). The results show similar
trends regarding the age group. The results also indicate
that the HRs are higher in the 80-99 age group and lower
in the 40-59 age group. In all three age groups, HDL and
Glycemia are the components of MS with the highest HR.

Upon replicating Figure 1 (Cumulative incidence func-
tion curves for incidence of overall cancer) and Table 2
(Mean time until cancer diagnosis according to the num-
ber of components affected) with the sensitivity analysis,
in addition to reducing the sample size, the proportional
difference in cancer occurrence between individuals with
any MS component and their respective age- and sex-
matched individuals with no MS components remained
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FIGURE 1 Cumulative incidence function curves for incidence of overall cancer stratified by individuals with MS components,
compared to individuals without, matched by age and sex. (The dashed lines represent the 95% CIs).

very similar (around 1%). However, in the sensitivity
analysis, the cancer risk proportions decreased (data not
shown).

4 | DISCUSSION

In this extensive population-based study, we found that
MS components are correlated with a high incidence of
overall cancer and specifically in 10 out of 13 cancers
studied, both when presented individually and in com-
bination. These associations occurred independently of
certain known factors contributing to cancer risk, like

age, alcohol, tobacco, and deprivation status. Our results
would also suggest that cancer incidence would increase
according to the number of associated MS components.

Among participants with diagnosed cancer, those with
more MS components had a shorter time to diagnosis com-
pared to those with fewer or no MS components. However,
age appeared to be more influential than the number of
affected components on time to diagnosis. A comparison
with another study revealed a similar pattern, indicating
that individuals with MS have a shorter time between fol-
low-up initiation and cancer incidence.”®*’

Consistent with prior research, our findings indicate
that MS is associated with an increased risk of different
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FIGURE 3 The combined effect of components of MS on overall cancer incidence. Stratified by sex.

cancer types such as colorectal, liver, pancreatic, endo-
metrial (pre- and post-menopausal), bladder, kidney, thy-
roid cancers leukemia and non-Hodgkin lymphoma.***
The observed association between MS components and

cancer incidence was similar to other studies by Li et al.,'°
where MS was statistically associated with overall can-
cer in adjusted models, as well as by Mili et al.,** where
MS consistently showed a positive correlation with the
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likelihood of developing common types of cancer. In in-
dividuals presenting one MS component, the 5-year inci-
dence was 5.4% and rising to 8.1% in individuals with five
MS components, while in the study of Miyashita et al the
5-years incidence was 5.0% and 10.3% for one and 5 MS
components.*! Matched individuals with no components
showed slightly lower incidence. Our findings align with
other national studies,?*>%* which have revealed a higher
5-year cancer incidence among those with MS compared
to those without it. There are combinations of 3 or 4 com-
ponents of MS where the risk of cancer is higher than in
the combination of 5 components of MS. However, indi-
viduals with 5 MS components have, on average, a higher
risk than those with four or fewer MS components (see
Table S1). This phenomenon also occurs in the study by
Oh et al.,'® where some combinations of fewer than 5 MS
components have a higher risk than the combination of
5 MS components. According to existing literature,® hav-
ing 3 MS components is considered that the patient has
MS, and having 4 or 5 components doesn't significantly
increase the risk. Although we followed this premise, we
wanted to see if having 4 or 5 components indeed didn't
alter the cancer risk, or if, on the contrary, there was an
increase in this risk.

In the model with all the combinations of MS compo-
nents in a single variable with multiple categories, HDL
was the MS component with the strongest association
with overall cancer risk. This finding in relation to overall
cancer is supported by Li et al.'® Moreover, various articles
have reported different associations between HDL and
specific types of cancer, such as endometrial, bladder, pan-
creatic, kidney, thyroid, colorectal, and lung.ls’27’32"34’35’36
According to our findings, HDL was also associated with
these types of cancer.

Glycemia is the second component of MS with a high
HR for overall cancer risk. Recent studies specifically in-
vestigating the link between glycemia and cancer, have
determined that glycemia is linked to a higher likelihood
of developing cancer.”’ These findings are particularly
concernig given that the global prevalence of diabetes due
to insulin resistance continues to increase.’® Other stud-
ies have also found that elevated glycemia is linked to a
higher risk of specific cancers, such as colorectal, endo-
metrial, bladder, prostate, pancreatic, thyroid, liver, and
post-menopausal breast cancer. These findings are con-
sistent with those of our study.*”****~**% Some studies
indicate the relationship between glycemia and cancer
may be due to insulin resistance that generates hyperin-
sulinemia, which trigger physiological effects leading to
carcinogenesis.43

HBP is a common comorbidity in patients suffering
from cancer.’>* Our findings are in line with different ar-
ticles that have indicated a connection between HBP and

various types of cancer,"****4447 byt the underlying
mechanism by which HBP increases the risk for cancer
development is unclear.'**

Additionally, elevated TG levels have been linked to a
higher risk of certain types of cancer (colorectal, endome-
trial, prostate, lung, pancreatic cancer, and non-Hodgkin
lymphoma).>****>*7 In our study TG was associated with
colorectal, post-menopausal endometrial, bladder and
prostate cancer.*®

While waist circumference (WC)is the standard method
for determining central adiposity (obesity), we relied on
BMI as an indicator of obesity (BMI>30) in accordance
with the WHO definition of MS, given that WC data were
not accessible for the majority of patients in the SIDIAP
database.* In our study, obesity was associated with an
increased risk of pre-menopausal breast, post-menopausal
endometrial and bladder cancer, and inversely associates
with lung cancer. This finding is similar to Recalde et al.'
who in their study using the SIDIAP database, discovered
that increased BMI is positively correlated with the risk
of nine cancers (endometrial, kidney, gallbladder, thyroid,
colorectal, post-menopausal breast, multiple myeloma,
leukemia, non-Hodgkin lymphoma) while showing an in-
verse association with the risk of lung cancer, similar to
other population-based studies.’

The combinations of two MS components that in-
cluded HDL+Glycemia were associated with more cancer
types than any other combination. Our study showed that
HDL+Glycemia was the combination with the highest
positive association with cancer risk. This observation is
corroborated by Li et al.,'® whose study also revealed that
HDL+Glycemia was associated with the highest overall
cancer risk. On the other hand, one article reported obesity
and glycemia as the combination with the highest cancer
risk.'® This finding may be attributed to the way in which
we defined obesity in this study, given that we used BMI
as a proxy to classify obesity and were unable to consider
abdominal fat, which is an underlying symptoms of MS.
In our study, TG+obesity was the MS component combi-
nation associated with only post menopausal endometrial
cancer risk. Similarly, Oh TR et al.'® found no association
with the combination TG-WC in their adjusted models.

In our study, we observed differences in cancer inci-
dence based on gender, with an overall higher incidence
in men compared to women. Additionally, we noted a
difference in the mean age at cancer diagnosis, which
was higher in women. Our findings align with previ-
ous studies that have reported a higher overall cancer
incidence in men compared to women,'%!82%3233.39.41.42
The observed differences in our study highlight the ne-
cessity for additional research to elucidate the intricate
connection between the components of MS and cancer
risk, considering gender-specific variations and potential
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modifying factors not fully explored in current literature.
The variation between males and females could stem
from the interaction of sex hormones'***** and funda-
mental biological and lifestyles differences. In our study,
the component most associated with cancer in men is
HDL, while in women it is Glycemia. These results are
similar to the meta-analysis of Zhan et al.” in which
HDL was the component with the highest risk in men for
colorectal cancer and gastrointestinal cancer, meanwhile
Glycemia was the component with the highest risk for
women in colorectal cancer and gastrointestinal cancer.
Futhermore, in the study of Zhan et al., Glycemia was
the component with the highest risk for both men and
women for pancreatic cancer.

The large sample size of this study, available through
SIDIAP, is its main strength. Approximately 75% of the
population of Catalonia is included in the SIDIAP data-
base, so the patient data analyzed in this study may be
considered representative of the region.'” The SIDIAP's
cancer diagnoses have been validated and found to be
highly consistent with provincial population-based cancer
registries available in Catalonia.”* We meticulously ana-
lyzed the relationship between the numbers of MS, its in-
dividual components, and all the combinations of the MS
components, across all cancer types and different types of
cancer, going beyond the scope of numerous studies ex-
ploring the correlation between MS and cancer. Notably,
the level of detail in our analyses surpasses that found in
previous research articles on this topic. Our research lev-
eraged a large dataset to assess associations with unparal-
leled accuracy and power. Another strength of this study
is that we analyzed each of the different combinations of
MS components for each type of cancer, adding new in-
formation, particularly on less frequently studied cancers
such as leukemia.

Our study also has limitations. There are individu-
als without information on some MS components at the
beginning of the study. In those cases, we assumed that
missing MS component information meant normal levels
of that component. This assumption may have generated
misclassification bias, as there may be participants who
have an altered component that is not recorded in their
electronic clinical data. Another limitation is the lack of
information on others possible confounding variables,
including physical activity, parity, and treatment, which
may influence the association between MS and cancer.
The consumption of all medications related to MS com-
ponents was not available, and those that were available
could be incomplete. This may also influence the asso-
ciation between MS and cancer. We must also consider
the possibility of covariate misclassification bias. For in-
stance, our data on tobacco and alcohol usage exhibit a
considerable proportion of missing entries, especially at
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the beginning of the follow-up. In those cases, we created
a missing category for any missing values. While this ap-
proach allowed us to retain as much data as possible for
analysis, it introduces some potential bias. Multiple im-
putation seemed to be a better solution, but it is not fea-
sible due to the complexity of the database, with millions
of participants, and where a participant can have multiple
entries if their MS condition changes. Using a simpler da-
tabase, multiple imputation could be performed, but with
this simplified database, the necessary analyses for this
study could not be conducted.

Additionally, it is worth noting that we classified obe-
sity using BMI instead of abdominal fat (measured as
waist circumference) as a criterion for MS. It is crucial to
acknowledge that the BMI data obtained from the SIDIAP
database exhibit high reliability, and the use of BMI is
supported by the WHO. The studies carried out in Spain,
which are representative of the population, found that the
distribution of BMI is similar to that found in the SIDIAP
database.'’

Some research suggests that the prevalence of MS is
on the rise across various regions globally, due in part to
the growing prevalence of obesity and other factors that
contribute to the development of the condition.”® This
suggests that cancer cases diagnosed every year may
be related to MS. To reduce the occurrence of MS, pub-
lic health initiatives may prioritize encouraging healthy
lifestyle choices, including engaging exercise, adopting a
balanced diet, and abstaining from tobacco consumption.
Public health campaigns can also educate people about
the risks of MS and provide them with information about
how to prevent or manage the condition. Additionally,
public health programs can target specific groups of peo-
ple prone to MS onset, such as individuals with obesity or
who have a family history of the condition. Recognizing
the significance of MS as a contributing factor to certain
types of cancer is vital for early detection and treatment
of cancer.

In conclusion, the presence of one or more MS com-
ponents increases the incidence of acquiring a minimum
of 10 types of cancer, and these incidences vary according
to the type of component included. Some sex differences
are also observed. Our findings suggest that implemention
of preventive measures targeting specific MS components
could be an initiative that would help to reduce the inci-
dence of cancer.
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